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 Introduction

Chapter 1: INTRODUCTION M Ahmad and IR Scrimgeour

Current as of January 2013

The Northern Territory of Australia covers an area of about 
1.35 million km2 and comprises ninety 1:250 000-scale 
topographic mapsheets. First Edition geological mapping 
of these mapsheets was completed in the early 1970s by 
the Bureau of Mineral Resources (BMR), later renamed 
the Australian Geological Survey Organisation (AGSO) 
and now known as Geoscience Australia (GA). From 1970 
to 1990, BMR and the Northern Territory Geological 
Survey (NTGS) jointly conducted Second Edition mapping 
of selected regions. Subsequently, NTGS took over the 
principal role of mapping throughout the Territory and 
Second Edition mapping of selected regions of the NT is 
ongoing. Many economically important regions have also 
been mapped at 1:100 000-scale.

For over a century since the pioneering work of early 
explorers such as HYL Brown (Figure 1.1), numerous 
government geologists have contributed towards the 
current understanding of the geology and mineral resources 
of the NT. Their observations are detailed in numerous 
geological maps, reports, explanatory notes, bulletins and 
records. Apart from these government data, there are a 
large number of publications and reports from academia 
and mineral and petroleum exploration companies, much 
of which is held by the Minerals and Energy Information 
Centre of the NT Department of Mines and Energy.

Since the 1970s, many new developments have taken 
place in the geological sciences. These include high-
quality airborne magnetic and radiometric surveys, new 
more advanced geochronological techniques, precise and 
fast geochemical analytical methods and the development 
of digital technology, which now plays a pivotal role in 
the collation, processing, interpretation and delivery of 

large number of Territory-wide maps and digital datasets 
that have been published since this time, the NT has 
lacked an overarching document that described the NT’s 
geology and resource potential. Although detailed reports 
are available on individual geological mapsheets and on 

of available information dealing with the geology and 
mineral resources of the entire NT into a single publication. 
The overall aim is to provide industry, government and 
academia with a detailed reference point to the complex 
geological provinces of the NT and its associated mineral 
resources and exploration potential. 

LAYOUT OF VOLUME

The relationship between geological time, geological 
provinces and mineral and petroleum systems is of 
fundamental importance and has guided the layout of 
this publication. The volume is subdivided on the basis of 
geological provinces, which are organised in ascending 
order with reference to the geological timescale. Mineral 
deposits within each province are divided on the basis 
of commodity. The petroleum geology of all basins with 
hydrocarbon potential is also described. 

Chapters 2 and 3 cover Territory-wide topics; they 
respectively describe the geological framework of the 
NT and summarise the major commodities. Chapter 4 
looks at the oldest known rocks within the NT, which 
are basement inliers of Archaean age within the Pine 
Creek Orogen and Tanami Region. Chapters 5–21 
describe the NT’s Palaeo- to Mesoproterozoic orogenic 
provinces and overlying basins. Chapters 22–38 
describe the Neoproterozoic to Palaeozoic basins and 
other provinces, including the Neoproterozoic–early 
Palaeozoic Centralian Superbasin, late early Cambrian 
Kalkarindji Province, and the orogenic Irindina Province 
of the Arunta Region. Palaeozoic basins that extend into 
the Mesozoic (Bonaparte and Pedirka basins) are also 
included in this group. Chapters 39–42 describe the 
NT’s Mesozoic and Cenozoic basins.

Each chapter has a date of currency, which records 
the time at which compilation of each chapter ceased 
and editing and formatting commenced. This date may 
vary by as much as two years between chapters. For this 
reason, there may be some inconsistency between the 
currency of information between chapters.

Figure 1.1

geological map of the NT in 1898, as well as 14 publications. 
Image courtesy of State Library of South Australia.
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HISTORY OF GEOLOGICAL INVESTIGATIONS IN 
THE NORTHERN TERRITORY

1865–1945: Early investigations

The history of geological investigations in the Northern 

of BT Finniss’s surveying party found a few specks of gold 
at the Finniss River, southwest of Darwin. Gold was also 
found at Tumbling Waters to the south of Darwin Harbour 
in 1869 by members of Surveyor General Goyder’s party. 
In 1863, administration of the Northern Territory was 
transferred from NSW to South Australia and from 1889, 
South Australian Government geologists made several 
investigations of the geology and mineral endowment 
of the Northern Territory. In 1870, a hole dug for the 
construction of a telegraph pole at Yam Creek, north of 
Pine Creek, yielded alluvial gravel containing coarse gold 
and this led to major gold rush in the Pine Creek area. 
Prospecting and mining activities increased rapidly and by 

tin at Bynoe and Mount Wells, copper at Daly River, and 
silver-lead-zinc at Mount Evelyn and McArthur River. In 

made at about this time, including mica at Harts Range in 
the 1880s (Joklik 1955), alluvial gold at Arltunga in 1887, 
and reef gold in the same area shortly thereafter (Hossfeld 
1937). Gold was discovered in the Tanami Region in 1900 
(Davidson 1905).

the geology of the NT. Other mapping and geological 
investigations during this early period included those of 
Tennyson Woods (1864, 1886, 1889), Etheridge (1902, 
1904), and Playford (1900, 1904). Between 1889 and 
1911, HYL Brown (Figure 1.1), South Australian Chief 
Government Geologist, made numerous visits to the 
Territory and produced 14 reports covering the geology 
of its many mineral provinces. He also produced a series 
of reconnaissance geological maps of the Northern 
Territory through the 1890s and early 1900s, including 

and Winnecke 1898, Figure 1.2), and a revised version 
published a decade later (Brown 1908, Figure 1.3).

In 1911, the Commonwealth Government took over 
administration of the Northern Territory from South 
Australia and appointed HI Jensen as the Chief Government 
Geologist, a position he held until 1916. Geological 
investigations were conducted on many of the mineral 

Government Geologist, HA Ellis, examined many mineral 

and maps. 
Although gold was recorded by HYL Brown from 

Tennant Creek in 1895, it was not until 1933 that a gold 

WG Woolnough, Commonwealth Geological Advisor, 
carried out an extensive examination of the Tennant Creek 

development, based on geological investigations at that time 
(Crohn 1976). 

In 1935, the Aerial, Geological and Geophysical 
Survey of Northern Australia (AGGSNA) was jointly 
sponsored by the Commonwealth, Queensland and WA 
governments. From 1935–1941, AGGSNA carried out 
geological and geophysical surveys over most of the 
known mineral-bearing areas of the NT including the 
Brocks Creek, Maranboy, Pine Creek and Daly River 

map of the Northern Territory (Hossfeld 1953) was 
essentially based on AGGSNA mapping activities during 
this period.

See Jones (1987) for a detailed account of the history of 
geological investigations and mineral exploration activities 
in the NT prior to 1946.

1946–1978: BMR era 

In 1946, the Commonwealth Government established the 
Bureau of Mineral Resources (BMR). The discovery of 
uranium at Rum Jungle in 1949 provided much needed 

Figure 1.2. Geological map of the Northern Territory of South 
Australia (Brown and Winnecke 1898), showing rock formations 
along main tracks and isolated parts of coastline (Image courtesy 
of National Library of Australia).
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Figure 1.3. Northern sheet of revised Geological map of the Northern Territory of South Australia (Brown 1908, image courtesy of 
University of Queensland Library). Large stretches of NT coastline had been mapped since previous 1898 edition (Figure 1.1). Manganese 
outcrops, noted on Groote Eylandt by HYL Brown during this survey, were the subject of follow-up investigations half a century later by 
PR Dunn and PW Crohn, leading to the discovery of a world-class manganese deposit in this area.

impetus for geological investigations by BMR in this 
area and from 1950–1953, several separate investigations 
were conducted on the uranium occurrences. At about the 
same time, PS Hossfeld compiled a preliminary geological 
map of the entire Northern Territory (Figure 1.4) and 
discussed the stratigraphic relationships, lithology and 
structure (Hossfeld 1953). In 1952, BMR set up a regional 

staff whose main aim was to carry out regional geological 
mapping. Systematic regional mapping of all of the NT 
commenced in 1953, resulting in the publication of First 
Edition 1:250 000-scale geological maps and explanatory 
notes through the 1960s and early 1970s. At the same 
time, the Resident Geological Section of the Northern 
Territory Administration (NTA) conducted geological 
investigations of local relevance. Until 1956, this section 
was run by geologists on secondment from BMR. 
However, from 1956 onwards, the NTA employed its own 

Alice Springs. In 1956, the number of geological staff 
was increased to eight and Norman James Mackay was 
appointed Senior Resident Geologist. The work in those 
years included the supervision of geologists in Darwin and 
Alice Springs, the inspection of prospects, some involving 

drilling programs, and the location of water bores for 
various station properties. In 1960, Peter W Crohn 
(Figure 1.5) was appointed as the BMR Senior Resident 
Geologist after his return from an Antarctic mission and 
he was involved in the discovery of the Groote Eylandt 
manganese deposits. In 1965, Crohn was succeeded by 
Dick Dodson who led the Darwin Uranium Group and 

Woodcutters lead-zinc deposit in 1967, while looking 
for the extensions of Rum Jungle-style uranium deposits 
(Wilkinson 1996). 

In 1970, the Northern Territory Geological Survey 
(NTGS) was created as a part of the Mines Branch of 
the NTA and ten geological positions were transferred 
from BMR to NTGS. Peter Crohn returned to Darwin 
to head the newly created geological section and 
Dick Dodson went back to Canberra. During his time 
Crohn expanded the project scope to include studies of 
minerals, groundwater, engineering geology, construction 
materials, geochemistry and geophysics. In 1976, he was 
appointed Director of Mines, a position he held until 
1979. BMR continued to carry out regional investigations, 
whereas NTGS’s main functions involved mineral deposit 
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map of the NT (Figure 1.6) awaited the culmination of 
First Edition 1:250 000-scale mapping and was compiled 
by D’Addario et al (1976).

During this period, a number of major world-
class mineral discoveries were made (see Commodity 
Reviews), including uranium at Rum Jungle (1949) and 
in the East Alligator River Region (1969); zinc-lead-silver 
at McArthur River; manganese at Groote Eylandt (1960); 
bauxite at Gove (1949); and gold at Tennant Creek. Oil and 
gas accumulations were discovered in the Amadeus Basin 
in the mid-1960s.

1978–1998: NTGS following Self-Government

In 1978, after the NT was granted Self-Government, 
NTGS became part of the NT Department of Mines and 
Energy. In 1979, Paul Le Messurier was appointed as the 
Director of NTGS (Figure 1.7). Under Le Messurier’s 
leadership, NTGS was reorganised into Regional Mapping, 
Metalliferous, Geophysics, Engineering Geology, Petroleum 
Geology, Environmental and Geoscience Information 
sections. NTGS functions changed from local mine site, 
groundwater and engineering investigations to regional 
geological mapping, geophysical surveys, environmental 

and metallogenic studies. The Environmental section 
was involved in the mapping of National Parks and the 

in Alice Springs and RBM Thompson was appointed as the 

appointed as Assistant Director, Northern Region in 1982 
and was followed by CA Mulder in 1987, when Hosking 
departed NTGS. To meet NTGS’s new responsibilities, staff 
were increased to a total of 38 professional, technical and 

NTGS geologists carried out joint investigations in the Pine 
Creek Orogen and Arunta Region. Subsequently, NTGS 
took over the sole responsibility of mapping, commencing 

1982, NTGS had a staff of 25 geologists and 24 supporting 

In 1978, the Australian Science and Technology 
Council (ASTEC) carried out a review of BMR that 

major recommendations of this review was that BMR 
should relinquish responsibility for the completion and 
revision of the 1:250 000-scale map series throughout 
Australia. However, it was considered that until the NT 
developed its own capability, BMR would continue to be 

Figure 1.4. Preliminary geological map of the entire Northern 
Territory compiled by Hossfeld in the early 1950s. Note that 
because of extensive deformation, high-grade metamorphism and 
a paucity of geochronological information, the Arunta Region, 
and Musgrave and Irindina provinces are placed in the Archaean 
(‘Archaeozoic’). Image courtesy of National Library of Australia.

Figure 1.5. PW (Peter) Crohn, Senior Resident Geologist NT 
(1960–1965), Chief Government Geologist NT (1969–1978). 
Peter led the geological investigation at Groote Eylandt 

expanded the functions of the NTGS from minesite studies 
to minerals, groundwater, engineering geology, construction 
materials, geochemistry and geophysics. 
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responsible for mapping at this scale, in cooperation with 
the NT Government. These recommendations were a 
turning point in the history of NTGS and by 1981, it had 
assumed a greatly increased responsibility for geological 
mapping in the NT, as BMR gradually withdrew from 
such activities. The number of 1:100 000-scale mapping 
projects in which NTGS was participating increased 
from eight in 1979–1980 to eighteen in 1980–1981. 

Huckitta and Kulgera areas in 1981 and involved a total of 
twenty 1:100 000 mapsheets. This led to the commencing of 
a long-term commitment to airborne geophysical programs 
that resulted in an average of one 1:250 000 mapsheet being 

geological map and explanatory notes (DARWIN1; Pietsch 

1 Names of 1:250 000 and 1:100 000 mapsheets are in large and 
small capital letters respectively, eg BARROW CREEK, DARWIN.

Figure 1.6
compiled by D’Addario et al (1976). Scanned image courtesy of National Library of Australia.
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1983), and by 1985, NTGS was conducting geological 
investigations across large areas of the Northern Territory, 
including the McArthur Basin, Tennant and Arunta regions 
and Musgrave Province. In 1987, a special initiative of 
$1 million was provided by the Territory Government to 
accelerate geological programs; this led to the publication 
of mineral commodity and petroleum basins studies as well 
as a mineral occurrence map of the Northern Territory.

In 1995, CA Mulder (Figure 1.8) was appointed as the 
Director of NTGS, a position he held until his retirement in 
1998. During the 1990s, NTGS undertook major regional 
mapping campaigns, particularly in the McArthur Basin, 
Musgrave Province and Tennant Region.

During this period, a number of major mineral discoveries 
were made and important new mines opened in the Pine Creek 
Orogen, McArthur Basin and Tanami regions (see Commodity 
Reviews
a number of other gold mines in the PCO; several mines in 

class Callie gold mine in the Tanami Region; the Woodcutters 
base metals mine in the PCO; the world-class McArthur River 
base metals mine in the McArthur Basin; and the Nabarlek and 

and gas accumulations were also discovered in the offshore 
Bonaparte Basin.

1998–present: Modern exploration initiatives

In June 1997, Ross Fardon and Associates Pty Ltd completed 
a review of NTGS and recommended several changes, 
including in-house printing of maps and reports, the targeting 
of geological problems rather than mapsheet areas, and an 
improvement in information technology and data handling 
capacity (Fardon 1997). In November 1998, the Minister of 
Mines and Energy announced that the Northern Territory 
Government would provide $16 million in additional funding 
to NTGS over a period of four years under the NT Exploration 
Initiative (NTEI). Dr RD (Dennis) Gee (Figure 1.9) joined 
NTGS as Director in October 1998 to lead the exploration 
initiative and to re-focus the geological survey in line with 
the recommendations of the ACIL Tasman review. The 
appointment of Dennis Gee, combined with additional 
funding through the NTEI, provided the catalyst for a change 
in direction for NTGS, resulting in exploration-focused, state-

enhancing the mineral potential of the NT, the collection and 
interpretation of geophysical data, and the development of a 
range of digital databases. A highlight of the NTEI was the 
coverage of vast areas of the NT, particularly in the south, 
with 400 m line-spaced airborne magnetics and radiometrics. 
Mapping activity was focused on the Tanami Region, Arunta 
Region and Victoria, McArthur, South Nicholson, Georgina 
and Birrindudu basins. 

The NTEI was followed by the four-year (2003–2007), 
$15.2 million exploration initiative Building the Territory’s 
Resource Base, led by RG Brescianini (Director from 

Figure 1.10), which included $13 million 
for new geoscience programs. Following a review of the 
success of these two initiatives (ACIL Tasman 2007), the 
Government announced a new Bringing Forward Discovery 
initiative, initially for four years, then extended to seven 

Figure 1.7. P (Paul) Le Messurier, Chief Government Geologist 
and Director of NT Geological Survey (1979–1994). Under Paul’s 
leadership, NTGS was reorganised into Regional Mapping, 
Metalliferous, Geophysics, Petroleum Geology, Environmental 
and Geoscience Information sections. NTGS functions changed 
from local minesite, groundwater and engineering investigations 
to regional geological mapping, geophysical surveys and 
metallogenic studies.

Figure 1.8. CA (Lex) Mulder, Director of NT Geological Survey 
(1995–1998).



1:7

 Introduction

Bringing Forward Discovery included a focus on improving 
the gravity coverage of the NT, as well as a program of 
collaborative industry grants for drilling and geophysics in 
areas with a paucity of geological knowledge (Geophysical 
and Drilling Collaborations program). Dr IR Scrimgeour 
(Figure 1.11)was appointed Director in late 2006 and has led 
Bringing Forward Discovery since its inception. Throughout 
the period from 2003–2011, NTGS was particularly focused 
on regional studies in the Arunta Region, Pine Creek 
Orogen and Georgina Basin, and on developing systems for 
improving the internet accessibility of data and information. 
Throughout the initiatives, specialist expertise has been 
brought in to NTGS programs through collaboration, 
particularly with Geoscience Australia and CSIRO.

of direct relevance to exploration, Dennis Gee initiated 
the Annual Geoscience Exploration Seminar (AGES) in 
2000, to enable the annual reporting of NTGS results to 
the exploration industry. The abstracts volumes from these 
annual forums provide a detailed record of the progress of 
NTGS programs since 2000. 

1:250 000 maps and thirty-one 1:100 000-scale geoscience 
maps, along with hundreds of associated published reports, 
records and external publications. Revised Second Edition 
250 000-scale geological maps are now available for a large 
part of the Territory (Figure 1.12), and the NT has nearly 
complete coverage of 1:250 000-scale fully attributed 
geological map GIS tiles. Succeeding supervisors of regional 
mapping programs since the inception of NTGS have been 
DL Dundas, G DeRoss, BA Pietsch, IR Scrimgeour and 

Figure 1.10. RG Brescianini, Chief Government Geologist and 
Director of NT Geological Survey (2002–2006).

Figure 1.9. RD (Dennis) Gee, Chief Government Geologist and 
Director of NT Geological Survey (1998–2002). In a brief period 
of four years, Dennis focused NTGS staff to exploration-oriented 

on enhancing the mineral potential of the NT, the collection and 
interpretation of geophysical data, and the development of a range 
of digital databases.

Figure 1.11. Dr IR Scrimgeour, Chief Government Geologist and 
Director NT Geological Survey (2006–present).
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DF Close. M Ahmad supervised the Metalliferous section 
from 1981 and became Chief Geoscientist in 2005. CA Mulder 
supervised the Environmental section from 1982 to 1987. The 
Geophysical section has had B Simmons, TLF Findhammer 
and RG Brescianini as supervisors, and the Petroleum 
Geology section has been headed by P Sinicia, D Pegum 

geological maps and data to industry in digital formats. To 
lead these changes, Tracey Rogers was appointed in 2000 to 
head the Geoscience Information section of NTGS (now the 
Geoscience Knowledge Management program). Following 
a review of NTGS in 2004, the traditional subdivision into 
Regional Mapping, Metalliferous, Petroleum and Geophysics 
sections were combined into the Regional Prospectivity group, 
which undertakes all new geoscience programs in NTGS.

Since 2000, a large number of Territory-wide maps and 
digital datasets have been produced. There are NT-wide 

stitches of geophysical and remotely sensed data, including 
magnetics (Figure 1.13), radiometrics, elevation, gravity and 
ASTER2

the NT’s geochemical and geochronological datasets. Many 
of these datasets were used to compile the 1:2.5 million-
scale geological map of the Northern Territory (Figure 1.14) 
and associated stratigraphic correlations by Ahmad (2000). 
This digital map is revised, as and when new information 
becomes available, and three subsequent revisions have 
been published. The geological map is accompanied by a 
Regolith Map of the NT (Craig 2006) and a Metallogenic 
Map of the NT that depicts the distribution of mineral 
occurrences and deposits (Khan et al 2010).

The exploration initiatives since 1999 have 
contributed to a major exploration boom in the Northern 

a dramatic increase in mineral exploration expenditure 
in the Northern Territory, from $41.5 million in 2003 
to $228.4 million in 2011. The boom has seen a shift in 
commodity focus for explorers in the Territory, resulting 
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Figure 1.12. Coverage of 1:250 000-scale geological mapping of 
the Northern Territory, as of February 2013. 

Figure 1.13. Seamless airborne magnetic map of the Northern 
Territory.
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such as rare earths, phosphate, iron ore, mineral sands and 
vanadium, along with a major uranium exploration boom 
from 2007–2010. There has also been an increased focus 

previously under-explored provinces such as the Arunta 
Region. Important discoveries over this period include 
the Barrow Creek-1 phosphate deposit in the Georgina 

Basin, the Mount Peake vanadium magnetite deposit in 
the Aileron Province, Myrtle zinc deposit in the McArthur 
Basin and a number of rare earth element discoveries, 
including Nolans Bore, Stromberg and Charley Creek. 
A number of mines commenced operations, including 
several heavy mineral sands mines in the Tiwi Islands, 
the Bootu Creek manganese mine, and a number of new 
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and re-opened gold mines in the Pine Creek Orogen and 
Tanami regions. Onshore petroleum activity has also 
dramatically increased since 2010, with recognition of 
the potential of many of the Territory’s basins for large 
resources of unconventional petroleum, especially shale 
gas.

ECONOMIC OVERVIEW

The Northern Territory hosts a number of world-class 
mineral deposits, including manganese at Groote Eylandt, 
bauxite at Gove, phosphate at Wonarah, uranium in the 
Alligator Rivers region, base metals at McArthur River, and 
gold in the Tanami, Tennant Creek and Pine Creek areas. 
The location of operating mines and major developing 
projects in November 2012 is shown in Figure 1.15. The 
total value of the available resources at these major deposits 
is in the order of $150–200 billion with past production of 

2010/11, the NT produced mineral commodities valued at 

$3.44 billion. These data highlight both the importance of 
mineral industry to the Northern Territory economy and the 
prospectivity of the NT.

However, despite its long mining history and the 
presence of some 3000 known mineral occurrences, the 
Northern Territory is comparatively under-explored and 
has a substantial potential for major mineral discoveries of 
gold, copper, uranium, lead-zinc, platinum group metals, 
rare earth elements, nickel, manganese, bauxite, phosphate, 
potash, diamonds, tin, mineral sands, vanadium, tungsten, 
coal and several other commodities. Many of the NT’s 
sedimentary basins, both onshore and offshore, are also 
very prospective for conventional and unconventional 
petroleum.

The Palaeo- to Mesoproterozoic orogenic provinces of 
the Northern Territory have remarkable mineral potential 
for a variety of commodities and contain almost 80% of 
the known mineral occurrences. The most mineralised 
province is the Pine Creek Orogen, from which 16 different 
metals have historically been mined. Large uranium 
deposits are located in the vicinity of Archaean granitic 
complexes, close to the unconformity with overlying 
Palaeoproterozoic rocks in the Alligator Rivers and Rum 

Au, Sn, Ag-Pb, W, Cu, Bi are clustered in the central part 
of the Pine Creek Orogen. Gold is the major commodity 
within this group of metals, followed by tin. Stratabound 
and stratiform polymetallic deposits are associated with 
carbonaceous sediments in the Pine Creek Orogen, such 
as the Pb-Zn-Cu-Ni-Co deposits in the Rum Jungle area. 
In the Warramunga Province, mineralisation is dominated 
by Cu-Au-Bi deposits, typically associated with magnetite-
chlorite bodies. Mineralisation in late Palaeoproterozoic 
rocks in the Davenport Province is largely of hydrothermal 
origin and includes quartz-wolfram lodes and gold-bearing 
quartz reefs. The NT’s most economically important gold 
province is the Tanami Region. This area contains the 
world-class Callie deposit and has produced an estimated 
8 Moz of gold over the last two decades. Gold, base metals, 
rare earth elements, ferroalloys and gemstone occurrences 
are widespread in the Arunta Region, and include a world-

vanadium-magnetite, tungsten-molybdenum and copper 
deposits. The Murphy Province
for uranium and base metals deposits and hosts a number 
of known prospects. The Arnhem and Warumpi provinces 
and the NT portion of the Musgrave Province have received 
little attention from explorers and are arguably the most 
under-explored Proterozoic terranes on the Australian 
continent. 

Overlying late Palaeoproterozoic to Mesoproterozoic 
basinal strata are also highly prospective. McArthur 
Basin sediments host the giant HYC (McArthur River) 
Pb-Zn-Ag and several other smaller base metals deposits, 
including enigmatic copper-bearing breccia pipes at 
Redbank. The basin is a continuation of the world-
famous Carpentaria Zinc Belt, which contains substantial 
shale-hosted stratiform zinc-lead-silver deposits at 
Mount Isa, Hilton and Century in Queensland, and at 
McArthur River and Myrtle in the Northern Territory. 
Uranium and gold deposits are present in the southeast 

Figure 1.15. Mines and undeveloped mineral deposits in the NT, 
as of November 2012.

C

Mesozoic-Cenozoic Palaeo-Mesoproterozoic
Basins

Palaeo-Mesoproterozoic
Orogens ArchaeanNeoproterozoic-

Palaeozoic

DARWIN

Katherine

Tennant Creek

Borroloola

Nhulunbuy

Yulara

Alice
Springs

Jabiru

UNDER FEASIBILITY

Alcan Gove
(Al)O

O
Gemco (Mn)

O

Peko Tailings
(Au, Cu, Co)

Mud Tank
(vermiculite)

O
Harts Range
(garnet sands)

Maud Creek (Au)

Ranger (U)

F

F

F

Callie (Au)

F Old Pirate (Au)

O

Redbank 
(Cu)

O

F
Merlin
(diamonds)

Myrtle
(Zn, Pb)

Bootu Creek (Mn)

Frances Creek (Fe)

F F
F

Molyhil
(W, Mo)

Ammaroo (P)

Jervois
(Cu, Ag, Au)

McArthur River
(Zn, Pb, Ag)O

Mataranka (Lime)

Cosmo Deeps (Au)

Browns Oxide
(Cu, Co, Ni)

F

Manbarrum
(Pb, Zn)

F Nolans (REO, P)

Charlie Creek
(REO)

Bigrlyi (U,V)

O F O

O

F

F

Wonarah (P)

Highland
Plains (P)

F

F

F

Angela (U)

Karinga
(Potash)

BIRRINDUDU
BASIN

VICTORIA BASIN

BIRRINDUDU BASIN

McARTHUR BASIN

BONAPARTE
BASIN

HALLS
CREEK

OROGEN

MURPHY
INLIER

LAWN HILL
PLATFORM

GEORGINA BASIN

WISO BASIN

ORD
BASIN

REGION

TENNANT

NGALIA BASIN

AMADEUS BASIN

PEDIRKA BASIN

WARUMPI PROVINCE

MURRABA BASIN AILERON PROVINCE

WARRAMUNGA
PROVINCE

ARUNTA

REGION

TANAMI

REGION

SOUTH
NICHOLSON

BASIN

MUSGRAVE        PROVINCE

AMADEUS BASIN

AILERON PROVINCE

AMADEUS BASIN

CARPENTARIA BASIN

CANNING
BASIN

ARAFURA BASIN

DALY BASIN

MONEY SHOAL BASIN

EROMANGA BASIN

EROMANGA BASIN

IRINDINA
PROVINCE

DAVENPORT
PROVINCE

TOMKINSON PROVINCE

ARNHEM PROVINCE

CARPENTARIA BASIN

KALKARINDJI PROVINCE

DALY BASIN

OROGEN
Spring Hill (Au)

Tom’s Gully
(Au)

O OPERATING MINES
(including construction)

C

O

C

C

CARE AND MAINTENANCE

F
F F Roper Bar (Fe)

Roper River (Fe)

Roper HM (Fe, Ti, V)

FITZMAURICE
BASIN

WOLFE BASIN

O
Tiwi

(Zircon)

C

Brocks Creek
(Au)

O

Union Reefs
(Au)

FRover 1
(Cu, Au)

F
Tanami (Au)

F Mt Todd (Au)

FWarrego Tailings
(Au, Fe)

F
Mt Peake
(V, Ti, Fe)

F

F

Spinifex Bore
(garnet sands)

PINE CREEK

0 100 200 km

FKilimiraka
(Zircon)

F

Rustlers Roost
(Au)

F
Arganara (P)

F Chandler
(Salt)

F

A12-344.ai



1:11

 Introduction

of the McArthur Basin and black shale intervals within 
the basin are very prospective for unconventional 
petroleum. The southern McArthur Basin also contains 
diamond-bearing kimberlites at the Merlin deposit. The 
Roper Group, in the upper part of the McArthur Basin 
succession, hosts iron ore deposits in the Roper River 

in the Beetaloo Sub-basin. The Tomkinson Province and 
Birrindudu Basin successions are time equivalents of 
the McArthur Basin, but are relatively poorly explored. 
Both basins contain minor base metals occurrences, and 
minor oil shows have been reported from the Birrindudu 

hydrothermal manganese mineralisation at Bootu Creek.
The NT’s Neoproterozoic to Palaeozoic basins contain 

nearly 400 mineral occurrences, mainly of base metals, 
phosphate and uranium, and many of these basins are 

of uranium are hosted by sedimentary rocks of the 
Amadeus and Ngalia basins. The Amadeus Basin also has 
considerable potential for conventional and unconventional 

Valley, Mereenie and Surprise. The Georgina Basin is a 
premier target for phosphate exploration and hosts the world-

The offshore Bonaparte Basin is a world-class petroleum 
province that contains a number of producing oil and gas 

Valley-style zinc-lead-silver deposits. Neoproterozoic to 
Palaeozoic basins that are also prospective for petroleum 
include the offshore Arafura Basin and the stacked 
Warburton and Pedirka basins in the southeast of the NT. 
The Pedirka Basin also contains substantial resources of 
coal at depth.

The Mesozoic Carpentaria Basin has outstanding 
potential for manganese. It hosts the giant Groote 
Eylandt manganese deposits and several under-explored 
manganese occurrences. The onshore part of the Money 
Shoal Basin provides much of the construction material 
(sand, aggregate, dimension stone) for the Darwin region 
and offshore areas of this basin are very prospective for 
petroleum. The Eromanga Basin, in the southeastern NT, 
also has considerable petroleum potential.

The Cenozoic coastline of the Northern Territory 

class bauxite deposit at Gove. It also hosts the heavy 
mineral sands deposits of the Tiwi islands. Inland, in 
the central and southern parts of the Northern Territory, 
a number of calcrete- and palaeochannel-style uranium 
occurrences have been reported. 

GEOCHRONOLOGY

One of the most important tools for understanding the 
geology of the NT is radiometric dating. A large proportion 
of the NT’s rocks are barren of fossils and are therefore 

of NTGS and NTGS-GA geochronology sites in the NT is 
given in Figure 1.16. 

The earliest radiometric age determinations on Northern 
Territory rocks were made in 1960, when granite and other 

rock types from the Pine Creek Orogen were sampled 
for Rb-Sr, K-Ar, Pb-Pb and U-Pb dating. The results of 
these early studies were tabulated in Walpole et al (1968). 
McDougall et al (1965) carried out Rb/Sr and K/Ar dating on 
sedimentary rocks and granites from the McArthur Basin. 
In 1972, BMR commenced Rb/Sr geochronological studies 
to date major tectonic events in the Arunta Region, but most 
results were not published until early 1980s (Black and Shaw 
1995). Black (1977) carried out Rb/Sr geochronology of the 
granites and sedimentary rocks of the Tennant Region. At 
the time, it was generally thought that the Rb/Sr system 
was robust enough to withstand subsequent geological 
processes, unless melting had taken place. 

However, by early 1980, it was realised that both 
Rb/Sr and K/Ar isotopic systems are easily reset by 
subsequent tectonothermal events and remain open until 
lower temperatures are attained, and therefore can record 
younger ages. Conventional U-Pb zircon geochronology 
is a most robust technique, but cannot be used for complex 
zircons containing inherited cores or metamorphic rims. 
The 40Ar/39Ar technique, an adaptation of the K-Ar 
geochronological technique, is used for dating K-rich 
rocks and minerals (via the natural decay of 40K to 40Ar) 
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through a step-heating process. The method is more 
precise and accurate than the Rb/Sr method, but has 
similar resetting problems due to later thermal events. 

The development of SHRIMP (Sensitive High 
Resolution Ion Micro Probe) dating in the early 1980s 
revolutionised geochronology through its ability to rapidly 
measure the isotopic and elemental abundances in minerals 
(most commonly U and Pb in zircon) at a micrometre-scale, 
making it well-suited for the analysis of complex minerals, 
particularly in metamorphic and igneous rocks. It also has 
allowed the rapid analysis of the age of detrital zircons from 
sedimentary rocks. Although limited SHRIMP work was 
undertaken on behalf of NTGS during the 1990s, it was not 
until the commencement of the NTGS–GA Geochronology 
Project under the National Geoscience Accord in 1999 

routinely acquired in NTGS projects. Under the NTGS–GA 
collaboration, GA undertakes SHRIMP geochronology on 
behalf of NTGS, with the sharing of costs and intellectual 
property. In addition to the large volume of SHRIMP data 
generated under this scheme, NTGS has also undertaken 
Laser Ablation-Induced Coupled Mass Spectrometry (LA-
ICPMS) geochronology since 2007, particularly for U-Pb 
analysis of detrital zircons, as well as Lu-Hf isotopic 

analysis of zircons to characterise their source. This 
new geochronological dataset has vastly improved the 
understanding of the NT’s geological framework, regional 
correlations and tectonic evolution. 

GEOPHYSICAL SURVEYS

Airborne magnetic and radiometric surveys

Coverage of high-quality magnetic and radiometric surveys 
in the NT is shown in Figure 1.17.

NT commenced in 1935 with the setting up by the 
Commonwealth Government of the Aerial Geological and 
Geophysical Survey of Northern Australia (AGGSNA). 
Very early geophysical surveys were carried out in the 
Pine Creek, Redbank and Tennant Creek areas. Magnetic 
surveys in the Tennant Creek area were exceptionally 
successful in outlining the ironstone-hosted gold-copper-
bismuth orebodies that are characteristic of this mining 
district (Rayner 2007). In the early to mid-1950s, BMR 
purchased a number of aircraft for the purpose of airborne 

airborne radiometric surveys were carried out in 1952 over 
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Figure 1.17. Coverage of high-quality magnetic and radiometric surveys of the NT.
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the Rum Jungle and Edith River areas of the Pine Creek 
Orogen (Milligan et al 1994, Wood and McCarthy 1952). 
Other areas covered by airborne radiometry during the 
1950s included Mosquito Creek (Livingstone 1957), Mount 
Hardy, Nicholson River (Livingstone 1955), Gardiner 
Range (Muller 1961), Tennant Creek (Spence 1962) and 
South Alligator Valley (Livingstone 1958). Radiometric 

second- and third-order in terms of size and intensity. Most 

a mile to two miles by a large DC-3 aircraft at an elevation 
of about 500 feet (about 150 m). Lighter Cessna and Auster 

the initial DC-3 surveys. 
Both data quality and accuracy has improved since 

measurement precision and compensation systems for 
removing the magnetic effects of survey aircraft. Most of 
the historic radiometric surveys recorded data using just 
4 channels, but radiometric recording of 256 channels of 
gamma ray data is now a standard. The advent of GPS systems 
in the 1990s provided much better positioning and the ability 
to acquire airborne data from much more closely spaced 
survey lines and lower altitudes than was previously possible. 
Many of the earlier surveys in the Northern Territory were 
conducted on a line spacing of 1500 m at altitudes of greater 
than 150 m, except for some of the smaller and better targeted 
programs in the Tennant Region, where magnetic surveys 
were on a line spacing of 160 m. In the sedimentary basins, 
the line spacing of surveys was usually greater than 3000 m. 

less is now standard and most of the early surveys have now 
been superseded by better-quality closely spaced surveys, 

Bonney Well and Jervois surveys, and GA’s Tennant Creek 
survey, which were all conducted at a spacing of 200 m. 

Jungle area, GA has acquired magnetic/radiometric data 
over a million line km in the Northern Territory. GA’s 
contribution was fairly regular until 1977 and became 

contributions in 1987, 1993 and 1998. 

and territories to acquire high-quality airborne regional 

CREEK. It covered an area of 17 280 km2 on a line spacing 
of 500 m, involving a total of 43 042 line km. 

From 1981 to 1999, NTGS gradually acquired regional 
geophysical data at an average rate of coverage of one 
1:250 000-scale mapsheet per year. However from 1999, an 
appreciable acceleration of the airborne program was made 

by the NT Government’s three successive exploration 
initiatives. This has enabled the proportion of the NT 
covered by modern airborne surveys to rise from 48% in 
1998–1999 to more than 90% in 2012 (Figure 1.17). 

Numerous geophysical surveys at various scales have 

surveys for which it holds digital data. 

Gravity surveys

Coverage of high-quality gravity surveys of the NT is 
shown in Figure 1.18.

In 1960, BMR commenced a helicopter-supported 11 km-
spaced regional gravity program for the Australian continent 
that took 15 years to complete. Until 1998, this was the only 

more detailed (4 km line spacing or less) surveys were the 
1998 Tennant Creek and 1999 Tanami surveys by Geoscience 

improving the gravity coverage of the NT, commencing with 
the West Arnhem survey (acquired using the airborne GT-1A 
method) and subsequent helicopter-supported ground gravity 
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Figure 1.18. Coverage of high-quality gravity surveys of the NT.
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over their areas of interest. As of November 2012, 44% of 
the NT is covered by gravity surveys at a station spacing of 
4 km or less, including the entire Tanami and Arunta regions, 
and large areas of the Amadeus Basin, northern Georgina 
Basin and southern McArthur Basin (Figure 1.18).

Other geophysical surveys

Numerous electrical geophysical methods, such as 
electromagnetic (EM) and induced polarisation (IP) surveys 
have been used for exploration purposes in the NT, but the 
use of electrical methods in pre-competitive geoscience 
is a relatively recent development. The only large pre-
competitive EM survey acquired to date is the Pine Creek 

in 2008–2009 by GA, under their Onshore Energy Security 
Program. The survey included 29 900 line-kilometres 
of new data at various line spacings (555 m, 1666 m and 
5000 m) covering 74 000 km2, including large areas of the 
Pine Creek Orogen (excluding Kakadu National Park) and 
northwestern McArthur Basin (Craig 2011). Numerous 
regional-scale AEM surveys have also been acquired under 
the NTGS Geophysics and Drilling Collaborations program 
since 2010, particularly in central Australia, were they have 
been used in uranium exploration programs. 

Multispectral and hyperspectral remotely sensed data are 
increasingly being used to understand the distribution of key 
minerals at the surface, particularly to understand alteration 
systems and regolith geology. In 2012, NTGS and CSIRO 
released sixteen Territory-wide mineral maps, based on a 
stitch of ASTER multispectral data. Small-scale airborne 
hyperspectral surveys have also been acquired in key regions 
of the NT. Incorporation of hyperspectral data into the third 
dimension is provided by the NTGS HyLoggerTM, which has 
been acquiring detailed hyperspectral information on drill 
core from across the NT since 2010.

A number of deep seismic surveys have been acquired 
by GA, particularly in the southern half of the NT. Notable 
deep seismic surveys include the Amadeus Basin (1985), 
Batten Fault Zone (2002), Tanami (2005) and Georgina–
Arunta (2009) seismic traverses. These interpreted seismic 
lines have contributed greatly to the understanding of the 
NT’s deep crustal structure and tectonic evolution.

DEFINITIONS AND NOMENCLATURE

(1975), Plumb et al (1981) and the American Geological 
Institute’s Glossary of Geology (Neuendorf et al 2005). The 

A craton is a part of the Earth’s crust that has attained 
stability and has been little deformed for a prolonged period 
of time. A sedimentary province (or basin) is an accumulation 
of sedimentary rocks, with or without volcanics, deposited in 
a subsiding segment of the Earth’s crust. Its lateral boundaries 
may be structural, depositional, erosional, or interpreted (in 
the sub-surface), and its vertical boundary is a regionally 
extensive unconformity. A platform is an area covered by 

usually overlying an orogenic domain (or orogen), which is 
an area characterised by intense deformation and widespread 
metamorphism. A geological region 
large two-dimensional geographical area with a cohesive, 
in some cases complex, geological assemblage that is 

regions, and differs from geological province in that it does 
not include depth/time dimensions. Geological provinces 

geological characteristics and ages, that are separated from 

For example, the Tennant Region covers a large geographical 
area containing a wide spectrum of Proterozoic sedimentary, 
metamorphic and igneous rocks surrounded by younger 
Phanerozoic basins. This region is subdivided into three 

Davenport and Tomkinson provinces. An inlier is a relatively 
small geological area surrounded by younger rocks, whereas 
an outlier is a small geological area surrounded by older rocks. 

Mapsheet nomenclature and locality reference

Names of 1:250 000 and 1:100 000 mapsheets are in 

KOOLPINYAH. Locations cited in this publication are based 
on Map Grid of Australia (MGA) coordinates and the 
Geocentric Datum of Australia 1994 (GDA94). The grid 
zones covered by the Northern Territory are 52 and 53, 
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Figure 1.19. Northern Territory map zones, 1:250k mapsheet 
coverage, MGA coordinates (red grid) and latitude/longitude 
coordinates (black grid).
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and L–J, as shown in Figure 1.19. Where possible, grid 
references are provided as UTM eastings and northings (eg 
327668mE 8625341mN) and are theoretically accurate to 
the nearest metre, although in practice, an uncertainty of 
up to 100 m or more should be assumed, depending on the 
vintage of the mapping data. Grid coordinates collected via 
modern GPS instruments should be accurate to about 5 m.

Stratigraphic nomenclature

The stratigraphic names used in this volume are listed in 
Geoscience Australia’s Stratigraphic Unit Database (http://
www.ga.gov.au/products-services/data-applications/
reference-databases/stratigraphic-units.html), which 
was originally established as the National Register of 
Stratigraphic Names in 1949. This database is a centralised 
reference point for all Australian stratigraphic unit 
information and it provides the primary national standards 
for geological nomenclature in Australia. Staines (1985) 
has published a guide to lithostratigraphic nomenclature 
in Australia on behalf of the Australian Stratigraphy 
Commission. Most Northern Territory geological units are 
named in accordance with the International Stratigraphic 
Guide (Murphy and Salvador 2000). However, there are 
some cases where informal stratigraphic names have been 
used and in such cases, the names are not capitalised (eg 
Inindia beds). Names in single quotes (eg ‘Horn Valley 
Formation’) have been superceded and are not current. 

The naming hierarchy used in this volume for 

and metamorphic rocks that preserve stratigraphy), 
metamorphic rocks and igneous rocks is provided in 
Table 1.1. Grainsize terminology of clastic rocks follows 

the revision of Wright (1992). Igneous rock names follow 
the nomenclature scheme approved by the International 
Union of Geological Sciences (Le Maitre et al 1989). 

Timescale

The International Commission on Stratigraphy (ICS) 2010 
geological timescale is used in this volume. Listed numerical 

ages in this timescale are after Gradstein et al (2004) and 
Ogg et al (2008). Where Australian stage names are used 
(eg for the Cambrian and Ordovician), they are correlated 
against the ICS stages.
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Table 1.1 et al 1993).

Sedimentary rocks, lavas, pyroclastic 
rocks and metamorphic rocks with 
preserved stratigraphic layers.

High-grade metamorphic rocks with 
stratigraphic layers not preserved or not 
clearly established.

Intrusive igneous rocks and combined 
intrusive / extrusive igneous bodies. 

N
O

M
E

N
C

L
A

T
U

R
E

 
H

IE
R

A
C

H
Y

 

Supergroup
eg Woodcutters Supergroup

Supersuite
eg Cullen Supersuite

Group
eg Namoona Group

Complex
eg Madderns Yard Metamorphic Complex

Suite
eg Jim Jim Suite, Kalkarindji Suite

Subgroup
eg Kombolgie Subgroup

Formation
eg Wildman Siltstone

Geographic term + metamorphic term
eg Nourlangie Schist

Geographic term + lithological term
eg Umbrawarra Leucogranite

Member
eg Acacia Gap Quartzite Member
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Geological framework

Fisher and Warren (1975) subdivided the continent into four 
orogenic provinces, each forming basement to succeeding 
‘platform cover’ successions. Plumb (1979) introduced the 
term North Australian Craton (NAC) for the large basement 
terrane that covers the northern two thirds of the NT as well 

‘Central Australian Mobile Belts’ as representing the region 
between the NAC and the Gawler Craton of South Australia. 
This subdivision has been followed by a number of NTGS 
publications. In a seminal paper on the tectonic evolution of 
Proterozoic Australia, Myers et al (1996) followed a similar 
nomenclature, dividing Precambrian Australia into the West 
Australian Craton (WAC), North Australian Craton (NAC) 
and South Australian Craton (SAC). Myers et al proposed that 
the NAC was separated from other cratons by the ‘Central 
Australian Terranes’, which included the Arunta Region and 
Musgrave Province. Fraser et al (2007) and Cawood and 
Korsch (2008) also divided the Precambrian component of 
Australia into these three cratons (NAC, SAC and WAC), 
separated by the Paterson, Musgrave and Albany-Fraser 
orogens (Figure 2.1). However, they included the Aileron 
Province of the Arunta Region within the NAC and did not 

the NAC is used in this volume.

INTRODUCTION

The Northern Territory comprises about 13% of the 
Australian continent. Its dominant tectonic element is the 
Palaeoproterozoic North Australian Craton, which extends 
across much of northern Australia. Localised Neoarchaean 
inliers within the craton indicate the likely presence of 
widespread Archaean basement. Orogenic domains within 
the craton are overlain by widespread and locally thick 
Palaeo–Mesoproterozoic sedimentary basins. The North 
Australian Craton passes south into late Palaeoproterozoic 
to Mesoproterozoic terranes of the Warumpi and Musgrave 
provinces. Neoproterozoic to Palaeozoic sedimentary 
basins cover large areas of the Territory, forming shallow 
platform cover in the north, and thicker and more deformed 
sedimentary successions in the south. Large areas of the 
Territory are also covered by a veneer of Mesozoic and/or 

The Northern Territory in the context of the Australian 
continent

Numerous models have been proposed for the province-based 
subdivision and tectonic evolution of the Australian continent. 

Current as of January 2013
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The North Australian Craton (Plumb 1979, Myers et al 
1996, Cawood 2005, Cawood and Korsch 2008) underlies 
around 80% of the Northern Territory. It extends into Western 
Australia, where it includes the Halls Creek and King Leopold 
orogens and Kimberley Basin, and into Queensland where 
it includes the Mount Isa, Georgetown and Coen inliers. 
The NAC is bounded in the south and southwest by more 
juvenile Proterozoic terranes in the Musgrave, Warumpi 
and Paterson orogens, and to the east by the Terra Australis 
Orogen (Figure 2.2), which incorporates the Tasman, 
Ross and Tuhua orogens of Australia, Antarctica and New 
Zealand, respectively. In the north, it extends to the coastline 
and underlies at least part of the adjoining continental shelf 
(Cawood and Korsch 2008). The NAC is characterised by late 
Palaeoproterozoic metasedimentary and igneous rocks (with 
ages most commonly in the range 1870–1800 Ma), overlying 
rarely exposed Neoarchaean basement. The NAC shares 
numerous characteristics with the South Australian Craton, 
including a similar timing for a number of magmatic and 
tectonic events. This has led a number of authors to suggest 
that the two cratons were linked during at least some of their 
Archaean to Palaeoproterozoic evolution (Betts et al 2002, 
Giles et al 2004, Betts and Giles 2006, Payne et al 2009). 
Cawood and Korsch (2008) proposed the term Diamantina 
Craton for the combined North and South Australian cratons, 
which they considered to have been conjoined until after 
1500 Ma.

To the east of the North Australian Craton, the Terra 
Australis Orogen consists of Neoproterozoic rift and 
continental margin successions and accretionary Palaeozoic 
convergent plate margin assemblages (Cawood and Korsch 
2008). These successions are linked to intracratonic 
basins that accumulated over Proterozoic cratons such as 
the NAC (eg Neoproterozoic–early Palaeozoic Centralian 
Superbasin, Palaeozoic successions of the Amadeus, 
Georgina and Ngalia basins, and late Palaeozoic–
early Mesozoic Pedirka Basin). During a major marine 
transgression in the Mesozoic, large areas of Australia, 
including much of the Territory, were covered by shallow 
platform and marginal shelf deposits (eg Great Australian 
and Westralian superbasins), with localised deeper 
depocentres.

GEOLOGICAL REGIONS AND PROVINCES OF 
THE NORTHERN TERRITORY

Figure 2.3 is a map of the geological regions of the Northern 
Territory and adjacent areas of neighbouring states. The 
geological regions outline the two-dimensional surface 
extent of the geological provinces of the Northern Territory. 

three-dimensional bodies of rock with distinct geological 
characteristics and ages, which are separated from other 
provinces by major structures and/or unconformities. In 
most cases, the name for a geological region is the same 
as the province exposed in that region (eg Musgrave 
Province). However, two regions (Arunta and Tennant) 

constituent provinces. In general, the nomenclature for 
orogenic domains uses the terms ‘Province’ or ‘Orogen’ 
whereas relatively unmetamorphosed sedimentary basins 
are given the term ‘Basin’. An exception to this is the 
‘Lawn Hill Platform’ in the eastern NT, most of which is in 

nomenclature of the NT’s geological regions have been 
made in this volume. The former ‘Victoria-Birrindudu 
Basin’ is now split into the Birrindudu, Fitzmaurice and 
Victoria basins. The Murphy and Carrara Range inliers 

the Arnhem and Mirarrmina inliers are included within 

Centralian Superbasin of Walter et al (1995) is renamed 
the Centralian A Superbasin, and an overlying, previously 
unnamed early Palaeozoic superbasin that developed after 

as the Centralian B Superbasin. Cambrian igneous and 
minor associated sedimentary rocks of the Kalkarindji 
Large Igneous Province are included as a new geological 
region (Kalkarindji Province). Following Ambrose et al 
(2012), Triassic strata of the ‘Simpson Basin’ (or ‘Simpson 
Desert Basin’) are included within the Pedirka Basin and 
the name ‘Simpson Basin’ is abandoned. Cretaceous strata 
of the former ‘Dunmarra Basin’ (‘Inland Belt’ of Skwarko 
1966) are incorporated as an onshore component of the 
Carpentaria Basin. 

Subdivision of the Proterozoic in the Northern Territory

D’Addario et al
geological map of the NT that included a chronometric 
scale. The Precambrian subdivisions used in this map 
were Archaean (>2.3 Ga), Lower Proterozoic (2.3–1.8 Ga), 
Carpentarian (1.8–1.4 Ga) and Adelaidian (1.4–0.57 Ga). 
Following recommendations by the International 
Union of Geological Sciences (IUGS), the Precambrian 
timescale has since been divided (see Gradstein et al 
2004) into Archaean (>2500 Ma), Palaeoproterozoic 
(2500–1600 Ma), Mesoproterozoic (1600–1000 Ma) and 
Neoproterozoic (1000–542 Ma). These replaced the terms 
Lower Middle (1700–1000 Ma) and Upper 
Proterozoic (1000–570 Ma). All Northern Territory maps 
published prior to 1993 used one of the other of these earlier 
now-superseded subdivisions. 

India
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South America
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Figure 2.2. Schematic palinspastic reconstruction of Gondwana 

Cawood 2005).
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The revised IUGS Precambrian subdivision does not 
agree particularly well with the major chronostratigraphic 
subdivisions of the Precambrian of the Northern Territory. 
For example, the Palaeoproterozoic includes both the Pine 
Creek Orogen and a large part of the McArthur Basin 
succession. For this reason, the Proterozoic of the Northern 
Territory was divided into ten informal packages (LP1–LP10) 
for use in the revised Geological Map of the Northern 
Territory (Ahmad 2000, 2001). These packages are based 
on major regional unconformities that more effectively 
subdivide the Territory’s Proterozoic geology. This 
schema continues to be used for the current 1:2.5M-scale 
geological map and is referred to intermittently throughout 
this volume.

The Phanerozoic subdivisions used in D’Addario et al 
(1976) followed standard chronostratigraphic nomenclature 
and these remain virtually unchanged, although there have 

availability of new and more precise geochronological data.

Geological regions

Large swathes of the Northern Territory are dominated by 
Palaeo- to Mesoproterozoic orogens and basins, but the 
oldest rocks are localised outcrop tracts of Neoarchaean 
(2670–2500 Ma) granite and gneiss (Figure 2.3). 
Palaeoproterozoic orogens of the North Australian Craton 
form widespread and prospective basement [eg Pine 
Creek Orogen (PCO), Aileron Province, Tanami Region, 
Tennant Region], with protolith ages most commonly in 
the range 1870–1730 Ma. Further south, the Warumpi and 
Musgrave provinces represent more juvenile crust with 
ages of 1690–1070 Ma. 

Widespread Palaeo–Mesoproterozoic basins (eg 
McArthur, Birrindudu and South Nicholson basins, 
Tomkinson and Davenport provinces of the Tennant 
Region) overlie much of the North Australian Craton and 
are locally connected beneath covering rocks of younger 
basins. Neoproterozoic to Palaeozoic basins were linked 
in onshore areas of the NT for much of their history as 
the Centralian Superbasin, but were substantially affected 
and structurally dismembered by mid to late Palaeozoic 
intraplate tectonics in central Australia. The Kalkarindji 

event in the late early Cambrian over much of the northern 
part of the Territory and adjacent states. Mesozoic to 
Cenozoic basins form widespread cover successions and 
are relatively undeformed. Pericratonic basins of this age 
extend offshore to the north of the Territory to the margins 
of the Australia-India Plate.

A time-space plot showing the broad stratigraphic 
relationships between the Palaeo–Mesoproterozoic 
geological provinces of the NT is presented in . 

stratigraphic relationships between the Neoproterozoic–
late Palaeozoic basins are shown in Centralian Superbasin: 

 and 22.6, and stratigraphic relationships 
between the late Palaeozoic–early Mesozoic basins are in 

. Detailed chronostratigraphic 
charts are also provided for each of the NT’s Phanerozoic 
basins.

The subheadings used below correspond with 
the subdivisions on the NT Geological Regions map 
(Figure 2.3). 

Archaean inliers

A number of inliers of late Neoarchaean granite and felsic 
gneiss, and minor metasedimentary rocks outcrop as 
poorly exposed inliers in the PCO and Tanami Region (see 
Archaean). These rocks have protolith ages in the range 
2670–2500 Ma (Hollis et al 2009). They form the basement 
to overlying Palaeoproterozoic strata and have been the 
source for much of the detritus in these successions. This 

Neoarchaean population of detrital zircons in dated 
sedimentary rocks from most provinces of the North 
Australian Craton.

Palaeo–Mesoproterozoic orogens

Palaeo–Mesoproterozoic orogens include both the 
orogenic domains of the Northern Australian Craton 
and the younger terranes of the Warumpi and Musgrave 
provinces. The orogenic domains of the NAC include the 
Pine Creek Orogen, Arnhem Province, Murphy Province, 
Warramunga Province, Halls Creek Orogen, Tanami 
Region and Aileron Province. Metamorphic grade is 
most commonly greenschist facies, although higher-grade 
rocks, locally up to granulite facies, occur in some areas, 
particularly in the Aileron Province, PCO and Arnhem 
Province. Rocks of early Palaeoproterozoic age are currently 
only known in the PCO, where they form the 2030–2000 Ma 
Woodcutters Supergroup, which includes sandstone, shale, 
mudstone and carbonate rocks (Ahmad and McCready 
2001, Worden et al 2008b). Throughout the remainder of 
the orogenic domains of the NAC, most sedimentation, 
magmatism and deformation occurred in the interval 

the early Mesoproterozoic. This more complex evolution for 
the Aileron Province has been attributed to its proximity to 
the southern margin of the craton, which is interpreted to 
have been active at the time (Scrimgeour 2006). 

The timing of sedimentation and volcanism varies 
throughout the NAC ( ). In the PCO, deposition 

Cosmo Supergroup occurred at 1865–1860 Ma, broadly 
synchronous with deposition in the Warramunga Province 
(Warramunga Formation) and Murphy Province (Murphy 
Metamorphics). The Cahill Formation and Nourlangie 
Schist in the eastern PCO were deposited slightly earlier, 
at about 1870 Ma (Hollis and Glass 2012). In comparison, 
the turbiditic successions of the Tanami Region and Aileron 
Province (Killi Killi and Lander Rock formations) are likely 
to have been deposited at 1845–1835 Ma, at a similar time 
to shallower marine sandstone and felsic volcanic rocks of 
the lower Ooradidgee group of the Tennant Region (Claoué-
Long et al 2008a, b). At 1825–1810 Ma, deposition of 

(Ware Group) and Tennant Region (upper Ooradidgee 
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Group). Younger metamorphosed basin packages, with ages 
in the range 1810–1740 Ma occur in the Aileron Province, 
and include rocks interpreted to have been formed in back-
arc settings (Scrimgeour 2006).

et al (2004) as a series of faults that separate the Aileron and 
Warumpi provinces; these have been collectively termed 
the Central Australian Suture. South of this structure, the 
Warumpi Province comprises greenschist- to granulite-
facies metasedimentary and meta-igneous rocks, with ages 
in the range 1690–1600 Ma. It has been subdivided into three 
domains that have differing protolith ages and structural and 
metamorphic histories: the amphibolite-facies Haasts Bluff 
Domain in the south and east, the granulite-facies Yaya 
Domain in the north, and the greenschist-facies Kintore 
Domain in the west. The province has been interpreted 
as an exotic terrane that accreted onto the NAC at around 
1640 Ma (Scrimgeour et al 2005).

In the southwestern Northern Territory, the 
Mesoproterozoic Musgrave Province represents relatively 
juvenile continental crust in comparison with the NAC. The 
main elements of the Musgrave Province within the NT 
are felsic gneisses with ages in the range 1600–1540 Ma, 
voluminous granites with ages of 1200–1140 Ma, and rift-
related sedimentary and bimodal magmatic rocks with ages 

et al 2004). 
In a general sense, the timing of the dominant phases 

of Palaeo- to Mesoproterozoic granitic magmatism youngs 
in a southerly direction across the Northern Territory, from 
1865–1850 Ma in the north, through 1850–1840 Ma in 
the Warramunga Province, 1820–1790 Ma in the Tanami 
Region and northern Aileron Province, 1780–1750 Ma in 
the southern Aileron Province and 1690–1630 Ma in the 
Warumpi Province, to 1200–1140 Ma in the Musgrave 
Province in the south.

Palaeo–Mesoproterozoic basins

Palaeo- to Mesoproterozoic basins of northern Australia 
(Figure 2.3) include the McArthur, Birrindudu, South 
Nicholson and Fitzmaurice basins, the Tomkinson and 
Davenport provinces and the Lawn Hill Platform. These 
basins were termed the ‘North Australian Platform Cover’ 
by Plumb et al (1981). With the exception of the Davenport 
Province and Fitzmaurice Basin, they are relatively weakly 
deformed, but have localised areas of higher deformation in 
fault zones. Metamorphic grade is generally sub-greenschist 
facies. 

The McArthur, South Nicholson and Birrindudu basins, 
and Tomkinson Province are all interpreted to be part of 
a single, large unnamed superbasin that is linked at depth 
beneath the overlying Georgina, Wiso, Daly and Carpentaria 
basins. These linked Palaeo- to Mesoproterozoic basins 
also have correlatives in the Mount Isa Inlier in Queensland 
(Southgate et al 2000). The basal succession of the basins 
is dominated by sandstone and volcanic rocks and has an 
age in the range 1800–1710 Ma (LP6 subdivision of Ahmad 
2000). It is represented by the Redbank and Goyder packages 
(Rawlings 1999) in the McArthur Basin, the Tomkinson 
Creek Group in the Tomkinson Province, and by the Tolmer 
and Birrindudu groups in the Birrindudu Basin ( ). 

This is overlain by a another interval of stromatolitic and 
evaporitic carbonate rocks, sandstone and shale, comprising 
the Glyde Package, and Namerinni and Limbunya groups 
in each basin respectively, which were deposited at about 
1650–1630 Ma (LP7). The Fickling and McNamara groups in 
the Lawn Hill Platform are correlatives of this package. An 
overlying succession is regionally extensive and includes 
stromatolitic carbonate rocks and sandstone deposited in 
sag basins, including the 1620–1580 Ma Favenc Package in 
the McArthur Basin (LP8) and the Wattie and Bullita groups 
in the Birrindudu Basin. The LP7 and LP8 successions are 
correlated with the Isa Superbasin of the Mount Isa Inlier in 
Queensland (Southgate et al 2000). A overlying succession 
of predominantly shallow marine sandstones was deposited 
in epicontinental basins at ca 1500–1400 Ma (LP9) and 
includes the Wilton Package (McArthur Basin), Renner 
Group (Tomkinson Province), South Nicholson Group 
(South Nicholson Basin) and Tijunna Group (Birrindudu 
Basin). 

The Hatches Creek Group in the Davenport Province is 
correlated with the Tomkinson Creek Group of the Tomkinson 

of equivalent age to the Hatches Creek Group extend into 
the Aileron Province and Tanami Region, where they are 
more highly deformed and metamorphosed.

The Fitzmaurice Basin contains a greater than 3 km-
thick, Palaeo- to ?Mesoproterozoic, sandstone-dominated 
succession (Fitzmaurice Group) and is lithostratigraphically 
similar to the Carr Boyd Basin in adjacent regions of 
Western Australia. 

Neoproterozoic–Palaeozoic

Unconformably overlying the Palaeo- to Mesoproterozoic 
terranes of the NT is the Neoproterozoic–early Palaeozoic 

et al (1995), this superbasin included Neoproterozoic 
sedimentary rocks of the Amadeus, Murraba, Ngalia, 

Victoria basins (Figure 2.3). In this volume, the Centralian 

the early Palaeozoic. The Neoproterozoic depositional 
system is renamed the Centralian A Superbasin, whereas a 
widespread Cambrian–Ordovician depositional system that 
followed the 580–530 Ma Petermann Orogeny and a short 
period of relative non-deposition in the early Cambrian, is 
named the Centralian B Superbasin. 

300 000 km2) are covered by volcanic rocks and associated 
minor sedimentary rocks of the late early Cambrian 
(507 ± 4 Ma) Kalkarindji Province (Kalkarindji Large 
Igneous Province; Glass 2002, Glass and Phillips 2006). 
In the Northern Territory, this province includes the 
Kalkarindji Suite and associated minor sedimentary 
rocks. Airborne magnetic data shows the province to be 

northern Wiso and northern and central Georgina basins.
The Irindina Province (Scrimgeour 2004) forms part 

of the Arunta Region and is a highly metamorphosed 
Neoproterozoic to Cambrian basin that includes correlatives 
of the Centralian Superbasin. The province contains a thick 
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metasedimentary succession (Harts Range Group) with 

Irindina Province is interpreted to be a deep transtensional 
rift basin that formed within the Centralian Superbasin 
during the late Neoproterozoic to Cambrian, before being 
metamorphosed and exhumed in the early Palaeozoic 
(Mawby et al 1999, Maidment 2005, Buick et al 2005). 

The mostly offshore Cambrian to Cenozoic Bonaparte 
Basin, along the northwestern margin of the NT, contains 
a thick onshore sedimentary succession that ranges in 
age from Cambrian to Permian; this was affected by syn-
sedimentary faulting during the Devonian to Carboniferous. 
In the north of the NT, the Arafura Basin contains a thick, 
mostly offshore Neoproterozoic to Permian sedimentary 
succession, the older parts of which extend onshore to 
the east of Darwin. In the southwestern corner of the NT, 
the Late Carboniferous to Triassic Pedirka basin contains 

swamp deposits. Pedirka Basin sedimentary rocks are 
correlated with those of the Permian–Triassic Cooper Basin 
in Queensland and South Australia, the Permian Arckaringa 

Basin in South Australia and Western Australia. 

Mesozoic–Cenozoic

Large areas of the Northern Territory are covered by a 
relatively thin veneer of Mesozoic to Cenozoic sedimentary 
rocks (Figure 2.3). The dominant onshore Mesozoic 

and onshore Carpentaria Basin (which includes the former 
‘Dunmarra Basin’), but there are also some onshore 
Mesozoic strata within the Bonaparte and Money Shoal 
basins. Onshore Cenozoic sedimentary rocks are mostly 

the southeastern NT. Cenozoic deposits in central Australia 
reach depths of up to 250 m. Thicker Mesozoic–Cenozoic 
successions occur within the offshore Carpentaria, Money 
Shoal and Bonaparte basins. 

Most of the Northern Territory has a well developed 
 and the pedolith. The 

principal intervals of the pedolith are the plasmic or arenose 
zones, mottled zone and the lateritic residuum (lateritic 
duricrust and lateritic gravel). The lateritic residuum is more 
common in the northern parts of the NT, whereas calcrete 
and silcrete are more common in the southern NT. The bulk 
of the Northern Territory landscape is relatively featureless, 
and large parts have been stable for long periods of time. 
From south to north, four surfaces of peneplanation have 

Wave Hill and Koolpinyah surfaces. The ages of these 
surfaces range from pre-Cretaceous to mid-Cenozoic.

TECTONIC EVOLUTION OF THE NT

The Northern Territory has experienced a number of phases 
of tectonic activity during its progressive development from 

are discussed in the following sections.

The Halls Creek and Pine Creek orogens and Arnhem, Murphy, 
Tanami and Warramunga provinces (Figure 2.3) underwent 
deformation and metamorphism in the period 1870–1830 Ma. 
The apparently similar timing of sedimentation, magmatism 
and deformation throughout much of the North Australian 

et al (1987) to propose that the NAC 
was affected by a single tectonic event at 1880–1850 Ma, 
which they named the Barramundi Orogeny. Hancock 

et al (1987) proposed an 
intraplate model for the development of the NAC at this time, 
which involved the local extension of pre-existing crust so 
as to form ensialic and intracratonic Palaeoproterozoic 
domains within the craton. The Barramundi Orogeny was 
considered to be characterised by an extensive and uniform 
suite of I-type granites and co-magmatic volcanic rocks that 

from those associated with modern subduction-related 
magmatism. The Barramundi felsic igneous rocks were 
thought to have been derived by partial melting of a lower 

et al 1987). 
More recent studies have shown that the former 

‘Barramundi Orogeny’ was actually a series of spatially 
and temporally distinct events, with varying styles of 
tectonism, from extensional deformation (Carson et al 
2008) to thrusting and crustal thickening (Hollis and Glass 
2012). The timing of events originally attributed to the 
‘Barramundi Orogeny’ is also now known to vary widely 
between different areas, within the range 1865–1800 Ma 
(Figure 2.3). The evolution of the North Australian Craton 
during this timeframe is now more commonly attributed 
to responses to plate margin tectonism, both proximal to 
the inferred margins and as intraplate responses within 
the craton (Myers et al 1996, Scrimgeour 2006, Cawood 
and Korsch 2008, Payne et al 2009). An example of 
a recent model for the late Palaeoproterozoic to early 
Mesoproterozoic tectonic evolution of Australia (Payne 
et al 2009) is shown in Figure 2.5.

In the PCO, the main phase of tectonism occurred in 
the period 1865–1850 Ma (Hollis and Glass 2012). The 

involved the emplacement of granodioritic plutons and 
amphibolite-facies metamorphism, associated with west-
directed thrusting and crustal thickening (Hollis and 
Glass 2012). This was coincident with felsic volcanism in 

(Worden et al 2008a, b). At ca 1855 Ma, S-type granites were 
emplaced and high-T, low-P metamorphism occurred in the 

et al 2008), possibly associated 

Compressional deformation in the Central Domain of the 
PCO has not been directly dated, but is likely to also have 
occurred at about 1855 Ma. Deformation in the Halls Creek 
Orogen within the NT is attributed to the Hooper Orogeny 
at 1865–1850 Ma. In the Arnhem Province, an inferred 
syn-metamorphic granite has an age of ca 1867 Ma, which 
suggests that high-grade metamorphism in the province 

et al 1997). 
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and extrusive magmatism and east- or east-northeast-
trending upright folding in the Warramunga Province. 
In the Murphy Province, deformation and low-grade 
metamorphism is likely to have been broadly synchronous 

between the Murphy Metamorphics (maximum deposition 
age of 1853 Ma; Hollis et al 2009c) and the overlying 
ca 1851 Ma Cliffdale Volcanics.

with upright folding. It has been interpreted as an intraplate 
response to collisional deformation in the Halls Creek 
Orogen to the northwest in Western Australia (Crispe et al 
2007, Figure 2.5b).

By 1810 Ma, large-scale tectonism had effectively ceased in 
the central and northern parts of the NAC within the Northern 
Territory. However, the southern part of the craton, particularly 
the Aileron Province, was affected by prolonged and complex 
tectonic activity during the period 1810–1700 Ma. This has 

regime in the NAC, with the focus shifting to the southern 

(Collins and Shaw 1995) is a tectonothermal and magmatic 
event that affected extensive areas of the Aileron Province, 
and it also impacted on the Tanami and Tennant regions. 
Current evidence suggests that it involved both extensional 
and compressional components, and its geological setting 
remains poorly understood. Across the northern and central 
Aileron Province, it is characterised by widespread felsic and 

magmatism, and localised high-temperature, low-pressure 
metamorphism. In the Tanami Region, the event is associated 
with upright deformation and gold mineralisation, whereas 
in the Tennant Region, the correlative 1820–1800 Ma 

extensional. In the eastern Aileron Province, a back-arc basin 
environment has been invoked at 1810–1800 Ma to account 
for widespread volcanism, volcaniclastic sedimentation 

Strangways Metamorphic Complex (Scrimgeour 2006). 

migration of magmatism within the Aileron Province, in 
association with localised deformation and high-grade 

This event has been linked to the interpreted collision of the 
West Australian Craton with the NAC at this time (Bagas 
2004, Figure 2.5c). Towards the southeastern margin of the 
province, periods of basin development (with volcaniclastic 
sedimentation) occurred between deformational events 

magmatism continued through the period 1760–1740 Ma. 
A north-dipping subduction system south of the eastern 
Aileron Province during this time period has been proposed 
by numerous authors (Scott et al 2000, Betts and Giles 2006, 
Scrimgeour 2006), involving an evolving system of back-
arcs and continental arcs. This is based in part on the arc-
like geochemistry of 1768-1750 Ma “CAT Suite” magmatic 
rocks in the southeastern Aileron Province (Zhao 1994, 
Zhao and McCulloch 1995, Hoatson et al 2005, Whelan 
et al 2008, Figure 2.5d).

A protracted tectonothermal event, the 1730–1690 Ma 
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and felsic magmatism in the eastern Aileron Province 
(Claoué-Long et al 2008c), is associated with east–west 
compression, and is likely to have been associated with the 

north, which resulting in upright folding in the Davenport 
Province. Although a number of authors (Scrimgeour 

to an active southern margin of the NAC, Payne et al 
(2009) considered this event to have been associated with 
the accretion of proto-Australia to the Laurentian (North 
American) plate to the east of the NAC, at 1730–1720 Ma 
(Figure 2.5e).

At about 1690 Ma, there was another fundamental change 

magmatism and deformation in the Aileron Province, 
and the commencement of magmatism in the Warumpi 
Province, which has been interpreted as a continental 
fragment that was outboard of the southern margin of the 
craton at the time (Scrimgeour et al 2005, Figure 2.5f). 
The localisation of 1690–1635 Ma magmatism within the 
Warumpi Province, rather than the Aileron Province to 
the north, is consistent with south-dipping subduction 
preceding accretion (Scrimgeour et al 2005), and this notion 
is supported by magnetotelluric imaging of the central 
Australian lithosphere (Selway et al 2007). The Liebig 
Orogeny (Scrimgeour et al 2005) is a major tectonothermal 
event that affected large areas of the Warumpi Province at 

oblique accretion of the Warumpi Province onto the NAC 
(Scrimgeour et al 2005, Close et al 2005, Figure 2.5g). 

burial and exhumation of metasedimentary rocks, the 
presence of a linear belt of calc-alkaline felsic magmatism, 
and a hairpin bend in the apparent polar wander path for 
northern Australia at the time. 

Tectonism in the Aileron and Warumpi provinces during 
the period 1800–1600 Ma occurred synchronously with 
intraplate basin development in the central and northern 
NAC. This is indicated by apparent relationships between 
tectonic events in the Aileron Province and episodes of 

including the McArthur and Birrindudu basins, and the 

proposed a model of continent-scale extension, followed 
by thermal subsidence for the development of these basins, 
but more recent models interpret basin development and 
faulting as an intraplate response to convergent processes 
on the southern and eastern craton margins (Scott et al 
2000, Southgate et al 2000, Giles et al 2002, Cawood and 
Korsch 2008, Payne et al 2009). 

Mesoproterozoic tectonism

During the early Mesoproterozoic (1600–1550 Ma), large 
areas of the North and South Australian cratons were 
affected by episodes of tectonism and/or magmatism 
(Hand 2006, Figure 2.5h), including the Isan Orogeny 
in Mount Isa (Queensland), the Olarian Orogeny in the 

Janan orogenies in the Georgetown and Yambo inliers 

(Queensland), and widespread magmatism in the Gawler 

Territory, this tectonism was manifested in the Chewings 
Orogeny, which resulted in south-directed thrusting and 
locally high-grade metamorphism in the Arunta Region. 

juvenile felsic magmatic event in the Musgrave Province 
that has been interpreted to be arc-related (Wade et al 
2006). This event has been interpreted by Wade et al 

between the North and South Australian cratons at this 
time, although other authors (eg Payne et al 2009) have 
proposed that the intraplate orogenesis is consistent with 
being a response to north-dipping subduction under the 
Musgrave Province and/or accretion of a crustal fragment 
to the palaeo-southern margin of the Gawler Craton 
(Figure 2.5h).

The second major Mesoproterozoic tectonic event in 
the Northern Territory was the 1200–1160 Ma Musgrave 
Orogeny in the Musgrave Province, and associated 

setting of these events remains poorly understood, although 
the event has long been considered to be associated with 
a large-scale belt of ‘Grenville-aged’ deformation through 
Australia and east Antarctica. Myers et al (1996) considered 

NAC and SAC, but more recent studies (Wade et al 2008, 
Smithies et al 2011) have proposed an intraplate setting for 
this event. Smithies et al (2011) interpreted the Musgrave 
Orogeny to have been an extensional event, accompanied 
by a high geothermal gradient and extensive melting of 
the lower crust to form the granitoids of the Pitjantjatjara 
Supersuite. The Musgrave Orogeny was followed by the 

trending intracontinental rift in the western Musgrave 
et al 2010, 

Howard et al 2011), and the more extensive 1075 Ma 
Warakurna Large Igneous Province (Wingate et al 2004), 

and southern Arunta Region. 

The early–middle Neoproterozoic was a period of tectonic 
quiescence, with little evidence for major tectonic events. 
The initiation of the Centralian Superbasin at about 840 Ma 
preceded the breakup of the Neoproterozoic Rodinian 
Supercontinent in the mid Cryogenian, but was related 
to extension, rifting and crustal sagging (Lindsay 2002, 
Greene 2010) that may have been an early expression of this 
event. During the period 600–300 Ma, central Australia was 
affected by major intraplate tectonism, that dissected the 
Centralian Superbasin, exhumed rocks from deep crustal 
levels, and resulted in large amplitude east-trending gravity 

Petermann Orogeny, was focused in the Musgrave Province 
at 580–530 Ma. It resulted in uplift and exhumation of the 
Musgrave Province from beneath the Centralian Superbasin 
and was associated with major south-dipping thrusts and 
detachment zones (Scrimgeour and Close 1999, Raimondo 
et al 2010). 
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In the late early Cambrian (ca 507 Ma), a large part of 
northern Australia, central Western Australia and western 
South Australia was covered by variably thick and extensive 
basalts of the Kalkarindji Large Igneous Province (Glass 
2002, Glass and Phillips 2006). This eruptive outpouring of 
vast amounts of subaerial basaltic lava was related to either 
a large-scale mantle plume, or possibly to catastrophic 
lithospheric delamination, accompanied by substantial 

of the LIP immediately preceded broad regional subsidence 
and a marine transgression in the middle Cambrian that 
deposited Centralian B Superbasin sediments over extensive 
areas of central and northern Australia. 

Australia underwent extensional deformation focused 
in a west-northwest-trending zone (coinciding with the 
‘Larapintine Seaway’ of Webby 1978) that extended 
across what is now the Arunta Region; this may represent 

of Australia. The extension led to the development of a 
deep transtensional rift basin, within which precursor 
Cambrian sediments of the Irindina Province were 
deposited. These and older Neoproterozoic sedimentary 
rocks of the province were metamorphosed at deep crustal 
levels within the rift basin during ongoing extension, as 

et al 1999, 
Buick et al 2005). 

The Alice Springs Orogeny was a major intraplate 
orogenic event that variably affected large areas of 
central Australia in the period 450–300 Ma and resulted 
in the exhumation of the Arunta Region from beneath the 
Centralian Superbasin (Collins and Teyssier 1989, Haines 
et al 2001, see Aileron Province). The orogeny was long-
lived and there is increasing recognition of its episodic 

450–440 Ma, 390–375 Ma, 365–360 Ma and 340–320 Ma 
(Haines et al 2001, Buick et al 2008). It commenced 
with inversion of the Irindina Province leading to 
juxtaposition of the Aileron and Irindina provinces in 

a thick-skinned, bivergent, east-trending orogenic system 
during the Devonian (390–360 Ma Pertnjara-Brewer 
events) that exhumed large areas of the Arunta Region 

Springs Orogeny was an east-southeast-trending, south-

zones of metamorphism up to amphibolite-facies grade 
in the Arunta Region, and the development of thrust 
complexes along the northern margins of the Amadeus 
and Ngalia basins. Further northward within the NAC, 
the Alice Springs Orogeny was related to localised fault 
reactivation, particularly in the Halls Creek Orogen and 
Fitzmaurice Basin.

Palaeozoic tectonism in northern basins

The two major Palaeozoic basins in the north of the NT are 
the lower Bonaparte and Arafura basins. The Bonaparte 
Basin is structurally complex and comprises a number of 
Palaeozoic and Mesozoic sub-basins and platform areas. 

It was initiated in the Cambrian as the northernmost 
portion of the Centralian B Superbasin (Carlton Sub-basin 
in Western Australia). Later Palaeozoic development 
was via two phases of extension: an older Late Devonian 
to Mississippian phase formed the northwest-trending 
Petrel Sub-basin in the southeast of the basin; a younger 

older northwesterly trend with a northeasterly structural 
grain and formed the proto-Vulcan Sub-basin and Malita 
Graben to the north (Geoscience Australia 2011). 

The Arafura Basin was initiated in the Neoproterozoic 

across much of the basin. The subsidence history of 
the basin was episodic and limited to four periods of 
basin-wide subsidence in the Neoproterozoic, middle 

by long, relatively tectonically quiescent periods of 

Goulburn Graben was formed in the Late Carboniferous 

localised deformation in the Devonian and Carboniferous 

associated with the Alice Springs Orogeny in central 
Australia (Struckmeyer 2006). 

Mesozoic and Cenozoic deformation

Mesozoic and Cenozoic basins of the Northern Territory 
can be divided into: (a) intracratonic basins [eg upper 

basins]; (b) plate margin basins (eg upper Bonaparte, Money 
Shoal basins); (c) small intermontane Cenozoic basins in 
the central southern NT (eg Hale, Ti-Tree, Waite basins); 

addition, locally thick Cenozoic deposits are widespread 
across the NT in the form of coastal, alluvial, lacustrine, 
paludal, colluvial, aeolian and evaporitic sediments that 

relatively unmetamorphosed and are not associated with 

have accumulated distal volcaniclastic sediments. Most 

only gently folded. Faults in onshore basins are commonly 
reactivated older structures. However, offshore basins 

of plate tectonic processes (Figure 2.6), including Jurassic 
graben development in the northern Bonaparte Basin and 

Money Shoal basins to the south of the Timor Trough. 

and depocentres from underlying Palaeozoic basins and 
basement. Although these intracratonic basins developed 
in an area that was relatively distant from active plate 
boundaries, their initiation and subsequent development 
may have been related to long-lived plate convergence 
between eastern Gondwana and the Panthalassan Ocean 

Orogen and Cretaceous Whitsunday Volcanic Province, as 
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Veevers et al a) Late Jurassic (160 Ma): early stages of breakup of Gondwana Supercontinent commences 
with rifting to west of Browse Basin in WA. (b
Gondwana forms proto-Indian Ocean. Whitsunday Volcanic Province in east is a silicic-dominated large igneous province, related to 
break-up of eastern Gondwana (Bryan et al 2000). Rift valley complex develops between Australia and Antarctica. (c) Late Cretaceous 

Defunct mid-ocean ridge (MOR) in Indian Ocean is replaced by active MOR further west. (d
e) Late Miocene (10 Ma): 

Guinea. Timor area to southwest is in recessive part of Australia-India Plate margin so that subduction commenced later in mid-Pliocene 
(ca 3Ma; Veevers 1984). (f) Holocene (0 Ma): Current state of plate divergence to south of Australia and convergence to north. Complex 
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well as a number of sedimentary basins inboard of these 
terranes in eastern Australia. During the Cretaceous, the 

Whitsunday volcanic arc, located to the east of the present-
day Qld coastline (Figure 2.6), supplied substantial 
volcaniclastic sediments to the basin (Bryan et al 1997, 

in these basins were the result of east–west compressional 
tectonism in response to the rotational stress applied to the 
Australia-India Plate by its oblique convergence with the 

formed as a gentle intracratonic downwarp in the Jurassic 

Basin, which overlies older sedimentary basins, this 
basin developed upon an erosional surface of deformed 
Proterozoic rocks. The margins of the basin were locally 
faulted in the Late Cretaceous, but the succession is 
otherwise little deformed.

Mesozoic–Cenozoic plate margin basins include the 
upper Bonaparte and Money Shoal basins, which extend to 
the north of Australia as far as the Timor Trough. In the 
Bonaparte Basin, Late Triassic compression, which caused 
uplift and erosion in a number of areas, was followed 
by Jurassic extension that accompanied the breakup 
of Gondwana (O’Brien et al 
commenced in the Browse Basin to the west the Bonaparte 
Basin at this time (Figure 2.6), and the Vulcan Sub-basin, 
Sahul Syncline, and Malita and Calder grabens developed 
as major depocentres. Convergence of the Australia-India 
Plate and Southeast Asian microplates in the Miocene to 

Australian continental margin into the newly formed Timor 
Trough (Veevers 1984) and widespread fault reactivation 
across the western Bonaparte Basin.

Cenozoic basins in the Alice Springs area in the central 
southern NT are elongate intermontane types, at least some 

Basin extends over large areas of the southeastern Northern 
Territory, northeastern South Australia, southwestern 
Queensland and some of northwestern New South Wales. It 
is one of the world’s largest internal drainage systems and 
covers about 1.2 million km2, which is almost one-sixth of 
Australia (Callen et al 1995). 
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Chapter 3: COMMODITY REVIEWS M Ahmad and M Khan

Current as of November 2012

INTRODUCTION

The Northern Territory contains some of Australia’s largest 
deposits of uranium, zinc-lead, bauxite, gold, phosphate and 
manganese, as well as numerous prospects for commodities 
such as copper, iron ore, rare earth elements, tungsten, 
mineral sands, platinum group elements, vanadium, 
cobalt and more. Details of these mineral occurrences 
are summarised in the Mineral Occurrence Database 
(MODAT), developed and administered by the Northern 

and unconventional hydrocarbon accumulations are also 
present within onshore and offshore sedimentary basin 
successions. The spatial distribution in the NT of the 

excluding industrial minerals, coal and petroleum (see 
below), is shown in Figure 3.1
for these commodities are shown in Table 3.1. Figure 3.2 
and Table 3.2 show the distribution of these mineral 
commodities with respect to NT geological regions, and 
their distribution with respect to the Proterozoic and 
Phanerozoic stratigraphic subdivisions of the NT are 
shown in Figure 3.3 and Table 3.3.

GOLD

There are currently 790 gold occurrences in the NT 
(Figure 3.1), of which 154 have produced more than 1000 kg 

production and current resources, are summarised in 
Table 3.4. The Pine Creek Orogen (PCO) and Tanami Region 

to 1990, the PCO and Tennant Region provided the bulk of 
the NT’s gold production, but since then, the Tanami Region 
has surpassed these provinces in terms of production, due 
mainly to the world-class Callie deposit (Figure 3.4). 
Gold production from Northern Territory mines to 2012 is 
summarised in Figure 3.5 and Tables 3.1 and 3.5). 

in several subsequent discoveries. Production from these 
deposits continued until 1915, when most mines ceased 
production. A total production of 17.2 t of gold was recorded 
during this period. Intermittent small-scale production 

resulting from an increase in gold prices and improvements 
in mining and metallurgical techniques, led to the opening 

followed, resulting in about 103 t of gold production from 

Although gold was discovered in the Tennant Region in 

until 1932, when two small batteries were constructed near 

Tennant Creek township. Production dramatically increased 

There are currently no operating mines in the region, but 

Creek have revitalised exploration in the area.
Gold was discovered in the Tanami Region, which 

includes The Granites, Dead Bullock Soak and Tanami 

intermittently until 1955. A total production of 413 kg of 
gold is recorded for this period. Mining recommenced in 

from the Bullakitchie and Shoe deposits at The Granites 

Callie deposit was discovered in 1991 and has been the 
focus of the majority of gold production in the Tanami since 

In the Arunta Region, gold was discovered at Arltunga 

about 1917, except for intermittent small-scale mining that 
continued until 1934. Recorded production for this period 

produced 1.72 t of gold. Intermittent treatment of tailings 

Deposit types

Ahmad et al 
Northern Territory into seven types, in order of abundance: 

Gold-quartz veins, lodes, sheeted veins, stockworks 
and saddle reefs, eg many deposits in the PCO, and 
Tanami and Arunta regions, as well as in the Davenport 
Province of the Tennant Region. 
Gold-copper mineralisation in ironstone bodies, such as 

Gold in iron-rich sedimentary rocks, eg many deposits 
in the PCO and Tanami Region.
Gold in association with platinum group elements, eg 

Gold in association with uranium, eg PCO and Murphy 
Province. 
Polymetallic gold deposits, eg Iron Blow and Mount 
Bonnie mines in the PCO.
Placer deposits.

A new class of gold deposit, hosted within porphyritic 
syenogranite, has been recently added to these types with 
the discovery of Buccaneer deposit in the Tanami Region by 
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shown in Figure 3.6 and Table 3.4. The distribution of gold 
occurrences with respect to the stratigraphic subdivisions 

in Figure 3.3 and Table 3.3
the majority of the gold occurrences. In the PCO, most of 

these occurrences are of the quartz-vein type, whereas in 
the Tennant Region, ironstone-hosted deposits predominate. 

subdivisions contain only a few deposits, including the 
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Basin.

The spatial distribution of the NT’s gold deposits is 
shown in Figures 3.1 and 3.2, and Table 3.2. The PCO 
contains the majority of the gold occurrences (341), 

Year Au Cu Pb Zn U Fe Mn Sn-Ta W Bx Verm

Pre-1968 1 035 040 5 439 2 015 4 401 0

1968–69 3 121 245 939 770 41 39 0

1969–70 2 039 94 43 0

1970–71 407 24 207 577

1971–72 7 257 0 0 0 1 039 457 0

1972–73 0 0 0 909 575 1 237 543 31 2 2 040 050

1973–74 0 0 0 4 0 3 322 297

1974–75 221 0 0 392 307 15 5

1975–76 5 971 9034 0 0 0 24 0

1976–77 17 073 2 2 0 0 39

1977–78 4 209 14 911 0 0 0 0 1 211 919 24 2

1978–79 4 504 23 0 0 0 50 32

1979–80 3 993 72 0 0 0 2 172 359 51 4 939 432

1980–81 32 0 0 117 243

1981–82 44 475 10 0 0 1 204 977 21 0

1982–83 3 393 110 0 4 174 0 0

1983–84 3 070 39 030 1 502 0 0 0

1984–85 0 0 4 345 0 57 0

1985–86 10 555 10 231 4 451 0 0 5 277 443

1986–87 1 055 4930 4 505 0 59 0

1987–88 22 950 4 190 0 1 949 111 0

1988–89 31 975 3 557 0 30 0

1989–90 41 923 3 077 0 0

1990–91 2 913 0 1 350 241 0 0

1991–92 0 32 512 2 903 0 0 0

1992–93 14 112 1 342 0 0 0

1993–94 10 099 59 991 1 457 0 0 0 5 733 754

1994–95 55 237 3 492 0 1 747 274 0 0

1995–96 3 200 0 25 0 5 000

1996–97 52 344 41 979 0 50 0 3 327

1997–98 4 143 0 0

1998–99 40 441 27 911 0 0 10 490

1999–00 20 405 0 39 450 166 665 0 12 0 11 750

2000–01 19 151 0 38 510 162 233 0 0 0

2001–02 20 239 0 39 859 170 445 0 0 0

2002–03 20 293 0 28 670 130 011 0 0 0

2003–04 19 349 0 26 212 120 465 0 0 0

2004–05 17 472 0 34 483 153 644 5 729 0 2 999 439 0 0

2005–06 12 145 275 30 489 135 538 0 0 0 5 432 143 9 392

2006–07 12 590 0 30 040 137 737 0 0 4 352 141

2007–08 13 574 0 36 560 142 460 5 254 741 055 3 727 470 0 0

2008–09 0 37 093 166 467 5 594 3 727 470 0 0

2009–10 0 31 635 183 517 4 262 3 450 000 0 0 7 190 000 7 922

2010–11 10 725 0 38 284 194 058 0 0 7 246 000

2011–12 0 19 997 5 174 177 0 0 7 943 000

Total 483 564 1 976 605 830 077 2 683 874 128 017 13 242 830 88 397 215 9 868 6 043 221 798 291 147 405

Table 3.1
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followed by the Tennant Region (234), Tanami Region 

are outside these provinces with 9 of these in the 

base of the Amadeus Basin. The Phanerozoic of the NT 
is practically devoid of gold mineralisation except for 

sediments. 

Gold-quartz veins, lodes, sheeted veins, stockworks and 
saddle reefs 

deposits and has been a major source of gold. Deposits are 
usually contained within folded, faulted and regionally 
metamorphosed (usually lower greenschist-facies) turbidite 

intermediate to basic intrusive rocks. Most deposits are 
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Region Au Cu Pb Zn U Fe Mn Al P Sn-Ta W Ba REE HMS Others Total
Pine Creek Orogen 341 17 2 7 21 2 1 31 1290
Tennant Region 234 47 2 3 21 1 35 1 350
Tanami Region 2
Arunta Region 144 12 7 20 13 2 30 44 4 7 214
McArthur Basin 79 37 19 37 49 17 4 1 12 17 272
Murphy Inlier 19 1 7 1 34

3 3
Birrindudu Basin 7 14 1 1 2 2 3 1 5
Daly Basin 2 1 2 3
Kalkarindji Province 10 13 2 25
Georgina Basin 3 3 24 5 12
Ngalia Basin 2 17 1 1 1 22

4 1 5
Amadeus Basin 21 1 3 2 14 1 20
Arafura Basin 1 1 11 13
Money Shoal Basin 12 14
Bonaparte Basin 2 11 1 12 12
Carpentaria Basin 3 3
Other Regions 2 10 1 1 21 3 1 9 1 3 2
Total 790 490 166 62 361 153 153 26 41 364 102 48 9 28 319 3122

Table 3.2

standard chemical element symbols. 

Figure 3.2. Number of occurrences of mineral commodities with respect to NT geological regions.
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within the contact metamorphic aureole of syn- to post-

the Arltunga and Winnecke
hosted in a thrust complex that interleaves Arunta Region 
basement rocks with the basal Amadeus Basin succession. 

The width of gold-bearing quartz veins ranges from a 

gangue mineral and is locally accompanied by white mica, 
chlorite and minor K-feldspar. Pyrite and arsenopyrite 

are usually paragenetically younger than the gold-bearing 

microscopic in size and is rarely visible. In some deposits, 

free gold is common, but generally, it is contained in 
arsenopyrite and to some extent, in pyrite and pyrrhotite. In 
the oxidised zone, which extends down to a depth of about 

quartz vein-type deposits are of small to medium size, and 
Figure 3.6, 

Table 3.4). In most deposits, tonnages range from about 1 
to 10 Mt, although a few (eg Mount Todd, Rustlers Roost) 
have comparatively large-tonnage, low-grade resources. 
The Toms Gully and Old Pirate deposits are of unusually 

Callie deposit in the Tanami 
Region is unusual in having both high tonnage and high 

The principal gold mineral is native gold and there have 

of gold telluride minerals have been reported from a few 
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Unassigned
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Palaeozoic

LP10

LP9

LP8

LLP7

LLP6

LLP5

LLP4

LLP3

LLP2

LLP1

Au Cu Pb Zn U Fe Mn Al P Sn-Ta W Ba Fl REE HMS Others Total
3 3 2 2 2 1 29
17 5 9 11 54 43 5 11 13
93 15 20 1 1 3 13 2 1 14

107 39 3 29 3 3 231 11 1 4
171 142 23 2 9 13 92 71 3 2 4 25
74 107 3 2 11 30 12 5 3 25

27 3 9 22 1 1 3 1 103
12 21 5 2 1 3 14 1 73
7 1 1 3 4

9 4 4 4 5 14 10 4 10 1
Palaeozoic 13 22 3 14 14 2 34
Mesozoic 3 0 1 1 1 42 13 2 13
Cenozoic 1 1 13 2 3 3 3 54

Unassigned 15 5 1 2 1 1 1
TOTAL 790 490 166 62 361 153 153 26 41 364 102 48 21 9 28 298 3112

Table 3.3

Figure 3.3
subdivisions of Ahmad (2000).
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Common name Lat 
(GDA)

Long 
(GDA)

Deposit 
type

Stratigraphic
unit Resource Production Ref

AMADEUS BASIN (2799 kg Au)
-23.45 0.34 Mt at 3.1 g/t Au 2344 kg Au 7, 11

PINE CREEK OROGEN (103 716 kg Au)
  16.5 Mt at 2  g/t Au 10

-13.47 131.50 Burrell Creek Fm 0.388 Mt at 1.9 g/t Au 5

-13.50 131.55 Gerowie Tuff 0.752 Mt at 1.35 g/t Au 5
Rising Tide -13.45 131.43 Koolpin Fm 1.816 Mt at 1.4 g/t Au 5

Zapopan 131.44 Gerowie Tuff 0.034 Mt at 8.55 g/t Au 5

8 Mt at 2.05 g/t 10

-13.50 131.34 Mount Bonnie Fm 0.647 Mt at 1.6 g/t Au 10

-13.51 131.35 Gerowie Tuff 5.32 Mt at 1.4 g/t Au 10

-13.54 Fe-sed Koolpin Fm 10
-13.54 Fe-sed Koolpin Fm 10.95 Mt at 4.1 g/t Au 5

1800 kg Au 7

Golden Dyke -13.57 131.52 Fe-sed Koolpin Fm M
-13.57 131.55 Fe-sed Koolpin Fm M

  4200 kg Au 7

Moline Dam 132.15 Fe-sed Mount Bonnie Fm
132.15 Mount Bonnie Fm

Fe-sed Mount Bonnie Fm

Tumbling Dice 132.15 Mount Bonnie Fm

14 200 kg Au 7

-14.13 132.11 Tollis Fm
Mount Todd -14.13 132.10 Burrell Creek Fm 350.2 Mt at 0.81 g/t Au 23

-14.11 132.13 Tollis Fm 22

21700 kg Au 7

Coxs Burrell Creek Fm 0.804 Mt at 1.4 g/t Au 5

Czarina Burrell Creek Fm 1.682 Mt at 1.7 g/t Au 5

South Czarina Burrell Creek Fm 0.294 Mt at 1.5 g/t Au 5

Mount Bonnie Fm 1.24 Mt at 2.6 g/t Au 10
Mount Bonnie Fm 0.482 Mt at 2.9 g/t Au 5

International Burrell Creek Fm 2.253 Mt at 1.4 g/t Au 5

Kohinoor Burrell Creek Fm 0.805 Mt at 2.2 g/t Au 5

Bons Rush -13.33 131.32 Zamu Dolerite 0.805 Mt at 2.3 g/t Au 5

Bridge Creek -13.44 131.32 Gerowie Tuff 1.796 Mt at 1.2 g/t Au 5

-13.59 Coronation Sst 12

Mount Bonnie Fm 1.55 Mt at 1.8 g/t Au 10

Glencoe -13.44 131.50 Mount Bonnie Fm 0.704 Mt at 1.9 g/t Au 4
Goodall -13.21 131.37 Burrell Creek Fm 17

-12.50 132.90 Au-U Cahill Fm M

Kazi -13.35 131.33 Gerowie Tuff 0.41 Mt at 2 g/t Au 5

Maud Creek 1 -14.44 132.44 Tollis Fm 10.36 Mt at 3.02 g/t Au 10
Mount Porter Koolpin Fm 0.355 Mt at 3.02 g/t Au 3

Table 3.4
in bold

et al et al

et al next page).
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from six gold deposits from the PCO. The silver content of 
Union Reefs) to 

Cosmo Howley

Gold in ironstone bodies 
These deposits are present in the Tennant Creek and Rover 

in linearly arranged, ellipsoidal to pipe-shaped discordant 

bodies of iron oxide-rich rocks (mostly magnetite). 
The host rocks are regionally metamorphosed turbidite 
successions, which also contain felsic volcanic and 
porphyry intrusive rocks, and which have been intruded 
by syn- to post-orogenic granites. The orebodies have a 
complex mineralogy comprising native gold, chalcopyrite, 
pyrite, bismuth minerals and minor galena, sphalerite, 
cobaltite, uraninite and molybdenite. As well as gold, 
they have locally economic grades of copper, bismuth 
and cobalt. Apart from magnetite, other gangue minerals 

Common name Lat 
(GDA)

Long 
(GDA)

Deposit 
type

Stratigraphic
unit Resource Production Ref

-12.95 131.57 Koolpin Fm 1.24 Mt at 2.17 g/t Au

Rustlers Roost -12.92 131.49 Mount Bonnie Fm 30.2 Mt at 0.9 g/t Au 5
131.72 Mount Bonnie Fm 3.6 Mt at 2.3 g/t Au 21

Sundance -13.05 131.05 Karst Coomalie Dol 19

Toms Gully 1.05 Mt at 10.1 g/t Au 5
Union Reefs -13.71 Burrell Creek Fm 0.514 Mt at 8.5 g/t Au 10

-13.41 131.30 Mount Bonnie Fm 1.8 Mt at 1.4 g/t Au 5

131.97 Burrell Creek Fm 2

-13.41 131.55 Mount Bonnie Fm 15

TANAMI REGION (246 631 kg Au)
  6.4 Mt at 5.5 g/t Au 24

Bullakitchie -20.54 130.32 Fe-sed Dead Bullock Fm 24

Fe-sed Dead Bullock Fm 24

Shoe -20.54 130.31 Fe-sed Dead Bullock Fm 24

-20.54 130.29 Fe-sed Dead Bullock Fm 24

Callie -20.53 129.92 Dead Bullock Fm 20.5 Mt at 4.53 g/t Au 13
Colliwobble -20.53 129.94 Dead Bullock Fm 24

24

Buccaneer -20.14 129.14
porphyry

44 Mt at 1.1 g/t Au 1

Crusade -19.14 130.07 24

Groundrush -19.71 129.99 Dead Bullock Fm 6.95 Mt at 4.5 g/t Au 20
130.07 Mount Charles Fm 2.97 Mt at 2.11 g/t Au 1

Minotaur -20.35 130.54 Dead Bullock Fm 24
Oberon -20.29 129.99 Killi Killi Fm 14

Old Pirate Killi Killi Fm 1.88 Mt at 10 g/t Au 1

129.72 Mount Charles Fm 24

-19.97 129.40 Mount Charles Fm 24

TENNANT REGION
Chariot 134.10 Fe-bodies 9

-19.31 134.21 Fe-bodies 9
-19.70 134.19 Fe-bodies 9
-19.70 134.24 Fe-bodies 1.32 Mt at 4.4 g/t Au 7

Nobles Nob -19.71 134.29 Fe-bodies 0.195 Mt at 2.0 g/t Au 7
Northern Star -19.32 134.14 Fe-bodies 9
Orlando -19.44 134.03 Fe-bodies 0.98 Mt at 1.95 g/t Au

-19.44 134.03 Fe-bodies 9
Rising Sun -19.72 134.31 Fe-bodies 7

134.15 Fe-bodies 9
-19.49 133.90 Fe-bodies 9

Table 3.4 previous page).
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Year Pine Creek 
Orogen

Tennant 
Region

Tanami 
Region

Arunta 
Region

1869–80 579
1881–85
1886–90
1891–95
1896–00 3511
1901–95 2195 220
1996–10 914 33 145
1911–15 45
1916–20 114 1
1921–25 49 3
1926–30 14 1
1931–35 40
1936–40 451 53
1941–45 117
1946–50
1951–55 454 7523
1956–60 737 10 325
1961–65
1966–70 14 179
1971–75
1976–80
1981–85 1
1986–90 5257 2940 1151
1991–95 20 914 575
1996–00 12 230
2001–05 12445 1374
2006–10 7473
TOTAL 103 716 130 167 246 631 2799.4

Table 3.5

include haematite, chlorite, muscovite, talc, dolomite and 

but tonnages of individual deposits are relatively low 
(Figure 3.6, Table 3.4). These deposits are commonly 
included within the broad iron-oxide copper-gold (IOCG) 
group of deposit styles.

Gold in iron-rich sedimentary rocks
These deposits are associated with iron-rich sedimentary 
rocks [variously named as banded iron formations (BIF), 
banded ironstone, iron formations and silicate iron 
facies], which are generally overlain by carbonaceous 

Cosmo-
Howley deposit in the PCO and The Granites
in the Tanami Region. The ore-bearing interval is often 
bedding concordant and comprises a variety of gangue 
minerals, including quartz, siderite, ankerite, calcite, 
chlorite, cummingtonite-grunerite, ferroactinolite, 
almandine and tourmaline. Gold-bearing quartz veins are 
present in some deposits and are likely to have provided 

et al 1995a, 

traces of galena and sphalerite. Gold is submicroscopic 
in size and a large part of it generally occurs as native 

also notable. In the oxidised zone, the bulk of the gold 
is free milling and can be extracted by conventional 
metallurgical methods. The grades and tonnages of gold 
deposits within iron-rich sedimentary rocks fall between 
those of the quartz-vein and ironstone-hosted gold 

deposits (Figure 3.6, Table 3.4). Most deposits range in 

Cosmo Deeps deposit has a resource of 

Gold in association with platinum group elements
This mineralisation style is currently only recorded in 
the PCO, and includes Coronation Hill in the South 

include Gold Ridge, Sargent North and several minor 

microfractures and veinlets, or is disseminated in quartz-

conglomerate, sedimentary breccia and dolostone. Gold 
is microscopic in size and is associated with selenium 

generally low, with minor pyrite and trace amounts of 
marcasite, pyrrhotite, sphalerite, chalcopyrite and galena. 
Platinum- and palladium-bearing minerals are closely 

Callie

Villa

Dead
Bullock 
Ridge

Triumph Hill

a

b

A09-002.ai

Figure 3.4. (a  
(b) Callie mine open cut. After Ahmad et al
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Gold in association with uranium

associated with uranium deposits in the PCO and Murphy 
Province. Mineralisation is hosted within a variety of rock 
types including carbonaceous shale, sandstone, dolerite 
and acid volcanic rocks. It comprises fracture and breccia 

with uranium minerals. Other minerals include minor 
pyrite, tellurides and traces of galena and sphalerite, but 
vein quartz is rare. Chloritisation is the main alteration 
process. Although gold has been recovered from several 
of the mined uranium deposits in the South Alligator 

Koongarra 

uranium deposit, there is a gold resource of 3.11 t of gold, 
and the undeveloped Jabiluka uranium deposit contains 

et al

Eva uranium 
mine in the Murphy Province contains a remaining gold 

Resources 2011).

Polymetallic gold deposits 
These deposits are contained as concordant lenses within 
interbedded pyritic shale, dolomitic siltstone and tuff. 
In addition to gold, they also contain zinc, lead, copper 
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galena, arsenopyrite, pyrite, chalcopyrite, pyrrhotite and 
tetrahedrite. Zinc is the dominant element, followed by 
silver and gold. There are only two polymetallic ore deposits 
from which gold has been mined: Iron Blow and Mount 
Bonnie
zone of both of these mines and past production was 0.035 
and 0.11 Mt of ore, respectively. The primary ore, which 

higher oxidised ore grade implies supergene enrichment. 

in both deposits.

Placer deposits
Many of the hard-rock quartz vein-type gold deposits are 

gold deposits associated with other deposit types. The gold 

size, but some coarse nuggets have been reported from a 
few localities, eg Sandy Creek in the PCO, and deposits in 
the Davenport Province and Arunta Region. PCO deposits 
account for almost all the placer gold production from the 

and of high purity. It is chemically similar to the adjacent 
vein deposits and there is little, if any relative improvement 
in the purity of the gold. The grade of some recently mined 

BASE METALS

Base metals (zinc, lead, copper and silver) are important 
commodities in the Northern Territory, particularly within 
Palaeoproterozoic units. Zinc and lead are typically 

quantities of silver, particularly in more lead-rich deposits. 
Copper commonly occurs as distinct orebodies, with or 

or silver. The spatial distribution of the more economically 

Figure 3.1.

Lead-zinc-silver

number of these also contain appreciable copper. McArthur 

Coxco and Sandy Creek are amongst the largest known 
lead-zinc deposits. 

The PCO and McArthur Basin host a large majority of 
the lead-zinc-silver occurrences (Table 3.2, Figure 3.2). 

and have provided a large part of the past production. 

lead-zinc occurrences (Table 3.3, Figure 3.3), most of the 

Coxco) intervals. Discordant vein-type deposits are present 

shale-hosted deposits. 
Production of lead-zinc concentrates from NT deposits 

is given in Tables 3.1 and 3.6, and is displayed in Figure 3.7. 

are in Table 3.6
most NT deposits have a combined lead-zinc-copper grade 

tonnages, with the exception of the Oonagalabi deposit 
(Table 3.6, Figure 3.8). 

of other discoveries in the PCO, including the Iron Blow, 
Flora Belle and McKinlay deposits. Most of the presently 
known Pb-Zn-Ag occurrences were known at the turn of 
the 20th century. The total historic recorded production to 

Browns deposit was discovered in 1954 and the 

Several minor base metals occurrences in the McArthur 

mineralisation was found at Bulman in 1910. The largest 

discovered in 1955, but metallurgical problems related 

economic exploitation of this deposit until 1995, when MIM 

operations (Figure 3.9). Underground mining ceased in 
April 2007, when open-cut mining commenced. McArthur 

 of 

(Rox Resources 2010).
In the Arunta Region, base metals were discovered at 

area in 1929. A short-lived mining operation at the Green 

In the Phanerozoic basins, lead-zinc-silver mineralisation 



3:11

Commodity reviews

Common name Lat 
(GDA)

Long
(GDA)

Deposit 
type Commodities Stratigraphic

unit Resource and grade Production Ref

ARUNTA REGION

Bellbird
IOCG

Cu Bonya Schist 4.4 Mt at 1.13% Cu, 7.3 g/t Ag  17

Bellbird North
IOCG

Cu-Pb-Zn Bonya Schist 0.31 Mt at 0.72% Cu, 2.7% Pb, 
4.5% Zn, 27.4 g/t Ag

17

Green Parrot
IOCG

Cu-Pb-Zn Bonya Schist 0.69 Mt at 0.97% Cu, 2.5% Pb, 
1.2% Zn, 93.5 g/t Ag

Reward
IOCG

Cu-Pb-Zn Bonya Schist 8.3 Mt at 1.35% Cu, 
29.3 g/t Ag, 0.22 g/t Au

 17

Other Arunta deposits

-21.51 Cu Bonya Schist 12

Oonagalabi -23.12 Skarn? Cu-Pb-Zn Bungitina Mtm  14

Prospect D -21.29 134.11 Cu-Ni Dolerite  9

BONAPARTE BASIN

Sandy Creek -15.41 129.2 Pb-Zn-Ag Burt Range Fm 24.38 Mt at 1.8% Zn, 
0.45% Pb, 4.5 g/t Ag

 

Djibitgun 129.17 Pb-Zn-Ag Burt Range Fm 3.8 Mt at 2.2% Zn, 0.5% Pb, 
15.3 g/t Ag

McARTHUR BASIN

Pb-Zn Dook Creek Fm 1

Coxco Pb-Zn Reward Dol  19

McArthur River Sed-host Zn-Pb-Ag Barney Creek Fm Resource: 170.5 Mt at 10.89% 
Zn, 4.74% Pb, 48 g/t Ag 
Reserves: 49.6 Mt at 10.3% Zn, 
4.6% Pb, 46 g/t Ag

2.21 Mt Zn, 
0.52 Mt Pb, 
20 Moz Ag

Myrtle Sed-host Zn-Pb-Ag Barney Creek Fm 43.56 Mt at 0.95% Pb, 4.09% Zn 23

Redbank copper -17.19 137.74 Br pipe Cu 6.28 Mt at 1.53% Cu 22

Stanton 137.75 Br pipe? Cu-Co-Ni 0.9 Mt at 0.15% Cu, 0.15% Co, 
0.08% Ni

 15

PINE CREEK OROGEN

Anomaly A 130.72 Cu-Zn-Pb Burrell Creek Fm  25

Area 55 -13.01 130.97 Sed-host Cu-Co-Ni 6.6 Mt at 0.83% Cu, 0.17% Co, 
0.17% Ni

 3

Browns -12.99 131.00 Sed-host Pb-Cu-Zn-
Co-Ni

47.82 Mt at 0.35% Cu, 3.74% 
Pb, 0.09% Co, 0.07% Ni

 4

Intermediate -12.99 131.00 Sed-host Pb-Cu-Zn-
Co-Ni

14.6 Mt at 1.06% Cu, 1.09% Pb, 
0.14% Co, 0.15% Ni

4

Daly River 130.70 Cu Burrell Creek Fm  

132.12 Skarn Zn -Pb-Cd-Au Koolpin Fm 10

Iron Blow -13.51 131.55 Sed-host Zn-Pb-Cu-Au Mount Bonnie Fm 3.17 Mt at 3.28% Zn, 0.76% Pb, 
0.19% Cu, 100 g/t Ag, 2.08 g/t Au

5

Mary River 
Gossan

-13.31 131.95 Sed-host Zn-Cu Mundogie Sst  7

Mount Bonnie -13.54 131.55 Sed-host Zn-Pb-Cu-Au Mount Bonnie Fm 20

Table 3.6 bold

et al

et al 

next page).
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Common name Lat 
(GDA)

Long
(GDA)

Deposit 
type Commodities Stratigraphic

unit Resource and grade Production Ref

PINE CREEK OROGEN (continued)

Mount Fitch -12.95 130.95 Sed-host Cu-Co-Ni-U 5.3 Mt at 0.36 Cu, 0.12% Co, 
0.09% Ni

 4

Mount Diamond 132.24 Cu-Bi-Au Burrell Creek Fm 21

-12.97 131.11 Zn-Pb-Sb 2

TENNANT REGION

-19.31 134.15 Fe-host Cu-Au 11

-19.97 133.32 Fe-host Zn-Pb-Ag 8.73 Mt at 3.7% Zn, 2% Pb, 
0.1% Cu, 20 g/t Ag, 0.3 g/t Au 

24

Gecko 1 -19.43 134.07 Fe-host Cu-Bi-Au 11

-19.43 Fe-host Cu-Au  13

Ivanhoe 134.05 Fe-host Cu-Au 2

Northern Star -19.32 134.15 Fe-host Cu-Au 11

Orlando -19.44 134.03 Fe-host Cu-Au 0.98 Mt at 1.3% Cu, 1.95 g/t Au
Cu

Peko Fe-host Cu-Bi-Au-Co 2

Rover 1 -20.00 Fe-host Au-Cu-Co-Bi 6.81 Mt at 1.73 g/t Au, 1.21% Cu 24

-19.45 Fe-host Cu-Au-Bi 11

Table 3.6 previous page).

Figure 3.7. NT Copper, lead and zinc production.

Georgina Basin and this was followed by the discovery of 
several other minor occurrences. The most important lead-zinc 
mineralisation known within Phanerozoic basins is the Sandy 
Creek deposit in the Bonaparte Basin, which was discovered 

Deposit types

The majority of NT deposits fall into following 
categories:

Sediment-hosted stratiform deposits, eg McArthur 
River, Myrtle, Browns.

Creek, Bulman, Coxco.
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River, Utnalanama.

vein-type deposits.

Pyrite, galena and sphalerite are the main ore minerals 
in most deposits. The size of these minerals varies widely. 
At the McArthur River deposits, they rarely exceed 1 mm 
in diameter and this small size inhibited the mining of this 

have mm-scale grains, but coarse cross-cutting veinlets are 
also present. This deposit has a complex mineralogy with a 
spectrum of nickel, copper and cobalt minerals (McCready 
et al 2004).

Sediment-hosted stratiform deposits
These deposits represent stratiform basinal accumulations of 

rocks and form sheet- or lens-like tabular ore bodies. The 
McArthur River and Myrtle deposits are classic examples. 
These are hosted in black shale of the Barney Creek 
Formation of the McArthur Basin adjacent to a major growth 

black shale, siltstone, sandstone, chert, dolostone, micritic 

bimodal composition, are present locally in the sedimentary 

and fanglomerates are commonly associated with syn-
sedimentary faults. The main minerals are pyrite, pyrrhotite, 
sphalerite, galena, sporadic barite and chalcopyrite. These 

shale-hosted stratiform

hydrothermal veins
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Figure 3.8. Resource versus grade of various types of NT base metals deposits.
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MVT deposits
These are stratabound, carbonate-hosted deposits of 
galena and sphalerite ± chalcopyrite in rocks having 
primary and secondary porosity (eg unconformities, 

commonly related to carbonate reefs on paleotopographic 
highs. Notable examples in the NT include the Sandy 
Creek and Djibitgum deposits in the Bonaparte Basin, 
and the Coxco and Bulman deposits in the McArthur 
Basin. 

VMS deposits

deposits in submarine bimodal volcanic rocks. In 
Northern Territory examples, host rocks are mainly 
variably metamorphosed pelitic sedimentary and felsic 
volcanic rocks. Common primary minerals include pyrite 
+ sphalerite + chalcopyrite ± pyrrhotite ± galena ± barite 

is present in some deposits. The Anomaly A deposit and 
lead-zinc-silver and copper occurrences in the Daly River 
area (PCO) are possible examples of this class of deposits 
in the NT. 

In the eastern Arunta Region, a number of small 
metamorphosed base metals deposits have been 
considered to be a metamorphic equivalent of the 

as ‘Oonagalabi-type’ deposits, but subsequent studies 
et al et al

three different styles of deposits have been grouped 
together as the Oonagalabi type. These are (1) Utnalanama-
type (eg Utnalanama, Edwards Creek and Harry Creek 

with similarities to carbonate replacement- or skarn-
type deposits (eg Oonagalabi
Johnnies Reward and Gumtree prospects), which appear 
to be metamorphosed iron-oxide-copper-gold (IOCG) 
systems. 

Hydrothermal veins
This is numerically the most abundant lead-zinc-silver 
deposit type in the NT and deposits are characterised 
by a variety of discordant tabular veins. Most veins are 

The Woodcutters deposit is the largest amongst this type. 

the base of the PCO succession, but is clearly discordant 
and has a vein like geometry. The deposit is largely mined 

Skarns
Skarn-style lead-zinc mineralisation is relatively 

from the Evelyn mine in the PCO. The Jervois mineral 

rocks in the Aileron Province of the Arunta Region (eg 

Green 
Parrot and Bellbird North (Table 3.6).

Copper

There are 490 recorded copper occurrences in the NT. The 
highest number of deposits are in the PCO and Arunta Region, 
with most others occurring in the McArthur Basin, Tennant 
Region and Murphy Province (Figure 3.2, Table 3.2). The 

Figure 3.3, Table 3.3). Most are 
relatively small and have not been adequately explored, but 
about a quarter have had some production or have resource 
estimates. The largest single concentration of copper is in 

ironstone bodies in the Tennant Region, breccia-pipes in the 
McArthur Basin and metamorphosed carbonate-replacement 
deposits in the Arunta Region. The characteristics of some 

Table 3.6. Production of copper concentrate from the NT is 
given in Tables 3.1 and 3.6, and is displayed in Figure 3.7. 
Most copper production has been from the Tennant Region 
from ironstone-hosted copper-gold deposits. Minor supplies 
have come from black shale-hosted deposits in the Rum 

of Bullion mines have had small-scale historical production. 

until the discovery of uranium in the same area in 1954. 

Township was discovered and this was soon followed by a 
number of other discoveries, which resulted in most of the 
copper occurrences in the PCO being known by the turn 
of the twentieth century. Many of these are economically 

Bureau of Mineral Resources (BMR) in 1950 intersected 
high-grade copper ore below the gold orebody in the Peko 

copper smelter to treat copper ore concentrates from the 

et al 1990). Total production 

In the Arunta Region, copper mineralisation was located 

scale mining. The four main deposits (Reward, Green Parrot, 
Bellbird and Bellbird North) have a combined resource of 

In the McArthur Basin, copper mineralisation was 

(Redbank 2011). Several other small copper occurrences are 

has taken place from these. 
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Deposit types

A variety of copper occurrences are known from the NT. In 
most deposits, chalcopyrite is the only or dominant copper 
mineral in the primary ore. A large variety of secondary 
copper minerals are common in oxidised ore, with malachite 
and azurite usually the most abundant. Copper occurrences 

Ironstone-hosted Au-Cu-Bi, eg Tennant Region deposits.

River.

deposit in the Arunta Region. Grade and resources of some 
Table 3.6. In 

most occurrences, copper is associated with zinc and lead. 

and ironstone-hosted copper-gold-bismuth deposits of the 
Tennant Region. The copper grade in most deposits is 

deposits have comparatively higher grades, ranging up to 

Sediment-hosted deposits
These deposits grade into the sediment-hosted Pb-Zn-Ag 
deposits described above, in which copper, along with nickel 
and cobalt, occurs in association with other base metals. 

Browns, Intermediate, Whites, Mount 
Fitch and Area 55
have been interpreted as diagenetic in origin, but there has 

et al 
2004). 

The host rock for all of these deposits is carbonaceous 

coarse remobilised veins are also present. The oxidised zone 

of Cu, Co and Ni is found in phyllosilicate minerals, mostly 
in clays whereas in other deposits, malachite and azurite are 

Volcanic-hosted breccia pipes

comprises copper-bearing breccia pipes hosted within the 

pipes are known from the area and at least ten of these 

with chalcopyrite as the primary mineral. Copper is the 
only commodity present in economic concentrations. The 
existing copper resource in the Redbank

the resource contained within the Redbank and Sandy 

Flat pipes (Redbank 2011). The breccia pipes are steeply 

a vertical extent of at least 330 m. Knutson et al (1979) 
presented sulfur, carbon and oxygen isotope data from these 
deposits, and proposed that they were formed as a result of 

basinal brines, derived from above or lateral to the deposit, 

Ironstone-hosted Au-Cu-Bi

of the Tennant Region. Copper and bismuth mineralisation is 
generally associated with gold, as described above in gold. 

to medium-grained chalcopyrite that may occur in zones that 
overlap with those of gold (eg Warrego and Orlando
may form relatively discrete zones within a talc-magnetite-
dolomite gangue (eg Juno, Golden Forty and TC8
may be relatively evenly distributed throughout the massive 
magnetite with very low-grade gold (eg Gecko

Rover
70 km southwest of Tennant Creek (eg Rover 1

ironstone-hosted deposits, chalcopyrite is the principal 
copper mineral. Bismuth mineralisation in the primary 
zone predominantly consists of bismuthinite and minor 
wittchenite, emplectite and aikinite.

VMS deposits
Copper-zinc-silver occurrences in the Daly River 
area of the PCO are considered to have a volcanigenic 

et al 1993). These deposits are hosted 

Member, or in adjacent schist and phyllite of the Burrell 
Creek Formation. The lodes appear to be relatively narrow 
and are conformable with the cleavage or bedding of the 
enclosing strata. Magnetite is commonly disseminated 

sericite-chlorite alteration assemblages are prominent in 
some areas. Oxidised material that has been mined contains 
malachite, azurite and chalcocite. The primary ore minerals 
comprise pyrite, chalcopyrite, marcasite, arsenopyrite and 
minor galena and sphalerite. In the Arunta Region, the 
Home of Bullion copper-lead-zinc deposit may also have 

Hydrothermal veins
This is numerically the most abundant deposit type, 
containing more than half of the copper occurrences in 
the NT. Many hydrothermal veins have been mined for 
small tonnages of copper. They can take the form of single 
tabular veins, or arrays of sub-parallel veins, and most are 
discordant to the dip and strike of the enclosing host rock. 
Chalcopyrite is the dominant copper mineral in the primary 
ore and varieties of secondary copper minerals are present 

mineral. Many veins are associated with nearby granite 
intrusions and some occur within them.
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Skarns

copper, as well as lead and zinc. Oonagalabi-type deposits 

be considered to be an iron-oxide copper-gold system. 

ENERGY METALS

Uranium

low-cost uranium resources, and has some of the world’s most 

mineral occurrences or radiometric anomalies. The spatial 

deposits in the NT is shown in Figure 3.1. The PCO hosts 
more than half of the NT’s uranium occurrences and is 
the most prospective province (Figure 3.2, Table 3.2). 

is an important province for sandstone-hosted uranium 
deposits such as Angela (Amadeus Basin) and Bigrlyi 

characteristics are given in Table 3.7. Production of U3O  
concentrates from the NT is summarised in Tables 3.1 and 
3.7, and is displayed in Figure 3.10. 

The distribution of uranium occurrences with respect 
to stratigraphic succession is shown in Figure 3.3 and 
Table 3.3
within Palaeoproterozoic rocks, particularly within 

concentration of uranium occurrences in terms of numbers 

the BMR, resulting in the delineation of a resource at the 

several deposits in the adjacent area, including the Dysons, 

Mount Fitch deposits, which were mined between 1953 

area. Several other deposits in this area were discovered 

Cobar 2 deposits were discovered in the Murphy Province 
and small amounts of high-grade ore were sent to Rum 

had closed, after producing a total of 4440 t of U3O . 

was initiated by BMR mapping and the publication in 

showed geochronological and geological similarities with 

major unconformity-related deposits at Nabarlek, Ranger, 

of the Northern Territory, sandstone-hosted uranium was 
discovered in the early 1970s in the Ngalia and Amadeus 
basins (Bigrlyi, Angela and Pamela deposits).

starting from the Nabarlek and Ranger 1 deposits in the 
Alligator Rivers Uranium Field. Production from Nabarlek 

Ranger 3 ore body started in 1997 and is ongoing (Figure 3.11). 

and cross-cut, followed by underground resource drilling in 

traditional Aboriginal owners of the site, and later that year, 
the decline area was rehabilitated.

In 2005, after nearly 25 years of limited exploration 
activity, active and widespread uranium exploration 
commenced as a consequence of a major hike in spot 
uranium prices, leading to a three-fold increase from around 

3O
kg in 2007. This renewed phase of exploration particularly 
focused on the PCO, Murphy Province, Tanami and Arunta 
regions, and Amadeus and Ngalia basins. 

Deposit types

The uranium deposits of the Northern Territory were 
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Figure 3.10. NT Uranium oxide (U3O ) production.
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Common name Lat 
(GDA)

Long 
(GDA) Deposit type Stratigraphic unit Resource Production Ref

AMADEUS BASIN
Angela and Pamela -23.94 133.91 Sst-type Brewer Conglomerate 10.7 Mt at 0.13% U3O8  12
ARUNTA REGION
Nolans Bore -22.59 133.24 Metasom Mount Boothby 

Orthogneiss
47 Mt at, 0.02% U3O8, 2.6% 
REO, 11% P2O5

 2

-22.92 Calcrete Cenozoic 9.34 Mt at 0.04% U3O8  5
MURPHY PROVINCE

Uncon 0.54 Mt at 0.12% U3O8 3O 11
NGALIA BASIN
Bigrlyi -22.21 131.04 Sst-type 7.5 Mt at 0.13% U3O8  7
Cappers -22.73 Calcrete Cenozoic 22 Mt at 0.0145% U3O8 14
Malawiri 132.39 Sst-type  10
Minerva 132.40 Sst-type  10

-22.31 131.59 Sst-type 3O  10
PINE CREEK OROGEN
ABC -14.33 132.35 McAddens Creek 3O  1

Adelaide River -13.27 131.11 Burrell Creek Fm 3O 19.3 t U3O 1
Austatom Uncon Cahill Fm   10
Caramal -12.50 Uncon Cahill Fm? 0.944 Mt at 0.31% U3O8  14
Dam and Twin (Cleo) -13.57 132.02 Masson Fm 1.4 Mt at 0.03% U3O8  9
Dysons -12.99 131.02 Uncon  534 t U3O 10

-13.53 131.37 Gerowie Tuff  0.3 t U3O 10
George Creek -13.34 131.14 Burrell Creek Fm  0.3 t U3O 10

-12.59 132.92 Uncon Cahill Fm 3O  10
-12.50 132.94 Uncon Cahill Fm 29.24 Mt at 0.48% U3O8  

Koongarra 1 and 2 Uncon Cahill Fm 0.812 Mt at 1.1% U3O8  3
Kylie -13.20 Uncon Coomalie Dol   M
Mount Burton Uncon  3O M
Mount Fitch -12.95 130.95 Uncon 3O  4
Nabarlek -12.31 133.32 Uncon Myra Falls Mtm  

U3O
10

Ranger 1 No 3 132.92 Uncon Cahill Fm 155.17 Mt at 0.09% U3O8 49 194 t 
U3O

Ranger 1 No 1 132.92 Uncon Cahill Fm  
U3O

10

-12.51 Uncon Cahill Fm 3O  10
-13.04 131.00 Uncon  3O 10

Mineral Field (all workings) 
-13.51 132.52 Uncon Koolpin Fm  3O 10

Thunderball -13.54 131.52 South Alligator Group 1.01 Mt at 0.08% U3O8 13
-12.99 131.01 Uncon  3O 9

Table 3.7

bold

are given in Table 3.7 and plotted in Figure 3.12. Uranium 

Unconformity-related deposits, including the Alligator 

Thunderball.

zone and several larger deposits in adjacent areas of 

Sandstone-hosted deposits, which are mainly in the 
Amadeus and Ngalia basins, eg Bigrlyi, Angela and Pamela.

Metasomatite or intrusive-type, eg possibly the 
Yenberri and Tennysons occurrences in the PCO and 
Nolans Bore in the Arunta Region.
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An additional deposit style is uranium mineralisation in 

Swan prospect in central Australia, overlying the Ngalia 

Unconformity-related deposits
These deposits occur within the Palaeoproterozoic 
succession of the PCO, close to the unconformity with the 
basal sandstones of the Palaeo- to Mesoproterozoic basins. 
Deposits range in size from a few tonnes to more than 
150 000 t of contained U3O . The largest deposits are in the 
Alligator Rivers Ranger, Nabarlek, Jabiluka 
and Koongarra. These deposits are typically hosted at 
tectonised lithological contacts within the Palaeoproterozoic 
basement of the Cahill Formation, with the largest deposits 
occurring proximal to tectonised contacts with Neoarchean 
basement, close to the unconformity with the overlying 
Kombolgie Subgroup (basal MacArthur Basin). Several 

associated with some of these deposits. The grade of most 
3O

Palette (
notable higher-grade deposits (Figure 3.12). The Alligator 
Rivers region contains more than 100 000 t of U3O . (eg 

3O Ranger 3 has 
3O ). The uranium deposits in 

3O , whereas those in the South Alligator 
3O . 

In unconformity-related deposits, primary uranium 
minerals are typically uraninite or pitchblende, with 

generally occurs as subhedral to euhedral grains, as granular 
masses, and as veins and veinlets of variable thicknesses. 

include pyrite, marcasite, galena, chalcopyrite, bornite, 
cobalt nickel arsenides, and nickel selenide (Threadgold 

minerals in weathered zones include saleeite, sklodowskite, 
torbernite and kasolite. Gold has been reported from 
Ranger 1 South Alligator 
Valley and Westmoreland-Murphy deposits. It occurs 
as free grains and also in association with uraninite. At 
Nabarlek, primary ore is composed of uraninite and rare 
brannerite in a gangue of magnesian chlorite and anatase, 
with rare haematite, apatite and illite-sericite. In the South 

and wall rocks have shown strong associations between 
uranium and vanadium, copper, nickel, cobalt and gallium. 
At the Coronation Hill deposit, precious-metal ore minerals 
are predominantly native gold, electrum, stibiopalladinite, 
sudburyite, native palladium, platinum selenide and Pt-Pd-
Fe alloy. Other selenide minerals, including clausthalite 
(PbSe, PdSbSe), palladseite (Pd17Se15
and Ni-Co and Bi-Pd selenides are also present (Mernagh 
et al 1994).

Vein-type deposits
There are a number of vein-type uranium occurrences in 
the PCO, and Tennant and Arunta regions. These deposits 
are hosted by a variety of rock types and are all associated 
with narrow, steeply dipping, brittle fault or fracture zones. 

and arsenopyrite. Torbernite, metatorbernite and autunite, 
malachite, azurite and cuprite are present in the oxidation 

and minor copper mineralisation may also be present. 
Some of the PCO vein-type deposits were mined on a 
small scale. Grades and tonnages of vein-type deposits are 
quite variable. The largest deposits are at Twin and Dam, 

3O
In comparison, at the Adelaide River uranium mine, the 
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Figure 3.12. Resource versus grade of various types of NT uranium deposits.
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3O . In the 
emerging Hayes Creek
roadhouse, relatively small, high-grade prospects such 
as Thunderball 3O ) locally 
contain massive uraninite hosted within a folded brittle-
ductile shear in South Alligator Group rocks, with highest 

3O ) near an anticlinal 

Westmoreland-Murphy-type deposits
These deposits predominantly occur within the late 

Basin, close to the northern margin of the Murphy Inlier 
(Murphy Province). Small deposits within the Murphy 
Inlier, beneath the exhumed unconformity with the 
McArthur Basin, are also included in this group, along with 
a number of minor occurrences in the basal McArthur Basin 

with these deposits as coarse irregular grains. They have 
some features in common with sandstone-hosted, vein-type 
and unconformity-related deposits, and all are associated 
with redox boundaries near the contacts between different 
lithologies, in a variety of geological settings. The largest 

where mineralisation occurs as sub-horizontal and sub-

adjacent to altered, sub-vertical dolerite dykes. In the NT, 
small-scale mining has taken place from the Eva, Cobar 2, 
Kings Ransom and El Hussen

contained U3O 3O . 
3O ), but has a 

low tonnage (535 900 t ore), and is somewhat dissimilar 

(NuPower Resources 2011), beneath the unconformable 

Group and Kombolgie Subgroup in the PCO, with the 

deposits.

Sandstone-hosted deposits
Sandstone-hosted deposits occur within Palaeozoic 
sedimentary rocks of the Ngalia and Amadeus basins. 
Deposits of this type in the Ngalia Basin, (eg Bigrlyi) are 
stratabound and have been interpreted to be associated 
with detrital organic matter, whereas deposits in the 
Amadeus Basin (eg Angela) are interpreted as roll-front 
deposits, where uranium was deposited across a redox 
gradient. The primary mineralisation in sandstone-hosted 

and montroseite. Secondary minerals include carnotite, 

resources in sandstone-type deposits are typically lower 
grade than in unconformity-related deposits. The largest 
known sandstone-hosted resource, Angela, contains 

3O
3O  and 

2O5 

Calcrete-hosted uranium 
There are several occurrences of calcrete-hosted uranium 
within and to the south of the Ngalia Basin. The most 

Napperby (New Well), contains an 
3O . 

Mineralisation at Napperby occurs within green calcareous 
sand beneath a surface calcrete layer, with the main ore 
mineral being carnotite.

Metasomatite and intrusive deposits
In the Arunta Region, a number of uranium occurrences are 
associated with uranium-rich felsic intrusive rocks, sodic 
or calcic metasomatism, felsic metamorphic segregations, 
pegmatite and retrogressed shear zones. The Nolans Bore 
rare earths deposit in the Reynolds Range area can be 

2O5 3O  

veins, bands and dykes of variable thickness, cross-cutting 
the host rocks. 

Granites in the Arunta Region, such as the Teapot 

named alaskite in the Adnera area, have potential for low-
grade, high-tonnage uranium deposits. Rock chip sampling 
of an alaskite body at the Adnera prospect delineated 

of up to 540 ppm uranium (Uramet Minerals 2009). Similar 
rocks host the uranium mineralisation at the world-class 
Rossing uranium mine at Namibia.

Thorium

Although thorium has never been mined in the NT, at 
least seven minor thorium occurrences occur in the PCO 
and additional occurrences are associated with rare earths 
and uranium prospects, particularly in the Arunta Region, 
where a number of rare earth element occurrences contain 

Nolans Bore 

potential for palaeoplacer-type thorium concentrations as 
monazite and thorianite in basal PCO sandstones in the 

ALLOYING METALS

Tin-tantalum

In the NT, tin most commonly occurs within quartz veins, 
although it is also locally occurs in association with tantalum 

tin-tantalum deposits in the NT is shown in Figure 3.1. There 

are also known from the Arunta and Tennant regions 
(Table 3.2, Figure 3.2). Most occurrences are within host 

Table 3.3, 
Figure 3.3
concentrations derived from nearby hard rock deposits.
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There are no currently operating tin or tin-tantalum 
mines in the NT, but these commodities have been mined 

of concentrate (Tables 3.1, 3.8
and their salient characteristics are given in Table 3.8.

other discoveries in the same region. Tin-tantalum-

Additional discoveries were made in the Mount Masson 

two decades of the 20th century (Table 3.1, Figure 3.13). 
Separate production of tantalite concentrate is reported to 

since then, but has generally been less than a tonne per 
annum.

In the Arunta Region, Sn-Ta-bearing pegmatite 
bodies were discovered early last century, probably at 

(discovered in 1913 and 1917 respectively), but there is 
little information available about past production and 

Deposit types

On the basis of shape and mineralogy, tin-tantalum 
occurrences in the NT can be divided into four classes:

Sn-tourmaline-quartz veins, eg Maranboy deposits.
Sn-Ta pegmatites, eg Bynoe, Barrow Creek, Mount 

Resources and grades of some Sn-Ta deposits are 
given in Table 3.8. Grades of vein-type tin deposits are 

Figure 3.14). Tantalite 
grades in most Sn-Ta-bearing pegmatites are an order of 
magnitude less than cassiterite. All known tin and tin-
tantalum deposits in the Territory contain less than one 

Sn-quartz veins
These mineralised veins contain quartz and cassiterite 

central PCO, where they usually occur as discordant 
tabular veins in contact aureoles of granites of the Cullen 
Supersuite, to which they are genetically related. The best 
known example is the Mount Wells mine. Cassiterite is the 
dominant ore mineral and is present as well formed, large 
(up to 20 mm across) crystals. It is commonly associated 
with pyrite.

These mineralised veins have abundant iron oxides and 
angular fragments of vein quartz and host rock. They 
have been described from the central PCO and include 
the Jessops, Mount Masson, Hidden Valley and Morris 

oxidised zone, the mineralogy is dominated by iron oxides 
including haematite, limonite and goethite, whereas in the 
primary zone, pyrite and arsenopyrite are the dominant 
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Common name Lat 
(GDA)

Long 
(GDA)

Deposit 
type Commodity Stratigraphic 

unit Resource Production 
(concentrate) Ref

ARUNTA REGION
Barrow Creek pegmatite -21.37 Peg Sn-Ta Bullion Schist 0.704 t Ta2O5, 

3.25 t SnO2

7

Molyhil 135.75 Skarn Irindina Gneiss, 
Marshall Granite

4.7 Mt at 0.22% MoS2, 0.28% 
WO3

4
40 t MoS2

12

(Wolfram Hill)
-22.04 131.33 Peg 4 4

133.10 Peg Sn 2

MURPHY PROVINCE
-17.72 Greisen Nicholson Granite 

Complex
1

PINE CREEK OROGEN (CENTRAL DOMAIN)
Barretts -13.55 131.3 Peg Sn Burrell Creek Fm  119 t SnO2 5
Billycan -13.32 Sn  2 14

132.22 Sn Burrell Creek Fm  155 t SnO2 3
-14.01 Placer Sn Cenozoic 243 t SnO2 9

Sn Mount Bonnie 
Fm

 2 5

-13.99 132.27 Sn Burrell Creek Fm  50 t SnO2 5
-13.49 131.71 Placer Sn Cenozoic  47 t SnO2 2
-14.10 132.13 Placer Sn Cenozoic  2 9
-13.32 Sn 193 t SnO2 2

132.79 Sn Tollis Fm 2 5
Mount Masson -13.33 Sn 31 t SnO2 5

 -14.13 132.14 Sn Tollis Fm  2 5
-13.50 131.71 Sn,-Cu Burrell Creek Fm 2 10

Mount Shoobridge -13.53 131.29 Peg Sn Burrell Creek Fm  145 t SnO2 5
Umbrawarra -13.95 131.75 Placer Sn Cenozoic  2 2

-13.94 132.25 Peg Burrell Creek Fm  4 
Yenberri -14.12 132.07 Greisen Yenberrie  4 5

-14.27 Tollis Fm 4, 
12 t SnO2 

5

PINE CREEK OROGEN (LITCHFIELD DOMAIN)
Bynoe pegmatite clusters

130.79 Peg Sn-Ta-Nb Burrell Creek Fm 2, 
2O5

2 2O5

101 t SnO2 45 t 
Ta2O5

7

-12.79 130.72 Peg Sn-Ta-Nb Burrell Creek Fm 2, 
2O5

2 2O5

7

Annie group Peg Sn-Ta-Nb Burrell Creek Fm 2, 
2O5

2 2O5

7

Kings Table group Peg Sn-Ta-Nb Burrell Creek Fm 2, 
2O5

7

-14.20 Peg Sn Chilling Sst  45.7 t SnO2 7
Miscellaneous pegmatites

Mount Finniss -12.95 130.79 Peg Sn-Ta-Nb Burrell Creek Fm 2, 
2O5

2,
2O5

7

Bamboo Creek -13.07 130.71 Peg Sn-Ta-Nb Burrell Creek Fm  2 7
-13.02 130.72 Peg Sn-Ta-Nb Burrell Creek Fm  2 7

Blyth -13.23 130.73 Peg Sn-Ta-Nb Burrell Creek Fm  2 7
-13.11 Peg Sn-Ta-Nb 2, 

2O5 
2

2O5

7

TENNANT REGION
-20.92 135.20  4 11
-20.31

Gr
4 13

134.33 Taragan Sst 4 13

Table 3.8 bold are 

2 2 2O5

4 et al
et al
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iron oxide, usually limonite.

Sn-tourmaline-quartz veins 

strike length of over 3 km. Cassiterite occurs most as 

and tourmaline are the two main gangue minerals. Minor 

are present. Some lodes adjacent to granite contacts also 
contain mica. The Maranboy
is the best example of this type of deposit. 

Sn-Ta pegmatites
In the PCO, swarms of Sn-Ta-bearing lenticular pegmatite 
bodies are present in a north-trending, up to 10 km-wide 

Mount Shoobridge area. The northern part of the Bynoe 
belt is the most prospective area with over 90 mineralised 
pegmatite bodies. In the Arunta Region, Sn-Ta-bearing 
pegmatite bodies are present at the Anningie
and in the Alcoota and Barrow Creek districts. In these 
areas, pegmatite intrudes variously metamorphosed 
and deformed rocks. The mineralogy of Sn-Ta-bearing 
pegmatites comprises quartz, muscovite, kaolinite, 
cassiterite, tantalite and columbite. Beryl is common 
at the Labelle deposit and amblygonite is present in 
some pegmatites. Minor minerals include montebrasite, 
wordite, augelite, rutile, ilmenite, magnetite, zircon and 
tourmaline. Feldspar is generally completely kaolinised. 
Most pegmatites are zoned and have well developed 
border, wall, intermediate and core zones. 

Greisens
Sn-bearing quartz-mica greisen lodes are known from 
some localities in the PCO, including the Yeuralba
Tungsten is associated with tin in many of the deposits 

topaz, cassiterite and wolframite. Many Sn-Ta-bearing 
pegmatite bodies also have been greisenised to some 

Crystal Hill deposit is located within greisenised granite. 

Alluvial/eluvial deposits

tantalite are common in the vicinity of mineralised veins and 

from the Emerald Creek, Wandie Creek, Umbrawarra and 
Horners Creek workings in the PCO. Minor alluvial tin 
has also been recovered from some deposits in the Arunta 
Region, eg the  and Mount Doreen wolfram 

Tungsten and molybdenum

There are over a hundred recorded tungsten occurrences 
in the NT, most of which commonly occur in pegmatitic 
veins and greisens associated with granites. In many of 
the NT occurrences, tungsten is associated with tin, or 
less commonly, with molybdenum. Since 1900, the NT 

production peaking between 1935 and 1945 (Table 3.1, 
Figure 3.13
production has been reported as tonnes of concentrate, 
with little information as to the grade and tonnage of 
mined ore. Some important occurrences are given in 
Table 3.8
from the PCO, and from the Tennant and Arunta regions 
(Figures 3.1, 3.2, Table 3.2). Most occurrences are 

(Table 3.3, Figure 3.3). 
In the PCO, initial discoveries were made during the 

was discovered in 1912 and exploited until 1930. It was 

940 t of wolframite concentrate, with 740 t coming from the 

In the Tennant Region, the main tungsten occurrences 
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Figure 3.14. Resource versus grade of various types of NT tin deposits.
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respectively, whereas the Mosquito Creek Field was 
discovered in the early 1940s. Total recorded production 

In the Arunta Region, the main production has been from 

between 1934 and 1959. In the Barrow Creek area, there are 
about 20 small Sn-Ta-bearing pegmatite bodies that have 
been reported to contain minor wolframite and scheelite. 
The Molyhil tungsten-molybdenum deposit was discovered 
in 1971 and produced about 350 t of wolframite and 40 t of 

to investigate development of the deposit, which has a 
2 2 

(Thor Mining 2012).

Deposit types

Tungsten deposits of the NT are related to nearby granitic 
intrusions. In many occurrences, tungsten minerals are 
associated with tin, tantalum and molybdenum. Deposits 

Pegmatitic veins
These veins cross-cut sedimentary or metamorphic rocks in 
the vicinity of, or within the outer fringe of felsic intrusive 
bodies. At the Mosquito Creek occurrence, the veins are 

most common tungsten minerals in pegmatite lodes, and 
are associated with subordinate cassiterite, molybdenite and 

along with muscovite, tourmaline, feldspar and biotite. At 
the Wolfram Hill deposit (Pine Creek Orogen), chalcopyrite 

the Mount Doreen

scheelite is the main mineral, with minor wolframite.

Greisens
These occurrences generally occur as veinlets, stockworks, 
and lenses within greisenised granite bodies. The main Sn-Ta 
minerals are wolframite ± cassiterite, and accessory minerals 

Yeuralba 

quartz veins and greisens along fracture zones in the granite. 
At the Yenberrie
aplite dykes carrying wolframite and molybdenite. 

Quartz-wolframite veins 
In these occurrences, ore is within tabular quartz veins, 
which may be discordant or concordant to the host rock, 

and which are often arranged in en echelon patterns. 

The Hatches Creek and Wauchope
documented examples and have yielded the bulk of the 
past production, with average grades, respectively, of 

3 3 (Sullivan 1952). 

in the Taragan Sandstone and are generally bedding 
concordant. They contain wolframite with some scheelite, 
and minor tourmaline, pyrite, molybdenite, chalcopyrite 

are in parallel or en echelon arrangements along zones 
of shearing within a variety of lithologies, including 

sandstones (Kurinelli and Taragan sandstones), or 

largely comprise quartz with coarse-grained massive to 
bladed crystals of wolframite and scheelite, and minor, 
bismuthinite, molybdenite and cassiterite. Secondary 
copper minerals are present in the oxidised zone and 
gold has been reported from some occurrences. Coarse-
grained muscovite and biotite are common within the 
veins as discontinuous ca 1 cm-wide selvages on one, or 
both walls. Other gangue minerals include K-feldspar, 

potassium silicate alteration was associated with vein 
emplacement. 

Skarns
Scheelite is typically the main tungsten phase in skarn 
occurrences. The most important prospects are located in 

Aileron Province. In the Molyhil deposit, scheelite and 
molybdenite occur in calc-silicate rocks that form a raft 
or roof pendent within granite. Chalcopyrite, pyrite and 
magnetite are associated with the ore. The calc-silicate rock 
comprises epidote, quartz, chlorite, garnet, hedenbergite, 
scapolite, titanite and a host of other minor minerals. At 
the Jervois Range occurrences, scheelite is associated with 
minor powellite and malachite in a host rock that comprises 
quartz, epidote, garnet and a number of other minerals.

Iron ore

There are 153 iron ore occurrences in the NT and the spatial 

is shown in Figure 3.1. Salient features of some of these 
occurrences are given in Table 3.9. The total historic production 

Tables 3.1, 3.9). All of this production 
is from the Mount Bundey and Frances Creek operations.

River and subsequently estimated a resource of 400 Mt 

Bundey deposit, 100 km to the southeast of Darwin, and 

in the PCO. A pre-mining resource of 5.14 Mt averaging 
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Common name Lat 
(GDA)

Long 
(GDA) Deposit type Stratigraphic unit Resource Production Ref

ARUNTA REGION

Bonya Schist
1

133.30 Unnamed gabbro 160 Mt at 22% Fe, 
0.27% V2O5, 5% TiO2

9

McARTHUR BASIN
Roper Bar Project -15.21 135.09 Oolitic Sherwin Formation 402 Mt at 40% Fe (incl 

32.1 Mt at 56.8% Fe)
10

Roper River Project -15.21 133.92 Oolitic Sherwin Formation 488 Mt at 41.7% Fe (incl 
33.8 Mt at 57.4% Fe)

4

PINE CREEK OROGEN
Beetsons  3
Daly River Road -13.47 131.12  5

-13.57 131.97 Masson Formation  2
10.06 Mt at 58.8% Fe 13.42 Mt at about 

Millers -13.44 1.28 Mt at 53.2% Fe  
Mount Bundey 131.59 Skarn 2

-13.53 0.114 Mt at 58.1% Fe  
-12.99 130.99 0.28 Mt at 60.8% Fe  

Yarram -12.99 Coomalie Dolostone 8.8 Mt at 45.3% Fe  7
ARAFURA BASIN

-12.02  2

Table 3.9 bold

Money Shoal Basin

Desert Resources (2012).

2010). 

Resources 2012, Sherwin Iron 2011).

Deposit types

The following section is largely compiled from a detailed 
study of the iron ore deposits of the NT by Ferenczi (2001). 

Oolitic sedimentary deposits, eg Roper River deposits.

deposits and Tennant Creek ironstone bodies.
Skarn deposits, eg Mount Bundey deposit.

prospects. 

Resources and grades of iron ore deposits are given in 
Table 3.9 and are plotted in Figure 3.15. Grades of oolitic 

tonnages are usually high, with some exceeding 100 Mt 
of ore. Grades of Frances Creek-type hydrothermally 

10 Mt for individual deposits.
The distribution of iron occurrences with respect to 

geological regions is given in Table 3.2 and Figure 3.2 and 
their distribution with respect to stratigraphic position is 
given in Table 3.3 and Figure 3.3. Most of the NT’s iron 
ore occurrences are within the PCO, McArthur Basin and 
Tennant Region, with minor concentrations in the Arunta 
Region. PCO occurrences are dominated by Frances 
Creek-style deposits and those of the McArthur Basin are 
characterised by Roper River-style oolitic deposits. In 

subdivisions contain most of the iron ore occurrences. They 
are hosted within the Mount Partridge and Roper groups, 
respectively.

Oolitic sedimentary deposits

contained within massive stratiform oolitic ironstones 
in marine clastic sedimentary rocks, particularly within 
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Mesoproterozoic successions within the McArthur 
Basin (Roper River deposits) and South Nicholson Basin 

Smaller occurrences are also known from the Amadeus 

thick that are commonly laterally continuous over tens 
of kilometers. They are typically interbedded with shale 
and quartz sandstone, and were deposited in an agitated, 
shallow marine environment. The main iron minerals 
present are haematite, goethite, limonite, siderite, chamosite, 
greenalite and traces of magnetite. Gangue minerals include 
detrital quartz and authigenic chert. In the Roper
mineralisation occurs within the Sherwin Formation of the 

Roper Bar project area, 

represent structurally controlled hydrothermal enrichment. 
At the Roper River project, which includes the Hodgson 
Downs, Sherwin Creek and Mount Fisher deposits, in the 

(Sherwin Iron 2011).

Hydrothermally enriched deposits
This class includes the iron ore deposits of the Frances 
Creek Field in the PCO and ironstone bodies in the 
Tennant Region. The Frances Creek deposits are massive 
stratabound ironstone lenses hosted within ferruginous 
marine clastic shale. Iron was primarily deposited as a 
chemical sediment at relatively low concentrations, but was 
subsequently mobilised and concentrated to form economic 

to bladed haematite containing varying amounts of shale 
fragments and quartz grains. Brecciation is common. 

with coarse, transparent, dipyramidal hydrothermal 
quartz crystals or by medium-grained hexagonal plates of 
specularite. Goethite and limonite are commonly associated 
with weathered ore lenses. 

In the Tennant Region, ironstones are hosted in the 

lenses containing magnetite and minor quartz, chlorite, 

contain economic Au ± Cu ± Bi mineralisation (see Gold). 
In the oxidised zone, which commonly extends to 100 m 
below the surface, ironstones consist of haematite with 
minor remnant magnetite, goethite, quartz, sericite and 

minor amounts of pyrite, talc, dolomite, muscovite and 
et al

are also examples of this style of mineralisation. 

Skarns
Skarn-type iron ore deposits in the NT are represented by 
the Mount Bundey deposit, which comprises tabular lenses 

oxidation. The Mount Bundey deposit is within a roof pendant 

consists of massive, medium to very coarse (0.2 to 10 mm) 
martite crystals, with varying amounts of haematite, goethite 
and quartz near the surface. Below the zone of oxidation 
(25 m depth), a martite-magnetite-pyrite association, which 

In these deposits, iron ore does not persist below the zone of 
weathering. Some small deposits are related to Cretaceous 
unconformities (eg, at Daly River Road and Tawallah 
Range) and ferruginous parent rocks (eg Elcho Island 
and Howley

impurities coupled with low ore grades and tonnages 
generally characterise this style of mineralisation.

Vanadiferous magnetite deposits
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Figure 3.15. Resource versus grade of various types of NT iron ore deposits.
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Common name Lat 
(GDA)

Long 
(GDA) Deposit type Stratigraphic unit Resource Production Ref

CARPENTARIA BASIN

-13.99 Sedimentary 161 Mt at 45.9% Mn 1

Rosie Creek South 135.77 Sedimentary  2

McARTHUR BASIN

Masterton No2 -17.19 137.44 Karns Dolostone  2

MONEY SHOAL BASIN

-13.55  540 t 2

TOMKINSON PROVINCE

28.8 Mt at 22.7% Mn 3

Chugga North 134.12 Bootu Formation 3.7 Mt at 22.6% Mn 2.91 Mt 3

Chugga South 134.12 Bootu Formation 2.0 Mt at 22.7% Mn 3

Gogo 134.12 Bootu Formation 1.7 Mt at 26% Mn  3

Fold Nose 134.13 Bootu Formation 0.5 Mt at21.2% Mn

Masai Bootu Formation 6.0 Mt at 22.3% Mn 3

Shekuma 134.12 Bootu Formation 3.6 Mt at 25.0% Mn  3

Zulu 134.12 Bootu Formation 2.6 Mt at 21.1% Mn 3

Zulu South 134.12 Bootu Formation 0.7 Mt at 20.0% Mn

Tourag 134.07 Bootu Formation 3.1 Mt at 22.8% Mn  3

Yaka 134.07 Bootu Formation 4.6 Mt at 21.9% Mn  3

Mucketty Bootu Formation  2

Table 3.10 bold

Money Shoal Basin

Jervois area 
(Arafura Resources 2007) and at Mount Peake (TNG 

2O5 2
Fe (TNG 2011). Potential development of the deposit 

ferrovanadium. These deposits are discussed in more 
detail under Vanadium. 

Manganese

Currently there are 153 known manganese occurrences in 
the NT and the spatial distribution of these is shown in 
Figure 3.1
is given in Table 3.10

Figure 3.16) and 
the Bootu Creek mines in the Tennant Region commenced 

Tables 3.1, 3.10). The 
following summary on the manganese deposits of the NT 
is mainly derived from Ferenczi (2001). A more detailed 
description of the Bootu Creek deposits is provided by 
Scriven and Munson (2007).

regional mapping program. Further exploration by BMR 

of the global supply. As of 2012, the deposit contained 

Figure 3.16. Alyangula Township (left) and manganese ore 

Katherine Aviation (http://www.katherineaviation.com.au/).
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Over a hundred small occurrences of manganese have 

Camp 1 (Murray 1953). 

generated a demand for MnO2 that led to the development of 
the McLeans deposit near Mount Shoobridge, which produced 

2. The Mucketty 
deposit in the Tennant Region was also developed to supply 

2. 
Geological investigations, mapping and drilling during 

the late 1990s and early 2000s delineated manganese-
bearing intervals of the Bootu Creek deposit, located about 

2011, the total in situ resources at this deposit were estimated 

Creek mine in the Renner Springs area. 
The most productive geological region for manganese 

occurrences (Table 3.2, Figure 3.2), followed by the 
McArthur Basin, with 17 manganese occurrences. The 
Tennant Region contains 21 manganese occurrences, 
including the Bootu Creek deposits. The remainder are in 
the Amadeus, Georgina and Birrindudu basins, the Arunta 
Region and the PCO.

into offshore shallow marine areas of the Carpentaria Basin 
in the NT. They hold exploration rights for eight tenements 
covering a total area of 1723 km2, including two islands near 

Deposit types

Northern Territory into three types:

Sedimentary deposits
Groote Eylandt 

deposit (Figure 3.16). This deposit and several other 

marine Cretaceous sedimentary rocks, which are adjacent 

Cretaceous, ca 100 Ma) shoreline. Mineralisation ranges 
from disseminated Mn oxides in clayey quartz sandstone 
to massive bedded pisolitic ore up to 11 m in thickness. 
Pyrolusite and cryptomelane are the dominant minerals. 
Pyrolusite is the main mineral in pisoliths, and also occurs 

(wad) in clay. Cryptomelane is present in pisoliths, dense 
siliceous ores and as Mn-concretions. A number of other 

grains, abraded pisolith or oolith fragments, or aggregates 
of detrital quartz and clay material. Physical reworking 

or irregularly shaped grains, and by fractured pisolith 
and oolith fragments. Pisolitic-facies ore is generally best 

highs.

Hydrothermal deposits
In these deposits, manganese is deposited in shallow 
marine sediments and has been subsequently remobilised 
by low-temperature hydrothermal solutions. The Mucketty 
and Bootu Creek deposits are examples of this style of 
Mn mineralisation. In the hydrothermally concentrated 
deposits, cryptomelane is the dominant ore mineral, and 
pyrolusite and minor hollandite are also present, as are 
varying amounts of quartz and goethite. Minor barite, calcite 
and chalcedony occur in the gangue suite. Anomalous trace 
element levels (eg 1000 ppm Cu and 900 ppm Pb) are also 
characteristic. Mn (± Fe) oxides replace quartz sandstone, 
siltstone and dolostone, and form lenses up to 12 m in 

lithologies. The Mucketty and Bootu Creek deposits have 
also undergone a process of supergene enrichment (Scriven 
and Munson 2007).

manganiferous carbonate sedimentary rocks, unconformities, 
laterite development, or a combination of two or more of 

McLeans in the Money Shoal Basin 
and Green Ant Creek
manganese occurrences is not well documented. Pyrolusite 
and cryptomelane are associated with variable amounts of 
cryptocrystalline silica and iron oxides. 

Bauxite (aluminum)

Bauxite is a member of the laterite group of rocks, and is 
characterised by an enrichment of aluminum hydroxide 

the NT coastline near Gove, the Cobourg Peninsula, and 
Melville and Bathurst islands, where they are developed 
over sedimentary rocks of the Carpentaria, Arafura and 
Money Shoal basins (Figure 3.1, Table 3.2). Although 
the Arafura Basin contains most of the recorded bauxite 

during favourable climatic periods through the Cenozoic, 
although bauxite formation may have commenced in the 

over plateaux during this period has caused erosion and 
the redistribution of bauxite material (Ferenczi 2001). 

in Table 3.11. 
Bauxite was discovered in the Northern Territory on the 

Cobourg Peninsula in 1907. In 1949, the Northern Territory 
Coastal Patrol Service collected specimens of bauxite from 
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Common name Lat 
(GDA)

Long 
(GDA)

Deposit 
type Stratigraphic unit Resource Ref

ARAFURA BASIN

Able -11.20 Residual Marchinbar Sandstone 2O3 1

Dog -11.21 Residual Marchinbar Sandstone 2O3 1

-11.19 Residual Marchinbar Sandstone 2O3 1

-11.32 Residual Marchinbar Sandstone 2O3 1

Red Cliff -11.29 Residual Marchinbar Sandstone 2O3 1

Fox -11.30 Residual Marchinbar Sandstone 2O3 1

Baker -11.13 Residual Marchinbar Sandstone 2O3 1

CARPENTARIA BASIN

Dhupuma Residual Yirrkala Formation 1

Gove (includes Main 

Rocky Bay)

-12.27 Residual Yirrkala Formation 215.9Mt at 49.4% Al2O3 2

MONEY SHOAL BASIN

Araru Point -11.20 Residual Bathurst Island Group 2O3 1

Croker Island -11.03 Residual Bathurst Island Group 2O3 1

132.01 Residual Bathurst Island Group 2O3 1

Table 3.11 bold

Truant and Marchinbar Islands and a specimen of pisolitic 
2O3 from near Gove airstrip. 

develop the bauxite deposits at Gove (Figure 3.17). Mining 
commenced at Gove in 1971 and an alumina plant was 
commissioned in 1972, which produces sandy alumina 

2O3). Past production of bauxite at Gove is given in 
Table 3.1. As of December 2009, the Gove bauxite deposit 

2O3 (Rio 

some 221 Mt of bauxite ore.

Deposit types

All of the known bauxite deposits of the NT are residual 
deposits derived from the weathering and leaching of 

leached out, leaving a rock that is relatively enriched in 
Al2O3. Deposits are preserved on stable plateaux that have 
allowed deep bauxitisation during the Cenozoic. The parent 
rocks are predominantly Cretaceous in age. 

Grubb (1970), Plumb and Gostin (1973) and Somm 
(1975) provided a good account of the geology, texture and 
mineralogy of the Gove deposit. The following summary 

Ferenczi (2001). At Gove, the thickness of the bauxite 
averages about 3.7 m and comprises up to eight layers, these 
are, from top to bottom:

Topsoil.

Cemented pisolitic bauxite.
Tubular bauxite.

Nodular ironstone.
Mottled zone.
Saprolite.

The bauxite is mainly composed of gibbsite and minor 

the ore-grade material. The Fe2O3 content varies over the 

is a tendency for haematite to increase relative to goethite 

also occur in clay minerals and in heavy minerals such as 
ilmenite or magnetite. Silica is present as quartz (average 

increases in kaolinite content, as quartz remains at about 

in the form of anatase, and there are trace amounts of zircon 
and ilmenite. 

Grades and resources of NT bauxite deposits are 
given in Table 3.11. In most occurrences, grades are 

2O3, except in a few occurrences that need 

in most minor occurrences are less than 10 Mt, except for 

Figure 3.17
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Dhupuma Plateau
2O3).

Vanadium

The Northern Territory contains two styles of vanadium 
mineralisation. The largest vanadium resources are 

in the Aileron Province of the Arunta Region. The Mount 
Peake
magnetite deposit, near Barrow Creek. Mineralisation is 
hosted within a large layered gabbro intrusion and forms a 
broad zone of vanadium magnetite mineralisation that is up 

2O5 2

scoping study to assess the potential development of the 
deposit, using a patented metallurgical technique to produce 
vanadium, iron and titanium.

The other known vanadium magnetite deposit occurs 
near Jervois in the eastern Aileron Province, where a 
number of bodies of massive titanium-vanadium-rich 

an average grade of in situ material from all mineralised 
2O5 2 

(Arafura Resources 2007).
The second known style of vanadium mineralisation in 

the Northern Territory is associated with sandstone-hosted 
uranium deposits. The largest known resource is at the 
Bigrlyi uranium prospect, which has a resource of 7.5 Mt at 

3O 2O5

2O5. Carnotite [K2(UO2)2 2O 2O)] and montroseite 
3+Fe3+

Nickel and cobalt

The NT is largely underexplored in relation to these 

is included as part of the polymetallic Browns deposit in 

Mineral Field are discussed under Base metals and detailed 
descriptions are given in Pine Creek Orogen. Nickel and 

rocks, and the widespread occurrences of these lithologies 
in the Arunta Region, Musgrave Province and Kalkarindji 
Province suggest that there may be considerable potential 

the following:

Area 55, Browns, Browns East, Mount Fitch, Ranger 39 
(Pine Creek Orogen).
Blackadder-Baldrick, Mount Strzeleckie, Prospect D, 
Hammer Hill (Arunta Region).
Stanton (McArthur Basin).

Deposits in the PCO are associated with carbonaceous 

Region. The Stanton deposit is within brecciated basalt of 

Siegenite is the main nickel-bearing phase in the Rum 

prevalent at Prospect D and Ranger 39. Copper, lead and 

estimated (Felderhof and Barraclough 1974). 

INDUSTRIAL MINERALS

limestone, magnesite, mica, monazite, phosphate, potash 
and vermiculite. Barite, graphite, and mica have been 

elements, magnesite, phosphate, potash, gypsum, barite, 

are over 300 industrial mineral occurrences and about 
half of these are abandoned mica mines in the Arunta 
Region. These occurrences are plotted in Figure 3.18. The 

Table 3.12.

Barite

occurrences with past production and resources are located 

basins. Minor occurrences are also known from the PCO, 
Arunta Region and the Amadeus, Ngalia and McArthur 

Inverway
yielded about 35 000 t of barite. 

Barite veins are located within the Antrim Plateau 

Dorisvale (also 
referred to as Pony Pocket) in the Kalkarindji Province 
and Mathison Creek in the Daly Basin. In the Dorisvale 
area, 10 barite occurrences are known and total resources 
for the Area A, Area B, Black Soil, Fence Creek and Piker 
Pocket

(Table 3.12). Mathison Creek is located to the southeast of 
Dorisvale and comprises a number of barite veins (veins 

of 300 000 t barite for veins A, B and C.
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Fluorite

19 in the Arunta Region and one each in the Daly Basin 

bearing veins at North Narbaloo in the vicinity of Oorabra 

to the unconformity with the Neoproterozoic Oorabra 

accompanied by barite, haematite and galena. The area was 
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Common name Lat 
(GDA)

Long 
(GDA) Stratigraphic unit Geological region Resource Production Ref

BARITE
Dorisvale -14.55 Kalkarindji Province 4
Inverway -17.59 129.51 Kalkarindji Province 35 000 t 4
Mathison Creek 131.55 Kalkarindji Province 0.52 Mt  4
Newry Fargoo Tillite 0.475 Mt  3
Saddle Creek -15.94 129.43 Saddle Creek Formation  4
FLUORITE
North Narbaloo 135.74 Arunta Region  4
DIAMONDS
Merlin Kimberlite McArthur Basin 19.02 Mt at 0.24 ct/t 457 339 ct 14
Timber Creek -15.74 130.47 Kimberlite 19
PREHNITE

-17.57 Kalkarindji Province M
GARNET

-22.99 134.74 Cenozoic Irindina Province 9.97 Mt
Gemtree (gem 
quality garnet)

-22.99 134.74 Mud Tank Carbonatite Arunta Region production 
unknown

21

GYPSUM
-19.17 Cenozoic Georgina Basin  13
-19.09 Cenozoic Georgina Basin 1.2 Mt  13

MAGNESITE
Area 44 Coomalie Dolostone Pine Creek Orogen 1
Celia -13.03 Celia Dolostone Pine Creek Orogen 0.5 Mt to 40 m depth  1
Coomalie -13.05 Coomalie Dolostone Pine Creek Orogen 16.6 Mt at 43.23% MgO  9

-13.00 131.10 Coomalie Dolostone Pine Creek Orogen  1
MICA 

Complex
Irindina Province  997 t comm, 

542 t scrap
7

PHOSPHATE
Alexandria -19.09 Georgina Basin 2O5  5
Alroy -19.19 Georgina Basin 2O5  5
Arganara -21.49 135.17 Arthur Creek Formation Georgina Basin 310 Mt at 15% P2O5 15
Barrow Creek 1 -21.49 135.13 Arthur Creek Formation Georgina Basin 253 Mt at 15% P2O5 22
Buchanan Dam -19.21 Georgina Basin 2O5  
Geolsec -13.04 131.00 Geolsec Formation Pine Creek Orogen 2O5  

137.97 Georgina Basin 56 Mt at 16% P2O5  17
-20.01 Georgina Basin 842 Mt at 17.95% P2O5  12

RARE EARTHS ELEMENTS
Nolans Bore -22.59 133.24 Arunta Region 47.3 Mt at 2.6% REO, 11% 

P2O5, 0.02% U3O8

2

Charley Creek -23.50 Cenozoic Arunta Region 387 Mt at 295 ppm REO 23
131.27 Mount Bonnie Formation? Pine Creek Orogen 20

HEAVY MINERAL SANDS
Andranangoo Cenozoic Money Shoal Basin 3.52 Mt at 3.8% HM

conc 
10

Kilimiraka 130.14 Cenozoic Money Shoal Basin 56.2 Mt at 1.6% HM 11
131.00 Cenozoic Money Shoal Basin 1.57 Mt at 4.01% HM 10

Puwanapi -11.74 130.07 Cenozoic Money Shoal Basin 1.89 Mt at 5.81% HM 10
VERMICULITE
Mud Tank -23.01 Mud Tank Carbonatite Arunta Region

Table 3.12 bold
Spotted Tiger which produced 

59 t of mica. Abbreviations: 
et al

et al

et al
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CaF2

Garnet

There are four recorded garnet occurrences in the NT, all 
of which are within the Arunta Region. Garnet crystals are 
fairly common in metamorphic rocks and semi-precious 
gem-quality garnets have been won from the Harts Range 
fossicking area (Irindina Province). Some mica pegmatites 

Metamorphics.
The NT also contains resources of abrasive-quality 

garnet within alluvial sands in watercourses and sand 

Metamorphic Complex. Resources of industrial garnet 

dunes and buried alluvial river sands of the Plenty River 

Range are approximately 9.97 Mt of recoverable garnet 

Resources 2009). 

Gypsum

There are 14 gypsum occurrences within the NT, 10 
in the Amadeus Basin and 4 in the Georgina Basin. 
The occurrences are present in two distinct geological 
environments, as chemical precipitates in sedimentary 
rocks and within salt lakes in central Australia. 

throughout the Amadeus Basin in the Neoproterozoic Bitter 
Springs Formation. In most cases, it occurs in the cores of 

forms lenticular bodies, usually coarsely to very coarsely 
crystalline, within dolomite-anhydrite and sandstone-
siltstone rocks. 

In the Georgina Basin, Cenozoic-aged gypsum occurs 
at the 6 Mile and 18 Mile waterholes at the Playford River. 
Gypsum forms large crystals and aggregates in crystalline 
layers up to 3 m thick within grey-black clay-rich soil 
(colloquially known as black soil). Small-scale mining has 

Heavy mineral sands (HMS)

along the northwestern coastline of the NT, the most 

islands (Money Shoal Basin, Figure 3.18). The occurrences 

(McGoldrick 1995). Since the end of 2004, Matilda Minerals 

Melville Island at Andranangoo Creek West, Andranangoo 

Creek East, Goose Creek East and Goose Creek West 
(Andranangoo Lethbridge West, Lethbridge 
South and Radford Point (Lethbridge Project). On Bathurst 

Puwanapi and Kilimiraka. 
The main heavy minerals are zircon, rutile, ilmenite 

and leucoxene. Zircon constitutes about half of the heavy 

about a quarter at Puwanapi. Total reserves plus resources 

heavy minerals. It has been estimated that these deposits 

heavy minerals. In 2011, Matilda discovered the Kilimiraka 
mineral sands deposit on the southwestern coastline of 
Bathurst Island. This deposit has a total inferred resource 

Zircon 2011). 

Magnesite

is widely distributed as irregular bodies within the Celia 
and Coomalie dolostones. Four deposits (Celia, Coomalie, 
Area 44, Huandot
(Table 3.12) and represent stratabound occurrences. Both 
dolomite and magnesite are present as interbedded irregular 
to lenticular bodies. Magnesite, talc and dolomite are the 
main minerals (Ahmad et al
known from the footwall sequence at the Ranger mine. 
Total resources at these deposits are about 22 Mt magnesite 
ore (Table 3.12). The Coomalie (also known as Winchester) 
deposit has been extensively explored by drilling and a 

excavated at this deposit to obtain ore for metallurgical 
studies. 

Mica

There are over 150 commercial-quality, mica-bearing 
pegmatite bodies hosted within metamorphic rocks of 

Province in the Harts Range and Plenty River

of commercial-grade mica. The quantity of scrap mica 

(1955). Production was from small open cuts that followed 

bodies occupy steeply dipping shears and major joint planes. 
The pegmatites are zoned and muscovite occurs as large 
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microcline, plagioclase and muscovite are the main mineral 
constituents. Accessory minerals include biotite, garnet, 

chalcopyrite, turquoise, epidote and magnetite. 

Phosphate

There are 41 known phosphate occurrences in the NT, 
mainly hosted within Cambrian units of the Georgina 

sedimentary phosphorite deposits in the Georgina Basin 
including the substantial Wonarah, Highland Plains and 
Barrow Creek 1
phosphate occurrences are given in Table 3.12 and the 
distribution of phosphate occurrences with respect to time 
and space is shown in Tables 3.2 and 3.3, and in Figures 3.2 
and 3.3 Nolans Bore deposit, which is of 
hydrothermal origin, all deposits are of sedimentary origin.

2O5 2O5 cut-off 

2O5 (Phosphate Australia 2009). 

a 2O5 at 
2O5

deposit extends east into an adjacent tenement where 
it is known as Arganara. The Arganara deposit has 
a resource of 310 2O5 2O5 cut off 
(NuPower Resources 2012). Known resources at other 
deposits in the Georgina Basin are relatively small and 
there has been little or no exploration to further delineate 
these resources for several decades. Additional areas that 
are prospective for phosphate in these basins have been 
highlighted by an NTGS study, which tested numerous 
water bore cuttings, diamond drilled core and other 

phosphate (Khan et al 2007). 

mudstone and an equivalent brecciated facies within the 

is the Geolsec deposit with an estimated resource of 1.3 Mt 
2O5.

An additional important phosphate resource is the 

Aileron Province of the Arunta Region (see below). The 

gneiss and pegmatite. The total resource at this deposit is 

2O5 3O (Arafura Resources 2012). 

Rare Earth Elements (REE)

Known rare earth occurrences in the NT are mainly located 
in the Arunta Region, although occurrences have also been 

NT border. Most of these occurrences, with the exception of 
the large Nolans Bore and Charley Creek deposits (Arunta 

explored and have no delineated resources or production. 

The Nolans Bore deposit consists mostly of a series of 

strongly kaolinised rock with a granitic gneiss protolith. 
Much of the deposit is covered by alluvial sand and gravel. 
Fluorapatite, allanite, epidote and cheralite are the main 

is in the crystal structure of apatite. Texturally, cheralite 

Nolans Bore has yielded an age of 1244 ± 10 Ma (Korsch 
et al 2009).

In 2010, a potentially large-volume alluvial and eluvial 
rare earths resource was discovered by Crossland Uranium 

Charley Creek
Province area, west of Alice Springs. The deposit is in 
Cenozoic alluvium up to 30 m deep (average 17 m) that has 
been sourced from the highly radioactive Teapot Granite. 
Concentrates produced from Charley Creek have a relatively 

been determined (Crossland Uranium 2012).
In 2010, a rare earths prospect was discovered by 

Quantum, 20 km 

is structurally controlled and is associated with intense 

elevated gold, silver and uranium. Rare earths are hosted 
within allanite that is variably altered to bastnäsite and 
synchysite (Bamborough 2011). The deposit is hosted in the 
South Alligator Group of the PCO and underlies the Daly 
Basin. 

Potash

A number of investigations have been conducted to test the 
potential of potassium, magnesium and sulfate salts in the 

investigated the possibility of harvesting evaporite minerals 
and other useful products from playa salt lake sediments, or 
from the evaporation of brines, in an area extending from 

in the price of potash, there has been renewed interest 
in exploring the playa lakes of central Australia. A Rum 

currently exploring in the area between Karinga Creek and 

Karinga Creek 
project). They are considering the production of potassium 
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sulfate (K2SO4) or schoenite (potassium magnesium sulfate) 
via solar evaporation ponds from water pumped out of the 
salt lake sediments, or from shallow underlying aquifers. 
Studies have shown that the brines primarily comprise 
sodium chloride, minor sodium sulfate and sulfate salts of 
potassium and magnesium. The brines collected appear to 

2SO4 MgSO4 
2 2O), from which potassium sulfate can be recovered. 

A resource of 13 Mt of schoenite has been estimated, which 
is equivalent to 5.5 Mt of potassium sulfate, from brine at an 
average aquifer thickness of 15 m and an average depth to the 

Vermiculite

There are three vermiculite occurrences in the NT, all within 

Mud Tank deposit since September 1995. Total production 

Table 3.1). The 
deposit occurs within the Mud Tank Carbonatite and the 
vermiculite was formed as a result of the weathering of 
biotite. The Bleechmore Dykes locality is situated about 
19 km north-northwest of the Mud Tank carbonatite. It was 

out drilling and metallurgical testing, but the results were 
inconclusive (Flinders Diamonds 2003).

GEMS AND GEMSTONES

The NT hosts a variety of gems and gemstones, but only 
diamonds and prehnite have been commercially exploited. 

characteristics on the gems and gemstones of the NT. Apart 
from diamonds, other gemstones found in the Territory 
include prehnite, amethyst, topaz and turquoise. Prehnite 

and is described in Kalkarindji Province
Range area of the eastern Arunta Region, gem-quality 
zircon and apatite occur in the Mud Tank Carbonatite, and 
other localities have yielded specimens of gem-quality 
cordierite, tourmaline, microcline, epidote, beryl and 
other minerals.

Diamonds

Diamond exploration over the past 30 years has 

diamond indicator minerals that extends from the 

and mined at Merlin and Timber Creek. A review of the 
diamond occurrences and prospectivity of the NT is in 

At the Merlin

(Figure 3.19). The largest diamond ever found in Australia, 
a 104.73 ct (carat) white gem-quality stone, was recovered 
from Merlin and was valued at approximately US$525 000 
in 2002 (North Australian Diamonds 2012). The Merlin 

discrete clusters. Total resources have been estimated at 

2011, Table 3.12
(Devonian) and intrude rocks of the southern McArthur 
and northern Georgina basins. Diamond-bearing 
kimberlite dykes have also intruded sedimentary rocks 
of the McArthur Basin at the Packsaddle and Blackjack 

diamond occurrences in the area include lithic sandstone 
at Coanjula and the Abner Range diatreme. 

Timber Creek. 
Bulk sampling of the main pipe (TC-01) has recovered 

downstream from the Timber Creek kimberlite cluster 
(Tawana Resources 2004).

COAL AND PETROLEUM

Coal and lignite 

Subsurface coal has been intersected in a number of 
drillholes in the Bonaparte Basin in the northwestern NT 
and Pedirka Basin in the southeastern NT, and lignite has 

Basin in the central Northern Territory.

south of Keep River-1. 
Substantial Permian and lesser Triassic coal measures 

Pedirka Basin. The Permian Purni Formation contains coal 
seams in excess of 30 m in thickness that attain a strike 
length of >70 km. Thick coal-rich intervals have been 
intersected in a number of exploration drillholes, including 
CBM93-004, which has a net 153 m of coal in seams >1 m 

et al (2011) provided Figure 3.19. Processing plant at Merlin diamond mine in 2001.
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1 tonnage estimate for coal within 
Central Petroleum’s NT tenements alone of between 470 and 

1570 to1920 Bt of coal at depths >1000 m. The quality of 

Petroleum 2011b).

et al 1995). In drillhole NTGS 

and is composed of grey carbonaceous clay and lignite. 

Petroleum

Prior to 2012, the NT administered and regulated petroleum 
activities in onshore basins and three offshore petroleum 

Territory Adjacent Area, and (c) the Territory of Ashmore 
Cartier Island and Adjacent Area (Figure 3.20

three nautical miles from the Northern Territory coastline, 
but there are currently no known petroleum resources in 

1

this area. The Northern Territory Adjacent Area covers 
greater than 500 000 km2

and the international borders of Australia. It contains 
undeveloped world-class gas discoveries, such as the 
Sunrise, Evans Shoal, Caldita and Barossa
Northern Territory’s offshore petroleum has been produced 
from the Territory of Ashmore Cartier Island and Adjacent 
Area, from the Laminaria, Corallina, Jabiru, Skua, 
Challis and Cassini

Timor Sea Designated Authority (TSDA), located in Dili. 

the world-class, producing Bayu Undan Elang 

Blacktip

of oil from the onshore Mereenie
Basin. The Mereenie and nearby Palm Valley
produced a total of 2.909 bscf (billion standard cubic feet) 
of gas (Figure 3.21). 
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prone sedimentary basins. These extend over 1.35 million 
square kilometres and include the McArthur, Amadeus, 

potential, but are relatively underexplored.
The Proterozoic McArthur Basin (including the Beetaloo 

Sub-basin) has long been recognised as having potential for 
petroleum (eg Muir et al

drillholes. The McArthur and Roper groups are recognised 
as having the most petroleum potential, with interest focused 
on the Roper Group within the Beetaloo Sub-basin, and the 
McArthur Group within small fault-bounded sub-basins in 
the southern Batten Fault Zone. The Beetaloo Sub-basin has 

along with potential reservoir sandstones, and good source 
rocks are also present in the McArthur Group (Barney Creek, 

number of siliciclastic and carbonate units. The basin has 

hydrocarbon accumulations, including shale gas.

of petroleum in the Amadeus Basin, leading to the 
Mereenie

Further exploration resulted in the discovery of the Palm 
Valley

Development of these discoveries and further exploration 
was relatively slow, due to low oil prices in the succeeding 

following year. Recent exploration has resulted in a new 

including the Ordovician system that hosts the Mereenie 
West Walker 

gas prospect and the Surprise oil discovery. Three of 

the other four petroleum systems are Neoproterozoic in 
age and the fourth is Neoproterozoic to Cambrian. Sub-
economic gas discoveries, including the Dingo
have been made within these systems, which are generally 
regarded as being gas-prone, although there is also some 
potential for oil (Marshall et al 2007). The oldest system, 

sealed by an extensive salt layer in the overlying Gillen 
Member of the Bitter Springs Formation, is prospective for 
both gas and helium (eg Mount Kitty prospect). A variety 
of structural and stratigraphic traps are present within 
the basin. The Amadeus Basin also has considerable 
unconventional petroleum potential, including shale gas 

Pacoota and Stairway sandstones (Tiem et al 2011).
In the southern Georgina Basin, the middle Cambrian 

Creek Formation, particularly the basal ‘hot shale’ 
facies of the latter unit (Ambrose et al 2001). Numerous 
conventional stratigraphic and structural traps are 
present within the basin, which also has considerable 
unconventional shale gas and oil potential in the lower 
Arthur Creek Formation, and shale gas potential in the 
upper Arthur Creek Formation (Ryder Scott 2010, Central 
Petroleum 2011a). 

rich source rocks, porous and permeable reservoirs with 
effective vertical seals, and a wide variety of structural and 

Poolowanna troughs. Above these source intervals, sheet-like 

measures and carbonaceous shale of the Pedirka Basin also 
have considerable unconventional petroleum potential for coal 

not been drill tested. The Ngalia Basin has received 

only two petroleum wells have been drilled. No commercial 
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not been drill tested, but has some potential for petroleum, 
particularly from interpreted ?Devonian reef complexes in 
the north of the basin (Central Petroleum 2011d).

The NT’s offshore basins include, from west to east, the 
Bonaparte, Money Shoal, Arafura and Carpentaria basins. 
All of these have potential for commercial petroleum 
accumulations and the Bonaparte Basin is a well established 
oil and gas producer. Useful summaries of the petroleum 
geology of the offshore basins include various publications 
by Geoscience Australia, as listed in the relevant chapters 
of this volume, and papers in the proceedings volume for 

et al 2004). 

Bonaparte Basin has been focused offshore, although the 
onshore portion of the basin also has some hydrocarbon 

a number of levels within the late Palaeozoic and Mesozoic 
successions of the basin, and sixty-eight petroleum 

of the basin (McConachie et al 
et al 2002, 2004, Cadman and Temple 

2004, Geoscience Australia 2011). A number of onshore 

b). Nine exploration wells have been drilled, all within 

indications have been encountered in most of these. Potential 
source rocks, reservoirs and seals occur at various levels 
in the Palaeozoic and Mesozoic successions, and potential 
source rocks are also present in the underlying McArthur 
Basin succession. Areas of the two basins away from the 
Goulburn Graben remain very underexplored.

The western portion of the offshore Carpentaria Basin 
in the NT is considered to have only limited potential for 
commercial hydrocarbon pools, as the succession is relatively 
thin and is immature for oil generation (McConachie 
et al 1990, 1994, Thomas et al
sandstone reservoirs in this area have a regional seal and 
may have received a petroleum charge from source rocks in 
the underlying McArthur Basin, or from deeper parts of the 
basin further to the east. 
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Chapter 4: ARCHAEAN M Ahmad, JA Hollis and LM Glass

INTRODUCTION

Neoarchaean granite, gneiss and metasedimentary rocks  
occur as small inliers in the Pine Creek Orogen (PCO) and 
Tanami Region (Figure 4.1). A major unconformity separates 
the Archaean rocks from overlying Palaeoproterozoic strata at 
Rum Jungle, but at other locations, this contact is either faulted 

other geological regions of the Northern Territory; however, 
detrital zircons from almost all of the geological regions 
of the North Australian Craton (NAC) show an Archaean 
inheritance, indicating the presence of widespread Archaean 
hinterlands in the Palaeoproterozoic. 

PINE CREEK OROGEN

In the PCO, Neoarchaean rocks are exposed at the 
westernmost margin of the Central Domain and also in the 
Nimbuwah Domain (Figure 4.2) to the east. They include 
the Rum Jungle Complex near Batchelor township (Rhodes 
1965, Lally 2002), the Nanambu Complex near Jabiru 
(Needham 1984, 1988), and the Kukalak Gneiss and Arrarra 
Gneiss (Hollis et al 2009b). They also include the subsurface 
Woolner Granite, which has been intersected in drill core 
under Cretaceous cover (at about 40–120 m depth) in the 
Money Shoal Basin, approximately 60 km east of Darwin.

Rum Jungle Complex

The Rum Jungle Complex is located in the western part of the 
Central Domain of the PCO (Figure 4.2
by Rhodes (1965) to include granitic rocks, metasedimentary 
schist, gneiss and banded ironstone exposed north of 
Batchelor township over an area of about 230 km2. Johnson 
(1974) used the term Waterhouse Complex for similar rocks 
exposed in an oval-shaped area (130 km2) about 5 km to the 
south and separated by the Giants Reef Fault (Figure 4.3). 
Lally (2002) extended the term 'Rum Jungle Complex' to 
describe the rocks within both areas, and proposed that the 
terms Rum Jungle Dome and Waterhouse Dome be used to 
describe the geographical entities. 

The oval shapes of these complexes and updoming of 
the surrounding sedimentary rocks have been variously 
explained. Rhodes (1965) suggested that the Rum Jungle 
Dome represent a mantled gneiss dome (sensu Eskola 
1949), comprising a gneissic core with overlying younger 
strata. Stephannson and Johnson (1976) considered that, in 
the case of both the Rum Jungle and Waterhouse domes, 
the intrusion of Palaeoproterozoic granitoids caused the 
doming. Johnston (1984) interpreted the doming and oval 

fold interference and late faulting. 
Originally, the Rum Jungle rocks were subdivided by 

Rhodes (1965) into six units. More recently, Lally (2002) 

different granite units based on a combination of outcrop, 
aeromagnetic, gravity and radiometric data. These include 
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granite gneiss, metadiorite, and a wide variety of granite 
types intruded by pegmatites, dolerite and quartz tourmaline 
veins. The latter are more extensive along the margins of the 
domes. Granite gneiss is medium grained, non-porphyritic 
and ranges from foliated to homogeneous in composition. It 
comprises microcline, quartz, oligoclase, biotite, muscovite, 

considered it to be older than the other granitic phases. 
The metadiorite has a small areal extent and is intruded by 

grained and massive, and is composed of biotite with minor 
epidote, titanite and magnetite. The leucocratic granite is 

monzonite, which is pegmatitic and aplitic in places. It 
consists of microcline, quartz, albite, biotite and minor 
muscovite. Accessory minerals include apatite, magnetite, 

which is pink, leucocratic, massive and evenly grained, is 
older than the leucocratic granite as is shown by veins of the 
latter occurring within it. It has a gradational relationship 
(Rhodes 1965) with a coarse-grained feldspar granite, which 
comprises microcline, quartz, plagioclase, biotite and 

characteristic. High-K granitoids in the Rum Jungle Complex, 
as described by Drüppel et al (2009), are subdivided into two 
groups: (1) felsic granites; and (2) intermediate to felsic 
granites, quartz monzonite and diorite. Compared to average 
upper crust, these high-K granitoids have anomalously high 
Th (up to 123 ppm) and high U (up to 40 ppm; Drüppel et al 
2009).

A wide variety of rock types are represented in these 
granites, ranging from quartz syenite and quartz monzonite 
to more acidic alkali granite and syenogranite. The 
normative corundum content of the samples varies from 0 to 
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3.15%. Where corundum is absent, diopside occurs. Both I- 
and S-type granites are present. I-type granites have a pristine 
mineral assemblage that includes quartz, two feldspars, biotite 
± hornblende ± titanite ± allanite ± zircon. S-type granites do 
not contain hornblende or allanite, but may include any or all 
of the following minerals: garnet, muscovite, cordierite and 
sillimanite. Several samples of granites have been analysed 
for major, trace and rare earth elements. Discussions of 
geochemical data have been provided in previous studies 
(Ferguson et al 1980, McCready et al 2003). These particular 
granitic rocks also have higher than average uranium contents 
(average 11 ppm), compared with an average crustal abundance 
of 4.8 ppm in granitoids. S-type phases have relatively higher 
uranium concentrations than I-type. McCready et al (2003) 
noted the presence of U/Th-rich bitumen in Archaean granitic 
phases and overlying Palaeoproterozoic black shale. In granite, 
this bitumen is present as small (up to 400 μm diameter), 
discrete individual nodules. In the black shale, it occurs as 
veins and elongated seams. Both bitumen varieties are likely 
to postdate metamorphism (ie, postdate central Pine Creek 
Orogen greenschist-facies metamorphism at 1855 Ma, see 
Pine Creek Orogen).

The contact between the Rum Jungle Complex and 
overlying Palaeoproterozoic sedimentary rocks is clearly 
unconformable. It is best exposed about 5 km northwest of 
Batchelor township along the road to the Rum Jungle mine. 
There, granitic rocks are unconformably overlain by the basal 
conglomerate of the Beestons Formation, which incorporates 
mineral grains derived from the basement and sub-angular 
pebbles of milky quartz pebbles (Figure 4.4).

Lally (2002) discussed the structural history of the Rum 
Jungle Complex prior to deposition of the PCO succession. The 
Rum Jungle Dome has an east–west to northwest–southeast 

1965). At least two deformational events are documented in 
the Rum Jungle Dome before Palaeoproterozoic sedimentation 
commenced. This is evidenced by two foliations preserved 
in quartz-biotite and quartz-amphibole schist enclaves near 
Mount Fitch: an early east–west-striking schistosity and an 
overprinting crenulation cleavage striking 060°. Within BIF 
outcrops in the northeast of the Rum Jungle Dome, a bedding-
parallel foliation, axial planar to rare isoclinal folds, is present. 
Several shear zones mapped within the basement complexes 
also do not appear to correspond to faults or folds in the 
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overlying succession. They are considered to be pre-Manton 
Group deformation structures and some mark the boundaries 
between geophysical subdivisions of the complexes. Further 
evidence of an earlier deformation is provided by tightly 
refolded folds that are preserved in clasts in metasedimentary 
rocks of the Beestons and Crater formations (Johnston 1984).

Cross et al (2005) determined SHRIMP U-Pb zircon ages 
for three granites and one diorite from the Rum Jungle Dome, 
and for two granites from the Waterhouse Dome. All samples 
from the Rum Jungle Dome yielded magmatic crystallisation 
ages in the range 2534–2521 Ma, whereas the Waterhouse 
Dome samples yielded similar ages of 2545 and 2535 Ma. 
This is reasonably consistent with the conventional U-Pb 
results of Richards et al (1966) for three samples of granites 
from the Rum Jungle Complex. These included leucocratic 
granite, coarse-grained feldspar granite and granite gneiss that 
gave an extrapolated age of 2550 Ma. Richards et al (1977) 
determined a whole rock Rb-Sr age on the leucocratic granite 

poorly-constrained disturbance of the U-Pb isotopic system 
in the Palaeoproterozoic, as is indicated in several samples 
by the occurrence of young, in some cases, high-U zircon 
grains or their rims, of inferred metamorphic origin (Cross 
et al 2005). At the exposed unconformable contact of the 
Rum Jungle Complex and the Beestons Formation (see 
above), the granite yielded a SHRIMP U-Pb crystallisation 
age of 2525 ± 5 Ma, which is very similar to the dominant 
detrital zircon age peak of ca 2535 Ma from unconformably 
overlying arkose of the Beestons Formation (Cross et al 
2005). This is consistent with the derivation of the lowermost 
Palaeoproterozoic stratigraphic succession in that area from 
immediately underlying Neoarchaean source rocks. Inherited 
zircons in a Neoarchaean granitic sample, as documented 
by Drüppel et al (2009), yielded ages of ca 3535 Ma. They 
suggested that these older zircons imply crustal recycling of 
an older component to the North Australian Craton.

Stanley Metamorphics

Granitic rocks of the Rum Jungle Complex intrude 
older Archaean metasedimentary rocks of the Stanley 

Metamorphics (Lally 2002, Ahmad et al 2006). They 
represent the oldest known sedimentary rocks within the 
North Australian Craton, as they predate granitoids of the 
Rum Jungle Complex and are unconformably overlain by the 
Beestons Formation. They form scattered outcrops mostly in 
the central eastern side of the Rum Jungle Dome; however, 
large inclusions of schistose material are found in younger 
granites of the Rum Jungle Complex. In the Rum Jungle and 
Waterhouse domes, common metamorphic rock types are 
biotite gneiss, biotite-muscovite gneiss, biotite granofels, 
feldspathic gneiss, quartz-muscovite schist, chlorite schist, 
actinolite schist and banded ironstone. Quartz, microcline, 
plagioclase, biotite and muscovite are common minerals. 
Based on the presence of oligoclase, Rhodes (1965) 
suggested a metamorphic grade of almandine-amphibolite 
facies. Lally (2002) suggested that the schist and gneiss were 
probably derived from sedimentary precursors. The Stanley 
Metamorphics are thought to correlate with the Dirty Water 
Metamorphics which overlie ca 2674 Ma Woolner Granite 
(Williams and Compston 1983, Glass et al 2010).  

Woolner Granite

The Woolner Granite comprises two dome-shaped granitic 
bodies concealed beneath a 40–120 m-thick cover of 
Cenozoic and Cretaceous strata (Pietsch 1985, Figures 4.1, 
4.2). The granites have been intersected in drill core and 
are coincident with pronounced gravity lows (Perring 
and Farrar 1980, Figure 4.5). The total areal extent of the 
granite is probably about 170 km2 (Pietsch 1985). Three 

gneissic, red-brown and grey, albitised biotite granite;  
(2) grey muscovite biotite granite; and (3) pink muscovite-
biotite-orthoclase granite. Pegmatite intrusions are more 
common in the gneissic variety. The Woolner Granite is 
overlain unconformably by the Dirty Water Metamorphics 
and Koolpinyah Dolostone.

The Woolner Granite was originally dated by 
SHRIMP U-Pb in the 1980s, prior to the availability of 
cathodoluminescence imaging techniques. The age data 
was based on four samples of granite, derived from drill 
core. Zircons from two of these samples yielded ages of 
2660 ± 20 Ma and 2690 ± 20 Ma. The best estimate of the 
age for these samples is 2675 ± 14 Ma. Zircons from the other 
two samples contained high proportions of non-radiogenic 
lead and were not suitable for precise age determinations 
(Williams and Compston 1983). More recently, Glass et al 
(2010) reported a much more precise SHRIMP U-Pb zircon 

this as the oldest known rock in the Northern Territory.

Dirty Water Metamorphics

The Dirty Water Metamorphics overlie the Woolner Granite 
with an apparent unconformity (Pietsch and Stuart-Smith 
1987) as ascertained from drillhole data. They are not 
exposed at the surface and are under 40–120 m of Cretaceous 
and Cenozoic cover. The metamorphic rocks have been 
informally divided into upper and lower members: the 
lower member comprises quartz-feldspar-biotite gneiss, 
quartz-feldspar-mica gneiss with subordinate meta-arkose 

A07-303.ai
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Figure 4.4. Unconformable contact of Beestons Formation angular 
quartz pebble conglomerate (above white dashed line) on Rum 
Jungle Complex granite (below white dashed line; BATCHELOR1: 
52L 718270mE, 8559490mN).
1 Names of 1:250 000 and 1:100 000 mapsheets are in large and small 
capital letters, respectively, eg GORDON DOWNS, BATCHELOR.
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and quartzite, minor hornblende schist and quartz-biotite 
gneiss; the upper member includes chlorite-quartz-calcite 
schist, graphite-mica-quartz-calcite schist, magnetite-
chlorite-quartz-calcite schist, hornblende-biotite schist, 
quartz-chlorite schist, banded magnetite-calcite-pyrite 
metaquartzite and dolomitic marble. The boundary between 
the two members is gradational and Pietsch and Stuart-
Smith (1987) suggested it may represent a transgression 
from shallow- to deeper-water sediment deposition. Both 
members are unconformably overlain by the Mount 
Partridge Group.

The age of the Dirty Water Metamorphics is uncertain. 
Pietsch and Stuart-Smith (1987) considered these rocks to 
be younger than the Woolner Granite and therefore younger 
than 2674 Ma. They are older than the Mount Partridge 
Group, the stratigraphic age of which is constrained by 
recent SHRIMP zircon U-Pb data from tuffaceous rocks 
of the Wildman Siltstone to be 2019 ± 4 Ma (Worden et al 
2008a, b). It is likely that the Dirty Water Metamorphics 
are correlatives of the Stanley Metamorphics, which were 
intruded by the ca 2535–2520 Ma Rum Jungle Complex; 
they were therefore likely to have been deposited between 
2674 Ma and 2520 Ma. 

Nanambu Complex

The Nanambu Complex occurs as three elongated to oval-
shaped domes to the west of Jabiru in the Nimbuwah 
Domain and is exposed over a total area of about 1800 km2 

(Figure 4.2). These domes are referred to as the Magela, 
Jim Jim and Munmarlary masses (Needham 1988). Another 

west of Jabiluka. The rocks of the Nanambu Complex are 
predominantly granite or granitic gneiss (Figure 4.6), with 
minor amphibolite. A steeply dipping north-northwest-
trending foliation is preserved in rocks in the centre of 

the complex (Johnston 1984), in contrast to a more gently 
dipping foliation at the margins. 

On the basis of lithology and metamorphism, Needham 
(1988) divided the rocks of the Nanambu Complex into 
metamorphosed and unmetamorphosed granites. The 
metamorphosed granites (almandine amphibolite facies) 
represent strongly foliated granite and augen orthogneiss. 
Essential minerals include either quartz or K-feldspar, 
or both, and biotite. Muscovite may be present, but is 
subordinate to biotite, and almandine is a rare accessory. 
The unmetamorphosed granite is massive, foliated, white 
to light grey and medium- to coarse-grained. It comprises 
quartz, microcline, plagioclase and biotite, with accessory 
muscovite. Conventional (TIMS) U-Pb zircon and whole-
rock Rb-Sr dating of a granitic gneiss from ca 3 km south of 
Jabiluka, gave an upper intercept age of 2470 +47/-40 Ma 
(Page et al 1980). However, high zircon U contents and 
indications of more than one episode of Pb loss add 
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Figure 4.5. Gravity high-pass image 

Archaean Woolner Granite under Cenozoic 
and Cretaceous cover. Gold dotted 
ellipsoids show interpreted distribution of 
concealed granite. 

Figure 4.6. Foliated biotite feldspar augen gneiss of Nanambu 
Complex (CAHILL: 53L 233221mE 8602546mN).
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complexity to the interpretation of the data. It is possible that 
the 2470 Ma zircon age is the product of partial resetting of 
the U-Pb isotopic system during ca 1865 Ma metamorphism, 
which is constrained by the U-Pb age of a monazite from the 
same rock. Other samples of the Nanambu Complex have 
yielded much younger whole rock and mica Rb-Sr ages of 
between 1980 and 1880 Ma, attributed to incomplete isotopic 
resetting during metamorphism (Page et al 1980). However, 
recent U-Pb SHRIMP zircon dating of a porphyritic granitic 
gneiss of the Nanambu Complex yielded a magmatic 
crystallisation age of 2520 ± 3 Ma (Hollis et al 2009b).

Njibinjibinj, Arrarra and Kukalak gneisses

Widespread Neoarchean basement in western Arnhem 
Land, (Figures 4.1, 4.2

age data (Hollis et al 2008, 2009a, b). Metamorphosed 
basement to the Kombolgie Subgroup at the base of the 
McArthur Basin is well exposed in the Myra Falls and 
Caramal inliers, and is sporadically exposed further north 
in OENPELLI. This metamorphosed basement is comprised 
of amphibolite-facies psammitic and pelitic rocks of the 
Palaeoproterozoic Kakadu Group and Cahill Formation, 
and intrusive Nimbuwah Complex granites and felsic 
gneiss. However, located in the eastern part of the Myra 
Falls Inlier and structurally underlying the Kakadu Group, 
are multiply deformed, layered, biotite quartzofeldspathic 
gneisses (Figure 4.7a) with subordinate discontinuous 
amphibolite and muscovite-bearing pelitic layers and 
pods (Needham 1984, Hollis et al 2008, 2009b). Similar 
layered quartzofeldpathic gneiss with lesser amphibolite 
is also exposed further east in the Caramel Inlier (Hollis 
et al 2008, 2009b). Historically, these quartzofeldspathic 
gneisses were mapped as the Myra Falls Metamorphics 
(Needham 1984). However, textures in low-strain zones 
indicate they have a magmatic origin (Figure 4.7b) and, 
based on their tectonostratigraphic position beneath the 
Kakadu Group, the gneisses are interpreted to be basement 
to the Palaeoproterozoic strata. This interpretation is further 
reinforced by SHRIMP U-Pb zircon geochronology on 
quartzofeldspathic gneisses in western Arnhem Land, which 
yielded magmatic crystallisation ages of 2510 ± 4 Ma 
from the Caramal Inlier and 2527 ± 3 Ma from the Myra 
Falls Inlier (Hollis et al 2008, 2009a, b). A third sample of 
layered quartzofeldspathic gneiss, from drill core below 

Cretaceous cover northwest of WELLINGTON RANGE on the 
Cobourg Peninsula, yielded a magmatic crystallisation age 
of 2513 ± 14 Ma (Hollis et al
that Neoarchaean basement extends far to the north beneath 
the Proterozoic McArthur Basin and Cretaceous Money 
Shoal Basin. Collectively, these ca 2500 Ma Neoarchaean 
rock units within the Nimbuwah Domain have been 
called the Kukalak Gneiss (Hollis et al 2009b). Additional 
U-Pb SHRIMP zircon dating (Hollis et al 2009a, b) for 
quartzofeldspathic gneiss from the northeastern Myra 
Falls Inlier, yielded a magmatic crystallisation age of 
2671 ± 3 Ma. This is the oldest known exposed basement in 
the Northern Territory and is named the Njibinjibinj Gneiss 
(Hollis and Glass 2012). Further to the north, U-Pb SHRIMP 
zircon results for a felsic gneiss beneath incised, shallow 
Cenozoic cover, ca 14 km northeast of Oenpelli township, 
yielded a magmatic crystallisation age of 2640 ± 4 Ma, 
with metamorphic zircon rim growth/recrystallisation 
at 2498 ± 14 Ma (Hollis et al 2009a, b). This latter age 
is consistent with the results of Worden et al (2006), who 
reported a magmatic crystallisation age of 2634 ± 3 Ma with 
metamorphic zircon growth at 2473 ± 12 Ma for a leucocratic 
gneiss from drill core in the same vicinity. These have been 
formally named as the Arrarra Gneiss (Hollis et al 2009a, b). 

The magmatic crystallisation ages (ca 2670–2635 Ma and 
2530–2510 Ma) that have been obtained for quartzofeldspathic 
gneisses from Arnhem Land are consistent with those of the 
Woolner Granite and Rum Jungle Complex, respectively, 
and imply a continuity of Neoarchaean crystalline basement 
beneath the Palaeoproterozoic metasedimentary successions 
over at least 260 km across the Pine Creek Orogen (Hollis 
et al 2009a, b). However, Neoarchaean basement to the 
east of Jabiru is typically gneissic rather than granitic and 
contains fabrics that preserve evidence of multiple ductile 
deformation events, features that are not recognised in the 
Woolner Granite and the Rum Jungle Complex.

It is also noteworthy that Neoarchaean zircon is a 

metasedimentary rocks of the overlying Palaeoproterozoic 
strata, indicating that these rocks were probably derived from 
the erosion of underlying Neoarchaean basement (Cross et al 
2005, Worden et al 2004, 2006, 2008a, Hollis et al 2008, 
2009a, Carson et al 2009). Zircons of Neoarchaean age 
are also a common detrital component in metasedimentary 
Palaeoproterozoic units across much of the North Australian 
Craton, implying that the extent of unexposed Neoarchaean 

Figure 4.7. Biotite granodioritic gneiss from Myra Falls Inlier, west Arnhem Land (OENPELLI: 53L 318354mE, 8622428mN). (a) Strong 
S2 gneissosity and heterogeneous ductile deformation, including boudinage. Individual boudins are ca 50 cm long. Field of view ca 3 m.  
(b) Low-strain domain within D2 boudin showing relict feldspar phenocrysts consistent with a magmatic precursor.

a b
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crystalline basement may be much greater than the presently 
recognised areas.

TANAMI REGION

In the Tanami Region, an area of rocks interpreted to comprise 
Archaean material occurs approximately 70 km southeast 
of Rabbit Flat at the Billabong Complex (Page et al 1995, 
Crispe et al 2005, Crispe et al 2007, Figure 4.8). Surface 
exposure is very limited, but interpretation of geophysical 
data indicates the Billabong Complex extends undercover 
across a relatively large area of approximately 200 km2. 

Granite, gneiss and metamorphic rocks of the Browns 
Range Metamorphics form a crescent-shaped belt along 
the southern edge of the Browns Range Inlier (previously 
referred to as Browns Range Dome, Figure 4.8) in GORDON 
DOWNS (Western Australia) and TANAMI (Blake et al 
1979). These rocks were considered by early workers 
to be Archaean in age, based in part on geochronological 
data that included an Archaean component (2510 ± 22 Ma; 
Page et al 1995). Subsequent reinvestigation of the southern 
margin of the inlier suggests that these rocks are more likely 

early Cambrian Kalkarindji Province
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Figure 4.8. Distribution of Archaean rocks in Tanami Region. NT 
geological regions from NTGS 1:2.5M geological regions GIS 
dataset.

Figure 4.9
grained, non-porphyritic feldspar-quartz-biotite ± amphibole 
(± chlorite) gneissic granite is crosscut by coarser-grained, light-
coloured and less-deformed, porphyritic to non-porphyritic 
feldspar-quartz-biotite gneissic granite (GIBBESMURRAY: 52K 
694750mE 7712612mN, photo Leon Vandenberg NTGS).

to be Palaeoproterozoic in age and the Archaean ages are 
now interpreted to represent an inherited zircon population 
(Cross and Crispe 2007, Vandenberg et al in prep a).

Billabong Complex

The name Billabong Complex was given by Page et al 
(1995) to an area of Neoarchaean felsic gneiss immediately 
southwest of De Bavay Hills in the Tanami Region. Outcrop 
is limited to a few small tors and pavements of banded quartz-
feldspar-biotite-tourmaline gneissic granite, phenocrystic 
feldspar-quartz-biotite gneissic granite, thin quartz-feldspar-
rich leucocratic bands and associated mica-rich melanosomes 
(Figure 4.9). U-Pb SHRIMP dating of zircons has yielded 
a crystallisation age of 2514 ± 3 Ma, but there are also two 
populations of older inherited zircons aged ca 2550 and 
2530 Ma (Page et al 1995). The ages of inherited zircon in 
Palaeoproterozoic granites and metasediments in the region 
suggests that Archaean gneiss is a major component of the 
underlying basement. The metamorphic grade (amphibolite 
facies) of the gneissic granite contrasts with that of the nearby 
greenschist-facies Tanami Group (Vandenberg et al in prep b).

GEOCHEMISTRY

Neoarchaean granitoids and gneisses from the Nimbuwah 
Domain in the PCO (Arrarra Gneiss, Nanambu Complex 
and Kukalak Gneiss) have a distinctive chemistry that 
allows them in general to be distinguished from the younger 
Palaeoproterozoic Nimbuwah Complex (Glass et al 2009). 
They are strongly fractionated (Figure 4.10); ie, they have 
steeply sloping, chondrite-normalised Rare Earth Elements 
(REE) patterns, showing enrichment in the Light Rare 
Earth Elements (LREE) and strong depletion in the Heavy 
Rare Earth Elements (HREE). Silica values are in general 
consistently higher than Palaeoproterozoic suites and 
range from ca 65 to 78 wt% SiO2. They are dominantly 
monzogranite to granodiorite in composition. Based on the 
ASI index of Peacock (1931), the Archaean granites and 
gneisses are calc-alkalic to alkalic-calcic. Nd isotope data 
(Glass et al 2009) show that the ca 2500 Ma Neoarchaean 
suites are consistently close to Bulk Earth, with Nd ranging 
from -0.1 to -0.7.
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MINERAL RESOURCES

rocks of the Pine Creek Orogen. The only known mineralisation 
is at the Giants Reef prospect (Figure 4.3), where rock chip 
samples provided gold values of up to 48.2 g/t in vein quartz 
within the Rum Jungle Complex. The mineralised vein is 
parallel to the Giants Reef Fault. Five percussion holes were 
completed on this prospect. The highest grades of 1.72 g/t Au 
over a 2 m interval were recorded in MRR-1 (Carter 1992a, b). 
The vein quartz-hosted mineralisation is similar to that of other 
Palaeoproterozoic gold deposits in the Pine Creek Orogen. 

Archaean rocks of the Pine Creek Orogen have a strong 
spatial association with known uranium deposits in the Rum 
Jungle and East Alligator River regions (see Figures 4.1, 
4.2). The Archaean granite and gneiss are highly radioactive 
(averaging about 10 ppm U). Mineralogical and geochemical 
studies of the Nanambu Complex by McAndrew and Finlay 
(1980) showed that uranium is present in zircon, monazite, 
xenotime, uranothorite, uraninite and apatite. Zircon is highly 
uraniferous and contains 0.18–0.36% U. It is likely that this 
uranium-rich granite and gneiss may be the ultimate source 
for the uranium orebodies of the PCO (Ahmad et al 2006, 
McAndrew and Finlay 1980).

There are no known mineral occurrences within the 
Archaean rocks of the Tanami Region, but by analogy with 
the Pine Creek Orogen, the vicinity of the Archaean strata 
may be prospective for unconformity-style uranium deposits.
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Nanambu Shelf, and the Eastern Trough (Figure 5.4). In 
the gravity data, the Central Trough appears as a northwest-
trending depression between the South Alligator River 
Valley and Darwin, and the Eastern Trough as a narrow belt 
east of Jabiru. Depth to basement (granite and gneisses) in 
these centres is up to 4 km. Elsewhere, it is less than 2 km, 
with basement exposed at Rum Jungle, Nanambu (west of 
Jabiru), west Arnhem Land, and subcropping at Woolner 
(see Archaean). The interpretation of basement does not 
distinguish between Archaean rocks and intrusive granites.

The Palaeoproterozoic stratigraphic succession of 
the PCO (Figures 5.2, 5.5) comprises the Woodcutters 
and Cosmo supergroups (Ahmad and McCready 2001). 
These correspond, respectively, to the P1–P2 and P3–P4 
divisions of Ahmad (2000). No strata of equivalent age 
to the Woodcutters Supergroup are recognised outside of 
the PCO in the Northern Territory. The succession is well 
constrained in the Central Domain with more tentative 

Domain. Needham et al (1988) attributed basin development 
and deposition of Woodcutters Supergroup-aged strata 
in the Central Domain to rifting of and deposition onto 
Archaean basement, the timing of which is constrained to 
ca 2020 Ma, based on U-Pb zircon dating of the Wildman 
Siltstone and Stag Creek Volcanics (Worden et al 2008b). 

Chapter 5: PINE CREEK OROGEN M Ahmad and JA Hollis

INTRODUCTION

The Pine Creek Orogen (PCO) is exposed over 
47 500 km2 and comprises a thick (>4 km) succession of 
Palaeoproterozoic clastic, carbonate and carbonaceous 
sedimentary and volcanic rocks, unconformably overlying 
Neoarchaean (ca 2670–2500 Ma) granitic and gneissic 
basement. These experienced regional metamorphism and 
deformation of varying grades and intensities in different 

The Palaeoproterozoic strata of the PCO are extensively 
mineralised, hosting over 1000 known mineral 
occurrences. It is a multi-commodity province with the 
major commodities including gold, uranium, lead-zinc-
silver, platinum-group elements, copper-cobalt-nickel, 
iron, tin-tantalum-tungsten and phosphate. Notably, the 
PCO contains ca 20% of the world’s low-cost uranium 
resources (Ahmad 1998, 2007).

The PCO is broadly correlated with other 
Palaeoproterozoic domains of Northern Australia (eg Tanami 
and Tennant regions, Arnhem and Murphy provinces and the 
Halls Creek Orogen). Younger strata conceal its margins and 
the total extent is unknown (Figure 5.1). It is unconformably 
overlain by the Palaeo to Mesoproterozoic McArthur Basin 
to the east, the Palaeo to Neoproterozoic Victoria, Birrindudu 
and Fitzmaurice basins to the west, and Cambro–Ordovician 
and Mesozoic successions (Daly and Bonaparte basins) to the 
southwest and northwest. Mesozoic and Palaeozoic sediments 
of the Arafura and Money Shoal basins overlie parts of the 
PCO to the north and the Mesozoic onshore Carpentaria 
Basin overlies other parts to the south. Unconsolidated sand, 
silt and clay of Cenozoic age also cover much of the area. 
During the upper Cretaceous to mid Cenozoic, much of the 
land surface was subjected to intense chemical weathering, 
leading to laterite formation.

The PCO has been broadly subdivided into three domains 
(Needham et al 1988, Hollis et al 2009a) and this subdivision 
is used in this volume. These are the greenschist-facies 
Central Domain (including the Rum Jungle region and the 
South Alligator Valley), the amphibolite-facies Nimbuwah 
Domain to the east, and the amphibolite- to granulite-facies 

west (Figure 5.2). In addition to differences in metamorphic 
grade and structural styles, these regions are also distinct in 
the timing and nature of metamorphism and the timing and 
chemistry of the main phases of magmatism.

Needham et al (1980) subdivided the PCO into seven 
structural entities: Chilling Platform, Western Fault Zone, 
Batchelor Shelf, South Alligator Trough, South Alligator 
Hinge Zone, Nanambu High and Kakadu Shelf (Figure 5.3). 
These have little or no expression either in the regional-
scale gravity or the airborne magnetic data.

Ahmad and McCready (2001) also subdivided the 
orogen into four depositional domains, on the basis of 

east these are the Batchelor Shelf, the Central Trough, the 
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The Woodcutters Supergroup is represented by the Manton, 
Mount Partridge, and Namoona groups in the Central 
Domain and by the Kakadu Group in the Nimbuwah 
Domain (Ahmad and McCready 2001, Needham et al 1980, 
1988, Stuart-Smith et al 1980). Detrital zircon studies 
indicate a similar, dominantly Neoarchaean provenance for 
Woodcutters Supergroup sedimentary rocks (Cross et al 

2005, Worden et al 2008a, Hollis et al 2009b). The Cahill 
Formation has also been proposed as a possible equivalent 
of the upper Woodcutters Supergroup in the Nimbuwah 
Domain (Needham et al 1980, Stuart-Smith et al 1980), 
although recent U-Pb detrital zircon work indicates a 
distinct provenance from similarly aged sedimentary rocks 
of the Central Domain (Hollis et al 2009b). Rocks of similar 
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age to the Woodcutters Supergroup may be represented by the 

detrital zircon spectra dominated by Neoarchaean and early 
Palaeoproterozoic ages with a maximum depositional age of 
ca 2028 Ma (Carson et al 2009). Otherwise, strata of this age 

The Cosmo Supergroup is more widespread than the 
underlying Woodcutters Supergroup and unconformably 
overlies the latter (Walpole et al 1968, Needham et al 1980, 
1988, Stuart-Smith et al 1980, Ahmad and McCready 
2001). The unconformable contact represents a time gap 
of ca 160 Ma, as is shown by U-Pb zircon ages of ca 2020 
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(1) SHRIMP zircon extrusion age (Page 1996c); (2) SHRIMP zircon extrusion age (Jagodzinski 1998); (3) ID-TIMS monazite intrusion 
age (Annesley et al 2002); (4) SHRIMP zircon emplacement age (Stuart-Smith et al 1993, Page 1996e); (5) ID-TIMS zircon and xenotime 
zircon and xenotime emplacement age (Page et al 1985); (6) SHRIMP zircon emplacement age (Page 1966b); (7) SHRIMP zircon upper 
intercept deposition age (Page and Williams 1988); (8) various ID-TIMS zircon upper intercepts emplacement/metamorphic ages (Page 
et al 1980); (9) ID-TIMS zircon upper intercept deposition age (Needham et al 1988); (10–11) SHRIMP zircon maximum depositional 
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P1–6 terminology after Ahmad (2000).
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and 1863 Ma for volcanic and tuff units within the two 
Supergroups (Worden et al 2008a, b). The Cosmo Supergroup 
succession comprises the South Alligator Group and the 
regionally extensive Finniss River Group in the Central 
Domain, with the Hermit Creek and Welltree metamorphics 
representing probable equivalents of the Finniss River 

et al 2008a). The 
Nourlangie Schist has been proposed as a possible equivalent 
of the Cosmo Supergroup in the Nimbuwah Domain 
(Needham et al 1980, Stuart-Smith et al 1980); however, 
recent detrital zircon data indicate distinct differences in 
provenance compared with Cosmo Supergroup strata in the 
Central Domain (Hollis et al 2009b).

In contrast to the historical grouping of 
tectonometamorphism in the NAC during the period 
ca 1880–1850 Ma into a single episode (Barramundi 
Orogeny), geochemical, petrographic, and U-Pb monazite 
and zircon studies in the PCO have isolated chronologically 
distinct thermal events in different regions, with different 

crustal thickening and of subduction-related tectonism 
(Glass 2007, 2011, Worden et al 2008a, b, Carson et al 2008, 
Hollis et al 2009a, b). Therefore, the term ‘Barramundi 
Orogeny’ is abandoned here in favour of the ca 1865 Ma 

also Hollis et al 2009a). The ca 1865 Ma Nimbuwah Event 
involved the emplacement of granodioritic Nimbuwah 
Complex plutons into, and amphibolite-facies, moderate-P 
metamorphism and deformation of granitic Archaean 
basement and overlying Palaeoproterozoic strata that 
were deposited at, or after ca 1900 Ma (Walpole et al 
1968, Wyborn et al 1997, Worden et al 2008a, b, Hollis 
et al 2009a). This was coincident with felsic volcanism in 

et al 

involved emplacement of S-type granites of the Allia Creek 
Suite (Walpole et al 1968, Page et al 1980, Wyborn et al 
1997, Worden et al 2008a), and amphibolite- to granulite-
facies, low-P metamorphism of Palaeoproterozoic strata 
(Carson et al 2008), possibly associated with subduction-

In the Central Domain, detrital zircon data suggest that 
sedimentation of the Burrell Creek Formation continued 
beyond ca 1855 Ma and thus, that greenschist-facies 
metamorphism and tight, upright northwest-north-
trending folding in this domain occurred after this time 
(Hollis et al 2009b), but prior to the 1829 Ma deposition of 
the El Sherana Group (Jagodzinski 1998, 1999). El Sherana 
Group sedimentary and volcanic rocks were deposited 
unconformably on the South Alligator Group in the South 
Alligator Valley (South Alligator Trough), a rift-related 
shallow northwest-trending graben structure (Needham 
and Stuart-Smith 1985a, Needham et al 1988, Jagodzinski 
1998, 1999). Shortly after deposition, tight folding of 
the El Sherana Group ensued during the Maud Creek 
Event, prior to the deposition of disconformable, Edith 
River Group sedimentary and volcanic rocks at 1825 Ma 
(Needham and Stuart-Smith 1985a, Page 1996c). During 
the same period, the Cullen Event involved emplacement 
of I-type granites of the Cullen and Jim Jim suites in the 
Central Domain from ca 1835–1820 Ma (Walpole et al 

1968, Stuart-Smith et al 1993, Bajwah 1994, Jagodzinski 
and Wyborn 1997, Wyborn et al 1997, Wyborn et al 2001). 
The El Sherana and Edith River groups both correspond to 
the P5 division of Ahmad (2000).

Subsequently, the Shoobridge Event resulted in 
widespread retrogression and the development of 
northwest-north-trending shear zones in the Central 
Domain at ca 1780 Ma, as shown by the resetting of Rb-Sr 
isotopic systems (Needham et al
of the eastern part of the PCO, the Nimbuwah Domain, 
had occurred by ca 1723 Ma (Page 1996d), as is shown by 
the emplacement of lopoliths of the Oenpelli Dolerite, at 
1–2 km depth, in rocks that had previously been buried to 
mid to deep crustal levels during the ca 1865 Ma Nimbuwah 
Event (Stuart-Smith and Ferguson 1978, Needham et al 
1988, Hollis et al 2009a). Historically, the entirety of this 
geological evolution, from the ca 1865 Ma Nimbuwah 
Event through to either the emplacement of the Cullen and 
Jim Jim suites (Needham and DeRoss 1990) or through to 
the Shoobridge Event (Needham et al 1988), was referred 
to as the ‘Top End Orogeny’, but for the reasons already 
outlined, this terminology, along with the term ‘Barramundi 
Orogeny’, is abandoned here.

STRATIGRAPHIC SUCCESSION

Currently used stratigraphic subdivisions within the 
PCO are compared with earlier studies in Table 5.1 and 
Figure 5.5, (Walpole et al 1968, Needham et al 1980, 
Needham and Stuart-Smith 1985b, Needham et al 1988, 
Pietsch and Edgoose 1988, Ahmad et al 2006, Worden 
et al 2008b). Detailed descriptions of stratigraphic units are 
provided in Table 5.2. Walpole et al (1968) and Needham 
et al (1988) considered that sedimentation within the PCO 
took place in a number of basins, characterised by different 

Ahmad and McCready (2001) into the Batchelor Shelf, 
Central Trough, Nanambu Shelf and Eastern Trough, 
the terminology employed here. Below, these strata are 
described in the context of the three main subdivisions 

Nimbuwah Domain.

CENTRAL DOMAIN

The Central Domain is the most well exposed and well 
characterised part of the PCO. The Palaeoproterozoic 
succession in the Central Domain unconformably overlies 
Neoarchaean basement, exposed as the Rum Jungle and 
Waterhouse domes (ca 2545–2520 Ma) and subcropping 
as the Woolner Granite (2674 Ma, see Archaean). The 
overlying succession varies from an inferred original 
thickness of ca 2 km to ca 18 km, deepening to the east 
(Ahmad et al 1993). It is subdivided into the Woodcutters 
Supergroup, deposited at or before ca 2020 Ma, and the 
Cosmo Supergroup, deposited at ca 1865–1855 Ma. These 
are separated by an unconformity representing at least 
160 Ma (Ahmad et al 2006, Worden et al 2008a, b). Both 
supergroups are dominated by carbonate, carbonaceous, 
clastic, and volcaniclastic sedimentary rocks with 
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Walpole et al (1968) Needham and Stuart-Smith (1984) This study

Chilling Platform 
and Western Fault 
Zone

Central Trough Eastern Trough Rum Jungle, Centre 
and South Alligator 
Valley

Alligator Rivers

Katherine River Group Katherine River 
Group

Katherine River Group 

Edith River Volcanics Edith River Volcanics Chilling Sandstone
Meeway Volcanics
Berinka Volcanics
Henschke Breccia

Edith River Group

El Sherana Group

Edith River Group

El Sherana Group

GRANITE INTRUSIONS Allia Suite                     Cullen Suite                 Jim Jim Suite

LITCHFIELD 
EVENT 1855 Ma

BARRAMUNDI OROGENY
1880–1850 Ma

NIMBUWAH EVENT
1865 Ma

COSMO SUPERGROUP

Chilling Sandstone
Berinka Volcanics

Welltree Schist
Hermit Creek 
Metamorphics

Finniss River Group
Burrell Creek 
Formation

Nimbuwah  
Complex

Myra Falls 
Metamorphics
Nourlangie Schist

Welltree 
Metamorphics
Hermit Creek 
Metamorphics 

Finniss River Group
Chilling Sandstone
Mulluk Mulluk Volcanics
Warrs Volcanic Member
Berinka Volcanics
Burrell Creek Formation
South Alligator Group
Mount Bonnie Formation
Gerowie Tuff
Koolpin Formation

Nimbuwah  Complex 
Nourlangie Schist

upper Cahill Fm

lower Cahill Fm

Finniss River Group
Noltenius Formation

Finniss River Group
Burrell Creek 
Formation

South Alligator Group
Fisher Creek Siltstone
Gerowie Chert
Koolpin Formation

South Alligator Group
Mount Bonnie 
Formation
Gerowie Tuff
Koolpin Formation

WOODCUTTERS SUPERGROUP

Goodparla Group
Golden Dyke 
Formation

Goodparla Group
Golden Dyke Formation

Masson Formation
Mount Partridge 
Formation

Mount Partridge 
Group
Wildman Siltstone
Mundogie Sandstone
Whites Formation
Coomalie Dolomite
Crater Formation
Namoona Group
Stag Creek Volcanics
Masson Formation

Celia Dolomite
Beestons Formation

Cahill Formation
(upper)

Fog Bay 
Metamorphics

Mount Partridge Group
Wildman Siltstone,
Mundogie Sandstone
Whites Formation,
Coomalie Dolostone
Crater Formation
Manton/Namoona groups
Stag Creek Volcanics
Masson Formation
Celia Dolostone
Beestons Formation

Kakadu Group 
Munmarlary Quartzite  
Mount Howship Gneiss  
Kudjumarndi Quartzite  
Mount Basedow Gneiss  Batchelor Group

Coomalie Dolomite,
Crater Formation

Celia Dolomite,
Beestons Formation

Cahill Formation
(lower)

Kakadu Group

Hermit Creek 
Complex

Rum Jungle 
Complex

Stag Creek Volcanics
Nanambu Granite
Myra Falls 
Metamorphics

Rum Jungle Complex 
Waterhouse Complex

Nanambu Complex Rum Jungle Complex 
Stanley and Dirtywater 
metamorphics
Woolner Granite

Nanambu Complex 
Kukalak Gneiss 
Arrarra Gneiss 
Njibinjibinj Gneiss

Table 5.1. G
eneralised com

parison of stratigraphic nom
enclature of PC

O
 follow

ed in this study w
ith those of previous publications. For 

details refer to Table 5.2.
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Unit/thickness location Lithology Depositional environment

NIMBUWAH DOMAIN

Nourlangie Schist <3000 m Quartz-mica schist, minor quartzite. Marine

Cahill Formation <400 m

upper Cahill Formation Quartzite, feldspar-quartz schist, garnet-mica schist, mica-quartz schist, 
minor conglomerate

lower Cahill Formation Quartzite, haematite-quartz-mica schist, pyritic carbonaceous schist, 
dolostone, magnesite, calc-silicate gneiss

Kakadu Group

Munmarlary Quartzite  >200 m Gneissic orthoquartzite, minor schist Fluvial to shallow marine

Mount Basedow Gneiss  >1500 m Muscovite-biotite gneiss, granitoid gneiss, minor schist Fluvial to shallow marine

Kudjumarndi Quartzite  ca 150 m Orthoquartzite, gneiss, minor schist Fluvial to shallow marine

Mount Howship Gneiss  >2000 m Feldspathic leucogneiss, rare schist

LITCHFIELD DOMAIN

Welltree Metamorphics Quartz-feldspar-muscovite schist and gneiss, minor quartzite, marble, 
graphitic schist, calc-silicate gneiss, marble

Hermit Creek Metamorphics Sillimanite gneiss, garnet-cordierite gneiss, biotite-quartz schist, 

Fog Bay Metamorphics Biotite gneiss, minor quartzite

CENTRAL  DOMAIN

Geolsec Formation <400 m Haematitic quartzite breccia, haematitic mudstone, siltstone and sandstone, 
minro phosphatic siltstone and breccia, fault scarp breccia

Shallow marine environment

Edith River Group

Plum Tree Creek Volcanics 
ca 900 m 
South Alligator region

Massive, porphyritic rhyodacitic ignimbrite, glassy rhyolite, amygdaloidal 
andesite; minor lenses of pebbly quartz sandstone

Kurrundie Sandstone ca 350 m
South Alligator region interbeds of polymictic pebble to boulder conglomerate; minor siltstone

Fluviatile: juvenile braidplain

El Sherana Group

Big Sunday Formation <480 m
South Alligator region basalt; rhyolite and rhyolitic ignimbrite in upper portion

Pul Pul Rhyolite <1300 m
South Alligator region

Felsic welded vitric and non-welded ignimbrite, polymictic volcaniclastic 
conglomerate, massive volcaniclastic sandstone, intrusive massive rhyolitic 
porphyry; minor siltstone lenses

Subaerial and intrusive (volcanic 

Coronation Sandstone <600 m
South Alligator region

Cross-bedded, coarse to very coarse, quartz to sublithic sandstone; 
polymictic, pebble to cobble conglomerate; lithic sandstone; amygdaloidal 
basaltic lava; minor intrusive rhyolitic porphyry

Scinto Breccia ca 100 m
South Alligator region phosphatic; minor haematitic sandstone

Subaerial talus

COSMO SUPERGROUP

Dolerite bodies
Zamu Dolerite <1500 m, 
Goodparla Dolerite <300 m

Grey, medium to coarse quartz dolerite; minor granophyre; rare biotite-
hornblende-augite pegmatite

Intrusive

Finniss River Group

Tollis Formation ca 1000 m
South Alligator region

Proximal mid-submarine fan

Chilling Sandstone  ca 6500 m
Western region 

Quartz sandstone, minor conglomerate, siltstone and tuff

Henschke Breccia ca 1500 m
Western region

Conglomerate, breccia, sandstone Tallus breccia

Mulluk Mulluk Volcanics   
<2000 m
Western region

Rhyolite and dacite Aerial to subaqueous lava

Warrs Volcanic Member ca 500 m
Western region

Acid volcanics, siltstone, volcaniclastic sandstone Submarine lava

Table 5.2 continued next page



Pine Creek Orogen

5:8

Unit/thickness location Lithology Depositional environment

Berinka Volcanics
 <75 m
Western region

Rhyodacite, andesite, agglomerate, interlayered mudstone Fluvial to subtidal

Dorothy Volcanics 200m
Edith River region

Basalt, tuff

Burrell Creek Formation 
ca 3000 m
Central region

Proximal mid-submarine fan

South Alligator Group

Mount Bonnie Formation 1200 m,
Central region dolomudstone

Shallow-marine inner shelf to 

Gerowie Tuff  <750 m
Central region ignimbrite, chloritic volcaniclastic shale, lapilli tuff; porphyritic dacite 

Subaerial, shallow marine 

Shovel Billabong Andesite <300 m
South Alligator region

Green-grey, massive pitchstone; variolitic andesite, microdiorite Submarine

Koolpin Formation <350 m
Central and South Alligator  
region

Haematitic metasiltstone and phyllite with chert bands, lenses and Low-energy supratidal to
subtidal shallow marine

WOODCUTTERS SUPERGROUP

Mount Partridge Group

Wildman Siltstone <2000 m
Central and South Alligator regions

Carbonaceous shale, haematitic siltstone, quartz sandstone, quartzite, Shallow marine: prodelta or mid-
shelf

Mundogie Sandstone  ca 1400 m
Central and South Alligator regions

Feldspathic quartz sandstone, siltstone, conglomerate
marine in upper portion

Yarrawonga Volcanic Member 
ca 40 m
Central region

Dacite, ignimbrite, rhyolite

Mount Dean Volcanic Member
<150 m
Rum Jungle region

Acacia Gap quartzite Member
<300 m
Rum Jungle region

Quartzite, sandstone, shale Shallow marine

Whites Formation >1000 m
Rum Jungle region

Calcareous and carbonaceous shale, dololutite, dolarenite, rare quartzite Marine, euxenic

Koolpinyah Dolostone 
Central region

Dolomitic marble, dolomitic mica schist, dolomitic limestone, calcareous 
quartzite, conglomerate at base.

Coomalie Dolostone <600 m
Rum Jungle region

Stromatolitic dolostone, magnesite and minor shale Subtidal, evaporitic 

Crater Formation <900 m
Rum Jungle region

Fluvial

Namoona Group

Stag Creek Volcanics  <1000 m
South Alligator region

Basalt, andesite, agglomerate, volcaniclastic shale and sandstone

Masson Formation  <2800 m
South Alligator and Central 
regions

Carbonaceous-pyritic and dolomitic shale, carbonaceous pyritic Mainly shallow marine (sub-

Manton Group

Celia Dolostone <300 m
Rum Jungle region

Stromatolitic dolostone and magnesite Subtidal, evaporitic 

Beestons Formation <300 m
Rum Jungle region

Fluvial

ARCHAEAN BASEMENT

Archaean basement: Central Domain
Nimbuwah Domain

Table 5.2 continued from previous page
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Woodcutters Supergroup

In the Central Domain, the lower parts of the 
Palaeoproterozoic succession comprise the Manton Group 
(Batchelor Shelf), Namoona Group (Central Trough) and 
Mount Partridge Group (Batchelor Shelf, Central Trough, 
Nanambu Shelf). Collectively, these are termed the 
Woodcutters Supergroup and they unconformably overly 
Neoarchaean basement, exposed as the Rum Jungle and 
Waterhouse domes, and the sub-cropping Woolner Granite. 
The Woodcutters Supergroup typically has smooth REE 
patterns, consistent with provenance from calc-alkaline 
andesitic rocks (Ahmad and McCready 2001). It has detrital 
zircon spectra indicative of dominantly Neoarchaean 
sources, with no contribution from sources younger than 
ca 2000 Ma (Cross et al 2005, Hollis et al 2009a).

Manton and Namoona groups

The Manton Group comprises the Beestons Formation 
and Celia Dolostone, and is mainly exposed around 
the Rum Jungle and Waterhouse domes. The Beestons 
Formation comprises quartz conglomerate, coarse-grained 
sandstone arkose, quartz sandstone and minor siltstone. 
It unconformably overlies the Rum Jungle Complex. 
Exposures of the unconformable contact with the Rum 
Jungle Complex exist 2 km north and 3.25 km north-
northwest of Batchelor (Figure 5.6). Zircon grains from 
a sample of arkosic sandstone near the unconformity have 
yielded SHRIMP U-Pb ages in the range 3615–2500 Ma and 
are dominated by a single mode at ca 2536 ± 5 Ma; this is 
reasonably consistent with the age of the underlying granite 
of 2525 ± 5 Ma (data in Cross et al 2005). The maximum age 
of deposition is constrained by the weighted mean average 
of the youngest six grains in the population of 2506 ± 14 Ma, 
though the true age of deposition is probably considerably 
younger, based on correlation with the Namoona Group. 
The Celia Dolostone conformably overlies the Beestons 
Formation and comprises mainly stromatolitic dolostone 

the surface. Irregular to lensoidal bodies of magnesite are 
present and attain economic importance in some localities. 
Talc and tremolite commonly accompany magnesite.

The Namoona Group includes the Masson Formation 
and conformably overlying Stag Creek Volcanics. The 
Masson Formation comprises a succession of laminated, 
black pyritic and dolomitic slate, with interbeds of rhyolitic 
tuff, volcaniclastic slate, metagreywacke and dolarenite. 
Reduced pelitic and dolomitic sedimentary rocks dominate 
this formation and suggest deposition in a sub-wavebase 
marine shelf or broad, shallow basin environment. The 
Stag Creek Volcanics contain mainly basaltic to andesitic 
lavas and agglomerate that are discontinuously exposed in 
the South Alligator Valley region. Exposures are generally 
poor, due to deep weathering and extensive Cenozoic cover. 

interbedded volcaniclastic arenite and shale. Rare pillow 
structures and the presence of interbedded tuffaceous 
shale indicate a subaqueous depositional environment 
(Stuart-Smith et al 1984). An agglomeratic sample from 

1 km north of El Sherana homestead, just south of Gunlom 
Falls, has yielded a xenocrystic population with an age of 
2021 ± 10 Ma, interpreted as a maximum extrusion age. 
This provides a maximum age of deposition for the Namoona 
Group (Worden et al 2008a, b). Zircons obtained from an 

2048 ±13 Ma (Page 1996a, Ferenczi and Sweet 2005). This 
is a maximum extrusion age, based on the interpretation 
that these were xenocrystic zircons, and is consistent with 
the results of Worden et al (2008a, b).

Mount Partridge Group

The lower greenschist-facies Mount Partridge Group, in 
the Central Trough, Batchelor Shelf and Nanambu Shelf, 
unconformably overlies the Manton and Namoona groups 
and is subdivided into a number of stratigraphic units.

Around the Rum Jungle and Waterhouse domes, the 

conglomerate, arkose, sandstone and minor siltstone of the 
Crater Formation. Detrital zircon geochronology of Hollis 
et al (2010) indicates that this was dominantly derived from 
ca 3125 Ma, ca 3500 Ma and ca 3670 Ma sources, which 
are currently unrecognised in the Northern Territory. The 
Crater Formation is succeeded by the Coomalie Dolostone 
(locally magnesitised), which is a succession of stromatolitic 
dolostone and minor shale, deposited in subtidal, evaporitic 
environments (Figures 5.7, 5.8). These units are overlain 
by carbonaceous shale, dololutite, dolarenite and minor 
quartzite assigned to the Whites Formation. In the Central 
Trough to the east, away from the basement highs, the 
succession comprises the Mundogie Sandstone conformably 
overlain by the Wildman Siltstone. The Mundogie Sandstone 
was laid down under shallow-marine conditions and 
comprises arkose, subarkose, feldspathic arenite, quartzite, 
conglomerate, phyllite and siltstone. Recent detrital zircon 
U-Pb geochronology has yielded a maximum depositional 
age of 2284 ± 18 Ma, with the bulk of analysed grains falling 
in the range 2577–2472 Ma, dominant age populations at 

A07-303.ai

Rum Jungle Complex

Beestons Formation

Figure 5.6. Unconformity surface (dashed line) between 
poorly sorted coarse to very coarse arkose and conglomerate of 
Palaeoproterozoic Beestons Formation and underlying Archaean 
Rum Jungle Complex (52L 718270mE 8559490mN). Inherited 
zircons from Beestons Formation near this outcrop have been 
dated by SHRIMP U-Pb method and are essentially identical 
to zircons of Rum Jungle Complex: age spectrum ranges from 
ca 3615 Ma to ca 2500 Ma and is principally dominated by a 
single mode at 2536 ± 5 Ma.
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ca 2555 and ca 2520 Ma, and possible limited metamorphic 
zircon growth at ca 2470 Ma (Worden et al 2008a, 
Hollis et al 2009b). The overlying Wildman Siltstone is a 
succession of laminated, red-brown and cream, banded 
silty carbonaceous phyllite, sandy ferruginous siltstone, 

under shallow-marine conditions (Figure 5.9). Between the 
Mary and McKinlay rivers, the Wildman Siltstone has been 
subdivided (Stuart-Smith et al 1986, 1987) into a lower shale-
dominated member and an upper shale-sandstone member. 

in fresh exposures of the Wildman Siltstone in a railway 
cutting, about 8 km east of Batchelor (Figure 5.10). SHRIMP 
U-Pb zircon dating of samples from two beds from this 
locality have yielded depositional ages of 2019 ± 4 Ma and 
2030–2020 Ma (Lally and Worden 2004, Ahmad et al 2006, 
Worden et al 2008a, b). This gives a stratigraphic age for 
the top of the Mount Partridge Group that is synchronous 
with the maximum age of deposition of the Stag Creek 
Volcanics of the underlying Namoona Group (Worden et al 
2008a, b). The Wildman Siltstone contains interbedded 

Mount Dean Volcanic Member) and felsic volcanic 
rocks (Yarrawonga Volcanic Member). In the Rum Jungle 
area, a 30–300 m-thick succession of pyritic sandstone near 
the base of the Wildman Siltstone has been named the Acacia 
Gap Quartzite Member (Figure 5.11). U-Pb SHRIMP dating 

of detrital zircons from this unit has yielded a continuum of 
zircon ages in the range 2710–2495 Ma (Cross et al 2005). 
The youngest zircon in this sample gave an apparent age 
of 2498 ± 24 Ma and this can be used as the maximum 
deposition age for the Acacia Gap Quartzite Member. 
Alternatively, a maximum deposition age can be calculated 
from an arbitrarily chosen six youngest analyses. These 
provide an age of 2512 ± 13 Ma. The dominant detrital age 
peaks are similar to those from the Beestons Formation of 
the underlying Manton Group and indicate a provenance in 
a Rum Jungle Complex-type Archaean terrane. The tuff bed 
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Figure 5.7
stromatolites comprising alternating bands of carbonate minerals 
and siliceous talc draped over one another in mound-like fashion 
(52L 722300mE 8556300mN).

Figure 5.8. Coomalie Dolostone from Winchester magnesite 
deposit (52L 723532mE 8556909mN). Note domical stromatolite 
structure preserved by talc layering.

Figure 5.9. Thinly-bedded Wildman Siltstone in railway cutting 
about 8 km east of Batchelor.

Figure 5.10. Tuff bed (centre of image where note book is 
placed) in Wildman Siltstone in railway cutting about 8 km east 
of Batchelor. SHRIMP U-Pb zircon dating of this tuff yielded a 
depositional age of 2019 ± 4 Ma (Worden et al 2008a).

Figure 5.11. Tightly-folded Acacia Gap Quartzite Member, 
Mauries Quarry (52L 7307340mE 8586640mN).
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dated from the Wildman Siltstone occurs stratigraphically 
above the Acacia Gap Quartzite Member and also contains 
some detrital grains of this age (ca 2600–2500 Ma; Worden 
et al 2008a, b), consistent with some inheritance from a 
similar source to that from which the Acacia Gap Quartzite 
Member and Mundogie Sandstone were derived.

From the area surrounding the Archaean Woolner Granite, 
Pietsch and Stuart-Smith (1987) described the Koolpinyah 
Dolostone, intersected mainly in drillholes. This unit is 
overlain by up to 80 m of Mesozoic and Cenozoic sediments 
and sedimentary rocks. It unconformably overlies the 
Archaean Woolner Granite and Dirtywater Metamorphics, 
and has been correlated with the Coomalie Dolostone in 
the Rum Jungle area. The Koolpinyah Dolostone comprises 
dolostone, marble, chlorite mica schist, quartz mica schist, 
dolomitic quartzite and sandy intraclastic limestone.

Dolostone units have also been intersected in water bores 
in the Humpty Doo, Palmerston, Gunn Point and Berry 
Springs areas. The stratigraphic position of these units is 

to be equivalent to the Coomalie Dolostone by Verma and 
Qureshi (1980), Qureshi (1983) and Jolly (1985). That in the 
Berry Springs area was included in the South Alligator 
Group by Verma (1994).

The stratigraphic positions of the dolostone units in 
the Humpty Doo, Palmerston and Berry Springs areas are 
uncertain. To correlate the Humpty Doo dolostone with the 
Koolpinyah Dolostone is erroneous, as the latter has variable 
lithologies, unconformably overlies Archaean basement 
and is overlain by the Whites Formation. It is suggested 
here that the Humpty Doo, Palmerston and Berry Springs 
dolostones possibly represent an extension of carbonate 
deposition of younger basins.

Cosmo Supergroup

The Cosmo Supergroup includes the South Alligator and 
Finniss River groups, and is separated from the underlying 

Tuffaceous sedimentary rocks from the South Alligator 
Group have been dated at ca 1863 Ma and the underlying 
Wildman Siltstone (Woodcutters Supergroup) has been 
dated at ca 2020 Ma, indicating that the unconformity 
represents a time break of approximately 160 million 
years (Worden et al 2008a, b). A distinct provenance for 
sedimentary rocks of the Cosmo Supergroup (relative to 
the Woodcutters Supergroup) is indicated by both detrital 
zircon patterns, which are dominated by a ca 1865 Ma 
source (Worden et al 2008a, Hollis et al 2009b), and by 
REE patterns that typically show a negative Eu anomaly, 
consistent with a source region that has undergone 
plagioclase fractionation (Ahmad and McCready 2001).

South Alligator Group

The South Alligator Group is exposed from east of the 
Rum Jungle Complex to the South Alligator Valley. It is a 
succession of iron-rich sedimentary rocks, tuff, carbonate 
rocks, shale, greywacke and siltstone. It is divided into three 
formations, the Koolpin Formation, Gerowie Tuff and Mount 
Bonnie Formation. The thickness of the South Alligator 

Group increases from 1000 m in the west near Rum Jungle to 
as much as 5000 m in the South Alligator Valley.

The Koolpin Formation consists of ferruginous 
siltstone, banded ironstone, pyritic carbonaceous shale, 
ferruginous breccia and minor dolostone. An ironstone 
breccia up to 10 m in thickness is developed at the base 
and is termed the Ella Creek Member (Pietsch and Stuart-
Smith 1987, Crick 1987). It comprises ferruginous breccia, 
quartzite breccia, minor ferruginous siltstone, and rare 
pebble and boulder conglomerate. Crick (1987) regarded it 
to be a Palaeoproterozoic regolith, but Pietsch and Stuart-
Smith (1987) considered that at least some brecciation and 

and should not be taken as evidence for an ancient regolith. 
Figure 5.12 shows stratigraphic sections of the Koolpin 
Formation from various localities in the Central Domain. 
Zamu Dolerite sills that intrude the Koolpin Formation 
in several of these sections have been excluded in order 
to provide a better idea of variations in the lithology and 
thickness of the unit across the region. The succession is 
informally divided into lower, middle and upper members 
(Nicholson 1980, Nicholson and Eupene 1984). The lower 
member comprises up to 100 m of carbonaceous mudstone, 
mudstone, siltstone and limestone, and extends from 

middle member contains banded ironstone, mudstone, 
carbonaceous mudstone and siltstone, and may attain a 
thickness of up to 200 m. It also contains bands, lenses and 
nodules of saccharoidal quartz, ranging in size from a few 
to several tens of centimetres (Figure 5.13). The origin of 
these nodules has been variously explained. Walpole et al 
(1968) interpreted them to represent diagenetic replacement 
of carbonate-rich bands by chert, whereas Nicholson (1980) 
considered that the nodules represent syndepositional 
colloidal accretions or lumps of silica gel. The upper 
member comprises predominantly carbonaceous mudstone, 
but minor mudstone and siltstone are also present. It 
contains abundant pyrite and pyrrhotite, and appears as a 
distinct interval on aeromagnetic images, especially in the 
contact aureoles of granites. Minor lenses of tourmalinite 
are common in the lower and middle members in the Golden 
Dyke Dome and Cosmo Howley areas.

The Gerowie Tuff comprises green to grey mudstone, 
siliceous shale, siltstone, dark grey chert and tuff. Thin beds 
of iron-rich sedimentary rocks and minor quartz nodules (as 
described above under Koolpin Formation) are also present. 
Tuff constitutes about 25% of the formation and contains 
varying amounts of curved or angular crystal fragments of 
quartz, alkali feldspar and minor titanite, biotite and zircon 

alkali feldspar, sericite, chlorite, iron oxide and carbonates. 
Many of the tuffaceous intervals form 30–150 cm-thick 
graded beds, which have massive basal and medial parts 

slump structures. These graded beds are interpreted as ash 
fall accumulations, each from a single eruption (Stuart-
Smith 1985). Many pulses of sub-aerial volcanism are 
indicated by the interbedding of tuff (with ripple drift in 

shale. It has been suggested that the source area for this 
sub-aerial volcanism was situated in the South Alligator 
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River Valley (Needham et al 1988). SHRIMP U-Pb zircon 
geochronology of two samples yielded a combined age 
of 1863 ± 2 Ma, interpreted as the depositional age of the 
Gerowie Tuff (Lally and Worden 2004, Worden et al 2004, 
2008b). Worden et al (2008b) suggested that inheritance 
may have contributed to the older conventional U-Pb zircon 
age of 1885 ± 2 Ma obtained by Needham et al (1988) for 
selected zircon data from the Gerowie Tuff and Mount 
Bonnie Formation.

The Mount Bonnie Formation comprises a succession of 
interbedded slate, mudstone, phyllite, siltstone, feldspathic 
greywacke and minor tuffaceous chert, vitric crystal tuff, 
lithic crystal tuff, and rare banded ironstone and dolostone. 
It represents a transition from the low energy, shallow water 
environments of the Koolpin Formation and Gerowie Tuff 
to high energy, turbiditic environment of the overlying 
Finniss River Group.

Finniss River Group

The Finniss River Group represents a thick succession 
of sedimentary rocks of turbiditic origin. In the Central 

grained and are dominated by shale and sandstone/shale 
in contrast to the Batchelor Shelf, where conglomerate 

River Group in the Central Domain is subdivided into the 
Burrell Creek and Tollis formations. Several units of felsic 
volcanic rocks occur, interbedded with the Burrell Creek 
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Figure 5.12. Regional section through Koolpin Formation from east of Rum Jungle to South Alligator Valley (after Ahmad et al 1993). 
The base of the Gerowie Tuff has been assumed to be at the same elevation across the region.

Figure 5.13. Chert nodules in thinly laminated pyritic shale of 
Koolpin Formation (near Golden Dyke mine, 52L 772629mE 
8498361mN).
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Formation in the westernmost part of the Central Domain 
on the Batchelor Shelf.

The Burrell Creek Formation conformably overlies the 
Mount Bonnie Formation and is conformably overlain by 
the Tollis Formation. It consists of interbedded phyllite, 
slate, mudstone, feldspathic greywacke and minor pebble 
conglomerate. Laminated to thinly bedded, well cleaved 
grey or brown phyllite, slate, mudstone and quartz-mica 
schist are the dominant rock types. The Burrell Creek 
Formation is a turbidite succession that was deposited 
in deeper marine (shelf and shelf–slope) environments 
during a period of basin subsidence. Detrital zircon U-Pb 
geochronology on several samples from across the Central 
Domain and at various depths in the unit indicate that the 

age population, thus giving a maximum depositional age 
(Worden et al et al
the top of the unit, immediately below the Tollis Formation, 
has yielded a slightly younger maximum depositional age of 

et al
The Mulluk Mulluk, Berinka, and Meeway volcanics, 

and the Warrs Volcanic Member are considered to be co-
magmatic and are variably interbedded with the basal parts 
of the Burrell Creek Formation, where it outcrops west of 
the Giants Reef Fault, near the boundary of the Central 

Worden et al
these units.

The Mulluk Mulluk Volcanics comprise spherulitic 
rhyolite, rhyolitic tuff, rhyodacite and metadacite, and 
are inferred to conformably underlie the Burrell Creek 
Formation, immediately west of the Giants Reef Fault 
near Daly River (Dundas et al
strong sericitic alteration. Worden et al
to constrain the age of the Mulluk Mulluk Volcanics, but 

separate for analysis.
The Warrs Volcanic Member outcrops in the Daly 

River region immediately west of the Giants Reef 

amygdaloidal), metadacite, tuffaceous sedimentary rocks, 
and volcaniclastic lithic sandstone (Dundas et al
In the vicinity of the Giants Reef Fault, it is typically 
strongly altered to actinolite-, chlorite- and carbonate-
bearing assemblages. The deposition or extrusion age of the 
Warrs Volcanic Member is constrained by a zircon U-Pb 
age of 1862 ± 3 Ma for a sample from an outcrop near the 

(Worden et al

The Berinka Volcanics comprise rhyolite, tuff and 
agglomerate, spherulitic or porphyritic dacite, basic lavas, 
and interbedded sandstone that outcrop immediately 
west of the Giants Reef Fault in the western margins of 
the Central Domain (Dundas et al et al 

strongly sheared, altered and weathered. The volcanics are 
interbedded with conglomeratic rocks that were previously 

referred to as the ‘Noltenius Formation’ (a defunct term), 
a basal unit of the Burrell Creek Formation (Walpole 
et al et al et al 

River (Worden et al Meeway Volcanics 
outcrop near the western margins of the Central Domain 
and comprise porphyritic felsic lava and tuff. Worden et al 

separate for analysis.

Henschke 
Breccia, a polymictic sedimentary breccia, represents the 
base of the Burrell Creek Formation. Needham and Stuart-

Chilling Sandstone, which 
consists of sandstone and conglomerate with minor pelitic 

Valley, but it is also possible that it is a correlative of the 
Tollis Formation. Worden et al

consistent with the latter interpretation.
The Tollis Formation has a limited aerial extent. It is 

comprises a succession of interbedded mudstone, slate, 
metagreywacke and minor felsic volcaniclastic shale that 
conformably overlies the Burrell Creek Formation. It was 

et al
on differences between deformation and metamorphism 
in the unit, as compared to the underlying Burrell Creek 

the Tollis Formation is a part of the Finniss River Group, 
based on stratigraphic/lithologic similarities and conformity 
with the underlying Burrell Creek Formation. Detrital 
zircon U-Pb geochronology on a sample from the Katherine 
Gorge Road yielded a conservative maximum depositional 
age of 1868 ± 5 Ma (Worden et al
with a re-interpretation by Kruse et al
dacitic tuff in the Tollis Formation (from Page and Williams 

Given the known age data for the Burrell Creek Formation 
(Worden et al et al
true depositional age of the Tollis Formation is likely to be 
somewhat younger.

The Dorothy Volcanics 
succession of basaltic lavas, pyroclastic rocks and tuffaceous 

folded into the Burrell Creek Formation and are tentatively 
included within the Finniss River Group (Walpole et al 

Central Domain and include the Zamu Dolerite, Goodparla 
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Dolerite, Bludells Dolerite, Maud Dolerite, Shovel Billabong 
Andesite, lamprophyre and other dolerite dykes.

The Zamu Dolerite represents a suite of continental 
tholeiites with a composite thickness of about 1.5 km. It was 
intruded mainly as sills, which were folded and metamorphosed 
with the enclosing succession. These sills are most abundant 
in the South Alligator Group, but are also present in other 
groups. A sample of the Zamu Dolerite, obtained from the 
Fisher Landing Ground in the South Alligator Valley, has 
yielded a SHRIMP U-Pb zircon date of 1870 ± 6 Ma (Page 
1996b). Since the age of the South Alligator Group, which the 
Zamu Dolerite intrudes, is now constrained to ca 1863 Ma 
(Worden et al 2008a), the SHRIMP age of the Zamu Dolerite 
is considered to have been complicated by inheritance. The 
main lithology is massive, medium- to coarse-grained, grey 
quartz dolerite, in which primary textures and some primary 
minerals are usually preserved. A weak metamorphic 
foliation is developed in some thin sills. The dolerite has an 
ophitic texture, consisting of plagioclase, clinopyroxene and 
interstitial intergrowths of quartz and K-feldspar, anhedral 
quartz, minor euhedral K-feldspar, magnetite, biotite and 
rare apatite. Fractionated phases of the dolerite include 
hornblende-bearing granophyre, granophyric quartz dolerite 
and metadiorite (Ferenczi and Sweet 2005).

The Goodparla Dolerite intrudes the Masson 
Formation in northwestern MOUNT EVELYN1, in the 
Barramundi Dome area and between Old Goodparla ruins 
and Goodparla. Several magnetic amphibolite units within 
the Cahill Formation are included within this dolerite unit 
(Ferenczi and Sweet 2005). It comprises dark grey, medium-
grained olivine metadolerite with an ophitic texture and is 
distinguished from the Zamu Dolerite by its darker colour, 
absence of quartz grains and magnetic properties.

The Shovel Billabong Andesite is a up to 300 m-thick 
concordant body within the Gerowie Tuff in the South 
Alligator Valley. It contains mainly sodic plagioclase and 
minor augite phenocrysts in a holocrystalline groundmass 
of the same composition. The intimate stratigraphic and 
spatial association of the Gerowie Tuff with the Shovel 
Billabong Andesite and a concordant dacite intrusive rock 
suggests a close proximity to a Palaeoproterozoic eruptive 
centre (Needham et al 1988).

The Bludells Dolerite (previously Bludells Monzonite) 
occurs as irregularly shaped bodies up to 5 km across 
within the McCarthys Granite, Frances Creek Leucogranite 
and Allamber Springs Granite. It also occurs as dykes in 
the latter (Stuart-Smith et al 1993). The dolerite comprises 
clinopyroxene, orthopyroxene, olivine, biotite, opaques, 
plagioclase and minor quartz and K-feldspar. Pyroxenes are 
typically altered to actinolite. It is distinguished from more 

and Cr (up to 2781 ppm), and much lower Ba and Sr. Late-
stage Cullen Supersuite pegmatite and aplite veins, cutting 
both the dolerite and enclosing granites at contacts, indicate 
that the Bludells Dolerite is probably coeval with the Cullen 
Supersuite granites. As the Dolerite is usually enclosed by 
the Frances Creek Leucogranite, the latter may represent 
a localised melt formed by intrusion of the dolerite into a 
granitic intrusion (Stuart-Smith et al 1993).

The Maud Dolerite is exposed in a small area about 
15 km east of Katherine. It is a massive, medium- to coarse-
grained to gabbroic, dark-grey quartz dolerite (Kruse et al 
1994). The dolerite intrudes the Tollis Formation, largely as 
sills, in a number of places and is overlain unconformably 
by the Plum Tree Creek Volcanics. The Yeuralba Granite 
has contact metamorphosed the Tollis Formation and Maud 
Dolerite in this area (Kruse et al 1994). It is possible that the 
Maud Dolerite is of similar age to the Zamu Dolerite.

Lamprophyre dykes, typically minette, occur within faults 
and other pre-existing structures at a number of localities in 
the Central Domain. They are not visible on the surface, but 
are seen at mine workings within the Brocks Creek, Goodall, 
Mount Paqualin, Mount Todd, Rustlers Roost, Toms Gully, 
Woodcutters and Yam Creek deposits. These dykes postdate 
deformation and metamorphism in the Central Domain. 
At Brocks Creek, lamprophyres preferentially occupy an 
anticlinal hinge zone, but are not folded (Miller et al 1998). 
At Goodall, there is evidence that lamprophyres were 
emplaced after deformation, but prior to gold mineralisation 
(Quick 1994). The Toms Gully lamprophyres intrude both the 
Mount Bundey Granite (1831 ± 6 Ma) and the older Mount 
Goyder Syenite, but are co-genetically and temporally related 
to the granitoids (Sheppard 1992, Sheppard and Taylor 1992). 
At the Woodcutters deposit, they cross-cut the bedding and 
contain late-stage mineralisation (Smolongov 1988).

Geolsec Formation

The Geolsec Formation is a haematite-quartz breccia 
from the Rum Jungle region that unconformably overlies 
the Coomalie Dolostone and Whites Formation, and is 
unconformably overlain by the Depot Creek Sandstone 
of the Tolmer Group (Birrindudu Basin). It is considered 
to be younger than the Finniss River Group, based on the 
observation that its basal unconformity is not affected 
by folding preserved in the Finniss River Group (Ahmad 
et al 2006) and probably corresponds to either the P4 or 
P5 division of Ahmad (2000). The unit is 40–200 m thick 
and comprises haematitic quartzite breccia, milky quartz 
and chert breccia, haematitic mudstone, siltstone and 
sandstone, minor phosphatic siltstone and breccia. The 
suggested modes of origin include palaeokarst collapse 
(Crick 1987), reworked talus slope deposit (Paterson et al 
1984, Beardsmore 1983) and fault scarp breccia deposited 
in a shallow-marine environment (Ahmad et al 2006).

El Sherana and Edith River groups

Widespread post- to late orogenic granites, coeval felsic 
volcanic rocks, sandstone and minor shale between the 
orogenic strata of the PCO and the McArthur Basin were 
originally incorporated in the “Transitional Domains” of 
Plumb et al (1980). This volcani-sedimentary succession is 
divided into the El Sherana and unconformably overlying 
Edith River groups.

El Sherana Group

The El Sherana Group outcrops in the South Alligator 
Valley and the Edith River area. It is a >2.5 km-thick 

1 Names of 1:250 000 and 1:100 000 mapsheets are in large and small 
capital letters, respectively, eg MOUNT EVELYN, FOG BAY.
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rocks, sandstone, conglomerate and sedimentary breccia, 
unconformably overlying the South Alligator Group. Its 
depositional age is constrained by SHRIMP U-Pb zircon 
dates of 1829 ± 5 Ma for a rhyolite porphyry within the 
Pul Pul Rhyolite (Jagodzinski 1999) and 1825 ± 4 Ma 
for the overlying Plum Tree Creek Volcanics of the Edith 
River Group (Page 1996c).

The basal Scinto Breccia is a pink-brown siliceous 
and commonly phosphatic rock, containing poorly sorted, 
angular pebble-sized clasts of white, polycrystalline 
quartz and rare phyllite, metagreywacke and altered 
rhyolite, in a matrix and secondary cement of haematite, 
quartz and varying amounts of apatite. Stuart-Smith et al 
(1988) suggested that the breccia is an in situ regolith 
that developed over carbonate-bearing rocks (mainly 
Koolpin Formation) at the unconformity surface. This 
interpretation does not account for the presence of the 
breccia over non-carbonate rocks at several localities 
(eg metasiltstone at Saddle Ridge, rhyolitic ignimbrite 
southwest of Sleisbeck), the variable lithological 
composition of framework clasts (eg at Coronation 
Hill) and the unusual metal chemistry. A more probable 
origin is that the breccia denotes local talus deposits 
(Walpole et al 1968), situated within and adjacent to 
synsedimentary faults that have acted as conduits for 

1991, Freidmann and Grotzinger 1991).
The Coronation Sandstone

of conglomerate, sandstone, volcaniclastic siltstone and 

rocks. This unit unconformably overlies deformed and 
metamorphosed rocks of the Finniss River Group, or is 
interbedded with the Scinto Breccia. A SHRIMP U-Pb 
zircon age of 1827 ± 4 Ma was obtained for a rhyolitic 

volcanics (Jagodzinski 1999).
The Pul Pul Rhyolite represents a succession of 

amalgamated felsic ignimbrites and volcaniclastic rocks 
with partially intrusive rhyolite porphyry and rhyolite 
lava. It unconformably overlies the Coronation Sandstone 
and various basement units. The top of the succession 
is interbedded with and disconformably overlain by 
polymictic volcaniclastic conglomerate, sandstone 
and minor siltstone lenses. SHRIMP U-Pb zircon 
geochronology has yielded ages of 1827 ± 4 Ma and 
1828 ± 4 Ma for rhyolite porphyries, and 1829 ± 5 Ma for 
a lithic-poor ignimbrite (Jagodzinski 1999). Interpretation 
of SHRIMP U-Pb age data obtained from a lithic-rich 
ignimbrite (sample 89123138) by Jagodzinski (1999) 
suggests the presence of two zircon populations that have 
ages of 1862 ± 16 Ma (zircon xenocryts) and 1810 ± 27 Ma 
(syn-crystallisation zircon).

The Big Sunday Formation represents a valley 

sandstone, volcaniclastic siltstone, amygdaloidal basalt, 
rhyolite and rhyolitic ignimbrite. A local disconformity 
is present at the contact with the underlying Pul Pul 
Rhyolite. An angular unconformity is apparent between 
the Big Sunday Formation and the overlying Kurrundie 
Sandstone.

Edith River Group

The Edith River Group overlies the El Sherana Group with 
only minor angular discordance and is represented by the 
Kurrundie Sandstone, Phillips Creek Sandstone, Hindrance 
Creek Sandstone and Plum Tree Creek Volcanics. The 
Kurrundie Sandstone forms the base of the Edith River 
Group and consists predominantly of thickly bedded to 
massive, purple to brown, coarse to pebbly lithic quartz 
sandstone interbedded with conglomerate and minor 
siltstone. The Phillips Creek Sandstone is unconformably 
overlain by the Plum Tree Creek Volcanics and rests with 
a marked angular unconformity on the Tollis Formation. It 
consists of interbeded, labile and tuffaceous, poorly sorted 
sandstone, arkose, conglomerate and minor siltstone. The 
Hindrance Creek Sandstone rests unconformably on the 
Tollis Formation and is either conformable beneath or is 
faulted against the Plum Tree Creek Volcanics. It comprises 
medium- to coarse-grained, poorly sorted, pebbly quartz 
sandstone and arkose. The Plum Tree Creek Volcanics 
conformably overlies the three sandstone units mentioned 
above and comprises massive rhyodacitic ignimbrite, 

minor crystal tuff. Minor discontinuous clastic interbeds 

pebble conglomerate, micaceous sandy siltstone and 
tuffaceous siltstone. The succession includes interbedded 

zircon age of 1822 ± 6 Ma has been obtained from an 
ignimbrite within the Plum Tree Creek Volcanics (Kruse 
et al 1994).

Summary of basin development in the Central Domain

The initiation of sedimentation in the Central Domain 
is considered to be the result of rifting of Neoarchaean 
basement at ca 2020 Ma. The Central Trough was formed 
as a result of a northwest-trending structure and another 
depocentre was probably developed in the Eastern Trough 
(Figure 5.4). The form of these initial structures may 
be half grabens, as suggested by Needham et al (1988). 
These authors divided the overall succession into a rift 
phase (Manton, Namoona and Mount Partridge groups), 
sag phase (South Alligator Group) and pre-orogenic phase 
(Finniss River Group). Geochronological studies on 
tuffaceous and volcanic units in the Mount Partridge and 
South Alligator groups (Lally and Worden 2004, Worden 
et al 2008a, b) suggests a hiatus in sedimentation of 
ca 160 Ma between these two groups. Therefore a single 
rift, sag, pre-orogenic cycle is unlikely and two major 
depositional cycles are more probable. The Woodcutters 
and the Cosmo supergroups represent these older and 
younger cycles, respectively.

Figure 5.14
Smith (1984) and provides a palaeogeographical 
reconstruction of the Palaeoproterozoic successions of the 
Central Domain, prior to ca 1860–1840 Ma deformation 
and metamorphism. No detailed sedimentological studies 
on the Palaeoproterozoic strata have been undertaken and 
the following discussion provides a preliminary account of 
the sedimentary environments.
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Along the basin shelf, Manton Group sedimentation 

detritus being Archaean basement highs, as is indicated by 
Neoarchaean inherited zircons in the Beestons Formation 
and Acacia Gap Quartzite Member. Towards the centre of 
the basin, the Masson Formation was deposited in a deeper-
water low-energy environment that was dominated by 
carbonaceous shale with interbeds of calcareous sandstone 
and carbonate rock. Volcanic activity, manifested by the Stag 

Trough. The Rum Jungle Complex formed palaeohighs 
surrounded by algal reef colonies that developed in a 
supratidal to evaporitic environment (Bone 1985). The 
Nanambu Complex and Woolner Granite/Dirtywater 
Metamorphics also probably formed palaeohighs that 
provided a similar palaeogeographic setting. It is possible 
that most of the Batchelor Shelf was emergent and that 
deposition never took place in the western PCO at this time.

The overlying Mount Partridge Group succession 

are widespread throughout the PCO and followed a period 
of source rejuvenation and non deposition (Needham and 
Stuart-Smith 1984). The sediments are considered to have 
been derived from the north. Coarse marine sandstone 
alternated with shale and volcanic interbeds. These 
were succeeded by a thick succession of shale deposited 
in a low-energy, possibly subtidal environment. In the 
Rum Jungle area, sedimentation extended westward and 

by subtidal to supratidal stromatolitic carbonate rock. This 
is followed by a thick succession of pyritic carbonaceous 
mud interbedded with dololutite that was deposited in a 
low-energy environment. A major depositional break of 
ca 160 Ma was followed by the deposition of the South 
Alligator Group.

Unlike the underlying deposits, there are no basal 
sandstones in the South Alligator Group succession, which 
begins with a basal breccia and is overlain by pyritic 
carbonaceous shale, interbedded carbonate rocks and 
banded ironstone, chert beds and tuffaceous intervals. 
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These sediments represent low-energy environments and 
slow sedimentation.

The upper part of the succession (Finniss River Group) 

deposits. Clast compositions indicate a source area of 

(Needham et al 1988). This succession is dominated by 
monotonous turbidites and heralds the onset of orogenic 
activity (see below). The sedimentary rocks are coarser to 
the west, indicating a source in that direction.

The El Sherana and Edith River groups are envisaged 
to have been deposited in fault-bounded shallow grabens, 
within which a valley and ridge topography was developed 
in the South Alligator Valley area (Needham et al 1988, 
Needham and Stuart-Smith 1985). These grabens were 

adjoining highlands. Extrusion of ignimbritic rocks and 

grabens and extended into adjoining areas beyond the 
bounding faults. The Pul Pul Rhyolite volcanic succession 
is interpreted to have accumulated in a small continental 
basin (‘Jawoyn Sub-basin’) under subaerial conditions 
(Needham and Stuart-Smith 1985a). The thick ignimbrite 
pile and abundant co-magmatic intrusions south of 
the Malone Creek Granite are thought to represent 
the preserved remnant of an ancient caldera structure 
(Jagodzinski 1999). Volcaniclastic turbiditic sediments 
and interbedded volcanics of the Big Sunday Formation 
subsequently spread over the surrounding uplands. The 
crystal-rich volcanic sandstone, feldspathic greywacke 
and volcaniclastic siltstone of this formation were probably 
deposited in a lacustrine environment (Freidmann and 
Grotzinger 1994).

Further uplift and erosion were followed by renewed 
subsidence and deposition of the Edith River Group. The 
initial sediments were mainly sandstones, possibly deposited 

et al 1988). The succession of facies represents a juvenile 

medial braidplain (pebble conglomerate and trough-bedded 
sandstone), through to distal braidplain (siltstone and well 

the northwest (Freidmann and Grotzinger 1994). This was 
followed by the extrusion of the Plum Tree Creek Volcanics. 
These volcanics were subaerial lavas and ignimbrites that 

of the compositionally similar Grace Creek Granite probably 
coincides with the effusive centre of Plum Tree Creek 
rhyodacitic volcanism (Needham et al 1988).

Granitoids

On the basis of geochemical characteristics, Wyborn et al 
(1997) subdivided the PCO granites into the Nimbuwah 
Suite (Nimbuwah Complex, Nimbuwah Domain); 
Cullen Supersuite and Jim Jim Suite (Central Domain); 

Salient petrological and geochemical characteristics of 
these granitoids are given in Table 5.3. A summary of 
the characteristics of individual plutons is provided in 

Table 5.4 and locations of various granite suites are given 
in Figure 5.15.

Cullen Supersuite

Cullen Supersuite granite plutons were emplaced into the 
Central Domain in the period ca 1835–1820 Ma (Wyborn 
et al 1997). This is believed to be synchronous with a major 
extensional event that led to the deposition of the El Sherana 
and Edith River groups and probably also the lower Katherine 
River Group. The granites form an I-type (granodiorite) 

have large contact aureoles and are spatially associated with 
gold deposits. The granites are predominantly calc-alkaline 
and the presence of magnetite as an important accessory, 
together with magnetic susceptibility measurements 
(Bajwah 1994), indicates that they belong to the ‘Magnetite 
Series’ of Ishihara (1977). Petrological and geochemical 
data provide evidence that crystal fractionation played a 
dominant role during the crystallisation history.

On the basis of petrology, geochemistry and associated 
mineral deposits, Stuart-Smith et al (1993) and Wyborn 
et al (1997) subdivided the Cullen Supersuite into three 
groups, each containing a number of suites:

1. Leucogranite-dominated plutons:
a. Saunders Suite: Foelsche Leucogranite, Mount 

Davis and Saunders granites
b. Burnside Suite: Burnside, Wandie and Douglas 

granites, Frances Creek Leucogranite
c. Tennysons Suite: Tennysons, Yenberrie, Umbrawarra 

leucogranites, Wolfram Hill and Fenton granites
2. Granite-dominated plutons:

a. Fingerpost Suite (hornblende dominated): Fingerpost 
Granodiorite, Minglo and McCarthys granites

b. McMinns Bluff Suite (biotite dominated): McMinns 
Bluff Granite

c. Margaret Suite (hornblende-biotite granites): 
Margaret, Prices Springs, Mount Porter and 
McKinlay granites

d. Mount Bundey Suite: Mount Bundey Granite and 
Mount Goyder Syenite

3. Concentrically zoned transitional granites and 
leucogranite-dominated plutons:
a. Shoobridge Suite (zoned hornblende dominated): 

granites
b. Allamber Springs Suite (zoned biotite dominated): 

Allamber Springs Granite

Palaeoproterozoic country rocks have been contact-
metamorphosed in the vicinity of the Cullen Supersuite 
granitoids. Albite-epidote hornfels is present in all contact 
aureoles, commonly with a narrow, inner continuous zone 
of hornblende-hornfels (Stuart-Smith 1985). The effects 
of contact metamorphism are seen up to 10 km away 
from the exposed granite contacts (Stuart-Smith 1985), 
but an emphasis on lateral distance may be misleading, as 
geophysical data (Tucker et al 1980) suggest that granitic 
rocks are present virtually everywhere in the PCO at a 
depth of 1–4 km. However, the geophysical data cannot 
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Suite and geochronology Characteristics and component plutons

NIMBUWAH COMPLEX
1866 ± 8 Ma1, 1864 ± 4 Ma2,
1860 ± 4 Ma2, 1866 ± 3 Ma2

Dominantly restite suite with little or no fractionation. 
Geochemistry: SiO2: 58–76 wt%, 2O/Na2O: some evidence of sodic alteration. Th/U: U 
loss during regional metamorphism. Fe2O3/(FeO+Fe2O3): relatively reduced. Rb: weak increase with increasing SiO2. 
Th, U, Y, Rb/Sr: no increase with increasing SiO2. P2O5: decrease with increasing SiO2. K/Rb: scattered. Rb-Ba-Sr: plot 

 moderately high and decreases with increasing SiO2. Ba: scattered. F: weak decrease with 
increasing SiO2. 
Mineralogy
magnetite and titanite. In migmatised area in Beatrice Inlier, orthopyroxene, clinopyroxene and garnet have been noted. 

ALLIA  CREEK SUITE
Murra-Kamangee 
Granodiorite, 
1862 ± 2 Ma2, 1854 ± 4 Ma2, 
1853 ± 3 Ma3

Jammine Granite
1858 ± 5 Ma2

,
1768 ± 16 Ma4

Two Sisters Granite 
1862 ± 5 Ma2

Allia Creek Granite
1806 ± 7 Ma2

Fish Billabong Adamellite
1850 ± 3 Ma2

S-type suite containing peraluminous minerals, such as andalusite, cordierite and muscovite. 
Geochemistry:  SiO2:  57–76 wt%. Th/U: most ratios are within normal range. Fe2O3/(FeO+Fe2O3): some more 

phases.  Rb: increases with increasing SiO2 in Two Sisters, Jammine and Soldiers Creek granites. U: late increase in 
some plutons with increasing SiO2. P2O5, Th, Y: no increase with increasing SiO2. K/Rb: decreases with increasing SiO2 
in all plutons with exception of Murra-Kamangee Granodiorite and Allia Creek Granite. Rb-Ba-Sr: some samples plot 

 increases with SiO2 in Two Sisters, Jammine and Soldiers 
Creek granites. Ba: decreases with increasing SiO2.
Mineralogy: Characteristically S-type, with andalusite and cordierite being recorded. Biotite and muscovite are 

contain haematite, suggesting that the suite became more oxidised with fractionation.
COMPONENT PLUTONS: Murra-Kamangee Granodiorite,  

WAGAIT SUITE 
Wagait Granite 
1863 ± 3 Ma2

Koolendong Granite
1860 +2/-5 Ma2

Restite-rich, with some late fractionation of felsic phase. Mainly medium-grained granodiorite, monzogranite and 
granite. Suite is probably an extension of Paperbark Suite of Halls Creek Orogen.
Geochemistry: Little geochemical data.
Mineralogy: Dominant minerals are quartz, K-feldspar, plagioclase, biotite and hornblende, with accessory epidote, 
apatite and zircon. Peppimenarti Granite is more felsic and is dominated by monzogranite to granite. Some aplite and 
pegmatite phases suggest late-stage evolution of magmatic phase. Reynolds River Granite is a small stock of grey to 
pink, medium- to coarse-grained granite to monzogranite. No mineralisation is associated with this Suite, suggesting that 
its potential is low.

CULLEN SUPERSUITE
Margaret Granite
1860 ± 25 Ma1

Fingerpost Granodiorite 
1843 ± 22 Ma1, 1823 ± 3 Ma2

McMinns Bluff Granite 
1835 ± 6 Ma2, 1818 ± 3 Ma1

Mount Bundey Granite 
1831 ± 6 Ma1

Allamber Springs Granite 
1826 ± 18 Ma1, 1826 ± 32 Ma1,
1822 ± 6 Ma2, 1818 ± 5 Ma2

Umbrawarra Leucogranite 
1825 ± 7 Ma2, 1805 ± 12 Ma1

Prices Springs Granite 
1804 ± 50 Ma1

Burnside Granite 
1800 ± 5 Ma2, 1750 ± 56 Ma1

Geochemistry: SiO2: 2O/Na2O: remarkably coherent, considering degree of alteration 
observed in thin sections.  Th/U: plot in normal range. Fe2O3/(FeO+Fe2O3): relatively reduced. P2O5, U, Y, Rb, Rb/S, 
F: increase with increasing SiO2. Th: weak increase with increasing SiO2. K/Rb, Sr, Ba: decrease with increasing SiO2.
Mineralogy: Dominant minerals are quartz, plagioclase, K-feldspar, biotite and hornblende. Plagioclase grains are 
almost universally altered to sericite, and biotite is commonly altered to chlorite.

. Mount Goyder Syenite

JIM JIM SUITE
Grace Creek Granite 
1863 ± 5 Ma1

Plum Tree Creek Volcanics 
1858 ± 25 Ma1, 1825 ± 4 Ma2,
1833 ± 43 Ma1

Ironbark Member 
1857 ± 61 Ma1

Jim Jim Granite 
1838 ± 7 Ma2

Gimbat Formation
1827 ± 5 Ma2, 1827 ± 4 Ma2

Malone Creek Granite 
1823 ± 9 Ma2, 1808 ± 20 Ma2,
1736 ± 5 Ma2

Tin Camp Granite
1846 ± 13 Ma2

Nabarlek Granite
1818 ± 8 Ma2

suite is predominantly oxidised.
Geochemistry: SiO2: 50–79 wt%, most samples are in  63–79 wt% range. K2O/Na2O: dominant sericite alteration is 

2O and very low values of Na2O. Some samples have been albitised. Th/U:  
ratios have been only weakly affected. Fe2O3/(FeO+Fe2O3): some samples have been strongly oxidised. F, Rb/Sr, Th, 
Y, U, Rb: increase rapidly and exponentially to very high values with increasing SiO2. Ba, K/Rb, P2O5: decrease with 
increasing SiO2
Mineralogy
Fluorite is commonly recorded.

Table 5.3. Summary of PCO granite suites. Geochronology superscripts: 1 = conventional U-Pb zircon (TIMS), 2 = SHRIMP U-Pb 
zircon, 3 = U-Pb xenotime, 4 = Rb-Sr.
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Name Texture Mineralogy Petrology / geochenmistry

NIMBUWAH 
COMPLEX

Migmatitic, foliated, porphyritic
coarse granodiorite.

Bt, Hbl, Pl, Kfs, Qtz, Ap, 
Zrn, Aln, Fl

Granodiorite, tonalite, quartz monzonite, A-type. 
Restite-dominated suite with little or no fractionation.

ALLIA CREEK SUITE

Jammine Granite Medium-grained tourmaline-
muscovite leucogranite

Qtz, Mc, Ms, Tur Leucogranite; high SiO2, K2O.

Two Sisters Granite Medium-grained granite with 
coarse garnet-bearing pegmatitic 
variety.

Qtz, Kfs, Pl, Or, Bt, Ms, Grt, 
Tur, Ap, Ttn, Py, Po, Zrn.

Quartz monzonite to granite; pegmatitic variety is low in 
TiO2, FeO, MnO, Sr, Zr, Ba and La, but is high in SiO2, 
Na2O, Al2O3, Rb, Bt, Li and Sn.

Granite
Fine to medium foliated to non-
foliated granite.

Qtz, Kfs, Pl, Mc, Bt, Ms, Tur, 
Ap, Zrn, 

Quartz monzonite to granodiorite. Large SiO2 and Rb 
range, low K2O and Sr, high CaO, MgO, Rb, Ba and Zr. 
S-type.

Murra-Kamangee 
Granodiorite

Medium-grained variable foliated 
granodiorite.

Qtz, Kfs, Pl, Mc, Bt, Grt, Ap, 
Ttn, Ilm, Mag, Ms, And, Sil, 
Crd, Zrn

Tonalite to granodiorite, quartz monzonite, large SiO2 
range, low K2O and Na2O. S-type.

Fish Billabong 
Adamellite

Medium to coarse, equigranular, 
partly foliated quartz monzonite.

Qtz, Kfs, Pl, Mc, Bt, Adl Quartz monzonite.

Allia Creek Granite Coarse porphyritic granite. Qtz, Mc, Pl, Bt, Ms, Ap, Zrn Granodiorite with large microcline phenocrysts.

Soldiers Creek 
Granite

Medium-grained porphyritic 
granite.

Qtz, Kfs, Mc, Pl, Bt, Ms Quartz monzonite and granodiorite.

CULLEN SUPERSUITE
Leucogranite-dominated plutons

Saunders Suite

Saunders Granite Fine- to medium-grained, 
equigranular leucogranite.

Qtz, Mc, Or, Pl, Bt, Hbl, Ap, 
Mag, Py, Ttn, Aln, Zrn

Leucogranite; large SiO2 range, high FeO, TiO2, MgO, 
CaO, Sr and Ba. Low Rb. 

Foelsche 
Leucogranite

Fine- to medium-grained 
leucogranite, granophyric 
intergrowths of Qtz and Kfs.

Qtz, Kfs, Bt, Py Leucogranite; low Li, Rb, U and Y.

Mount Davis Granite Coarse-grained porphyritic 
leucogranite.

Qtz, Kfs, Pl, Bt, Hbl, Aln Leucogranite; high TiO2, MgO, Sr, and Ba, low Rb, U.

Burnside Suite

Burnside Granite Fine- to medium-grained granite, 
porphyritic to equigranular.

Qtz, Kfs, Pl, Ms, Bt, Aln, 
Mag, Ap, Zrn, Fl

Leucogranite; high SiO2, Al2O3, Na2O and Rb. Low MgO, 
Sr.

Douglas Granite Fine- to medium-grained 
porphyritic granite.

Qtz, Kfs, Pl, Bt, Ap, Mag, 
Zrn, Mnz

Leucogranite; large SiO2 range. Low Al2O3, Th, Zr, Nb, Ga, 
La and Ce.

Wandie Granite Medium-grained equigranular 
granite.

Qtz, Kfs, Bt, Ms Leucogranite; high SiO2, Na2O. Low MgO, Sr, Nb.

Frances Creek 
Leucogranite

Qtz, Pl, Mc, Bt, Ms, Aln, Ap Leucogranite; high SiO2, Al2O3. Low MgO, Nb, U.

Tennysons Suite

Tennysons 
Leucogranite

Coarse-grained porphyritic 
leucogranite with interspersed 

leucogranite.

Qtz, Kfs, Pl, Bt, Ms, Ap Leucogranite; high TiO2, Fe, K2O, P2O5, V, Ni, Rb, U, Y 
and Sn. Low CaO, Na2O, Ba, Sr, Th, Zr, Nb, La and Ce. 

Yenberrie 
Leucogranite

Fine-grained leucogranite and 
greisen.

Qtz., Kfs, Pl, Bt, Ms, Ap

Wolfram Hill 
Granite

Coarse-grained porphyritic quartz 
monzonite.

Qtz, Pl, Kfs, Bt, Fl Granite and quartz monzonite; very depleted in CaO 
(0.56%) and enriched in Al2O3 (17.26%).

Fenton Granite Medium to coarse grained 
commonly porphyritic and partly 
foliated leucogranite and quartz 
monzonite.

Qtz, Kfs, Bt, Pl, Hbl, Mag, 
Aln, Ttn, Ap, Grt, Zrn

Leucogranite and quartz monzonite; low TiO2, MgO, 
P2O5, Th and high Na2O, Sr, Pb, Ba, Zr, La and Ce; more 
fractionated parts show a trend towards high Rb, U and Y.

Umbrawarra 
Leucogranite

Coarse grained porphyritic 
leucogranite.

Qtz, Pl, Kfs, Bt, Ms, Hbl, 
Mag, Ap, Ttn, Tur

Leucogranite , low CaO, Na2O, Ba, Sr, Pb, Th, Zr, Nb, La, 
Ce, V, Cr and high K2O, P2O5, As and Sn, Rb, U, Y and Li.

Table 5.4
Andalusite, Ap = Apatite, Bt = Biotite, Crd = Cordierite, Fl = Fluorite, Grt = Garnet, Hbl = Hornblende, Ilm = Ilmenite, Kfs = K-Feldspar, 
Mc = Microcline, Ms = Muscovite, Mag = Magnetite, Mnz = Monazite, Or = Orthoclase, Plg = Plagioclase, Po = Pyrrhotite, Py = Pyrite, 
Qtz = Quartz, Sil = Sillimanite, Tou = Tourmaline, Ttn = Titanite, Zrn = Zircon (table continued on next page).



Pine Creek Orogen

5:20

Table 5.4 continued from previous page and 
continued on next page).

Name Texture Mineralogy Petrology / geochenmistry

Concentrically zoned transitional granites and leucogranite-dominated plutons
Hornblende-dominated suites

Shoebridge Suite

Shoobridge Granite Medium-grained, zoned from 
granodiorite through quartz 
monzonite to leucocratic quartz 
monzonite.

Qtz, Kfs, Pl, Bt, Hbl, Mag, 
Ap, Zrn, Aln.

Leucogranite, granodiorite and quartz monzonite; high 
Al2O3, Na2O, K2O, P2O5, Ba, Sr, Pb, Th, U and Nb. Low in 
CaO and Fe. 

Tabletop Granite Coarse-grained porphyritic granite 

granite.

Qtz, Kfs, Pl, Bt, Hbl, Aln, 
Ttn, Zrn, Mag, Fl

Granite and leucogranite; high CaO, MgO and Sr and low 
TiO2, K2O. Pb, Th, Zr, Nb, Y, La, Ce, V, Ga and F. 

Mount Davis Granite Equigranular and porphyritic 
coarse-grained leucogranite.

Qtz, Kfs, Pl, Bt, Hbl, Aln, Ap Leucogranite; low TiO2, Al2O3, K2O and high Fe, CaO, 
Na2O, V, Sn, Cu.

medium-grained granite. Coarse-
grained core with Kfs megacrysts.

Qtz, Kfs, Pl, Bt, Ms, Zrn, 
Ap, Py

Granite; high MgO, CaO and V; low Sr, Pb, Th, U, Zr, Nb, 
La and Ce. Rb, U, and Li increase with increasing SiO2.

Allamber Springs Suite

Allamber Springs 
Granite

Coarse-grained equigranular 
leucogranite with porphyritic 
granite at margins.

Qtz, Pl, Kfs, Bt, Hbl, Aln, 
Ttn, Mag, Zrn, Ap, Fl

Leucogranite and granite; low TiO2, Al2O3, MgO, and CaO 
and high Na2O, Sr, Th, Zr, La, Ce and V.

Bonrook Granite Coarse-grained porphyritic granite Qtz, Kfs, Pl, Bt, Ms, Aln, 
Zrn, Mag

Leucogranite and granite; low Al2O3, Ba, Th, Zr, La and Ce 
and high Rb, U and Th. 

Granite-dominated plutons
Hornblende-dominated plutons

Fingerpost Suite

Fingerpost 
Granodiorite

Coarse-grained porphyritic 
granodiorite grading into 
porphyritic granite with up to 40% 
Kfs megacrysts.

Qtz, Kfs, Pl, Hbl, Bt, Ap, 
Mag, Zrn, Aln

Granodiorite and granite; high MgO, CaO, Sr, V, Cr, Ni, Cu 
and Sn and low TiO2, Al2O3, K2O, P2O5, Li, Rb, Zr, Nb, Y, 
La, Ce, Zn and Ga. One of the least fractionated plutons of 
Cullen Batholith. 

McCarthys Granite Coarse-grained porphyritic to 
equigranular granite gradational to 
leucogranite.

Qtz, Kfs, Pl, Hbl, Bt, Mag, 
Ap, Fl, Ttn, Grt, Ms

Granite and leucogranite; low TiO2, K2O, Li, Rb, U, Y and 
Nb. High MgO, CaO, Na2O, Ba, Sr, Zr, V, Cr and Ni. 

Minglo Granite Coarse-grained porphyritic 
granite, monzonite and 
leucogranite.

Qtz, Kfs, Pl, Hbl, Bt, Mag, 
Ttn, Aln, Ap, Zrn high Al2O3, CaO, Na2O, K2O, P2O5, Sr, Pb, U, Th, Zr, Nb, 

La, Ce and V. Low TiO2 and MgO.

McMinns Suite

McMinns Bluff 
Granite granite.

Qtz, Kfs, Pl, Bt, Hbl, Mag, 
Ttn, Ap, Aln, Zrn

Granite; western lobe has high TiO2, MgO, Na2O, K2O, 
P2O5, Rb, Sr, Ba, Nb, Zr, Th and U; eastern lobe has high 
TiO2, Fe, K2O, P2O5, Pb, Zr, Nb, Y, La, Ce, Zn, Ga, F and is 
low in MgO, CaO, Na2O, Th, U, V and Ni.

Hornblende – biotite equal

Margaret Suite

Margaret Granite Medium- to coarse-grained 
porphyritic to equigranular quartz 
monzonite.

Qtz, Kfs, Pl, Bt, Hbl, Aln, 
Mag, Zrn, Ap.

Quartz monzonite.

Prices Springs 
Granite

Medium- to coarse-grained 
porphyritic granite.

Qtz, Kfs, Pl, Bt, Hbl, Ap, 
Mag.

Granite; high TiO2, Al2O3, K2O, P2O5, Sr, Pb, Th, Zr, Nb 
and Bt; low CaO, MgO, Na2O.

Mount Porter 
Granite

Coarse-grained porphyritic 
granite.

Qtz, Kfs, Pl, Ms, Bt, Hbl Granite

McKinlay Granite Medium- to coarse-grained mostly 
equigranular granodiorite.

Qtz, Pl, Kfs, Bt, Hbl, Mag, 
Ttn, Ap.

Granite and granodiorite; high TiO2, Al2O3, K2O, P2O5.

Mount Bundey Suite

Mount Bundey 
Granite

Massive medium-grained granite. Qtz, Pl, Hbl, Bt, Ap, Aln I-type granite; high Th, U, Ni, Cr.

Mount Goyder 
Syenite

Cumulate-textured coarse-grained 
syenite.

Kfs, Hbl, Cpx, Qtz, Bt, Ttn, 
Ap, Mag, Zrn

Shoshonitic syenite; high alkalis, LILE, LREE, Th, and U, 
high but variable Cr and Ni.
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readily distinguish between Archaean basement and 
Palaeoproterozoic granitoids.

Deformation associated with the emplacement of the 
granitoids is not obvious in outcrops because of their large 
dimensions. The folds are open, have low amplitudes, trend 
east, may be associated with poorly developed crenulation 
cleavages, and are responsible for the formation of elongated 
basins and domes such as the Golden Dyke Dome, which is 

the result of F  interference with an F  fold (Stuart-Smith 
1985, Stuart-Smith et al 1993). The Maud Creek Event 
(Needham et al 1988) could be regarded as a localised early 
phase of the Cullen Event. It is represented by folding in the 
El Sherana Group. These folds are typically open to tight 
and north- to northeast-trending.

The early crystallisation history of granitoids that are 
spatially related to gold and base metals mineralisation, 

Name Texture Mineralogy Petrology / geochenmistry

JIM JIM SUITE

Jim Jim Granite Coarse-grained equigranular 
hornblende-biotite granite and 
coarse-grained equigranular to 
porphyritic biotite granite.

Qtz, Kfs Pl, Bt, Hbl, Aln, 
Ap, Zrn

Granite, leucogranite and granophyre.

Malone Creek 
Granite

Porphyritic to equigranular 
medium-grained granite.

Qtz, Kfs, Pl, Bt, Aln, Ttn, 
Fl, Zrn

Alkali feldspar granite.

Grace Creek Granite Fine- to coarse-grained 
equigranular to porphyritic alkali 
feldspar granite and greisens.

Qtz, Kfs, Pl, Bt, Hbl, Mag, 
Zrn

Microgranite and granophyre.

Eva Valley Granite Porphyritic biotite leucogranite. Qtz, Kfs, Pl, Bt, Aln, Ttn, 
Zrn, Fl

Leucogranite.

Yeuralba Granite Coarse-grained equigranular 
leucocratic leucogranite.

Qtz, Kfs, Pl, Bt, Ms, Tur Leucogranite.

Nabarlek Granite Coarse-grained  equigranular 
granite.

Qtz, Pl, Kfs, Bt, Aln, Zrn, Fl Granite; very high in U content (up to 25 ppm).

Tin Camp Granite Biotite granite, trondhjemite, 
porphyritic granite.

Pl, Kfs, Qtz, Bt, Zrn Granite.

Table 5.4 continued from previous page).
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(Allamber Springs, Burnside and Tabletop granites) is 
dominated by the crystallisation of anhydrous minerals. 
Water saturation in the residual melt, causing sericitisation 
and chloritisation of primary mineral phases, is indicated by 
the late appearance of biotite and hornblende. The perthitic 
nature of K-feldspar in these granitoids was probably also 

et al 1990).
A number of attempts have been made to obtain 

radiometric ages of the different phases of the Cullen 
Supersuite. A detailed sampling program for U-Pb zircon, 
conventional and SHRIMP geochronological studies was 
carried out by RW Page in the early 1990s. The results were 
summarised in Stuart-Smith et al (1993) and Wyborn et al 
(1997), and details can be obtained from the Geoscience 
Australia OZCHRON database. U-Pb zircon SHRIMP 
ages range from 1835 Ma (McMinns Bluff Granite) to 
1800 Ma (Burnside Granite) and are more precise than 
either conventional U-Pb zircon ages (1860 to 1750 Ma), or 
earlier Rb-Sr whole rock or K-Ar ages (ca 1780 Ma; Hurley 
et al 1961, Walpole et al 1968, Steiger and Jäger 1977, Riley 
1980).

The brief petrological account of the various granite 
suites given below is largely derived from Ahmad et al 
(1993), Stuart-Smith et al (1993), Bajwah (1994) and 
Wyborn et al (1997), where more in-depth descriptions can 
be found.

Leucogranite-dominated plutons
These plutons occur mainly as circular to elliptical 

medium grained, and are usually porphyritic with marginal 
equigranular phases. Microcline, quartz, albite, plagioclase 
are the main minerals, with minor biotite, hornblende and 
muscovite. Megacrysts comprise perthitic microcline, 
albite, quartz and minor biotite. Accessory minerals are 
apatite, zircon and rare titanite, allanite, monazite, magnetite 

Some plutons have patches of greisens and veins of quartz, 

a medium- to coarse-grained predominantly equigranular 
phase occupies the central parts. Many of these plutons are 
spatially associated with Sn, W, Mo and Cu mineralisation.

Leucogranite-dominated plutons are characterised by 
>70 wt% SiO2. The Saunders Suite shows little variation 
in K/Rb values, or Rb, Li, U or Y contents with increasing 
SiO2. These granites have an ASI <1.1 and Fe2O3/(FeO + 
Fe2O3) values >0.24. The Burnside Suite shows increasing 
Rb, Li, U, and Y, and decreasing K/Rb values with 
increasing SiO2. The Fe2O3/(FeO + Fe2O3) values range 
from 0.3 to 0.1 and the ASI is <1.1. The Tennysons Suite 
shows increasing Rb, U, Y and decreasing K/Rb values 
with increasing SiO2. The ASI is >1.1 and Fe2O3/(FeO + 
Fe2O3) values are <0.24.

Granite-dominated plutons
These plutons are generally irregular in shape, but some 
circular plutons are also present. A majority are pink and 
green in colour, coarse-grained and strongly porphyritic. 
Some phases have up to 50% K-feldspar megacrysts 

which are generally <6 cm in size. K-feldspar (microcline, 
orthoclase), albite/oligoclase, quartz, biotite, hornblende 
and rare muscovite are the major constituents. Accessory 
minerals include zircon, apatite, rare allanite, titanite 

relative proportions of biotite and hornblende, and the 
wt% at which hornblende disappears with increasing SiO2. 
These plutons are spatially associated with some Cu and 
Au occurrences.

Hornblende-dominated plutons of the Fingerpost Suite 
are high in CaO, Sr and V, and low in TiO2. K/Rb values are 
high and show little variation with SiO2 contents, and ASI 
values are mostly <1.1. The Fingerpost Granodiorite is one 
of the least fractionated plutons and is high in MgO, CaO, 
Sr, Cr, V, Ni, Cu and Sn, and low in TiO2, Al2O3, K2O, P2O5, 
Li, Rb, Zr, Y, La, Ce, Zn and Ga. The McCarthys Granite 
shows little evidence of fractionation and has geochemical 
characteristics similar to the Fingerpost Granodiorite. 
The Minglo Granite has fractionated phases similar to the 
Burnside Granite.

Biotite-dominated plutons of the McMinns Bluff 
McMinns Bluff Granite. This 

pluton forms two chemically and petrographically distinct 
bodies, distinguished as eastern and western lobes, that are 
separated by younger sedimentary rocks. The western part 
contains hornblende in samples with up to 72 wt% SiO2, 
whereas in the eastern part, hornblende is only present in 
samples with <64% SiO2 (Stuart-Smith et al 1993). The 
eastern part has high TiO2, total Fe, K2O, P2O5, Pb, Zr, Nb, 
Y, La, Ce, Zn, Ga and F, and low MgO, CaO, Na2O, Sr, 
Th, U, V and Ni. The western part of the McMinns Bluff 
Granite has high TiO2, MgO, Na2O, K2O, P2O5, Rb, Sr, Ba, 
Nb, Zr, Th and U.

Mixed biotite-hornblende plutons of the Margaret Suite 
have characteristics intermediate between the hornblende- 
and biotite-dominated types. There are only a few analyses 
available (Wyborn et al 2001). They have high TiO2, Al2O3, 
K2O, P2O5 and low MgO and CaO.

The Mount Bundey igneous suite (informal name) 
comprises the Mount Bundey Granite, the Mount Goyder 
Syenite and a swarm of potassic lamprophyre dykes, together 
comprising the Mount Bundey pluton. The pluton covers an 
area of 80 km2 and is dominated by the 1830 ± 6 Ma Mount 
Bundey Granite (Sheppard 1992, Page pers comm 2000 in 
Rasmussen et al 2001), which intrudes the syenite. Both 
granitoids are intruded by the lamprophyre dykes. This suite 

et al (1997), but is assigned here to the granite-dominated 
plutons of that scheme. The Mount Bundey Granite has a 
chemistry consistent with I-type calc-alkaline granites 
and has high abundances of Th, U, Ni and Cr. The Mount 
Goyder Syenite is shoshonitic, with high alkalis, LILE, 
LREE, Th, and U, and high but variable Cr and Ni. All of 
these elements are also abundant in the lamprophyre dykes, 
which are also shoshonitic. The Mount Goyder Syenite and 
the lamprophyre dykes are compositionally continuous, but 
there is a silica gap between the syenite and the granite. 
The Mount Goyder Syenite is thought to be a hybrid pluton, 
formed by interaction between the granite and lamprophyre 
magmas (Sheppard 1995).
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Concentrically zoned transitional granites and 
leucogranite-dominated plutons
These plutons have a wide range of SiO2 contents, with 

or hornblende-dominated granite suites. The more felsic 
members show similarities to the leucogranite suites. Most 
varieties are coarse grained, porphyritic, and pink and green 
in colour. The concentric zones are arranged from oldest 
at the margins to youngest at the centre. In the Tabletop 
Granite

to medium-grained porphyritic facies generally occupying 
the margins of the pluton and grading into (ii) medium-
grained equigranular rocks with rare areas of porphyritic 
varieties, and (iii) a coarse-grained equigranular facies 
constituting the inner core of the pluton.

Most geochemical data is for the Tabletop Granite, 
which is high in CaO, MgO, and Sr, and low in TiO2, K2O, 
Pb, Th, Zr, Nb, Y, La, Ce, V, Ga and F. Among the biotite 
dominated suites, the Allamber Springs Granite has low 
TiO2, Al2O3, MgO and CaO, and high Na2O, Sr, Th, Zr, La, 
Ce and V contents, a low Fe2O3/(FeO+Fe2O3) ratio and an 
ASI of 1.1. Some leucogranites of this suite resemble the 
Tennysons Leucogranite and show an increase in Rb, U, 
and Y, and a decrease in K/Rb values with increasing SiO2.

Jim Jim Suite

The Jim Jim Suite includes plutons in the South Alligator 
Valley and Nabarlek area. It has also been referred to as the 
David Suite (Ferenczi and Sweet 2005) to avoid confusion 
with the Jim Jim Granite that forms part of the suite, though 
this revised name has not been formally recognised. The 
Nabarlek and Tin Camp granites of this suite are discussed 
in Nimbuwah Domain. Although apparently coeval 
with the Cullen Supersuite, the Jim Jim Suite has some 
distinctive characteristics. It contains granites associated 
with mainly subaerial volcanic and sedimentary rocks. 

valleys and have been included in the El Sherana and Edith 
River groups, discussed above. The granites were intruded 
at shallow levels. Some plutons grade into volcanic rocks 

breccia (Wyborn et al 1997). The Jim Jim Suite is restite 
dominated; however, after restite-separation, the remaining 

and late-stage alteration. The Jim Jim Suite has not been 
studied in as much detail as the Cullen Supersuite and there 
is only limited mineralogical and petrological data on the 
granites. The following description is mainly from Wyborn 
et al (1997).

The Jim Jim Granite comprises granite, leucogranite, 
porphyritic granite and granophyric granite. The main 
minerals are biotite, hornblende, plagioclase, K-feldspar, 
quartz, allanite, apatite and zircon. The Grace Creek Granite 
comprises porphyritic microgranite, medium-grained 
granite and porphyritic granophyre. The main constituent 
minerals are hornblende, biotite, K-feldspar, plagioclase, 
quartz, magnetite and zircon. The Malone Creek Granite 
consists of porphyritic alkali-feldspar granite, even-grained 
granite. The main constituent minerals include quartz, 

and zircon. The Eva Valley Granite comprises biotite 
leucogranite and porphyritic biotite leucogranite with 
the main mineral constituents being quartz, K-feldspar, 

The Yeuralba Granite is a coarse equigranular leucogranite. 
The main mineral constituents are quartz, K-feldspar, 
plagioclase, biotite, muscovite and tourmaline.

NIMBUWAH DOMAIN

The Nimbuwah Domain (Needham et al 1988) comprises 
the eastern part of the PCO, east of the Partridge Thrust/
Jim Jim Fault (approximately coincident with, to slightly 
west of the South Alligator River). Its western boundary 

facies metamorphism of the Palaeoproterozoic succession, 
the Cahill Formation and Nourlangie Schist, which 
distinguishes this domain from the lower-grade greenschist-
facies Central Domain. The easternmost extent of the 
Nimbuwah Domain is unknown, as it is concealed beneath 
Palaeo- to Mesoproterozoic cover of the McArthur Basin. 
Palaeoproterozoic strata in the Domain overlie 2670 Ma, 
2640 Ma and 2530–2500 Ma Neoarchaean basement 
exposed as the Nanambu Complex west of Jabiru, and as 
the Njibinjibinj, Arrarra and Kukalak gneisses in western 
Arnhem Land (Hollis et al 2009a, b, see Archaean). 
Contacts are rarely exposed and are strongly tectonised, so 
that their original nature is unclear. The Palaeoproterozoic 
strata comprise the Kakadu Group, Cahill Formation 
and Nourlangie Schist. The formerly mapped Myra Falls 
Metamorphics (Needham 1988a) is now known to comprise 
components of Neoarchaean basement gneisses and Cahill 
Formation, and hence, this term has been abandoned (Hollis 
et al 2009a). Both the Palaeoproterozoic strata and the 
structurally underlying Neoarchaean basement are strongly 
ductily deformed and are metamorphosed typically to middle 
amphibolite facies. The heat source for the metamorphism 
is attributed to the emplacement of late deformational 
granitic, granodioritic and subordinate tonalitic gneiss and 
granite of the ca 1867–1862 Ma Nimbuwah Complex, which 
intruded as a series of east–west-elongated lobes to the 
east of approximately 133.20 E. Localised migmatisation 
of Palaeoproterozoic metasedimentary rocks has occurred 
immediately adjacent to plutons of the Nimbuwah Complex. 
The Tin Camp Granite, a late undeformed granite, was 
emplaced by 1846 Ma, giving a minimum constraint on the 
cessation of ductile deformation. Correlation between the 
Palaeoproterozoic succession of the Central Domain and 
that of the Nimbuwah Domain is hampered by the relatively 
high metamorphic grade and ductile deformation of the 
latter, combined with poor exposure, particularly in the 
region northeast of Oenpelli to the coast.

Kakadu Group

The Kakadu Group forms the oldest Palaeoproterozoic 
strata in the Nimbuwah Domain (Nanambu Shelf 
and Eastern Trough). Stratigraphic correlation of this 
succession across the PCO is tentative. Needham (1988a) 
correlated the Kakadu Group and lower Cahill Formation 
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with the Namoona Group. However recent detrital zircon 
geochronology data show that ca 1900 Ma erosive sources 
contributed to the formation of the Cahill Formation and 
Nourlangie Schist (Hollis et al 2009a). Therefore, the 
stratigraphic succession of the Nimbuwah Domain is 
distinct from that of the Central Domain. Because of higher 
degrees of deformation, scanty outcrops and metamorphic 
grade (amphibolite facies) the interrelationships between 
the individual units in the East Alligator River region is 
tentative.

and sandstone, and includes the Mount Basedow Gneiss, 
Munmarlary Quartzite, Mount Howship Gneiss and 
Kudjumarndi Quartzite (Table 5.2). These units are exposed 

and in and around the Myra Falls Inlier in western Arnhem 
Land (Eastern Trough). The Mount Basedow Gneiss 
comprises pink-grey, quartzofeldspathic metamorphic 
rocks including meta-arkose, metaconglomerate, quartzite, 
gneiss and minor schist. The rocks are strongly foliated 
parallel to compositional layering (Figure 5.16). The meta-
arkose and metaconglomerate are radioactive and locally 
have up to 0.03% U3O8 (Livingstone 1958, Needham 1988a). 
Cross-bedding is also preserved in places. The Munmarlary 
Quartzite is essentially similar to the quartzitic units within 
the Mount Basedow Gneiss and comprises muscovite and 
feldspathic quartzite. It is exposed as scattered outcrops 

Mount 
Howship Gneiss has been reported from exposures of 
limited areal extent in the Myra Falls Inlier. It comprises 
granular quartzo-feldspathic gneiss, exposed in the core 
of an antiform, where it is overlain by the Kudjumarndi 

Neoarchaean basement structurally below the Kudjumarndi 
Quartzite (Hollis et al 2009a, b), it is possible that this is in 
fact part of the Neoarchaean basement. The Kudjumarndi 
Quartzite forms ridges in the Myra Falls Inlier and 
consists of orthoquartzite ranging from monomineralic 
to micaceous, hornblende-rich and feldspathic types. 
Recent U-Pb detrital zircon geochronology shows strong 
similarities in provenance between the Kakadu Group and 
the Manton and Mount Partridge groups, with dominant 

the Kudjumarndi Quartzite and 2518 Ma for the Mount 
Basedow Gneiss (Worden et al 2008a).

Cahill Formation and Nourlangie Schist

The lower of two ‘members’ of the Cahill Formation 
(referred to herein as lower Cahill Formation) represents 
a succession of carbonaceous schist, marble, calc-silicate 
rock, para-amphibolite, dolostone, magnesite, schist and 
quartzite. The lower Cahill Formation hosts uranium 
mineralisation at Ranger, Jabiluka, Koongarra and a 
number of other uranium deposits in the Alligator River 
region. It has been subdivided into a number of sub-units in 
the mine areas. Away from the mine areas, the lower Cahill 
Formation is distinguished generally by lower Fe/Mg ratios 
and higher values of Mg, F and Th.

The upper Cahill Formation has a conformable 
transitional contact with the lower Cahill Formation 
and comprises interlayered feldspathic quartz schist, 
feldspathic schist, feldspathic quartzite, conglomerate, 
and minor mica schist and quartzo-feldspathic gneiss. 
With an increase in the proportions of mica schist, it 
has a gradational contact with the overlying Nourlangie 
Schist, which is locally garnet- and/or staurolite-bearing. 
At its type locality at the northern scarp of Mount 
Brockman, a succession of crenulated quartz-muscovite 
schist is unconformably overlain by the Mamadawerre 
Sandstone of the Kombolgie Subgroup (Figure 5.17). 
Garnet-, staurolite- and kyanite-bearing assemblages 
in the Cahill Formation and Nourlangie Schist indicate 
amphibolite-facies metamorphic conditions and yield 
quantitative P-T estimates in the range ca 500–600 C and 
ca 8–10 kbar (Ferguson et al 1980, Hollis et al 2009b).
The former Myra Falls Metamorphics (Needham 1988a), 
exposed in the Myra Falls Inlier, are now recognised as 
a composite unit of quartzofeldspathic gneiss, quartz-
mica schist, mica schist, garnet-amphibolite schist and 
quartzite, which includes components of Neoarchaean 
felsic basement, Cahill Formation and Nourlangie Schist 
(Hollis et al 2009b).

The upper Cahill Formation and parts of the Nourlangie 
Schist were formerly correlated with the Mount Partridge 
Group in the lower greenschist facies terranes of the 
Central Trough and Batchelor Shelf (Needham 1988a, 
Ahmad et al 1993). However, U-Pb detrital zircon 

Figure 5.16. Mount Basedow Gneiss: coarse quartzofeldspathic 
gneiss with dark, coarse to very coarse biotite-muscovite bands 
(near Mount Basedow, 53L 250430mE 8561760mN).
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geochronology indicates a different provenance and 
age for the Cahill Formation and Nourlangie Schist, 
compared with the Mount Partridge Group, and these are 
therefore distinct successions. The Cahill Formation and 
Nourlangie Schist are dominated by detrital age peaks at 

et al

of migmatisation in pelitic schist, which is thought to 
be associated with intrusion of the Nimbuwah Complex 

et al

et al 
et al

Granitoids

Granitoids in the Nimbuwah Domain are represented by 
the syn-orogenic Nimbuwah Complex and late-orogenic 
Nabarlek and Tin Camp granites. The late-orogenic granites 
have been assigned to the Jim Jim Suite of the Central 
Domain, on the basis of geochemical and petrographic 

et al 
The Nimbuwah Complex Table 5.3, Figure 5.15

comprises syn-orogenic granodioritic plutons that form a 

is recognisable in regional magnetic data. The Nimbuwah 
et al ) comprises 

granitic, gneissic and migmatitic components, all thought to 
have been emplaced during, or in the late stages of regional 

et al 
et al et al et al 
et al

into Archaean felsic gneiss basement and the overlying 

resulted in localised migmatisation immediately adjacent 

et al et al
also have been responsible for and/or coeval with regional 

amphibolite-facies fabric development in the Nimbuwah 
Domain.

The Nimbuwah Complex is dominantly a restite suite, 
comprising hornblende-biotite granodioritic rocks that show 
little or no fractionation. Components include granodioritic 

et al et al 
et al
to granodioritic migmatite and granitoids, containing 

apatite ± allanite. Migmatitic varieties commonly have 
hornblende-bearing leucosomes that cross-cut, but are also 
deformed within the regional gneissic fabric, indicative of 
migmatisation during ductile deformation. The essential 
minerals in the melanocratic variety are plagioclase 

potash feldspar ± hypersthene ± clinopyroxene ± almandine. 
et al 

et al 

has low Sr/ Sr and Fe2O3 2O3

The Nabarlek Granite is pink and coarse-grained with 

biotite, rare opaques, and accessory allanite, apatite, 

after the main deformation phase into the Cahill Formation 

haematite-chlorite and chlorite-sericite. Orthoclase is 
commonly sericitised, plagioclase saussuritised, and biotite 

than typical granitoids, averaging 50 ppm Th and 
et al

et al Tin Camp Granite outcrops in 

MAMADAWERRE SANDSTONE

CAHILL
FORMATION

A07-306.ai

Figure 5.17

and conglomerate of Mamadawerre 
Sandstone and underlying schist of 
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and is unconformably overlain by the Kombolgie Subgroup 
of the Katherine River Group. The granite is pervasively 
altered and enriched in Th and U (average 62 and 10 ppm, 
respectively; Ferguson et al 1980) and is cut by quartz 
breccia zones (Needham 1988a). The main mineral 
constituents are plagioclase, quartz, orthoclase, biotite and 
rare opaques. Recent U-Pb SHRIMP zircon geochronology 
constrains its emplacement to 1846 ± 13 Ma, though this is 
based on only 8 analyses (Worden et al 2008b).

Ductily deformed and regionally metamorphosed 
undifferentiated amphibolites have previously been 
grouped and mapped as Zamu Dolerite throughout the 
Nimbuwah Domain, based on correlations with lower-
grade sills deformed at, or after ca 1860 Ma within the 
Palaeoproterozoic succession of the Central Domain. 
This correlation is now known to be erroneous, based on 
geochemical data for amphibolites from the Nimbuwah 
Domain, which contrast strongly with the geochemistry 

(Stuart-Smith et al 1984, 1988, Warren and Kamprad 1990, 
Ferenczi and Sweet 2005, Hollis and Glass 2012). Based on 
this data, it appears to be unlikely that the Zamu Dolerite 
is present within the Nimbuwah Domain. Although further 
work is required to delineate the extent of geochemically 
distinct, deformed and regionally metamorphosed 
amphibolites in the Nimbuwah Domain, several units are 
now known to occur based on (a) their distinct geochemical 
signatures, (b) the distinct mineralogy of amphibolites within 
the Cahill Formation (commonly calc-silicate-bearing) 
versus those entrained within Archaean felsic gneiss, and 
(c) the preservation of older ductile deformation fabrics in 
amphibolites within Archaean felsic gneisses relative to 
those within the structurally overlying Palaeoproterozoic 
succession (Hollis and Glass 2012).

The Oenpelli Dolerite is a series of sills, intrusive into the 
Palaeoproterozoic succession, that outcrop discontinuously 
throughout Arnhem Land and the Alligator Rivers region 
(Ferenczi and Sweet 2005). Originally thought to be 
overlain by the Kombolgie Subgroup (Needham 1988a), 
the unit is now known to be intrusive (Carson et al 1999, 
Sweet et al 1999, Drever et al 2000), the misinterpretation 
arising from the common emplacement of the Oenpelli 
Dolerite at the base of the subgroup. The sills are typically 

continuous over tens of kilometres and have a maximum 
thickness of 500–1500 m (Smart et al 1975). The unit 
is best exposed at this level in the succession as ridges 
or low hills, whereas elsewhere, it is poorly exposed and 
typically recognised as subcropping, based on the presence 
of red-brown soils and thicker vegetation, or by highs in 
magnetic data. The sills comprise porphyritic to ophitic 
olivine dolerite, minor olivine-plagioclase cumulates that 

granophyric dolerite within zones of quartz dolerite (Stuart-
Smith and Ferguson 1978). Intrusions show chilled margins 
with their host rocks and locally, have developed contact 
metamorphic aureoles. Slight to extensive alteration to 
mineral assemblages involving chlorite, prehnite, epidote, 

and calcite is common (Needham 1988a). Based on the 
subalkaline nature and differentiated character of the 
intrusions, Stuart-Smith and Ferguson (1978) suggested a 
source derived from partial melting of the upper mantle and 
emplacement at 1–2 km. Ferenczi and Sweet (2005) made 
reference to a ca 1723 ± 6 Ma U-Pb baddelyite age for the 
Oenpelli Dolerite from a sample from the Nabarlek uranium 

are missing from the OZCHRON database referred to by 
those authors. However, it is consistent with a Rb-Sr whole 
rock and mineral isochron minimum age of 1688 ± 13 Ma 
obtained by Page et al (1980).

LITCHFIELD DOMAIN

of the PCO, separated from the Central Domain to the east 
partly by the southern extension of the Giants Reef Fault and 
bounded to the west by the onlapping Mesozoic Bonaparte 
Basin. The Province is elongate roughly north–south and 
comprises relatively sparsely outcropping amphibolite- 
to granulite-facies metasedimentary rocks, and syn- to 

Pietsch and Edgoose 1988). High-grade metamorphic rocks 

Archaean (Walpole et al 1968), but are now known to be 
Palaeoproterozoic (Dundas et al 1987, Carson et al 2008, 
2009, Worden et al 2008a). No Archaean basement to the 

The Palaeoproterozoic strata comprise the Hermit 
Creek, Welltree and Fog Bay metamorphics. On the basis 
of detrital zircon work, the Hermit Creek and Welltree 
metamorphics have been correlated with the Burrell Creek 
Formation of the Cosmo Supergroup in the Central Domain 
(Worden et al 2008b, Hollis et al 2009b), whereas the Fog 
Bay Metamorphics may correlate with the Woodcutters 
Supergroup of the Central Domain (Carson et al 2009). Only 
the Welltree Metamorphics preserve a well developed ductile 
fabric associated with metamorphism, whereas the Hermit 

fabric development and commonly preserve primary 
bedding structures (Carson et al 2008). Mid- to high-grade 
metamorphism at low pressure is constrained to ca 1855 Ma, 
based on in situ monazite geochronology (Carson et al 
2008). This corresponds to the timing of emplacement 

et al 2009) and 
granitoids of the Allia Suite (ca 1865–1850 Ma; Worden 
et al 2008a). Geochemical and isotopic work is consistent 

or back-arc environment (Glass 2007, 2011), strengthening 
correlations made with the central and western zones of the 
Halls Creek Orogen (Carson et al 2008).

Fog Bay Metamorphics

The Fog Bay Metamorphics are located in the eastern part 
of FOG BAY
is entirely subsurface, concealed by Mesozoic and Cenozoic 
sediments, and has been intersected only in drill core (Pietsch 
and Edgoose 1988). They are inferred to be faulted against 
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the Welltree Metamorphics along the north-northeast-
trending Tom Turners Fault. The Fog Bay Metamorphics 
comprise quartz-feldspar-biotite gneiss and schist 
commonly containing garnet and sillimanite, amphibolite, 
minor calc-silicate, marble, and quartzite (Hickey 1985). 
Carson et al (2008) described a pelitic sample from drill 
core with banded compositional layering, but no pervasive 
fabric development. The same authors obtained a peak P-T 
estimate of 596 ± 26ºC and 4.6 ± 1.1 kb (2 ). Detrital zircon 
age spectra for the Fog Bay Metamorphics show a broad 
distribution in the range ca 2500–2000 Ma and a maximum 
depositional age of 2028 ± 8 Ma (Carson et al 2009). The 
detrital age spectra contrast with those of the Hermit 
Creek and Welltree metamorphics and the Burrell Creek 
Formation, but are consistent with a similar provenance 
to the Woodcutters Supergroup of the Central Domain. 
Monazite and metamorphic zircon rims give consistent 
age constraints on amphibolite-facies metamorphism of 
1854 ± 3 Ma and 1853 ± 4 Ma, respectively (Carson et al 
2008, Worden et al 2008a).

Hermit Creek Metamorphics

The Hermit Creek Metamorphics are a composite package 
of pelitic to psammitic schist and gneiss, migmatite 
(Figure 5.18), amphibolite, and lesser calc-silicate and 

Domain (Walpole et al 1968, Pietsch and Edgoose 1988). 
Carson et al (2008) subdivided the metamorphics into three 
units, but the relationships between these remain unclear. 
These are (i) granulite-facies cordierite migmatite (± garnet 
± sillimanite ± spinel), (ii) cordierite–andalusite hornfels 
and (iii) mid-amphibolite-facies ferruginous biotite–
muscovite–quartz schist, associated amphibolite and rare 
calc-silicate. The amphibolites probably represent extrusive 

of titaniferous hornblende, tremolite, actinolite and 
plagioclase. Graded bedding in the cordierite migmatites is 
well preserved, on a 150–200 mm scale, with no evidence 

et al (2008) 
obtained peak P-T estimates for mineral assemblages from 
the cordierite migmatites of 727 ± 50ºC at 5.5 ± 0.6 kb 
(2 ). Metamorphism is constrained by 207Pb/206Pb monazite 
geochronology on two samples of cordierite migmatites to 
1855 ± 2 Ma and 1853 ± 4 Ma, respectively (Carson et al 
2008). Detrital zircon age spectra for the Hermit Creek 
Metamorphics are indistinguishable from those of the 
Burrell Creek Formation of the Central Domain and, on that 
basis, the two units are likely to be correlatives (Worden 
et al 2008a, Hollis et al 2009b).

Welltree Metamorphics

The Welltree Metamorphics are poorly exposed in the 

Fault. They consist mainly of mid- to upper amphibolite-
facies quartzofeldspathic to pelitic schist and gneiss, which 
commonly contain porphyroblasts of garnet and sillimanite or 
andalusite, and which have a pervasive tectonic fabric (Pietsch 
1986a, Carson et al 2008). The lower part of the succession 
is composed of marble, calc-silicate rocks, para-amphibolite 

and quartzofeldspathic gneiss and is assigned to the Sweets 
Member. The succession also includes para-amphibolite 
composed of hornblende + feldspar + quartz ± biotite ± 
diopside that is interpreted to be metamorphosed carbonate 
rocks, but may represent an intrusive of pyroxenite to peridotite 
composition (Pietsch 1986b). Carson et al (2008) obtained 
a peak P-T estimate for a garnet-sillimanite-bearing pelitic 
sample of 714 ± 143ºC at 3.9 ± 2.2 kb (2 ). Metamorphism and 
associated fabric development is constrained to 1813 ± 3 Ma, 
on the basis of 207Pb/206Pb monazite geochronology (Carson 
et al 
unclear. There is an apparent metamorphic gradient from the 
Welltree Metamorphics east into greenschist-facies rocks of 
the Burrell Creek Formation of the Central Domain, consistent 
with the interpretation of these as stratigraphic equivalents 
(Pietsch 1986b). This is supported by detrital zircon spectra 
for the Welltree Metamorphics, which are indistinguishable 
from those of the Burrell Creek Formation (Carson et al 2005, 
Hollis et al 2009b). However, the timing of greenschist-facies 
metamorphism of the Burrell Creek Formation is constrained 
to >1829 Ma by the deposition of the El Sherana Group and 
therefore, this apparent metamorphic gradient cannot be 
attributed to a single thermal event.

Granitoids

Creek and the Wagait suites (Wyborn et al 1997). U-Pb 
SHRIMP zircon, monazite, and xenotime ages typically 
range from 1863–1850 Ma for these suites. The limited data 
available for the Wagait Suite place it in the oldest part of 
this range (1863–1860 Ma), whereas the Allia Creek Suite 
is dominated by slightly younger granites (1854–1850 Ma).

The Allia Creek Suite is predominantly S-type and contains 
peraluminous minerals such as andalusite, cordierite and 
muscovite (Wyborn et al 1997). The granitoids are high-
level intrusions (1–1.5 kb), marked by the development 
of numerous pegmatites and greisens. Petrological data, 

Figure 5.18. Migmatite of Hermit Creek Metamorphics. Foliation 
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combined with high concentrations of Rb and low values of 
Sr, indicate that crystal fractionation played a major role in the 
early crystallisation history of the granitoids. The following 
summary of the component plutons largely relies on Ahmad 
et al (1993) and Bajwah (1994) and Wyborn et al (1997).

The Fish Billabong Adamellite is predominantly 

composed of quartz, K-feldspar, plagioclase and biotite. 
SiO2 shows a narrow range (68.19–69.60 wt%) and CaO 
ranges from 1.58–1.82 wt%. Na2O is high and ranges from 

Domain granitoids. The Fish Billabong Adamellite has 
yielded a U-Pb SHRIMP zircon magmatic crystallisation 
age of 1850 ± 3 Ma (Worden et al 2008a).

The Jammine Granite comprises quartz-muscovite 
and feldspar-tourmaline greisens. It is medium grained 
and is predominantly composed of quartz and microcline, 
with subordinate coarse muscovite and minor tourmaline. 
Plagioclase and biotite show partial to complete alteration 
to sericite and chlorite. The Jammine Granite is high in 
SiO2 and K2O, and poor in FeO, MgO and TiO2. Similarly, 
Rb concentrations are the highest amongst the Allia Suite, 
ranging from 366–571 ppm and averaging 494 ppm. On the 
other hand, Sr concentrations are low (range 75–330 ppm, 
average 165 ppm). All the data suggest that the Jammine 
Granite is highly fractionated. Sn and Li contents are 
also high and therefore, may be a potential source of Sn 
mineralisation in the area. The Jammine Granite has 
yielded a U-Pb SHRIMP zircon maximum intrusion age of 
1858 ± 5 Ma (Worden et al 2008a).

The  is a fairly consistently 

Quartz occurs as anhedral strained grains, which may be 
elongated parallel to the foliation. Plagioclase (An40–50) in the 
less foliated rocks is generally intergrown with quartz and is 
often zoned. K-feldspar is present mainly as large crystals, 
enclosing plagioclase and biotite. Biotite forms tabular crystals 

Muscovite, a minor constituent, is generally associated with 
biotite. SiO2 shows a large range, varying from 64.04–73.94%. 
Na2 2O is low (1.64–5.16%), Rb 
ranges from 6228–271 ppm, averaging 152 ppm, Ba from 
156–1780 ppm and Sr from 139–489 ppm.

The Murra-Kamangee Granodiorite is characterised by 
a moderate to strong foliation. It is composed of medium-
grained garnet-bearing granodiorite and tonalite. Plagioclase 
(An45–55) is the most common feldspar and forms up to 
1 mm-long, tabular crystals with some zoning. Microcline 
is the predominant K-feldspar variety and forms euhedral 
megacrysts, usually less than 1 cm long. Biotite constitutes 
10–15% of the rock and occurs as subhedral to anhedral 
laths. Garnet is almost always present as euhedra, up to 
2 cm in diameter. Accessory minerals are apatite, titanite, 
ilmenite, magnetite, muscovite, andalusite, sillimanite, 
cordierite and zircon. SiO2 2O 
and Na2O are low compared with the other granitoids. Rb 

has yielded a 207Pb-208Pb SHRIMP monazite magmatic 
crystallisation age of 1853 ± 3 Ma (Worden et al 2008a).

The Two Sisters Granite
to medium variably foliated granite and coarse garnet-bearing 
pegmatitic granite. The less-foliated granite is equigranular 
and generally contains quartz, plagioclase, orthoclase and 
subordinate biotite. Quartz occurs as irregular, mainly 
interstitial grains up to 4 mm across and, in more foliated 
varieties, it is generally elongated parallel to the foliation. 
Plagioclase (An40–50) forms subhedral to anhedral crystals. 
The larger phenocrysts (up to 3 mm) are usually zoned and 
more extensively altered. K-feldspar includes both orthoclase 
and microcline. Myrmekitic development of orthoclase is 
also common. Biotite is always strongly pleochroic and 
locally altered to chlorite. Muscovite is a minor constituent in 
the foliated granite and is generally interleaved with biotite, 

and biotite. However, towards the northeast, where the 
granite is cut by pegmatitic veins, up to 10% muscovite may 
be present. Garnet occurs as subhedral to anhedral, generally 
fractured crystals disseminated in the matrix, or is present 
in pegmatitic veins. The pegmatitic granite consists of an 
early-stage quartz-albite-muscovite sodic granodiorite and a 
quartz-feldspar graphic leucogranite. The latter is intruded 
by garnet- and tourmaline-bearing pegmatites. The Two 
Sisters Granite is characterised by high SiO2 (69.9–74.9 wt%) 
and low Na2O (2.2–4.9 wt%). Rocks that are relatively high 
in Na2O are generally enriched in albite. K2O ranges from 
2.07–5.88 wt%. The pegmatitic variety is low in TiO2, 
FeO, MgO, Sr, Zn, Ba and La, and relatively high in SiO2, 
Na2O, Al2O3, Rb, Bi, Li and Sn. The Two Sisters Granite has 
yielded a U-Pb SHRIMP zircon maximum intrusion age of 
1862 ± 5 Ma (Worden et al 2008a).

The Allia Creek Granite is a biotite quartz monzonite and 
is often porphyritic, with large phenocrysts (up to 60 mm in 
length) of microcline. The phenocrysts often display a crude 

parallel to the margins of the granite (Edgoose et al 1989b). 
Biotite occurs in clusters and is associated with apatite and 
zircon. Muscovite is rare. The Allia Creek Granite has 
yielded a U-Pb SHRIMP zircon maximum intrusion age of 
1806 ± 7 Ma (Worden et al 2008a).

The Soldiers Creek Granite represents a coarse 
porphyritic muscovite leucogranite associated with greisen 
veins. Numerous xenoliths (up to 30 cm in size) occur 
throughout the granite body. Quartz, orthoclase, microcline, 
plagioclase, biotite and muscovite are the main minerals. The 
age of the Soldiers Creek Granite is constrained to <1830 Ma, 

granite (Worden et al 2008a).

Wagait Suite

The Wagait Suite comprises the Wagait, Peppimenarti, 
Reynolds River and the Koolendong granites. Relatively little 
data is available for this suite. They are assumed to be restite-
rich with some late fractionation of a felsic phase. Recent U-Pb 
zircon geochronology studies of the Koolendong and Wagait 

respectively (Worden et al 2006b, 2008b), suggest that the 
Wagait Suite may be slightly older than the Allia Creek Suite.

The Wagait Granite consists of mainly medium-grained 
granodiorite, monzogranite and granite. The dominant 
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minerals are quartz, K-feldspar, plagioclase, biotite and 
hornblende, with accessory epidote, apatite and zircon. 
Saussuritisation and chloritisation of biotite is common. 
The Wagait Granite has yielded a U-Pb SHRIMP zircon 
emplacement age of 1863 ± 3 Ma (Worden et al 2008a).

The Peppimenarti Granite is more felsic than the Wagait 
Granite and is dominated by coarse-grained, massive and 
equigranular monzogranite to granite, with some aplite and 
pegmatite phases present, suggesting late-stage evolution of 
a magmatic phase. The dominant minerals are plagioclase, 
quartz, biotite and poikilitic orthoclase. Saussuritisation 
and chloritisation of biotite is common.

The Reynolds River Granite is a small stock of light 
grey to pink, medium- to coarse-grained biotite granite 
to monzogranite. It outcrops as low pavements and small 
bouldery hills. In places, the outcrop is distinctively layered.

The Koolendong Granite is a biotite-hornblende 
granodiorite and leucocratic porphyritic quartz monzonite. 
Quartz and pegmatite veins are abundant. It intrudes the 
Burrell Creek Formation (Morgan 1972, Sweet et al 1974a). 
The Koolendong Granite has yielded a U-Pb SHRIMP 
zircon emplacement age of 1860 +2/-5 Ma (Worden et al 
2008a).

Wangi Basics 
(Dundas et al 1987), a term that is now discontinued. The 
intrusive rocks comprise gabbro, leucogabbro, gabbronorite, 

metamorphosed to amphibolite facies) and rare basalt (Edgoose 
et al 1989a, b, Glass 2007, 2011). Typical mineral assemblages 
include plagioclase, clinopyroxene, orthopyroxene, and 
hornblende ± quartz, although greenschist-facies retrogression 
to tremolite, actinolite, chlorite and epidote is common (Carson 
et al 2008, Glass 2011). These rocks occur as scattered outcrops 
and subcrops largely to the west of the Giants Reef Fault, with 
magnetic data indicating that they may be considerably more 

into four suites: a southern Woolianna Gabbro (high-alumina 
gabbro and dolerite, depleted low-Ti gabbro, low-Ti dolerite); 
the Benning Gabbro (high-Ti rift tholeiite); a northern 
Keri Metamorphics (metamorphosed noritic cumulates, 
metaferrogabbro) and, to the east of the Giants Reef Fault, 
the younger  of probable shoshonitic/

(Worden et al 2008a). With the exception of the northern Keri 
Metamorphics, the other suites show geochemical affinities 
with island-arc magmatism, with the low-Ti gabbro rocks of 
the Woolianna Gabbro probably being representative of back-
arc basin oceanic crust (Glass 2007, 2011). The age of at least 

(Worden et al
the Murra-Kamangee Granodiorite. Similarly, Carson et al 
(2009) obtained a magmatic crystallisation age of 1860 ± 6 Ma 
for a garnet-bearing amphibolite. However, given the recently 

the sub-units are of different ages.

STRUCTURE

Deformation and structure in the PCO has been the subject of 
several studies. Johnston (1984) provided a comprehensive 
structural study. Hammond et al (1984) and Pietsch and 
Edgoose (1988) described the structural elements of the 

et al (1993), 
Needham et al (1988) and Ahmad et al (1993) provided 
regional-scale summaries, but essentially focused on the 
Central Domain. Lally (2002) discussed the structure of 
the Rum Jungle Mineral Field. The following description of 
the structure of the PCO relies on these earlier studies. The 
main structural elements are given in Figure 5.19.

Structural, tectonometamorphic and geochronological 
studies of the PCO indicate that there were distinct styles 
and possibly unrelated tectonism in different parts of the 
orogen (Johnston 1984, Needham 1988a, Pietsch and 
Edgoose 1988, Carson et al 2008, Hollis et al 2009b). Thus, 
any representation of the structural evolution as a single 
sequence of events applicable to the whole orogen is unlikely 
to be realistic. Even within a single structural domain, 
there is potential for complexity, owing to the possibility 
of diachroneity and variations in structural style between 
thrust sheets and within deformational phases (eg Johnston 
1984). Nonetheless, in order to allow comparison of the 
relative timing of events and possible correlations across 
the orogen, the major stages of structural development are 
presented as a sequence of events from Dn–D5 (Johnston 
1984). Little mention is made of the structural evolution 

and is dominated by subvertical northeast–southwest-
trending, composite S1/S2
by high-grade low-P mineral assemblages (Pietsch and 
Edgoose 1988, Carson et al 2008) that do not have any clear 
equivalents in the Central or Nimbuwah Domains.

Archaean–Palaeoproterozoic deformation

Dn
The earliest fabrics are those preserved in weakly deformed 
Neoarchaean granitoids of the Rum Jungle Complex and 
in high-strain, multiply ductily deformed Neoarchaean 
gneisses in the Nimbuwah Domain, collectively referred 
to here as Dn fabrics. In the Rum Jungle region, the 
earliest structures are represented by tightly refolded 
folds within metasedimentary enclaves entrained within 
the Neoarchaean granitoids. The granitoids also contain a 
weak steep Dn
(Johnston 1984). In the Nimbuwah Domain, Neoarchaean 
felsic gneisses preserve evidence for multiple phases of 
ductile deformation, in the form of isoclinally refolded folds 
and variably transposed gneissic fabrics, and heterogeneous 
development of high-strain fabrics; these are collectively 
assigned to Dn (Needham 1988a, Hollis et al 2008).

D1
D1 in the Central Domain is represented by northwest-

S1 foliation parallel to bedding, which can also be found 
in the basement in the Rum Jungle region. It is associated 
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with north-trending monoclinal warping and resulted in 
northwest-vergent tectonic sliding along the Neoarchaean–
Palaeoproterozoic contact. D1 produced a concordant slaty 
cleavage (F ), elongation of cobbles, and mylonitic textures 
in some sandstones within the Crater Formation (Johnston 

Crater Formation to the southeast of the Woodcutters mine, 
is also a product of D1 deformation (Lally 2002). D1 foliations 
in the South Alligator River region, Central Domain, are 
associated with northwest-trending monoclinal warps and are 
folded by subsequent fold generations (Johnston 1984). This 
warping predates deposition of the South Alligator Group 

(Stuart-Smith 1993). In the East Alligator River region of the 
Nimbuwah Domain, D1 is represented by amphibolite-facies 
S1 foliations parallel to bedding (Johnston 1984).

D2
D2 is more pronounced in the western and eastern parts 
of the PCO, where metamorphic grades are higher. D2 
structures are parallel to bedding for tens of kilometres, but 
are locally steepened so as to cut through the succession. In 
the low metamorphic grade regions of the Central Domain, 
D2 thrusts are brittle structures several metres wide with 
associated 1–2 m-wide duplex structures. In the Nimbuwah 
Domain, amphibolite-facies D2 foliations are at a low angle 
to bedding and are associated with northwest-verging, low-
angle high-strain thrusts. D2 is also expressed as recumbent 
F2 folds, an S2 schistosity and tectonic slides. These 
fabrics have associated east-trending stretching lineations, 
consistent with a top-to-the-west sense of movement 
(Johnston 1984, Hollis et al 2008, Hollis et al 2009b). In 
fault zones, D2 is represented by mylonites, transposed 
fabrics and cataclastic zones.

D3
D3 is represented by north- to northwest-trending, 
macroscopic to mesoscopic, noncylindrical close to tight 
folds (Figure 5.20). These F  folds are usually symmetrical 
and are either upright or inclined to the southwest. A 
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Figure 5.20. F3 folding in road cutting near Moline Mine (53L 
191930mE, 8488577mN).
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penetrative near-vertical slaty cleavage, parallel to the 
axial surface of the fold, is usually well developed in shale. 
These folds control the outcrop pattern and typically have 
wavelengths ranging from 1–3 km, amplitudes of 1–1.5 km 
and plunges that are gently inclined to the north or south 
(Johnston 1984). In the Rum Jungle region, F  folds refold D1 
décollement structures (Johnston 1984). In the Nimbuwah 
Domain, F3 folds are upright to reclined and open to 
isoclinal (Johnston 1984).

D4
D4 produced east–west-trending open folds in the Central 
Domain and similarly trending, open to tight F4 folds in the 
Nimbuwah Domain. Domical structures of the Neoarchaean 
basement in the Rum Jungle region and in the Nimbuwah 
Domain are attributed to the interference of D3 and D4 fold 
structures (Johnston 1984).

D5
D5 resulted in kinking and box-folding in the Rum Jungle 
region, associated with basement block movement.

Faulting

Although no systematic or detailed studies have been 
conducted on the history and types of faulting in the PCO, 

are tentatively correlated with the structural evolution 
discussed above.

Syn-sedimentation faults
Initial sedimentation in the PCO is likely to have been 
in response to the rifting and extension of Archaean 
crust. Stuart-Smith (1985) interpreted a Central Trough 

east-dipping half graben tilt blocks, separated by major 
west-dipping normal faults, were envisaged (Needham 
et al 1988). Subsequent sedimentation largely covered these 
faults. The South Alligator, Mount Shoobridge and Hayes 
Creek faults and possibly the Pine Creek Shear Zone may 
represent some of these early basin development faults, 
which have been subsequently reactivated.

Previous studies (Walpole et al 1968, Stuart-Smith et al 
1980, Needham et al 1988, Pietsch and Edgoose 1988) have 

Western 
Fault Zone is a possible tilt-block boundary that separates 

to have played an important control on sedimentation and 
tectonics in the western half of the PCO. The Giants Reef 
Fault is possibly a post-Palaeoproterozoic expression of 
the Western Fault Zone that extends over 200 km and is 
part of the laterally extensive faults in the Halls Creek and 
Fitzmaurice mobile zones. Palaeoproterozoic movements 
on these faults were essentially dip slip, in the normal sense, 
with the downthrown side to the west. Later movements 
(post-middle Proterozoic) were mainly along strike slip 
faults. 

The Stapleton, Adelaide River and Mount Shoobridge 
faults may also represent basement structures that 
were probably subjected to vertical movements during 

clastic facies (formerly the Noltenius Formation) of the 
Burrell Creek Formation, mainly to the west of the Mount 
Shoobridge Fault. Further east, the northwest-trending 
faults in the South Alligator River Valley, and the Bulman 
Fault in the Alligator Rivers region are also an expression 
of basement faults (Needham et al 1988).

D1 Faults
In most areas, faults produced during the D  deformation 
cannot be distinguished from those caused by later 
deformation episodes. The radial faults along the margin 
of the Rum Jungle and Waterhouse domes probably belong 
to this category. These faults continue for short distances 
in both directions away from the granite–sedimentary rock 
contact, and in places, the sedimentary rocks are displaced 
laterally along the faults. Most of the faults only affect strata 
of the Namoona and Mount Partridge groups.

D2 Faults
Faults formed during the D  deformation represent zones 
of cataclasis, mylonitisation and tectonic sliding. They are 

Domain and the eastern PCO. D  faults are zones of 
thrusting and, although extending over several tens of 
kilometres, they are not clearly discernable on geological 
maps because of bedding parallel geometry. They have 
a non-planar surface, controlled by the anisotropy of the 
enclosing rocks.

D3 Faults
Faults associated with the D  deformation episode 
trend northwest, have steep dips or are vertical and cut 
Palaeoproterozoic sedimentary rocks throughout the 
Central Domain. In most cases, these faults terminate at 
the contacts between the sedimentary rocks and granitoids, 
thus suggesting a pre-granitoid age. However, in some 
instances (eg southern extension of the Pine Creek Shear 
Zone), they continue through the granitoids and suggest a 
post-granitoid age or the reactivation of pre-granitoid faults.

D  faults run parallel to the regional trend and axial 
plane cleavage (S ) of the Palaeoproterozoic sedimentary 
rocks and possibly developed during, or after F  folding. 
These faults commonly show a history of reactivation since 
Palaeoproterozoic time (Stuart-Smith 1985).

The Pine Creek Shear Zone trends 140–150  and forms 
a part of a major northwest-trending strike slip fault system, 
extending from Darwin to Katherine, that Simpson et al 
(1980) termed the Noonamah–Katherine Lineament. The 
shear zone follows the embayment of two lobes of the 
Cullen Batholith. Metasedimentary rocks within the shear 
zone are chloritic and show vertical cleavage (Stuart-Smith 
1985). Upon intersecting the granite, the lineament splays 
into many discrete fault breccias and mylonite zones. 
Granitoids within the Pine Creek Shear Zone are foliated, 
strained and extensively altered. Movements along the shear 
zone, as shown by displacements, have probably taken place 
before, during and after granitoid emplacement (Stuart-
Smith et al 1987), and it is therefore possible that the shear 
zone originated during the D  deformation event and was 
reactivated during the D , D  and later episodes.
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Simpson et al
to the east of and approximately parallel to the Pine Creek 
Shear Zone and termed it the Noonamah–Mount David 
Lineament. Several northwest-trending faults correspond 
to this lineament and clearly terminate at the granitoid–
sedimentary rock contact.

D4 Faults
D  faults trend west-northwest, northeast or north. Several 
quartz, greisen, tourmaline, aplite and microgranite veins 
within and outside the granitoids also represent these 
structures. These faults are probably associated with 
granitoid emplacement. Most have a strike length of less 
than 5 km, but some may extend to up to 10 km.

D5 Faults
These faults trend northeast or northwest and some have 
caused displacement of the platform cover strata. They may 
be reactivated D  or D  faults.

The Hayes Creek and Mount Douglas faults are major 
northeast-trending reverse faults. Both faults are probably 
continuous under cover and form part of the ‘Grove Hill 
Cross Flexure’ (Walpole et al 1968), a regional northeast-
trending structure, about which the direction of plunge 
changes and the F  fold axes are rotated from northwest to 
north.

Northwest-trending faults along the eastern margin 
of the Daly Basin are steep normal faults along which 
movement took place during the Mesoproterozoic, 
Palaeozoic and possibly Mesozoic, down-faulting sediments 
to the southwest (Stuart-Smith et al 1987).

TECTONOTHERMAL EVOLUTION

Regional metamorphism of the PCO, and of the North 

has historically been referred to as the Barramundi 
Orogeny, a broad period of tectonic activity relating 
to cratonisation of northern Australia, involving intra-
plate continental rifting, basin formation, and subsequent 
compression (Etheridge et al 1987, Needham et al 1988, 
Page and Williams 1988). This interpretation was based on 
similarities in metamorphic and deformational styles across 
the PCO, indicating a broad regional extent for the orogeny, 

absence of paired metamorphic belts, and the absence of 
magmatic rocks with geochemical characteristics indicative 
of subduction-related processes (Etheridge et al 1987). 
However, subsequent geochemical, petrographic, and U-Pb 

distinct thermal events in different domains, with different 

crustal thickening and of subduction-related tectonism 
(Glass 2007, 2011, Worden et al 2008a, b, Carson et al 
2008, Hollis et al 2009a, b). Previous studies have also 
recognised evidence for diachronous metamorphism and 
subduction-related tectonics in other parts of the North 
Australian Craton (Tyler et al 1995, Zhao and Bennett 
1995, Myers et al, 1996, Page 1997, Sheppard et al 1999, 
Tyler et al 1999). Consequently, attributing magmatism, 
volcanism, metamorphism, deformation and sedimentation 

across the North Australian Craton in this period to a single 
orogenic event is misleading. With reference to the PCO, 
the term Barramundi Orogeny is therefore abandoned here 
and the tectonic evolution of the PCO during this period 

the ca 1865 Ma Nimbuwah Event and the ca 1855 Ma 
et al 2009a).The Central 

and Nimbuwah domains share Neoarchaean basement of 
similar ages (ca 2670 Ma and 2530–2500 Ma, Page et al 
1980, Cross et al 2005, Hollis et al 2009a) and geochemical 

et al 2009). No such Neoarchaean crust 

basis, it seems likely that the Central and Nimbuwah 
domains shared a common Neoarchaean history. However, 
differences in the provenance of post-Woodcutters 
Supergroup sedimentary rocks (Hollis et al 2009b), the style 
of Palaeoproterozoic structural development, and the nature 
and grade of metamorphism between the domains support 
a model in which these domains were independent of each 
other after ca 2020 Ma, until emplacement of the Cullen 
and Jim Jim granite suites at ca 1830 Ma. The distinct post-
Woodcutters Supergroup Palaeoproterozoic depocentres in 
the Central and Nimbuwah domains (Central and Eastern 
troughs, respectively; Ahmad and McCready 2001) may 
have developed as a result of ca 2020 Ma rifting of the 
Neoarchaean basement, forming a series of half grabens in 
an evolving rift-subsidence setting (Stuart-Smith et al 1980, 
Needham et al, 1980, 1988, Plumb et al 1981, Etheridge 
et al 1987, Wyborn 1988, Worden et al 2008b).

The ca 1865 Ma Nimbuwah Event affected only the 
Nimbuwah Domain. Regional, moderate-T, moderate-P 
amphibolite-facies metamorphism (Hollis et al 2009b) 
is thought to have been induced by the emplacement of 
I-type granodioritic plutons of the Nimbuwah Complex, 
at depth, into Neoarchaean basement and the overlying 
Palaeoproterozoic succession at 1868–1860 Ma (Needham 
1988a, Wyborn et al 1997, Page et al 1980, Worden et al 
2008a, Hollis et al 2009b). This was coincident with felsic 
volcanism in the Central Domain (ca 1863 Ma Gerowie 
tuff, ca 1863 Ma Berinka Volcanics and Warrs Volcanic 
Member; Worden et al 2008a, b). Moderate-P amphibolite-
facies metamorphism in the Nimbuwah Domain (in contrast 

by occurrences of garnet-bearing amphibolite and garnet-
kyanite-bearing pelitic schist in Palaeoproterozoic strata in 
the Nimbuwah Domain (Ferguson 1980, Hollis et al 2009b). 
This may be related to the development of D2 northwest-
vergent folding and thrusts, which are prevalent throughout 
the Nimbuwah Domain (Johnston 1984, Needham 1988a, 
Hollis et al 2008, Hollis et al 2009b). Reaction textures, 
involving garnet-breakdown to plagioclase-biotite in 
amphibolites, are consistent with subsequent decompression 
(Hollis et al 2009b).

The  is well constrained by U-Pb and 
Pb-Pb dating of metamorphic zircon and monazite to 
ca 10 million years later at ca 1855 Ma (Worden et al 2008a, 
Carson et al 2008). This event is distinct from the Nimbuwah 
Event in that it involved high-T low-P amphibolite- to 
granulite-facies metamorphism of pelitic to psammitic 

development (Dundas et al 1987, Pietsch and Edgoose 1988, 
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Carson et al 2008). The presence of biotite-, cordierite- and 
sillimanite-bearing assemblages and the absence of both 
staurolite and kyanite are consistent with high-T low-P 
metamorphism. This event was synchronous with the 
emplacement of S-type granites of the Allia Creek Suite at 
1862–1850 Ma (Walpole et al 1968, Page et al 1980, Wyborn 
et al 1997, Worden et al 2008a). On the basis of geochemical 

of these has been constrained to 1860 ± 6 Ma (Carson et al 
2009), giving rise to the possibility that metamorphism 

et al 2008).
In the Central Domain, the sedimentary rocks were 

regionally metamorphosed to lower greenschist facies. 

weakly foliated sericitic and microcrystalline quartz-
bearing rocks that show a phyllitic texture. Psammitic rocks 
usually have fractured and strained quartz grains that exhibit 
recrystallised, optically continuous quartz overgrowths. 
Minor metamorphic sericite, chlorite or muscovite is present 
in these rocks. Eutaxitic textures are commonly preserved 

altered to chlorite, sericite and quartz (Stuart-Smith 1985). 
Calcareous units contain calcite + tremolite ± phlogopite 
± talc and or dolomite + calcite + magnesite ± tremolite 

assemblages (Ferguson 1980, Pietsch 1986a, 1989). The 
absence of cordierite, staurolite, or both and the presence 
of sericite, muscovite, chlorite and tremolite suggest P-T 

C (Ferguson 
1980). The timing of greenschist-facies metamorphism 
and associated northwest–north-trending upright folding 
in the Central Domain (Figure 5.21) is constrained 
only by the maximum depositional ages of the Finniss 
River Group and emplacement of the Cullen and Jim Jim 
granite suites. The majority of detrital zircon data for the 
Burrell Creek Formation gives maximum depositional 
ages coincident with the age of the main erosive sources at 
ca 1865–1860 Ma (Worden et al 2008a). However, a single 
sample from immediately underlying the Tollis Formation, 
at the top of the Burrell Creek Formation, has yielded a 
slightly younger maximum depositional age of ca 1851 Ma, 
although with a relatively large error of 9 Ma (Hollis et al 
2009a). Nonetheless, this suggests that deposition in the 
Central Domain is likely to have continued until after the 
ca 1865 Ma Nimbuwah Event into at least the same period 

is given by emplacement ages of ca 1835–1820 Ma for the 
Cullen and Jim Jim granite suites (Jagodzinski and Wyborn 
1997, Wyborn et al 1997, Wyborn et al 2001) and by the 
1829 Ma deposition of the El Sherana Group (Jagodzinski 
1998, 1999). Thus, the timing of low-grade metamorphism 
and upright folding in the Central Domain is likely to have 
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Contact metamorphism of metasedimentary rocks 
of the Central Domain is associated with emplacement 
of the Cullen and Jim Jim granite suites (Figure 5.22). 
Around the Burnside and Shoobridge granites, calcareous 
rocks of the Koolpin Formation contain tremolite, garnet, 
quartz and biotite. Iron-rich sedimentary rocks contain 
ferroactinolite, garnet, siderite and iron-rich chlorite. The 
boundary between the albite-epidote and the hornblende-
hornfels facies is marked by the hornblende isograd, 
which occurs at the surface within 2 km of the granitoid 
boundary (Stuart-Smith 1985, Stuart-Smith et al 1993). The 
characteristic mineral assemblages comprise muscovite, 
quartz, diopside and rare K-feldspar and cordierite. The 
absence of sillimanite suggests P-T regimes of 2–4 kbar and 
550–680 C. The albite-epidote facies could be divided into 
two parts by the biotite isograd (Stuart-Smith 1985). The 
inner, high-grade biotite-bearing zone is generally massive 
and hornfelsic, and contains readily visible muscovite, 
biotite and chiastolite. The pelitic rocks of the outer, 
lower-grade zone typically contain recrystallised foliated 
sericite, muscovite, chlorite and quartz. The presence 
of sericite, quartz, chiastolite, tremolite and calcite, and 
absence of diopside, K-feldspar and biotite suggests P-T 
regimes of 2–4 kbar and 500–600 C. Pelitic hornfels rafts 
and xenoliths within the granitoids and some pelitic rocks 
of the Burrell Creek Formation, close to the McMinns 
Bluff Granite, contain cordierite, andalusite, K-feldspar, 
biotite, muscovite and quartz. The presence of K-feldspar 
and andalusite, muscovite and biotite, and the absence of 

sillimanite suggest temperatures higher than the albite-
epidote facies, probably in excess of 650 C.

The ca 1780 Ma Shoobridge Event (Needham et al 1988, 
Stuart-Smith et al 1993) is characterised by the development 
or reactivation of linear shear zones parallel to the regional 
north–south to northwest–southeast strike within both 
granites and metasedimentary rocks. Widespread retrograde 
metamorphism is also attributed to this event, as is 
reactivation and chloritisation within the Pine Creek Shear 

resetting at ca 1780 Ma in both the Cullen Supersuite granites 
and the metasedimentary rocks. Monazite dating (Sener et al 
2003, Sener 2004, Carson et al 2005) also provides evidence 
for this younger retrograde event, which may have coincided 
with the initiation of the McArthur Basin. The retrograde and 
or hydrothermal effects of the Shoobridge Event are evident 
in alteration effects, such as the replacement of andalusite 
and cordierite porphyroblasts by muscovite and quartz, 
sericitisation of K-feldspar, and alteration of biotite and 
hornblende to chlorite and quartz.

MINERAL RESOURCES

The PCO hosts over a thousand mineral occurrences and 
is amongst the most prospective geological regions of 
Australia. It contains about 20% of the World’s low-cost 
uranium resource, has a known resource of about 9 Moz 
of gold and has produced approximately 3.2 Moz to 2007 
since 1870. Considerable resources of nickel-cobalt-lead-
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copper, lead-zinc-silver, platinum-palladium, tin-tantalum-
tungsten, iron, magnesite, phosphate and various other 
commodities also exist. Economically, uranium and gold 
are the most dominant commodities. Details of these 
occurrences are contained within the Mineral Occurrence 
Database of the Northern Territory (MODAT).

Gold

Territory in 1865 in the Finniss River area of the PCO. Three 
years later, specks of gold were found at Tumbling Waters 

near Yam Creek, during construction of the Overland 
Telegraph line, which resulted in a gold rush and several 
subsequent discoveries, including the deposits at Pine Creek, 
Union Reefs, Cosmopolitan (Cosmo) Howley, Mount Todd, 
Fountain Head, Zapopan, Spring Hill, Brocks Creek and 
Woolwonga. Production commenced from these deposits 
soon afterwards and continued until 1915, when most mines 

of Chinese miners into the Territory (Jones 1987). Eluvial 
mining by Chinese miners continued until 1914 and they 
were also employed by English companies undertaking lode 
mining in the area (Jones 1987, Miller et al 1998). A total 
production of 16.86 t of gold was recorded for this period.

Minor production (3500 kg of gold) took place in the 

during the early 1980s, resulting from an increase in gold 
prices and improvements in gold mining and extraction 

venture, the Enterprise (Pine Creek) mine, in October 
1985. Several other mining operations, including Brocks 
Creek, Cosmo Howley, Golden Dyke, Goodall, Moline, 
Mount Todd, Rustlers Roost, Toms Gully, Union Reefs, and 
Woolwonga, commenced production shortly afterward. Total 
gold production from the PCO to March 2010 is recorded as 
101.3 t (Ahmad et al 2009, Mine Production Records).

The PCO gold deposits, along with deposits in the 
Tennant and Tanami regions, have been included in a 
distinctive class of deposits, termed ‘orogenic gold deposits’ 
by Goldfarb et al (2001). These deposits have common 
geological, geochemical, stable isotopic, mineralogical and 
thermochemical characteristics. Gold deposits of this class 
are recognised in most continents, in both Phanerozoic 
terranes and older cratonic regions.

On a local scale, Ahmad et al (1993) divided the gold 
deposits of the PCO into six types. These are, in order of 
abundance:

Gold-quartz veins, lodes, sheeted veins, stockworks and 
saddle reefs, eg Union Reefs, Goodall, Mount Todd.
Gold in iron-rich sediments, eg Golden Dyke, Cosmo 
Howley.
Gold in association with platinum group elements, eg 
Coronation Hill, Gold Ridge, Sargents North.
Gold in association with uranium, eg Jabiluka, Koongarra.
Polymetallic gold deposits eg Iron Blow and Mount 
Bonnie.
Placer deposits.

saddle reefs

These deposits are usually contained within folded, faulted 
and regionally metamorphosed (usually lower-greenschist 
facies) turbidite successions (Mount Bonnie and Burrell Creek 
formations) of the Central Domain. A few are in intermediate 
to basic intrusive rocks. Post- to late orogenic granites of the 
Cullen Supersuite have intruded these successions, resulting 
in superimposed contact metamorphism. Vein quartz is 
the principal gangue mineral and is rarely accompanied by 
white mica, chlorite and minor K-feldspar. The width of the 
gold-bearing quartz veins ranges from a few millimetres to 

together with minor pyrrhotite, chalcopyrite, sphalerite and 

than the gold veins. Late-stage carbonate veining is noted in 
many deposits. Wall rock alteration effects are negligible and 

microscopic in size and is rarely visible. In most deposits, 
free gold is common in the oxidised ore, but in the primary 
ore, it is mostly contained as sub-microscopic grains in 
arsenopyrite and to some extent, in pyrite and pyrrhotite. 
The grade is generally low, usually less than 3 g/t gold, and 
individual deposits may have less than 0.5 tonnes to more 
than 50 tonnes of gold.

The auriferous quartz veins may be concordant or 
discordant and are usually located within, or close to 
anticlinal hinge zones.
also present in shear zones. Some occurrences are within 
stockworks of millimetre-thin quartz veinlets. However, 
most are in quartz veins of 0.1–2 m thickness.

Most lodes trend northwest or north-northwest and have 
steep dips or are vertical. The spatial distribution suggests 
that most deposits are in the vicinity of the Pine Creek 
Shear Zone. Lodes in the northern extension of the Howley 
Anticline trend north and in the Zapopan-Fountain Head 
area, have a west-northwest trend, but in both of these areas, 
the lodes follow fold axes.

Almost all deposits are within the contact aureole 
of post-orogenic granites, some distance away from the 
granite–sedimentary rock contact. None of the deposits is 
hosted within the granite and the auriferous quartz veins do 
not continue into the granite. It appears that the northwest-
trending shear zones, major lineaments and anticlinal 
hinges, as well as the contact metamorphic aureole, have 

bearing quartz veins.

in Table 5.5. The location of gold occurrences within the 
PCO is given in Figure 5.23 and some important deposits 
are discussed in the following section, which relies heavily 
on Ahmad et al (1999, 2009). For smaller occurrences the 
reader is referred to MODAT.

along the northwest-trending, east-dipping Brocks 
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Common name Lat Long Size Shape Stratigraphic
unit

   Resource
(Mt) (g/t Au)

  Production
(Mt)         (g/t Au)

Comments; 
resources reference

   5.1 1.83  

Zapopan (Brocks 
Creek)

-13.48 131.44 Small Vein Gerowie Tuff 0.126 10.2 0.041 20.4 Gillman et al (2009)

Alligator -13.47 131.42 Small Vein Gerowie Tuff Resource included 
in Zapopan; Gillman 
et al (2009)

Faded Lily -13.47 131.42 Small Vein Gerowie Tuff as above

North Point -13.43 131.43 Small Vein Gerowie Tuff 0.79 1.5 Includes historical 
Yam Creek deposit; 
Gillman et al (2009)

Tally Ho -13.49 131.46 Small Vein Gerowie Tuff 0.90 2.61 Gillman et al (2009)

Fountain Head -13.47 131.50 Small Vein Burrell Ck Fm 0.652 1.75 Gillman et al (2009)

Princess Louise -13.50 131.55 Small Vein Gerowie Tuff 0.679 1.2 0.002 52.3 Gillman et al (2009)

Rising Tide -13.45 131.43 Small Vein Koolpin Fm 2.19 1.4 Gillman et al (2009)

Big Howley -13.50 131.34 Small Vein Mt Bonnie Fm 0.647 1.6 Gillman et al (2009)

Chinese Howley 
1, 2, 3

-13.51 131.35 Small Vein Gerowie Tuff 5.32 1.4 Gillman et al (2009)

Chinese South 4.2 1.5 Gillman et al (2009)

Cosmo Howley -13.54 131.38 Medium Vein Koolpin Fm 6.98 2.1 McKibben et al 
(2008)

Cosmo Deep -13.54 131.38 Medium Vein Koolpin Fm 8.743 4.38 Gillman et al (2009)

Davies No 2 -13.56 131.56 Small Vein Koolpin Fm 0.050 2.89 Ahmad et al (1993)

Golden Dyke -13.57 131.52 Small Vein Koolpin Fm 0.11 7.66 Ahmad et al (1993)

Langleys -13.57 131.55 Small Vein Koolpin Fm 0.050 3.9 Ahmad et al (1993)

Kendergarden -13.67 132.15 Small Vein Mt Bonnie Fm 0.050 3 Ferenczi and Sweet 
(2005)

Moline Dam -13.68 132.15 Small Vein Mt Bonnie Fm 0.338 2.4 0.595 2.63 Ferenczi and Sweet 
(2005)

Northern Hercules -13.67 132.15 Small Vein Mt Bonnie Fm 0.164 4.1 0.507 4.1 Ferenczi and Sweet 
(2005)

Southern Hercules -13.67 132.16 Small Vein Mt Bonnie Fm 0.227 3 Ferenczi and Sweet 
(2005)

Tumbling Dice -13.69 132.15 Small Vein Mt Bonnie Fm 0.300 2.6 Ferenczi and Sweet 
(2005)

Golf & Golf West -14.13 132.11 Small Vein Tollis Fm 0.121 1.22 0.094 3.6 Poxon and Hein 
(1994)

Mount Todd -14.13 132.10 Large Vein Tollis Fm 284 0.81 10.643 0.953 Vista Gold (2010)

Quigleys North -14.11 132.13 Small Vein Tollis Fm 5.5 1.73 0.041 3.07 General Gold (1999)

Quigleys Extended -14.11 132.13 Small Vein Tollis Fm Included 
above

General Gold (1999

Quigleys South -14.11 132.12 Small Vein Tollis Fm Included 
above

0.019 6.4 General Gold (1999)

Coxs -13.82 131.84 Small Vein Burrell Ck Fm 0.53 1.4 Gillman et al (2009)

Czarina -13.83 131.83 Small Vein Burrell Ck Fm 1.844 1.69 Gillman et al (2009)

South Czarina -13.83 131.83 Small Vein Burrell Ck Fm 0.17 1.5 Gillman et al (2009)

Enterprise -13.83 131.83 Medium Vein Mt Bonnie Fm 1.241 2.6 19.4 2.7 McKibben et al 
(2008)

South Enterprise -13.83 131.83 Small Vein Mt Bonnie Fm 1.24 2.6 Gillman et al (2009)

North Gandys Hill -13.82 131.82 Small Vein Mt Bonnie Fm 0.163 2.8 Gillman et al (2009)

International -13.82 131.82 Small Vein Burrell Ck Fm 1.141 1.7 Gillman et al (2009)

Kohinoor -13.84 131.84 Small Vein Burrell Ck Fm 0.26 2.6 0.001 30.7 Gillman et al (2009)

Table 5.5
latitude; Long = longitude; Fm = Formation; Dol = Dolostone; Sst = Sandstone; Sltst = Siltstone; Mt Bonnie = Mount Bonnie; Ck = Creek; 
Unconf = Unconformity (continued on next page).



5:37

Pine Creek Orogen

Creek Anticline, adjacent to the southern margin of the 
Burnside Granite. The anticline is cut at a low angle by 
the west-northwest-trending Brocks Creek shear zone. 
Several deposits are located along this shear zone within 
steeply dipping quartz-pyrite-arsenopyrite veins, hosted 
by the Gerowie Tuff and Mount Bonnie Formation. 

Zapopan), Homeward Bound, Faded Lily, Alligator, 
Crocodile, John Bull, Rising Tide, Fountain Head, 
Princess Louise, Britannia and North Point deposits. 
The John Bull, Brocks Creek, Faded Lily and Zapopan 
line of workings extends discontinuously for about 
5 km along the southern limb and hinge zone of an east-
southeast-trending anticline. Mineralisation is present as 
concordant veins and stockworks, and rare stratabound 
replacement mineralisation, and as late vuggy veins and 
minor breccias (Sener 2004).

Post-1980 exploration included soil and auger 
geochemical sampling and limited diamond drilling 
(Dann 1982, Miller et al 1998). In 1988–1989, Zapopan 
NL delineated an indicated resource of 193 000 t at 
3.9 g/t Au over a strike length of 200 m and to a depth 
of 75 m. An additional inferred resource of 200 000 t 
at 6–7 g/t Au was established along the down-plunge 
extension (Zapopan 1989). Subsequent exploration in the 

1990s was conducted by Solomon Resources NL, Cyprus 
Gold Australia Corp (Miller et al 1998), Acacia Resources 
Ltd, Harmony Gold Mining Co Ltd, Anglo Gold Ltd, and 
Northern Gold NL. Mining at these deposits took place 
from 1996–2001. Total production from the Brocks Creek 
deposits amounted to 9800 kg of gold. Total resources are 
estimated at 5.1 Mt averaging 1.83 g/t Au (Table 5.5). 

In March 2006, the leases were transferred to GBS 
Gold International Inc (GBS), a Canadian-based mining 
company. This company consolidated most of the gold 
deposits of the Central Domain and commenced an 
extensive drilling campaign and other exploration activities. 

mineralisation at the Zapopan mine and announced a total 
ore reserve (JORC-compliant) of 0.247 Mt at 13.05 g/t Au. 
This was later revised to 0.126 Mt at 10.2 g/t Au (Gillman 
et al 2009). Underground mining of the deposit commenced 
in 2007, but operations ceased in late 2008, when wholly-
owned subsidiary GBS Gold Australia Pty Ltd (GBS Gold) 
went into administration. Total production from the GBS 
Gold operations to 31 December 2007 was 1.084 Mt of ore 
at an average head grade of 2.43 g/t Au. A total of 80 092 oz 
Au was produced since the commencement of commercial 
production on 1 April 2007 (McKibben et al 2008). The 
leases are currently held by Crocodile Gold Australia Ltd 

Common name Lat Long Size Shape Stratigraphic
unit

   Resource
(Mt) (g/t Au)

  Production
(Mt)         (g/t Au)

Comments; 
resources reference

Ungrouped deposits  

Bons Rush -13.33 131.32 Small Vein Zamu Dolerite 0.54 2.5 Gillman et al (2009)

Bridge Ck -13.44 131.32 Small Vein Gerowie Tuff 1.038 1.6 Gillman et al (2009)

Coronation Hill -13.59 132.61 Medium Vein Coronation 
Sst

6.36 6.1 Au
0.90 Pd
0.27 Pt

Mernagh et al (1994)

Esmeralda -13.76 131.83 Small Vein Mt Bonnie Fm 1.55 1.8 Gillman et al (2009)

Glencoe -13.44 131.50 Small Vein Mt Bonnie Fm 0.704 1.9 0.049 2.3 Australasia Gold 
(2010)

Goodall -13.21 131.37 Medium Vein Burrell Ck Fm 4.095 1.99 Quick (1994)

Jabiluka 2 -12.50 132.90 Medium Unconf-
related

Cahill Fm 1.1 10.7 Hancock et al (1990)

Koongarra -12.86 132.84 Small Unconf-
related

Cahill Fm 1.04 3.1 Snelling (1990)

Kazi -13.35 131.33 Small Vein Gerowie Tuff 0.68 2.91 Gillman et al (2009)

Maud Creek 1 -14.44 132.44 Medium Vein Tollis Fm 10.36 3.02 0.18 3.5 Gillman et al (2009)

Mount Porter -13.62 131.83 Small Vein Koolpin Fm 0.355 3.02 Arafura Resources 
(2005)

Quest 29 -12.95 131.57 Small Vein Koolpin Fm 1.24 2.17 Renison Consolidated 
(2006)

Rustlers Roost -12.92 131.49 Medium Vein Mt Bonnie Fm 16.60 1.34 4.71 1.05 Valencia (2005)

Spring Hill -13.61 131.72 Small Vein Mt Bonnie Fm 3.6 2.3 Tennant Creek Gold 
(2005)

Sundance -13.05 131.05 Small Irregular Coomalie Dol 0.02 10.57 Simpson (1994)

Toms Gully -12.83 131.56 Small Vein Wildman Sltst 0.68 11.1 0.419 8.4 Gillman et al (2009)

Union Reefs -13.71 131.78 Medium Vein Burrell Ck Fm 0.25 2.7 20.225 1.47 Gillman et al (2009)

Western Arm -13.41 131.30 Small Vein Mt Bonnie Fm 1.79 1.4 Gillman et al (2009

Woolgni 2 -14.08 131.97 Small Vein Burrell Ck Fm 0.27 2.7 Adelong Consolidated 
(1999)

Woolwonga -13.41 131.55 Small Vein Mt Bonnie Fm 1.4 2.86 Northern Gold (2004)

Table 5.5
latitude; Long = longitude; Fm = Formation; Dol = Dolostone; Sst = Sandstone; Sltst = Siltstone; Mt Bonnie = Mount Bonnie; Ck = Creek; 
Unconf = Unconformity (continued from previous page).



Pine Creek Orogen

5:38

(Crocodile Gold), who commenced underground mining at 
Brocks Creek and has plans to produce 23 300 oz in 2010 
(Crocodile Gold 2010).

At the Brocks Creek (Zapopan) mine, the auriferous 
quartz veins are in tuff and siltstone of the Gerowie 
Tuff. The lodes occupy the hinge zone of the tight, west-
northwest-striking, 40  east-plunging Zapopan Anticline, 
which is offset towards the west by a northeast-oriented 
fault (Figure 5.24
controlled by the intersection of east-southeast-trending, 
steeply southwest-dipping faults (‘slides’) and the northern 
limb and axial hinge region of the anticline (Archibald 
and Bettenay 1990). The Faded Lily, Alligator and some 
of the Zapopan lodes are largely concordant quartz vein 
sets or stockwork, localised along the Brocks Creek Shear 
Zone and trending parallel to the Zapopan Anticline. 
Some stratiform mineralisation is noted at Zapopan 
within pyrite-chlorite-garnet-chert units. The lodes at 
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dashed line.



5:39

Pine Creek Orogen

Rising Tide are within the Koolpin Formation and appear 
to be stratabound (Miller et al 1998). At Faded Lily, 
mineralisation is localised at the faulted contact between 
massive black shale and thinly bedded, grey, white and 
black siltstone and shale units. At John Bull, mineralisation 
occurs in a series of thin (up to 1.5 m-wide), steep, parallel 
quartz veins, 10–20 m apart. These veins occur off the 
main Brocks Creek Shear Zone and appear to be related to 
a conjugate set of quartz veins. At Brocks Creek, Alligator 
and Crocodile, a thin- to medium-bedded sandstone and 
siltstone succession abuts the siltstone-slate succession. 
Historically, mining in these localities was focused 
on the alluvials and on hard-rock mining of individual, 
rich auriferous veins. Mineralisation at Faded Lily and 
Alligator is present within quartz veins and along vein 

with arsenopyrite and pyrite. Up to 10% pyrite and 5% 
arsenopyrite is present in the ore zones. Small visible grains 
of gold are commonly observed in higher-grade zones at 
Faded Lily, Alligator and Zapopan. Geochemical analysis 
of ore samples from the Alligator deposit on average 
contain about 4300 ppm As, 111 ppm Cu, 134 ppm Pb, 
468 ppm Zn and less than 5 ppm Ag. In contrast, those 

averaging 1000 ppm As, 36 ppm Cu, 104 ppm Pb and 
289 ppm Zn (Miller et al 1998). The North Point prospect 
is located approximately 10 km southeast of the Zapopan 
mine and was discovered in 2002. Mineralisation is within 

rocks of the Mount Bonnie Formation, which have been 
folded about a north-northeast-trending syncline. The 
mineralisation occurs within a linear, northerly-oriented, 
multiple lode system that dips, conformably with bedding, 
at about 45 W. The system is reasonably continuous along 
strike for about 300 m and down-dip for 60 m. Drilling by 

North Point. The 
main lode comprises a steeply dipping, continuous zone 
of mineralisation with an average downhole thickness of 
3.4 m. The second lode has similar geometry, with most 
of the 3.2 m-thick lode located in the northern half of the 
deposit. Resources (JORC-compliant) were estimated at 
0.79 Mt averaging 1.5 g/t Au (Gillman et al 2009).

Goodall

The Goodall mine is situated about 30 km east of Adelaide 
River township at the northern extension of the Howley 
Anticline. It had a pre-mining resource of 4.25 Mt at 
2.35 g/t Au. The deposit was mined between 1988 and 1993, 
producing 7.1 t of gold from 4.095 Mt of ore with an average 
head grade of 1.99 g/t Au (Quick 1994). The auriferous 
quartz veins are within the Burrell Creek Formation 
and are controlled by an upright anticline striking 320  
and plunging 30–35  to the northwest. In the main open 
cut, the host rock comprises a greywacke-dominated 
succession. Small zones of shale-dominated units are 
common and a prominent 30–35 m-thick shale-dominated 
unit can be traced throughout the open cut. Hydrothermal 
alteration associated with the mineralised zone includes the 
development of sericite, carbonate, K-feldspar, tourmaline 
and apatite. Six extremely altered 060 -striking, southeast-

dipping pre-mineralised lamprophyre dykes cut across the 
fold axis. The gold mineralisation is within a north-trending 
zone of quartz stockwork, consisting of sub-parallel thin 

Figure 5.25). The mineralised zone 
is 750 m long, up to 50 m wide and at least 400 m deep, 
but grades diminish with depth. It is sub-parallel to the fold 
and is centred about 60 m east of the anticlinal axis. Quartz 
veins within the mineralised zone are thin (centimetre to 
millimetre scale). Both discordant and concordant veins are 
present. Gold occurs mainly in pyrite and arsenopyrite as 

quartz and chlorite. Other ore minerals include sphalerite, 
galena, chalcopyrite and pyrrhotite, as well as minor 
tetrahedrite, tennantite, bismuthinite, native bismuth 

chalcocite, covellite, bornite, scorodite and wittichenite. 
Gangue minerals are quartz, chlorite, sericite, carbonates, 
K-feldspar, tourmaline and apatite.

SHRIMP 207Pb-206Pb geochronology of monazite 
associated with the gold veins has yielded a mean age of 
1751 ± 15 Ma, which is considered to be the age of gold 
mineralisation (Sener et al 2003, Sener 2004). This age is 
younger than that of the overlying El Sherana/Edith River/
Katherine River groups. It is also about 100 Ma younger 

ambiguous and it is possible that it has been affected by 
later alteration processes.

The  contains both gold-quartz vein 
deposits and iron-rich sediment-hosted deposits (discussed 
below). It extends over a northwest-trending, elongate area, 
some 12 km long and 6 km wide, centred about 2.5 km 
southeast of Moline Dam. The area includes some 30 
abandoned gold mines and prospects that together have 
produced about 4.5 t Au between 1882 and 1992. Most of 
the production has been from recent mining (3.1 t during 
1988–1992) and came from the Northern Hercules, Moline 
Dam, Southern Hercules, Kindergarden and Highway pits 

et al 1988).
The Northern Hercules mine lies within interbedded 

greywacke, siltstone and carbonaceous phyllite of the 
Mount Bonnie Formation. Bedding is overturned and 
dips steeply (60 ) to the south. Gold mineralisation is 

Figure 5.25
at Goodall Mine. Veins are typically about 5 mm thick.
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associated with discordant, steeply dipping, sub-parallel, 

sphalerite, galena) vein quartz lodes. Pyrite constitutes 
10–30% of the ore. Four Au-bearing quartz lodes with 
maximum widths of 23 m have been mined within a 

ore is commonly located in the bends of the shear, 
suggesting a dilatational jog control mechanism for the 

Gold is present as 1–80 m inclusions in arsenopyrite 
and occasionally, in pyrite and chalcopyrite. Visible 
gold in pyrite aggregates has been seen in drill cores 
and erratic repeat assay data indicate that coarse gold is 

haloes adjacent to the auriferous veins, containing quartz, 

Moline Dam
Bonnie Formation and occurs in the core of an overturned 
south-plunging anticline. Gold is associated within banded 

arsenopyrite and bismuthinite, in laminated chert/banded 
ironstone and shale. Pyrite forms 10–15% of the ore. 
Sericite, K-feldspar, tourmaline, carbonate and chlorite are 
the main alteration minerals. Gold is present as 1–30 m size 
inclusions within the arsenopyrite, galena and sphalerite 

The Southern Hercules mineralisation represents an 

of Katherine. It includes the historic Maud Creek mine 
and the Gold Creek

et al 
is hosted by quartz-haematite breccia sub-cropping 

hosted within a dolerite body, those at the Gold Creek 
deposit are within the Tollis Formation. This formation 
consists of lithic sandstone and siltstone to the west and 

with intense quartz veining, largely concentrated within 
a discrete lode at the southern end of a north-trending 

the orebody and comprise pyrite and arsenopyrite with 

and there are also massive intervals containing up to 

doubly plunging.
In 2000, AngloGold Ltd mined about 180 000 t of 

oxide ore averaging 3.5 g/t Au and processed it at the 

et al

and was subsequently mined from three reefs, namely 
Tollis, Jones Brothers and Quigleys. These produced some 

drillholes at the Jones Brothers

Alpha, Bravo, Delta, 
Golf

Mount Todd deposit. In 

Pegasus Gold Australia Pty Ltd. Exploration involved 
geochemical surveys, geological mapping, geophysical 
surveys and an extensive drilling program, leading to 
the delineation of the Batman
Yimuyn Manjerr). This deposit was announced to contain 

).
out exploration over the leases and has recalculated the 

2010). Total resource at the nearby Quigleys deposit was 

Figure 5.26 and 5.27), this 

et al
 and dip 55

moderately hornfelsed by nearby intrusions of the Yenberrie 
and Tennysons leucogranites. The dominant metamorphic 
assemblage consists of cordierite, muscovite, biotite and 

distinctive banding produced by thin laminae of iron oxides. 
The Batman deposit lies on a northeast-trending magnetic 

Three sets of faults are recognised in the area: 
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(ii) second-order northwest-trending strike-slip faults; and 
(iii) prevalent third-order northwest- to northeast-trending 
strike-slip, normal and reverse faults. The last two types are 
closely associated with the mineralisation.

Two types of veining are present in the area: (i) early 

(ii) late calcite-base metals veins, composed of dogtooth 
quartz, calcite, galena, sphalerite, pyrite, arsenopyrite and 
chalcopyrite.

comprises bedding-parallel stockwork zones of 1–30 mm-
thick stringers and veinlets, composed predominantly 
of iron oxides with varying amounts of quartz. Such 
mineralisation occurs, for example, at the Batman, Alpha, 
Bravo and Delta deposits. At the Batman deposit, the zone 
of stockwork extends over an area 1500 m long, 300 m 
wide and at least 450 m deep. To the south, mineralisation 
terminates against strongly hornfelsed sedimentary rocks, 
and to the north, the mineralised zone appears to be cut off 
by a northwest-trending fault.

Most gold is within quartz veins and their margins, 
with only a minor amount extending into the wall rock. 
The primary mineral assemblage includes pyrrhotite, 
pyrite, chalcopyrite, arsenopyrite, marcasite, bismuth, 
bismuthinite, galena, sphalerite, cubanite, talnakhite 
Cu9(Fe,Ni)8S10, hedleyite (Bi14Te6) and loellingite. In spite 
of this complex assemblage, most of the gold occurs as 
2–60 μm-size inclusions in vein quartz. Minor amounts 
of gold are associated with chalcopyrite, bismuth and 
bismuthinite (Poxon and Hein 1994). Gangue minerals 
comprise quartz, tourmaline, biotite, muscovite and 
chlorite.

The second type of mineralisation comprises 

iron oxides (eg Jones Brothers reef, Golf). In some places 
(eg Golf, Quigleys), both types occur together, ie massive 
lodes are surrounded by zones of ferruginous stockwork.

In the primary zone, massive arsenopyrite with minor 

small amounts of marcasite, pyrrhotite, native bismuth 
and bismuthinite. Some gold also occurs as free metal.

The mineralised zones are usually located on 
moderately dipping (45–65 ) limbs of folds. In some 
locations (eg Golf), bedding is almost vertical. At the 
Batman deposit, ferruginous concordant gold-bearing 
veins strike 10  and dip 70  east, and are offset by vertical 
faults striking 300 .

Detailed studies indicate that despite the differences in 
the two styles of mineralisation, the deposits are similar 
in vein/lode morphology, tectonic history, alteration 
assemblages and relative geological timing (Hein 1993a). 
The differences in mineralogy are attributed to gross 

(Hein 1993a).
Hein (1993b) recognised three deformation events 

in the Mount Todd area. D1 is represented by conjugate 
buck quartz veins and close to tight northeast- to north- 
to northwest-trending asymmetric folds (F1). This 
deformation is interpreted to have preceded the intrusion 
of the Yenberrie Leucogranite and coincided with 
peak deformation and metamorphism. D2 is associated 
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with westerly-trending open folds and preceded the 
emplacement of the Tennysons Leucogranite. It is 
associated with the development of auriferous quartz 
veins. D3 is characterised by the reactivation of strike slip 
faults.

Sener (2004) conducted SHRIMP dating of monazite 
within the auriferous quartz veins. Approximately two-
thirds of the analyses had unacceptably high common Pb 
and some data were affected by technical problems. After 
omitting the problematic data, 11 analyses on 4 monazite 
grains yielded a mean age of 1854 ± 16 Ma with low 
excess scatter (MSWD = 0.4). These ages are interpreted 
as representing an earlier generation of monazite that 
was incorporated into the veins from the wallrock by 
mechanical processes.

Sener (2004) also provided SHRIMP geochronological 
data on gold-associated hydrothermal xenotime for the 
Mount Todd deposit. Twenty-three analyses on seven 
xenotime grains from three polished thin-sections 
yielded a mean age of 1812 ± 11 Ma with high excess 
scatter (MSWD = 3.4). Rejecting eight distinct age 
outliers (<1800 Ma and >1835 Ma) from the main group 
left 15 analyses that yielded an age of 1819 ± 8 Ma with 
low excess scatter (MSWD = 0.4), which is considered a 

age grouping coincides with the intrusion of granites of 
the Cullen Supersuite.

wide and 6 km long, northwest-trending belt centred about 
0.5 km west of Pine Creek township. It includes some 15 
hard rock and numerous alluvial workings, which together 

(Figure 5.28).
The old workings (which are now mostly destroyed by 

recent mining) comprised numerous open cuts, shafts, adits 
and alluvial/eluvial diggings. In the larger mines, such as 
Enterprise, Maid of Erin, Ellsinore, Kohinoor and Eleanor, 
underground development reached a depth of about 80 m.

From the discovery of gold in the early 1870s to 
1915, 124 960 t of ore were treated, yielding an average 
of 32 g/t Au from the batteries and 7.8 g/t Au from the 
cyanide works. Reported total production to 1915 is 
2300 kg Au (Hossfeld 1936a). From 1980 untill 1984, 

with the Enterprise Mines NL, carried out exploration 
including extensive drilling and resource estimation. 
Open cut operations at the Enterprise mine commenced in 
October 1985 by a joint venture that was named Pine Creek 

decade until 1995, producing 19.4 t Au from ore averaging 
2.7 g/t Au (Ahmad et al 1990). During early 2008, some 
low-grade ore (0.7 g/t Au), treated as waste by the Pine 
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higher-grade ore from the Brocks Creek (Zapopan) mine 
and was treated at the Union Reefs plant.

GBS Gold recalculated a remaining JORC-compliant 
resource of 6.59 Mt, with grades ranging from 1.4 to 3 g/t 
Au. This resource is contained in the Czarina, Coxs, South 
Czarina, Enterprise, South Enterprise, North Gandys, 
International and Kohinoor properties. The total resource 
at the Enterprise deposit is given at 1.24 Mt averaging 
2.6 g/t Au (McKibben et al 2008). The leases are currently 
held by Crocodile Gold. 

margin of the Pine Creek Shear Zone in sheared and 
contact-metamorphosed shale, siltstone and greywacke 
of the Mount Bonnie and Burrell Creek formations. The 
Mount Bonnie Formation, exposed in the northwestern 

interbedded with greywacke and tuffaceous units. A thin 
carbonaceous shale interval, containing chert nodules, has 

tight, southeast-plunging F3 anticline (Enterprise anticline) 
at the Enterprise mine. Two other similar anticlines (Czarina 
and Kohinoor anticlines) are present to the east. The axes of 
all three structures trend northwest and plunge southeast 
(Figure 5.29).

Mineralisation is predominantly structurally controlled; 
payable lodes form saddle reefs and less commonly occur as 
discordant quartz veins, or in faults and shear zones. Minor 
amounts of gold are also disseminated in the wallrock 
adjacent to quartz veins. Hossfeld (1936a) listed 16 saddle 
reefs (eight in the Enterprise anticline, three in the Czarina 

mined extensively. The western limbs of these reefs are 
usually more persistent laterally and at depth. Old workings 
have usually followed the contact zone between the reef 
and wallrock, leaving the central part of the quartz veins 
untouched.

Mineralisation occupies the transitional zone between 
the Mount Bonnie and Burrell Creek formations. The 
wallrock to the gold-quartz lodes comprises greywacke, 
shale, mudstone and chert. Most of these rocks commonly 

also arsenopyrite and pyrrhotite. Four informal lithological 
units (Figure 5.29
(Dann and Delaney 1984, Cannard and Pease 1990). 
Although the sedimentary rocks have been subjected to 
deformation, as well as low-grade regional and contact 
metamorphism (as is shown by the common presence of 
cordierite porphyroblasts), primary sedimentary structures, 

bedding, are still preserved.
Mineralisation at the Enterprise open cut (Figure 5.30) 

and plunges 5–10º southeast (Cannard and Pease 1990). 
Several faults exist in the mine area; the largest is the Eastern 
Fault Zone, which can be traced for 600 m, dips 60 –70  
southwest and strikes northwest. This fault is displaced by 
younger north-trending faults, and in the southern part, it 
is displaced by a near-vertical 060 -trending fault. These 
younger faults do not carry auriferous quartz veins, but may 
host some late-stage galena-quartz veins.

The gold is free milling or is contained in arsenopyrite. 

marcasite, chalcopyrite, galena, sphalerite, bismuthinite, 
tetrahedrite and covellite. In addition, rare native copper 
and bismuth are present.

The Gandys Hill deposit (also known as Carlton Hill) 
is situated about 2 km to the northwest of Enterprise. A 
resource of 2.4 Mt averaging 2.5 g/t Au was established 
by diamond drilling and was subsequently mined by Pine 

setting similar to that of the Enterprise mine and has similar 
ore mineralogy.

Rustlers Roost

This deposit is situated about 90 km southeast of Darwin 
and was discovered in 1948 or 1949 by Jim Escreet. The 
areas of high gold concentration were termed, from north to 
south, Sweat Ridge, Dolly Pot, Beef Bucket and Backhoe. It 
is estimated that 200–250 t of ore was subsequently mined 
by Jim Escreet from these deposits for the production of 
about 3.7 kg Au (Rabone 1995). Exploration by a number 
of other companies was conducted from 1978, and in 1993, 
Valdora Minerals NL (Valdora) announced a resource 
of 8.1 Mt of ore at 1.2 g/t Au. Additional exploration by 
Valdora increased this to a JORC-compliant resource of 
34 Mt at 1.17 g/t Au (Rabone 1995). Between 1994 and 1998, 
Valdora produced about 113 000 oz Au (4.71 Mt at 1.05 g/t 
Au) from the deposit by heap leaching. The remaining 
mineral resource, at a cut-off grade of 0.70g/t, amounts to an 
indicated resource of 15.14 Mt, grading 1.34g/t Au, and an 
inferred resource of 1.46 Mt grading 1.23g/t Au (Valencia 
Ventures Inc, press release 14 April 2005).

stringers and stratiform iron-rich beds within the Mount 
Bonnie Formation. Dolerite dykes intrude the host 
succession. Mineralisation is mainly stratabound and occurs 
within three, spatially separate stratigraphic intervals of 

sedimentary rocks. It extends over an area of 1.5 km by 
0.5 km and is cut off to the south by a north-trending fault 
that dips 75  east. The rocks are only weakly metamorphosed 
to sub-greenschist facies and there are no visible contact 
metamorphic minerals. Structurally, the deposit is located 
at the crest of the south-plunging Dolly Pot Anticline. This 
anticline is asymmetrical with limbs dipping 35  east and 
50–70  west. Mineralisation occurs in both limbs.

Several gold-bearing lenses with variable strikes are 
present within the area. Most gold occurs in dark dolomitic, 
carbonaceous and pyritic shale. Some gold is also present 

includes gold (grains 1–50 μm in size), pyrite, arsenopyrite, 
chalcopyrite, marcasite, pyrrhotite and sphalerite. The 
oxidised ore extends to a depth of about 80 m.

Toms Gully

This deposit is located about 90 km southeast of Darwin 
and was discovered in 1986, as a result of a stream sediment 
geochemical survey by Carpentaria Exploration Company 
Pty Ltd. It was extensively drilled and evaluated in the 
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Figure 5.29. Generalised geological (a) map and (b
Pease 1990).

Figure 5.30. Open cut at Enterprise 
mine in 1991. Note anticline (dashed 
lines) through middle of pit.
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following year, leading to the establishment of ore reserves 
of 0.28 Mt averaging 8.4 g/t Au (Simpson 1990, Sheppard 
1992). Open-cut mining commenced in 1988 and continued 
until 1991, for a total production of 75 000 oz Au from 
356 651 t of ore averaging 9.23 g/t Au [Intierra1 records July 
2005]. In 2005, Renison Consolidated Mines NL acquired 
the mine and produced a further 63 000 t of ore at 3.7 g/t Au 
for 8200 oz Au (MacKenzie 2007). On 8 May 2008, GBS 
Gold announced to the Toronto Stock Exchange a Canadian 
NI 43-101-compliant indicated resource of 1.28 Mt at 8.4 g/t, 
an inferred resource of 0.592 Mt at 7.4 g/t Au and a probable 

to a resource of 0.68 Mt at 11.1 g/t and a probable reserve of 
0.37 Mt at 8.3 g/t by Gillman et al (2009).

90  and dipping near the surface 30–40 S, which gradually 
et al 1994). The 

mineralisation continues into the adjacent wall rock giving 
an average thickness for the orebody of about 2 m. Only 
the eastern half of the exposed 800 m strike length is of ore 
grade, but this ore shoot extends southwest down plunge 
for over 1 km. The quartz vein is poorly banded, showing 
multiple generations of blue-grey quartz. Mineralisation is 
restricted to the central and eastern parts of the reef. The fault 
hosting the mineralised lode has been interpreted as a thrust 
fault (Sheppard 1992). Patchy sub-economic mineralisation 
is present in altered siltstone in the hangingwall. A steeply 
dipping, discontinuous Pb-Zn-Ag-Cu lode, up to a metre 
thick, overprints gold mineralisation at the eastern end of 
the lode. The north-northeast and northeast faulting has 
resulted in metre-scale or decametre-scale displacements of 
the mineralised vein.

The host rock comprises folded carbonaceous siltstone 
and mudstone of the Wildman Siltstone that has been 
regionally metamorphosed to lower greenschist facies. 
Intrusion of the nearby Mount Bundey Granite has resulted 
in the development of andalusite-bearing hornfels. Pyrite 

ratio 2:1. Minor loellingite, galena, sphalerite, chalcopyrite 
and pyrrhotite are also present.

Creek township and was discovered in 1873. It produced 
some 1.76 t Au from 0.58 Mt of ore during 1880–1910. The 
old workings consisted of some 1600 pits, open cuts and 
shafts concentrated in an area about 5 km long and 450 m 
wide, in two sub-parallel northwest-trending zones about 
200 m apart. The western zone is known as the Union Reefs 

1936b, Shields et al 1967, Newton et al 1998). The Lady 
Alice Line hosts the Millers, Ping Ques, Lady Alice and 
Lady Alice North workings. The Union Reefs Line hosts 
the Union South, Crosscourse, Union Central, Prospecting 
Claim and Union North workings (Figure 5.31).

1 Intierra (full name Intierra Resource Intelligence) is a mining industry 
database that was formed in 2001 through the merger of three businesses 
– Intierra Ltd, Minmet Australia, and Mineral Information Maps (http://
www.intierra.com/).

In 1984, Enterprise Gold Mines NL undertook an 
appraisal of the deposit, including structural and 
geological interpretations and diamond drilling. This 

averaging 1.72 g/t Au as oxide ore and 0.6 Mt averaging 

zones that extended over a distance of 250 m and reached 
a depth of 80 m (Enterprise Gold Mines 1986).

In 1991, the Shell Company of Australia Ltd purchased 
the Union Reefs tenements and carried out detailed 
exploration to delineate a resource. Open-cut mining by 
Acacia Resources Ltd (later AngloGold Ltd) commenced 
in January 1995 and continued to 2003, with the production 
of 935 975 oz Au from 20.225 Mt of ore averaging 1.47 g/t 
Au. The leases have passed through Northern Gold NL 
(50%) and Harmony Gold Mining Company Ltd (50%) 
to GBS Gold and are now held by Crocodile Gold. The 
remaining resource at Union Reefs is given at 0.25 Mt at 
2.7 g/t Au (Gillman et al 2009). Although no mining has 

treatment plant was used in 2007–2008 by GBS Gold to 
process ore from Brocks Creek gold deposits. After a short 
break, in December 2009, Crocodile Gold re-commenced 
production from the Union Reefs plant, also treating ore 
from Brocks Creek. 

The lodes lie within the Pine Creek Shear Zone and 
are hosted by greywacke, slate and minor conglomerate 
of the Burrell Creek Formation. The rocks are strongly 
deformed into a series of isoclinal folds overturned to the 
northeast and in many places, are dislocated by bedding-
parallel faults or shears (Turner 1990). The isoclinal folds 
form an anticlinorium with an average plunge of 25 S. 
In places, the sedimentary rocks are intruded by dolerite, 
pegmatite and amphibolite dykes.

(Figure 5.32), which are present as stockworks, sheeted 
veins and quartz reefs (Hellsten et al 1994). The thick quartz 
reefs are generally located in sheared, dominantly pelitic 
wall rocks. Stockwork-style veining is commonly restricted 
to greywacke. Sheeted veins are commonly present in the 
thinly interbedded intervals (Figure 5.33). The three vein 
styles may occur separately, overlap or merge. The lodes 
generally outcrop as en echelon, pinching and swelling, 
northwest-plunging lenses that are parallel to near-vertical 
shears trending 010 , 330  and 355 . Steeply plunging saddle 
reefs are up to 3 m thick. They comprise massive barren quartz 
in the centre and have mineralised margins (Figure 5.34). 

extends to a depth of about 50 m. The primary minerals 
consist of pyrite, arsenopyrite, galena, sphalerite, marcasite 
and pyrrhotite. Gold is present as rare small grains and as 

larger quartz veins, and is also present as single grains and 
as clusters of small grains up to 5 mm in diameter in small 

Figure 5.35). A crude 
mineral zonation is present, whereby sphalerite and galena 
tends to be marginal to gold ore that is rich in pyrite and 
arsenopyrite. Gangue minerals comprise quartz, chlorite, 
calcite, dolomite and albite. In places, relatively small rich 
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shoots with grades of up to 60 g/t Au and 25 g/t Ag over 
a true width of 2 m have been intersected at 100 m depth 
(Shields et al 1967, Turner 1990).

Sener (2004) carried out SHRIMP U-Pb 
geochronological studies on xenotime from the Union 
Reefs deposit. Approximately half of the analyses showed 
unacceptably high common Pb contents and were discarded. 

from three polished thin-section fragments yielded a 
mean age of 1698 ± 18 Ma with moderate excess scatter 

Woolwonga

This deposit is situated about 50 km northwest of Pine 

by underground methods. Total production for this period 
was 205 kg of gold from 7457 t of oxidised ore and a 
further 26 kg of gold was recovered from the cyanide 

leaching of 4600 t of tailings (Stuart-Smith 1985). The 
grade of the oxidised ore averaged 27.1 g/t Au and the 
primary ore carried about 3 g/t Au (Walpole et al 1968).

In 1985, exploration by Dominion Mining Ltd 
outlined recoverable mining reserves of 2.1 Mt averaging 
2.78 g/t Au and a preliminary resource estimate was 
5 Mt at 3 g/t Au (Kavanagh and Vooys 1990). Mining 
commenced in July 1991 and the ore was hauled some 
28 km to the Cosmo Howley CIL treatment plant. The 
mining operation was completed in early 1995 and 
produced 130 000 oz of gold at an average grade of 
2.8 g/t Au from 1.4 Mt of ore (Northern Gold 2004).

Mineralisation is structurally controlled (Figure 5.36) 
and occurs in quartz veins associated with faults, shears 
and zones of brecciation within a moderately tight anticline, 
striking 310  and plunging 35–40  to the southeast 
(Figure 5.37). A shear zone striking 330  cuts the anticline; 
this zone is probably related to the Pine Creek Shear Zone. 
Quartz veining comprises saddle reefs, sub-vertical veins, 
stockworks associated with shear zones and sub-vertical 
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Acacia Resources Annual Report to 
shareholders for 1996).
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Figure 5.32. Styles of auriferous quartz veins at Union Reefs 
et al 1994). (a) Load-style veins within 

sheared, dominantly shale wall rock. (b) Folded stockwork veins. 
(c) Sheared veins typical of Union North mine.

Figure 5.33. Crosscourse lode: near-vertical, thin, bedding-
parallel, sheeted auriferous quartz veins in sheared southeast 
wall of Crosscourse Lode. Width of photograph is about 5 m.

Figure 5.34. Steeply plunging saddle reef at old workings north of 
Union Reefs mine. Note that old workings follow margins of reef, 
leaving barren central part untouched.
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veins that are parallel to the axial plane of the anticline and 
to the dominant cleavage.

The richest gold mineralisation occurs at the intersection 
of the 330 -striking shear zone with the anticlinal axis 
and at the brecciated contacts of quartz saddle reefs. The 
predominant ore mineral association is arsenopyrite and 
pyrite, with subordinate amounts of marcasite, galena, 
native bismuth, pyrrhotite, chalcopyrite, sphalerite, covellite 
and chalcocite.
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Figure 5.36. Generalised geological (a) plan and (b

Gold occurs as small particles of free metal in quartz, 
or as minute blebs in arsenopyrite. Gangue minerals 
comprise mostly quartz, with minor siderite, K-feldspar 
and Mg-rich tourmaline (dravite).

The host rocks at this mine consist of tuffaceous 
greywacke, mudstone and carbonaceous mudstone of the 

turbiditic successions. The rocks are black in colour, due 
to the high carbon content.

Figure 5.35. Coarse free gold in quartz from Union Reefs mine 
(length of photograph 15 mm).

Figure 5.37. Woolwonga open cut. Note white bedding-parallel 
quartz veins and anticlinal structure.
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Gold in iron-rich sedimentary rocks

These deposits are associated with iron-rich sedimentary 
rocks [variously named as banded iron formations (BIF), 
ironstone, iron formations and silicate iron facies], 
which are generally capped by carbonaceous shale in 
the hangingwall. The ore interval is generally bedding 
concordant and comprises a variety of gangue minerals, 
including, quartz, siderite, ankerite, calcite, chlorite, 
cummingtonite-grunerite, ferroactinolite, almandine and 
tourmaline. Gold-bearing quartz veins are present in some 
deposits and were considered by Matthäi et al (1995a, b) to 
have provided most of the gold (eg at Cosmo Howley).

traces of galena and sphalerite. Gold is sub-microscopic 
in size and a large part of it generally occurs as native 
gold; however, a close association with arsenopyrite is 
also notable. In the oxidised zone, the bulk of the gold 
is free milling and has been extracted by conventional 
metallurgical methods.

et al 
(1968) and Stuart-Smith (1985), and some detailed studies 
are also available (Nicholson 1978, 1980, Wilkinson 1982, 
Alexander et al 1990, Nicholson and Eupene 1990, Ahmad 
et al 
is given here.

Cosmopolitan Howley

The Cosmopolitan Howley (usually abbreviated to Cosmo 
Howley) mine has been one of the major gold producers 
in the PCO with an historic production of about 1.05 t of 
gold during 1879–1915, at an average grade of 22 g/t Au 
(Hossfeld 1942).

In 1984, Dominion Mining Ltd started a systematic 
appraisal of the deposit and commenced a new phase of 
production in 1987. The mining operation involved two open 
pits to a depth of 120 m. Mining was completed in early 
1994, with the operation producing 6.98 Mt of ore averaging 
2.1 g/t Au. GBS Gold subsequently conducted further 

8.7 Mt averaging 4.38 g/t below the present open cut, which 
is termed Cosmo Deeps. Reserves were given as 2.2 Mt at 
5 g/t (McKibben et al 2008). The leases are currently held by 
Crocodile Gold, who are planning to commence underground 
mining, with planned production in mid-2011.

Mineralisation is hosted by the Koolpin Formation, 
which is divided into three informal members (Alexander 
et al 1990). The ‘lower member’ is up to 250 m thick and 
consists of carbonaceous mudstone and siltstone. The 
‘middle member’ is largely composed of interbedded 
ironstone, mudstone and carbonaceous mudstone, 
reaching a thickness of up to 100 m. The 50–150 m-thick 
‘upper member’ consists predominantly of carbonaceous 
mudstone. The Zamu Dolerite locally intruded the mine 
succession, mainly as sills, prior to folding.

The auriferous ‘middle member’ of the Koolpin 

(named I1 to I5) which are 5–20 m thick and separated 
by four intervals of mudstone (M1 to M4). The ironstones 
comprise greenschist-facies metamorphic assemblages, 

including chlorite and actinolite, with minor mica, quartz, 

features of the ironstone horizons are recrystallised chert 
nodules and bands. The ironstone comprises laminae of 
iron-rich silicate minerals up to 5 mm thick, alternating 

horizons comprise chlorite, quartz and muscovite, with 
minor pyrite and rare garnet. Lenses containing up to 
60% Mg-rich tourmaline (dravite) are present towards the 
base of the ‘middle member’. Nicholson (1980) interpreted 
these lenses as metamorphosed, syngenetically deposited 
boron-rich sedimentary rocks. Gold mineralisation at 
Cosmo Howley occurs in all ironstone horizons, but 

5 and M4 
intervals (Figure 5.38).

Structurally the mine is located on the major Howley 
Anticline, which in the mine area, strikes 315  and plunges 
steeply northwest (50–75 ). The anticline has a complex 
internal structure and is asymmetric, with the east limb 
steeper than the west. Faulting is intense, especially in the 
axial plane and on the east limb; fault zones are 1–10 m 
wide and are sub parallel to the axial plane of the fold.

Most of the gold occurs as sub-microscopic inclusions 

chalcopyrite and pyrrhotite. Free gold is rare. On a broad 

to the ironstone and mudstone intervals. However, it is 
also spatially related to the discordant and concordant 

(Matthäi et al 1995a). The quartz veins are usually up to 
several centimetres thick, but thin veinlets and stockworks 
are also present. High-grade mineralisation usually occurs 
in zones immediately adjacent to veins, rather than within 
the veins themselves. Gold grades range from 3 g/t on the 

in the oxidised portions of the veins and breccias (Stuart-
Smith 1985).

Several other gold mines occur along the crest of the 
Howley Anticline. They include Chinese Howley, Big 
Howley, Howley North, Bridge Creek (described separately) 
and Mount Paqualin. Together with Cosmo Howley these 
mines form a 24 km-long line of lodes known as the 
Howley Line. The mines are located close to the hinge zone 
of the Howley Anticline in the Koolpin Formation (Mount 
Paqualin), Gerowie Tuff (Chinese Howley) or Mount Bonnie 
Formation (Big Howley). In these mines, mineralisation is 
essentially not associated with ironstone beds. It is largely 
structurally controlled and is within gold-quartz veins.

The mines in this area lie along the west limb of a doubly 
plunging, northwest-trending anticline known as the Golden 

in 1872, when some coarse alluvial gold was discovered. 
Mining commenced shortly afterwards and by 1936, some 
43 kg of gold had been produced from underground mining 
(Hossfeld 1936c, Walpole et al 1968).

Exploration in the 1980s led to open-cut mining at 
Golden Dyke, Langleys, Davis 2, Afghan Gully and Fisher 
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Lode. Other old mines in the area, namely Corbetts and 
Good Shepherd, were explored, but not mined.

Total post-1980 production from the Golden Dyke, 
Davis 2, Langleys, Afghan Gully and Fisher Lode open pits 
is 1.18 t Au. Golden Dyke was the main producer (0.11 Mt 
ore at an average grade of 7.66 g/t Au) and the open cut 
reached to a depth of about 150 m, well into the primary ore 
zone (Figure 5.39). The other open cuts remained in the 
oxidised zone and are 20–30 m deep.

As at the Cosmo Howley mine, mineralisation in the 
Golden Dyke Dome area is associated with ironstone 
intervals in the ‘middle member’ of the Koolpin Formation, 
but quartz veining is rarely present. Like the Cosmo Howley 

1–I5
The Fisher Lode is within I5; the Langleys, Golden Dyke 
and Davis 2 mines are in I4 and Corbetts prospect is in 
I2. The Afghan Gully lode is in a tourmalinite lens, but 
most mineralisation is in quartz carbonate stringers. The 
I3 horizon is known as the Buck Reef and can be traced 
almost continuously around the Golden Dyke Dome as a 
series of sugary quartz ridges in ferruginous material. It 
has been explored by costeans in many places, but gold 
values are generally low. Texturally, these quartz ‘blows’ 

are identical to the smaller chert pods, and Nicholson (1978) 
considered that the ‘blows’ were deposited as a relatively 
thick continuous bed.

At the Golden Dyke mine, the mineralised lode is situated 
on the western limb of an anticline. The host rocks strike 
325  and dip 80  to the southwest; the lode is concordant 
and follows the ironstone interval. The host rocks are 
composed of alternating 2–7 mm-thick green ferroactinolite 
laminae and usually thinner green-brown bands, composed 
of chlorite, ferroactinolite and stilpnomelane.

The mineralogy of the ironstone units is essentially 
similar to that in the Cosmo Howley area and Nicholson 
(1978) has described it in detail. Large (up to 5 mm across) 
euhedral crystals of arsenopyrite cut across the laminae 
and are invariably present in the mineralised gold-rich part 
of the ironstone. Other minerals present in the mineralised 
zone are pyrite and minor chalcopyrite, pyrrhotite, galena 
and sphalerite.

deposits (discussed above) and iron-rich sediment-
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Figure 5.38. Generalised geological (a) plan and (b) cross-section at Cosmo Howley mine (adapted from Dominion Mining Ltd Annual 
Report to shareholders for 1998).
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hosted deposits. In this section two occurrences that are 
associated with iron-rich sediments are described. These 
deposits were discovered and developed by Cyprus Gold 
Australia Corporation (later Moline Management Pty Ltd) 
between 1984 and 1991. 

Mineralisation is associated with pyritic chert and 
pyritic carbonaceous shale beds within the lower Mount 
Bonnie Formation, along the crests of F3 folds. The chert 
beds are commonly laminated and often contain sugary 
chert nodules and tourmaline (Miller 1990). The gold is 

zones up to 23 m wide.
The Moline Dam orebody is the largest documented 

example of this class. It was discovered in 1985 and 
subsequently mined by open-cut methods between 1989 
and 1991, producing about 1.5 t of gold from 595 500 t of 
ore. The following description is largely based on Miller 
(1990).

Laminated pyritic chert and shale of the Mount Bonnie 
Formation host the mineralisation which is present in 
four sub-parallel lodes, individually up to 23 m wide, in a 
zone with a strike length of 1100 m and a total width of 
up to 65 m. These lodes comprise banded and network-
veined pyrite ± pyrrhotite, sphalerite, galena, arsenopyrite 
and bismuthinite, within micro- and macro-shear zones 
produced by bedding plane slip during folding (Moline 
Management 1992). The wallrock alteration assemblage 
includes quartz, sericite, K-feldspar, albite, adularia, 
chlorite tourmaline and carbonate.

Gold occurs as 2–30 μm-sized particles within or 
between grains of arsenopyrite, sphalerite and galena. 
This base metals association is also common in the other 

Tumbling Dice, 
Dingo and Simple Dreams). Moline Dam lodes average about 
2700 ppm As, 10 ppm Ag, 1500 ppm Pb and 2400 ppm Zn.

The Southern Hercules (School) deposit is located 
about 200 m southeast of the Northern Hercules pit. 
Some 227 200 t of ore, averaging about 3 g/t Au, was 
mined between 1989 and 1990 (Ferenczi and Sweet 2005). 
The Mount Bonnie Formation at this site occupies the 
hinge area of an overturned anticline; bedding strikes 
northwest (305 ) and dips steeply (60 ) to the southwest. 
Gold mineralisation is associated with two parallel 
330 -trending shear zones that dip steeply (40–65 ) to 
the southwest (Moline Management 1992). Localised 
thickening of the ore zones occurs where the main shear 
intersects cross-shears and massive quartz veins to 
produce plunging elliptical chutes of higher grade (Moline 
Management 1992).

Gold in association with platinum group elements

Coronation Hill, in the South Alligator River Valley region, 
is the well known example of this type of deposit. Other 
Au-PGE prospects include Gold Ridge, Sargents North 
and a number of minor occurrences in the Rum Jungle 
area south of the Waterhouse Dome and in the western 
Arnhem Land area. At Coronation Hill, mineralisation is 
in microfractures, veinlets and disseminations in quartz-

conglomerate, sedimentary breccia and diorite. At Gold 

Ridge, it is associated with a shear zone within the Fenton 
Granite. At Sargents North, mineralisation is within 
haematite-quartz breccia.

Coronation Hill

Au-PGE mineralisation was discovered at Coronation Hill 
in 1984 by BHP Minerals, and lies beneath and to the east 
of the old uranium open-cut mine of the same name. Since 
its discovery, several other Au-Pt-Pd ± U prospects have 

Partners and the Bureau of Mineral Resources (BMR) in 

All of these prospects lie within, or near the 
Rockhole-Palette Fault System. They are located close 
to the unconformity between the Coronation Sandstone 
(El Sherana Group) and pre-Nimbuwah Event basement 
rocks, and are surrounded by alteration haloes (sericite-
chlorite-haematite) that may extend over 1 km (Wyborn 
et al 1990a, b).

The Coronation Hill deposit (Figures 5.40, 5.41, 5.42) 
contains a total resource of 6.36 Mt grading 6.1 g/t Au, 
0.27 g/t Pt and 0.90 g/t Pd (Mernagh et al 1994). It is hosted 
within quartz-feldspar porphyry, chloritic volcaniclastic 
rocks, quartz diorite and sedimentary breccia. Wyborn 
et al (1990b), Carville et al (1990) and Ahmad et al (1993) 
described the host lithologies as quartz-feldspar porphyry 
(assigned to the Gerowie Tuff), chloritic volcaniclastic 
rocks (Shovel Billabong Andesite), quartz diorite (Zamu 

ORE ZONE

Zamu Dolerite

Mudstone of
Koolpin Formation

A07-312.ai

Figure 5.39. Open cut at Golden Dyke mine, looking south.
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Dolerite) and sedimentary breccia (Coronation Sandstone). 
An alternative interpretation (Needham 1988b) is that all 
of these rock units are part of the Coronation Sandstone 
that has been intruded by quartz-diorite (Ferenczi and 
Sweet 2005). Eupene (2003) prepared a 3D model of the 
deposit based on geological logs. He considered that the 
lowermost unit intersected in drillholes is the Koolpin 
Formation; this is represented by a dolostone, which 
is conformably overlain by chloritised volcaniclastic 
sedimentary rocks that may possibly represent the Gerowie 
Tuff. This succession is overlain by a unit, called Type C 
breccia, which is characterised by clasts of amygdaloidal 
basic volcanic rocks, quartz feldspar porphyry, quartz 
diorite and chloritised volcaniclastic sedimentary rocks. 
The Type C breccia correlates with the breccia at the base 
of the Coronation Sandstone and is overlain by a sandstone 
unit (the capping sandstone) belonging to the Katherine 

rock types and probably postdate the capping sandstone. 
Type A breccia is a polymictic breccia and contains 
angular to sub-rounded clasts of porphyry, siltstone, quartz 
sandstone and volcaniclastic sedimentary rocks. Type B 
breccia is essentially monomictic and is dominated by 
clasts of porphyry, with minor black shale, green siltstone 
and quartz. This succession has been intruded by quartz 
feldspar porphyry and basic intrusive rocks, which must be 
older than the Type C breccia, because of the presence of 
porphyry clasts in the breccia.

The Au-Pt-Pd mineralisation is structurally controlled 
by the proximity of the Coronation Sandstone–South 
Alligator Group unconformity and two pre-mineralisation 
fault systems. The east-trending reverse faults have a 
vertical movement of 300–400 m and dip 60–70° to the 
south. West-northwest-trending vertical faults and related 
shears postdate the east–west reverse faults and have an 
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Figure 5.42. Geological cross-section at the Coronation Hill deposit along line A–B, after Mernagh et al (1994) and Orth et al (2010).
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east-block-up sense of movement. Bedding dips steeply 
(50–60 ) to the southwest.

The Coronation Hill deposit has a pipe-like geometry, 
with a strike length of about 250 m, and is 50–100 m wide. 
Drillholes have intersected mineralisation at depths in 
excess of 600 m. Detailed drilling has outlined a mineralised 
resource, some 240 m in length, up to 80 m wide and to a 
depth of 250 m. Mineralisation comprises several narrow 
(average width 10 m) tabular bodies that are sub parallel to 
north-northwest-trending faults. Mineralisation is present 
along microfractures, as quartz-carbonate-haematite 
microveinlets and as disseminations within the alteration 
matrix of the host rocks.

The gold is microscopic (3.5–332 μm) and is associated 

include pyrite and trace amounts of marcasite, pyrrhotite, 
sphalerite, chalcopyrite and galena. Precious metals 
mineralisation is present in approximately the following 
order of decreasing abundance: gold, stibiopalladinite 
(Pd5Sb2), sudburyite (PdSb), native palladium, an 

palladium selenide [(PtPd)Se2, possibly a new mineral 
phase], palladseite (Pd17Se15), porpezite (Au Pd phase), Bi 
Pd Sb phase, Bi Pd Sb selenide, Pt Pd (Fe) alloy phase, Bi 
Ag selenide, Pd Hg selenide, and very rare Pd As selenide. 
Other selenide minerals recorded include: clausthalite 
(PbSe), Ni Co (Fe) selenide, timeannite (HgSe) and very 
rare Hg Sb Ni selenide (Gilbert 1986, 1987).

nickeliferous pyrite, marcasite, galena, chalcopyrite, 

Uranium and rare earth minerals include uraninite, 

[(CeLaCa)Al3 (PO4)2 (OH)6], xenotime (YPO4) and rare 
monazite [(CeLa)PO4]. Intergrowths of gold/clausthalite/
stibiopalladinite are common. Pt mineralisation comprises 
microveinlets and porous patches of Pt Pd selenide, 

and clausthalite. Native Pt has only been recorded once 
(Gilbert 1986, 1987).

The Au and Pt group mineral phases show a distinct 
selenide association. Another association is also present 
where gold/clausthalite/stibiopalladinite are associated with 
replacive pyrite in some of the altered igneous rocks. These 
are later than pyrite in the mineral paragenesis.

Mernagh et al 
mineralisation at Coronation Hill:

U-Au-PGE ore found at or below the basal El Sherana 
Group unconformity, in a sub-vertical zone containing 
sporadic lenses and disseminations. This is generally 
restricted to conglomerates containing carbonaceous 
clasts and to chloritic alteration zones in quartz feldspar 
porphyry. Sometimes, visible gold grains occur in 
association with disseminated and patchy pitchblende.
Au-PGE ore, which occurs in irregular quartz-calcite-
chlorite veins or breccias in the quartz feldspar porphyry, 
the quartz diorite and the volcaniclastic rocks. This 

Group unconformity, but otherwise shows no control by 
lithology.

Needham and Stuart-Smith (1987) considered the 
deposit to be of epigenetic sandstone-type. Fluid inclusions, 
stable isotope studies and chemical modelling indicate 
that the ore constituents were transported in descending 
oxidised, low-pH, calcium-rich brines at a temperature of 
about 140 C. They were precipitated (except U) as a result 
of a decrease in ƒO2 and an increase in pH, due to a reaction 
with feldspathic rocks. Uranium was precipitated due to 

et al 1994, Mernagh and 
Wyborn 1994).

Gold Ridge

The Gold Ridge prospect is located about 23 km southwest 
of Hayes Creek Inn on Tipperary pastoral lease. Gold 
mineralisation was discovered and drilled by Mount Isa 
Mines Ltd between 1991–1992 (McGeough 1992). A small 
inferred resource of 32 000 t averaging 4.5 g/t Au, 0.3g/t Pt 
and 0.5 g/t Pd to a vertical depth of 36 m was estimated. 
Some mining has taken place via a shallow open cut, but 
there are no records of production. Some 30 percussion 
holes have been drilled and 12 costeans excavated in this 
vicinity.

The prospect lies in a roof pendant of Wildman Siltstone 
within the Fenton Granite (Figure 5.43). On the surface, 
a northwest-trending (335
zone that dips between 50–55  to the northeast can be 
discontinuously traced over 500 m. Au-Pt-Pd mineralisation 

graphitic (± pyrite) mylonite unit above the vein quartz 

over a strike length of 150 m and to a vertical depth of 55 m. 
Diamond drilling carried out by NTGS in 2004 to obtained 
core samples of the mineralised lode was unsuccessful, due 
to high hole deviation and jamming of drill rods (Doyle 
et al 2006).

Rum Jungle Area

A number of Au-Pt-Pd prospects were located in the late 
1990s in the Coomalie Dolostone, in the area surrounding 
the Waterhouse Dome. Au-PGE mineralisation has been 
intersected in drillholes at the Sargents North, Kylie and 
Hardtop prospects. At Sargents North a potential shallow 
resource of 20 000–30 000 t at 3–4 g/t Au with associated 
PGE was anticipitated (Williams 1999a). This prospect 
is located in a 45  east-dipping succession of tremolite 
chlorite schist assigned to the Coomalie Dolostone. At the 
Hardtop prospect, the best reported drillhole intersections 
were 4 m at 2.2 ppm Au, 0.6 ppm Pt and 0.3 ppm Pd 
(Williams 1999b). At Kylie, the best intersection in 
drillhole KY78/03 was 2 m at 1.29 ppm Au, 0.58 ppm Pt 
and 0.78 ppm Pd. No primary Pt-Pd minerals have been 
described from these prospects. Mineralisation is close 
to the unconformity with the overlying Tolmer Group, 
and haematite quartz breccia of the Geolsec Formation is 
developed at the contact. Diamond drilling by NTGS in 
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2004 at Sargents North intersected the mineralised lode 
in a highly weathered gossanised zone, which assayed at 
360 ppb Au and 36 ppb Pd (Doyle et al 2006).

Gold in association with uranium

Gold is associated with uranium deposits in the South 
Alligator Valley area and at Jabiluka and Koongarra in the 
Alligator Rivers region. Several other minor occurrences 
have been located by Cameco Australia Pty Ltd in the late 
1990s in western Arnhem Land and these are described 
in McArthur Basin. Although considerable information 
is available regarding the mineralogy and genesis of the 
uranium deposits, similar information about the associated 
gold is lacking.

South Alligator Valley

Thirteen deposits were mined in this area by United 
Uranium NL between 1955 and 1964, producing some 875 t 
of U3O8 and 359 kg Au as a by product from 146 500 t of 
uranium ore averaging 0.12–2.5% U3O8 (Fisher 1968). Ore 
was extracted from a number of small stopes to a depth of 
about 90 m. The mineralisation is contained within a major 
northwest-trending, dextral strike-slip fault (Rockhole-
Palette) system, at or close to the unconformity between 
the El Sherana and South Alligator groups. Almost all the 
mineralisation is located in open spaces created by faulting 
and deformation (Valenta 1991).

The uranium mineralisation consists of stringers, pods 
or lenses of massive pitchblende or sooty fracture coatings 
in shoots which vary from 25 mm to 2 m in thickness (Taylor 
1968). Other ore minerals include clausthalite (PbSe), 
eskebornite (CuFeSe2), pyrite, marcasite, chalcocite, native 
gold and secondary uranium minerals (Ayres and Eadington 

1975). Threadgold (1960) examined gold-bearing uranium 
ores from the El Sherana, Palette and Rockhole mines. 
Gold is present as minute (average 10 μm) inclusions within 

secondary minerals and as minute inclusions (3–80 μm) 
within galena-clausthalite veinlets, cutting the pitchblende.

Eadington 1975, Wyborn et al 1990a, b) suggest that the 
uranium and presumably gold was originally leached from 
the felsic volcanics by highly oxidised groundwaters. These 
brines descended along near-vertical faults and fractures 
into the carbonaceous basement rocks. Ore mineral 
precipitation was by reduction caused by the carbonaceous 
sediments.

Jabiluka

The Jabiluka uranium deposit, discussed in Uranium, 
also contains a resource of 1.1 Mt gold at 10.7 g/t Au 
Hancock et al 
the western half of the orebody and is associated with 
the graphitic intervals, particularly with areas of strong 
uranium mineralisation. Gold in excess of 500 g/t has 
been reported from some parts of the orebody. The bulk of 
the economic gold mineralisation occurs within the main 

intersected within the hangingwall schist, but in this case, 
it is not associated with major uranium mineralisation. 
Gold occurs as inclusions (10 to 100 μm in size) or veins in 
uraninite and is also found associated with lead and nickel 
tellurides (Hills 1973).

The genesis of this deposit is discussed in Uranium, 
which deals mainly with the transport and deposition of 
uranium mineralisation. It is likely that gold species formed 
an integral part of the uranium generation system.
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Koongarra

The Koongarra uranium deposit is situated some 25 km 
south of Jabiru. It was discovered by Noranda Australia 
Ltd in 1970 and sold to Denison Mines Australia Ltd in 
1980. The current total uranium resource is 0.624 Mt of ore 
averaging 10.55% U3O8 (AREVA 2008). The gold resource 
is estimated at 1.04 Mt of ore averaging 3 g/t Au (Snelling 
1990). Native gold is present in clusters of rounded grains 
(less than 5 μm in diameter) in uraninite. There are no 
further details about the nature of the gold mineralisation.

Polymetallic gold deposits

These deposits are contained as concordant lenses within 
interbedded pyritic shale, dolomitic siltstone and tuff of 
the Mount Bonnie Formation and, to some extent, they 
resemble gold deposits hosted in iron-rich sedimentary 
rocks (see Gold in iron-rich sedimentary rocks). In 
addition to gold, they also contain lead, zinc, copper 
and silver. Quartz veining is almost non-existent. The 

galena, arsenopyrite, pyrite, chalcopyrite, pyrrhotite and 
tetrahedrite. Zinc is the dominant element, followed by 
silver and gold. The Iron Blow and Mount Bonnie mines 
are the only representatives of this type of deposit in the 
Northern Territory.

The Iron Blow mine is located on the western limb of the 
Margaret Syncline, which trends and plunges gently to 
the north. The host rocks are interbedded siltstone, shale 
(pyritic and carbonaceous), greywacke, hornfels, chert 
and minor conglomerate and carbonate rocks of the lower 
Mount Bonnie Formation. Carbonaceous slate is the most 

siltstone, hornfels and greywacke units exposed to the west.
The gossan at the Iron Blow deposit was discovered in 

(McDonald 1901). During 1898–1906, Northern Territory 

(Eupene and Nicholson 1990).
In 1975, a Geopeko Ltd and BP Minerals Ltd joint venture 

carried out a detailed appraisal by additional drilling. They 

ore averaging 6.8% Zn, 0.9% Pb, 117 g/t Ag and 2.1 g/t Au 
(Nicholson and Eupene 1990).

In 1984, the Henry and Walker Group Ltd mined 10 000 t 
of oxidised ore, averaging 9 g/t Au and 250 g/t Ag; and 

The estimated inferred resource remaining at Iron Blow 
is 3.17 Mt, grading 2.08 g/t Au, 100.9 g/t Ag, 0.76% Pb, 
3.28% Zn, and 0.19% Cu (Crocodile Gold 2009). 

The primary ore at Iron Blow is typically massive and 
medium to coarse grained, with a distinct, weak, bedding-
parallel mineral foliation. Rare laminations of sphalerite in 
carbonaceous slate have been observed in drill core (DDH 
S/9: 139.45 m) and this was used as strong evidence for a 
syngenetic origin by Goulevitch (1980b).

Mount 

The Mount Bonnie mine lies on the eastern limb of the 
Margaret Syncline, at the same stratigraphic level as Iron 
Blow. The host rocks are interbedded shale, siltstone, 
greywacke, hornfels and carbonate rocks with minor pebble 
breccia of the lower Mount Bonnie Formation. The effects 
of both regional and superimposed contact metamorphism 
are evident in the mine succession.

This mine was initially worked in 1902 by Northern 

mining methods, but there are no records of production. 
Exploration in 1973 by Horizon Exploration Ltd and 
Jingellic Minerals Pty Ltd outlined a possible 0.48 Mt of 
ore, averaging 7.67% Zn, 0.4% Cu, 1.8% Pb, 186 g/t Ag 
and 1.5 g/t Au (Ivanac 1974). About 12 000 t of ore was 
mined from an open cut and transported to the Mount Wells 
Battery in 1979 (Rich et al 1984).

In 1975, Geopeko Ltd and BP Minerals Ltd carried out 
a detailed appraisal, including drilling. During 1979–1980, 
a period of high gold and silver prices, diamond drilling 
and sampling of old workings outlined reserves of 100 000 t 
at 8 g/t Au and 230 g/t Ag (Rich et al 1984). During 

oxidised ore yielding a total of 110 000 t, averaging 7 g/t Au 

zone contains approximately 480 000 t of ore ranging 
1–5 g/t Au and 12–15% combined Pb and Zn (Stuart-Smith 
1985). Currently available resources are given at 0.65 Mt 
of ore, averaging 1.7 g/t Au, 280 g/t Ag, 9% Zn, 2% Pb and 
0.5% Cu (Northern Gold 2005).

The Mount Bonnie lode dips 40  west and is up to 15 m 
thick. The original gossan could be traced as discontinuous 
exposures for over 100 m along strike and consisted 
mainly of limonite, haematite and limonitic clay, and 
minor mimetite, duftite, cerussite, coinchalite, malachite, 
plumbojarosite and scorodite (Rich et al 1984). The upper 
70 m of the gossan was relatively enriched in gold, silver, 
lead, bismuth, arsenic, antimony, mercury and tin, with a 
chalcocite-rich zone near the base (Rich et al 1984).

Exposure of the Mount Bonnie lode during open-
cut mining revealed that the gossan was formed by the 

mineralogy and textures are very similar to that of the Iron 

quartz dominate the gangue mineralogy.

Other primary gold deposits

A unique gold deposit, the Sundance mine (Figure 5.44), 
is located 2.5 km east of Batchelor. It was discovered by 
Pancontinental Mining Ltd in 1978, while exploring for 
uranium (Pancontinental 1986, Simpson 1993, 1994). 
Analyses of ferruginous quartz breccia boulders ranged 
up to 55 g/t Au. In 1979–1980, Pancontinental conducted 
a program of costeaning, mapping, drilling, and ground 
magnetic and radiometric surveys, which revealed that 
mineralisation is spread over a large aerial extent, but 
does not continue below a depth of about 20 m. In 1986, 
a geological resource of 200 000 t at 4 to 5 g/t Au was 
estimated by Paterson (1986) for N Byrne and Associates 
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of proven and indicated ore, averaging 8.16 g/t. Mining 
in 1986 and in 1993–1994 produced a total of 17 800 t of 
ore averaging 10.57 g/t. The ore was treated at the Mount 
Bonnie plant in 1986 and at the Dominion Mining plant at 
Cosmo Howley in 1993–1994.

Mineralisation is located at the contact between 
Coomalie Dolostone and overlying Whites Formation. The 
ore consists mostly of large lumps and clusters of boulders 

5 m in size. The ore comprises angular to irregular quartz 

rich breccia, including gossanous quartz vein fragments 
(Figure 5.45). Other ore types are sub-gossanous clayey 
haematite, siliceous breccia with clasts of chalcedonic 

gossanous rock. Minor pyrite is enclosed by vein quartz 
and within hard shells of silica and iron oxides. Larger and 
more deeply buried boulders contain massive pyrite. Free 
gold can be observed in some gossanous specimens. 

A diamond hole drilled through the auriferous gossan 
averaged 45.2 g/t Au between 7.1 and 9.5 m, and then 
passed through a zone of massive auriferous pyrite with 
intervals of talc and magnesite. This pyritic zone assayed 
12.1 g/t over a length of 11.5 m. Apparently, the high-
grade ore resulted from oxidation and enrichment of an 

a talc alteration halo. Drill core analysis indicated up to 
930 ppm Sn in the primary ore and 4850 ppm Sn in the 
secondary ore (Simpson 1994).

Another deposit named Sundance East is located about 
5 km northeast of Sundance. Drill intersections of 18 m 
at 1.88 g/t and 7 m at 2.98 g/t Au have been reported, but 

Mount Grace Resources NL reported a similar drill 

intersection of 7 m at 8.8 g/t Au within the Coomalie 
Dolostone at the southeastern corner of the Winchester 
magnesite deposit at 53L 723420mE 8556500mN (Bruce 
Uren, Mount Grace Resources, pers comm 2002).

Placer deposits

Many of the hard-rock quartz vein-type gold deposits 
described above contain associated eluvial/alluvial gold 

in size, but some coarse nuggetty gold has been reported 
from a few localities. There are few, if any, reported placer 
gold deposits associated with other deposit types. Major 
alluvial workings are at Howley, Fountain Head, Yam 
Creek, Sandy Creek, Margaret Diggings, Wandie, Union 
Extended, Pine Creek (Silver Coin) and in the Union Reefs 
area.

Genetic constraints

Considerable information is available on the genesis of 
vein quartz-hosted gold deposits within the PCO, including 

rock alteration and paragenesis (Sheppard 1992, Ahmad 
et al 1993, Wygralak 1996, Matthäi et al 1995a, b, Sener 
2004). A summary of some important genetic parameters 
is provided below.

Wall rock alteration effects in vein quartz-hosted gold 

millimetres wide fringe of altered rock along the edges of 
veins. The main wall rock alteration minerals are sericite, 
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quartz, chlorite, minor carbonate and pyrite. A study of 
the veining sequence (Ahmad et al 1993) indicates that 
at least four stages of veins are present in most deposits 
(Figure 5.46). Early gold-bearing (Stage 1) veins are cut 
by later quartz veins (Stage 2), which are mostly barren, 

veins are generally devoid of any mineralisation and 
usually form euhedral crystals in vuggy cavities. In some 
deposits, late carbonate veins (Stage 4) cut all stages of 
quartz veins.

In the banded ironstone-hosted deposits, chlorite is 
the dominant alteration mineral and much of it formed 
at the expense of amphibole. Early, possibly retrograde 
chlorite is light green, weakly pleochroic, occurs as 

is probably of hydrothermal origin. Sericite is the next 
most common alteration mineral. It seems to have formed 
later than early chlorite (Ahmad et al 1993). The Mount 
Todd and Toms Gully deposits do not have large alteration 
haloes, suggesting that mineralisation in these deposits 
was introduced while the rocks were in thermal and 

the alteration types discussed above is Maud Creek. This 
deposit has sericite-carbonate-fuchsite-graphite alteration 
within the gold orebody (Morrison and Treacy 1998).

In stratabound polymetallic deposits, the predominant 

and sericitisation. The most evident form of alteration 

quartz-carbonate-talc-tremolite-actinolite assemblage 

Chloritisation of the wallrocks is often both pervasive and 

Other effects include partial and selective alteration of 
primary minerals, such as the replacement of carbonates, 
biotite and pyroxenes by chlorite. Sericitic alteration is 

of phlogopite and muscovite, which often form spots and 
bands in altered wall rocks. Minor amounts of microcline 
are also often present.

Fluid inclusions

Ahmad et al (1993) and Wygralak (1996) have carried out 
regional studies of a number gold deposits from the PCO. 

deposit, and Ho (1993, 1994) and Ho and Shepherd (1993) 

Arm deposit. The following summary is based on these 
reports.

Fluid inclusion studies on Au-quartz veins, Sn-quartz 

and Au-quartz veins in stratiform Au deposits show four types 
(Figure 5.47) of inclusions: H2O + CO2 + CH4-bearing 
low-salinity Type A inclusions, H2O + ca 20 volume% 
vapour-bearing Type B inclusions, H2O + <15 volume% 
vapour-bearing Type C inclusions of variable salinities, 
and H2O + NaCl + vapour-bearing Type D inclusions. 
Inclusion types C and D are paragenetically later than and 
are not related to the main ore-forming stages (Ahmad 
et al 1993). However, for the West Arm deposit, these 
high-salinity low-temperature low-to-nil CO2-bearing 
inclusions are considered to be contemporaneous with the 
gold mineralisation event and are suggested to have evolved 

(Ho 1993, 1994, Sener 2004).
Filling temperatures on these inclusions are regionally 

variation. Type A inclusions were trapped on the H O-CO  
solvus, mostly within the 250–350 C mode. Pressure-
corrected (600–1600 bars) temperatures on Type B 
inclusions also fall within this narrow range. The salinity 
modes on Type A inclusions are mostly within a narrow 
range of 3–5%. Type B inclusions have higher salinities 
that vary between 1–27% and average about 10%. The P-T 
and salinity range of these deposits is comparable with the 
mesothermal deposits.

Type A and B inclusions occur together, but whereas the 
latter are devoid of CO  and CH , in the former, these species 
are abundant. The studied mineral occurrences are spatially 
closely associated with granite intrusive rocks and a genetic 

parentage (eg porphyry copper deposits) are essentially 
high-salinity Na-K-Cl brines and, although minor CO  is 

Figure 5.45. Gossanous ore at Sundance mine.
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present, CH
tin-tungsten vein deposits, which are considered to be of 
magmatic origin, also lack CH , although CO  is present in 
some deposits. Fluid inclusions in most rare earth and Sn-
Ta-bearing pegmatites are also poor in CO  and lack CH  
(Roedder 1984).

Both CH  and CO
from low to medium-grade metamorphic environments 
(Swanenberg 1979, Roedder 1984). These metamorphic 

magnesium (Crawford et al 1979). Almost all of the PCO 
occurrences are located within the contact aureole of 
granitic intrusions and a large proportion of CO , CH , 
CaCl  and MgCl2
of contact-metamorphic origin.

Type B inclusions lack both CO  and CH , and are also 
more saline than Type A inclusions. Up to 2 mole% CO  is 
soluble in NaCl solutions at temperatures and pressures as 
low as 25 C and 5 bars (Collins 1979). Therefore, for a clearly 
visible CO  phase at room temperature, probably 5–10 mole% 
CO  is required to be present. Theoretically, it is possible to 

in Type A inclusions by CO  loss due to a drop in pressure, or 
an increase in salinity, or both. For example, at a pressure of 
1 kbar, CO  and H O are completely miscible above 275 C. If 
the pressure drops below 1 kbar, H O and CO  are no longer 
miscible and at a pressure of, say, 575 bars, a CO
containing 60 mole% CO  and an H O-rich phase containing 
11 mole% CO can co-exist (Roedder 1984). At a pressure 
of about 250 bars the water-rich phase will have only about 
5 mole% CO
concentrations of CO are achievable at pressures of about 
500 bars (Takenouchi and Kennedy 1965).

Another possibility requires separate sources for Type A 

generated by contact metamorphism and may be present as 
a single H O-CO -CH  phase above the solvus. The higher 
salinity H O-CO

causing CO  + CH  effervescence due to phase separation.

Sulfur isotopes

Ahmad et al (1993) summarised 34S measurements 
from a number of deposits from within the PCO. Pyrite 
and arsenopyrite from the Toms Gully mine gave a very 
restricted 34S range of 9.2 to 10.3‰ (average 9.7%o). 
Stage I (Figure 5.46) pyrite for other deposits (Enterprise, 
Kohinoor, Fountain Head, Maid of Erin, Union Reefs, 
Zapopan, Woolwonga and Faded Lily) gave a range of 

deposit variation in the 34S values. Two galena samples 
(Stage III) returned 34S values of 2 and 2.6‰ and four 
sphalerite samples gave values of 5.8, 4.7, 6.8 and 5.6‰. 
Sphalerite and galena (Stage III) co-exist in one sample, for 
which the 34S temperature has been calculated at 244 C, 

temperatures on Stage II veins.
34S values have been determined on samples of pyrite, 

arsenopyrite and marcasite from the Golden Dyke and 
Cosmo Howley mines. Two marcasite samples gave values 

(coarse, thin stringers) gave 34S values in the range +1.5 
to +3‰ (average 2.2). Arsenopyrite values are distinctly 
heavier and range between +4.4 and +5.7‰. Twenty-eight 
samples of pyrite, pyrrhotite, chalcopyrite and sphalerite 
from the Mount Bonnie mine averaged at 2.0  1.3‰.

The ranges of 34S values from various deposits in the 
PCO are plotted in Figure 5.48, which also includes 34S 
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SULFIDES IN SELECTED MINERAL DEPOSITS
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Figure 5.48. Sulfur isotope data from selected PCO mineral deposits (after Ahmad et al 1993). Vertical axes plots relative frequency of 
analyses. CDT = standard Canyon Diablo Troilite. 
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of vein-type deposits of gold, base metals and tin are all 
within the magmatic range. The Toms Gully and Northern 
Hercules deposits show relatively higher values, which 
may have resulted from the incorporation of sedimentary 

a narrow range of 34S values that fall within the magmatic 
range. Previous studies on these deposits (Nicholson 1980, 
Goulevitch 1980b) have suggested a syn-sedimentary 
exhalative origin. Considering that sulfate was present 
in the seawater and the deposits are contained within a 
predominantly sedimentary succession, the 34S values 
support a magmatic sulfur source for these deposits.

Hydrogen and oxygen isotopes

Ahmad et al (1993) and Wygralak (1996) provided data 
on 18O determinations on the vein quartz and host rock 
silicate minerals and 
gold deposit samples. 18O values of water in equilibrium 
with vein quartz were calculated using homogenisation 
temperatures and experimentally determined quartz-H2O 
fractionation factors. The D and 18O ranges of the deposits 
from the PCO are shown in Figure 5.49, along with ranges 
for the magmatic and metamorphic waters, taken from 
Taylor (1979).

The 18O H
a narrow spread and are regionally similar throughout the 
PCO. Quartz from gold, tin, base metals, uranium and 
Sn-Ta pegmatites all fall within a narrow range of 3–12‰ 
which is compatible with either magmatic or metamorphic 
waters, or a mixture of these components.

The D values for magmatic waters range from -40 to 
-80‰ (Taylor 1979). 
from gold, tin, base metals and Sn-Ta pegmatite deposits 
from the PCO range from -19 to -55‰, and are heavier than 
the magmatic waters and within the metamorphic waters 
range. Such heavier values may be due to the formation 
of CH  by the reaction of hydrothermal solutions with 
carbonaceous material, or may be due to the mixing of 

isotopically lighter waters with heavier waters, eg magmatic 
and metamorphic waters.

13
2

13  were provided by 
Ahmad et al (1993). They range from +1 to -32‰ PDB and 
are plotted in Figure 5.50. The distinctly negative values 
of most samples suggest the incorporation of organically 
derived carbon.

Pb isotopes

Lead isotope measurements have been made on galena 
from several deposits in the PCO by CSIRO. A plot of the 
data (kindly supplied by Graham Carr, CSIRO, pers comm 
2002) is reproduced in Figure 5.51. These data show a 
wide spread and can not be used for geochronology. Data 
on pyrite and arsenopyrite from the Toms Gully deposit are 
consistent with derivation from mixed granitic and country 
rock sources (Sheppard 1992). In contrast, Matthäi et al 
(1995a), studied 207Pb/204

Howley and showed that the lead was not derived from 
potential magmatic sources and that the Th/U ratios were 
consistent with the derivation of lead from the country rock. 

who evaluated the lead isotope signature of a variety of gold 
deposits and granitoids in the PCO. They concluded that the 
dominant source of lead in the deposits is probably either 
Palaeoproterozoic or Archaean basement rocks.

Age of mineralisation

Although there is strong spatial association of Cullen Event 
granites, thermal metamorphism and gold mineralisation, 

of the gold veins. Matthäi et al (1995a) conducted a lead 
isotope study of arsenopyrite from the Cosmo Howley 
deposit and determined a 207Pb/204Pb versus 206Pb/204Pb 
isochron age of 1820 ± 110 Ma. Although there is a large 
uncertainty, the mean age is indistinguishable from the 
SHRIMP U-Pb zircon age of the nearby McMinns Bluff 

was obtained by SHRIMP U-Pb methods on a mineral 
separate of monazite and xenotime associated with gold 
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mineralisation at the Goodall deposit (Compston and 
Matthäi 1994). However, there are doubts as to whether the 
monazite and xenotime are related to the ore-stage minerals 
or gold (Sener 2004).

Sener (2004) carried out SHRIMP U-Pb 
geochronological studies on monazite and xenotime from 
the Union Reef, Goodall and Mount Todd deposits. After 
the exclusion of several grains, because of unacceptably 
high common lead, xenotime from Union Reefs yielded 

age is uncertain, as it does not coincide with any known 
event in the PCO. Monazite within the auriferous quartz 
veins from the Mount Todd deposit also contained a large 
population with unacceptably high common Pb contents. 
Selected analyses yielded a mean age of 1854 ± 16 Ma. 
This age was interpreted as representing an earlier 
generation of monazite that was incorporated into the 
veins from the wallrock by mechanical processes (Sener 
2004). Xenotime from the Mount Todd deposit has 
yielded a mean age of 1819 ± 8 Ma, which is considered 

This age coincides with the intrusion of the granites of 
the Cullen Supersuite. Monazite associated with the gold 
veins from the Goodall deposit has yielded a mean age 
of 1727 ± 11 Ma, after the exclusion of several analyses. 
Although Sener (2004) considered it as a reliable age for 
the gold vein formation at the Goodall deposit, this age is 
younger than that of the overlying El Sherana/Edith River/
Katherine River groups. These units have no auriferous 
veins. It is also about 100 Ma younger than the intruding 

 and 
the analysed monazite may have been affected by later 
alteration processes.

Genesis of PCO gold deposits

The various genetic constraints discussed above are 
summarised in Table 5.6. A variety of genetic models 
ranging from exhalative syngenetic (for banded ironstone-
hosted deposits) to magmatic to hydrothermal have been 
proposed for the formation of the PCO gold deposits. Data 

a mixed metamorphic/magmatic source. Geochronological 
data on gold vein systems is diverse and mostly inconclusive.

Partington and McNaughton (1997) provided 
observations constraining the geological timing of PCO 
gold deposits. Gold veins cross-cut the Zamu Dolerite and 
are therefore younger than this intrusion. This dolerite is 
constrained to <1863 Ma by cross-cutting relationships 
with the well dated Gerowie Tuff (Worden et al 2008a). At 
Cosmo Howley, contact-metamorphic garnet, andalusite 
and cordierite grains are cut or fragmented in places by 
gold-bearing veins, providing evidence of a post-peak 
contact-metamorphic timing for the gold mineralisation 
(Matthäi et al 1995a). At the Enterprise deposit, cordierite 
porphyroblasts are commonly replaced by a sericite-biotite-
quartz assemblage, which is the dominant hydrothermal 
alteration assemblage at this deposit (Cannard and Pease 
1990). Fragmentation and the incorporation of contact 
metamorphic assemblages into the veins during incremental 
growth also provide strong evidence for a post-contact-
metamorphic timing at this deposit (Matthäi et al 1995a).

Most geological models for gold deposits in the 
PCO take into consideration the spatial relationships 
to granitoid intrusions and proposed a mixed contact-
metamorphic and magmatic source for the auriferous 
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emplacement of the granitoids (Stuart-Smith et al 1993, 
Ahmad et al 1993, Wygralak 1996, Wall 1989, Bajwah 
1994, Matthäi et al 1995a, b, Partington and McNaughton 
1997). On basis of monazite and xenotime geochronology, 
Sener (2004) argued that the PCO gold deposits formed 
after the youngest phase of granitoid intrusion and peak 
contact metamorphism, several tens of millions of years 
after granitoid magmatism. However as discussed above, 
the geochronological data are generally inconclusive. 
Partington and McNaughton (1997) considered that the 
presence of high-heat-producing granites is a prerequisite 
for the formation of PCO gold deposits. The heat from 
the granite intrusions and a prolonged cooling history 
coupled with pre-existing duplex thrust fold structure 
allowed regional-scale long-lived hydrothermal systems 

rocks.
Gold deposits hosted within the iron-rich sedimentary 

rocks are considered by some authors (Nicholson 1978, 
Wilkinson 1982, Nicholson and Eupene 1984) to have been 
derived by sedimentary exhalative processes. Matthäi 
et al (1995a, 1995b) suggested a model in which magmatic 

4+CO2-bearing metamorphic 

slate, causing the precipitation of gold. They implied that 
mineralisation was caused by the mixing of magmatic 

of 550–620 C caused the ore mineral precipitation. Such 
temperatures are substantially higher than the 250–350 C 

deposits in the PCO (Wygralak 1996) and on mineralised 
quartz veins in the Cosmo Howley and Golden Dyke 
mines (M Ahmad unpublished data).

The polymetallic gold deposits are considered to be 

(Goulevitch 1980b, Nicholson and Eupene 1990). However, 

sulfur isotope data are similar to that from the other gold 
deposits of the PCO and suggest a magmatic sulfur source 
(Ahmad et al 1993).

Most gold deposits are located in rocks that are regionally 
metamorphosed to lower greenschist facies. The high-
grade metamorphic rocks in the western and eastern parts 
of the PCO are mostly devoid of gold deposits and there are 
no known gold deposits hosted within the granite bodies. 
Another common factor is the association of gold deposits 
with I-type granites and their contact metamorphic aureoles. 
A third common factor is the presence of structural conduits 

anticlines, thrusts).
The above observations could be incorporated into a 

model (Figure 5.52) involving contact metamorphic and 

of the Cullen Supersuite caused contact metamorphism 
followed by the release of oxidised, moderately saline gold-

the surrounding rocks produced reduced, low-salinity, CO2 
CH4

was partly reduced while ascending through the graphitic 
sedimentary rocks of the Koolpin Formation and some gold 

precipitation of gold in favoured structures.
An alternative explanation is that the gold mineralisation 

events occurred several tens of million years after the intrusion 
of the granites (Partington and McNaughton 1997). In the high 
heat-producing granites, like those in the PCO, the decay of 
radioactive elements provides a permanent heat engine, lasting 
for hundred of millions of years after the crystallisation of the 
magma. This long-lasting thermal anomaly may have created 
paragenetically and chronologically complicated pulses of 
hydrothermal activity. This may also explain the subsequent 
resetting and spread of Rb-Sr, Ar-Ar data and the alteration/
precipitation of monazite and xenotime, yielding anomalously 
younger U-Pb ages, as discussed above.

Parameter Results Remarks

Spatial association Most deposits are in close proximity to ca 1825 Ma 
Cullen Event granites.

A genetic link with granites is possible.

Fluid inclusion composition High concentration of CO2 and CH4. 
Halite saturation.

High Ca, Mg.

Possible igneous link or evaporate 
dissolution.
Possible metamorphic source.

Hydrogen and oxygen 
isotopes

18O vein quartz 10 to 17‰.
18O H2O  3 to 12‰.

Possibly magmatic or metamorphic.
Possibly magmatic.
Possibly mixed magmatic or 
metamorphic.

Sulfur isotopes  34 Possible magmatic source.

Carbon isotopes 13C Fluid inclusion +1 to -32‰. Interaction with carbonaceous rocks.

Lead isotopes Possibly derived from metasedimentary 
rocks or Archaean basement.

Geochronology Cosmo Howley 1820 ± 110 Ma lead isotope.
Cosmo Howley1810 ± 10 Ma monazite.
Mount Todd 1854 ± 16 Ma monazite; 1819 ± 8 Ma 
xenotime.
Goodall 1727 ± 11 Ma monazite.
Union Reefs 1698 ±18 Ma xenotime.

Can be linked to granite.
Can be linked to granite.
Can be linked to granite.
Can be linked to granite.
Possible age of alteration.
Possible age of alteration.

Table 5.6. Summary data on genetic constraints of PCO gold deposits.
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Uranium

The PCO hosts World-class uranium deposits in the 
East Alligator River region at the Ranger 3, Jabiluka 

Nabarlek and Ranger 1, have been mined out. Important 
uranium deposits are also located in the Rum Jungle and 
South Alligator River Valley regions. Several other smaller 
deposits are known from elsewhere.

made in 1949 at Rum Jungle at the Whites deposit. Soon after, 
in 1953, BMR discovered uranium at Coronation Hill. Several 
deposits were later discovered and mined in the Rum Jungle 
and South Alligator River regions between 1954 and 1971. 
Notable amongst these are Dysons, Whites, Intermediate, 
Rum Jungle Creek South, Mount Fitch and Mount Burton in 
the Rum Jungle region and El Sherana, Rock Hole, Coronation 
Hill and Sleisbeck in the South Alligator region. The next 
phase of uranium exploration and discoveries was from 

Ranger, Jabiluka and Koongarra were discovered.
A resurgence in uranium exploration has coincided with 

a rise in uranium prices over the past few years. Extensive 
exploration is currently underway in the PCO, Murphy 
Inlier, and the Ngalia and Amadeus basins, as well as in 
several other parts of the Northern Territory.

host rocks, structural setting, mineralogy and geochemistry. 
Nash et al
the geological setting and genesis of mineralisation, which 

is similar to that developed by the International Atomic 
Energy Agency (IAEA) in 1988–1989 (OECD/NEA and 
IAEA 2000) and to that used by Geoscience Australia in 
their publication on uranium deposits in Australia (McKay 
and Miezitis 2001). The uranium deposits of the PCO have 
been grouped into four main types: unconformity-related, 

and Bajwah 2006). Resources at major deposits are given in 
Table 5.7 and the spatial distribution of uranium occurrences 
is given in Figure 5.53. Major deposits cluster around the 
East Alligator, South Alligator and Rum Jungle regions.

Unconformity-related uranium deposits

Major deposits are within Palaeoproterozoic rocks close to 
the unconformity with overlying sandstones of the Katherine 
River Group (Alligator rivers areas) or Tolmer Group (Rum 
Jungle area). In both of these areas, Palaeoproterozoic rocks 
unconformably overlie Neoarchaean granite and gneiss 
(Nanambu and Rum Jungle complexes). Deposits range in 
size from a few tonnes to more than 100 000 t of contained 
U3O8. The largest deposits are in the East Alligator River 
area and include Ranger 1 and 3, Jabiluka, Koongarra and 
Nabarlek (Table 5.7).

The Rum Jungle uranium deposits (Whites, Dysons, 
Intermediate, Rum Jungle Creek South) are located in the 
vicinity of the Rum Jungle Complex and are hosted within 
carbonaceous and pyritic shale of the Whites Formation, 
adjacent to the contact with the underlying Coomalie 
Dolostone.

Minor smaller deposits occur in clusters in the South 
Alligator Valley (Figure 5.53). Gold, platinum and 
palladium are associated with some deposits and may be 
present in economic quantities. These deposits are generally 
hosted within the Koolpin Formation or Coronation 
Sandstone, near the unconformity with overlying sandstone 
of the Katherine River Group. Unlike the major deposits in 
the East Alligator River and Rum Jungle areas, there is no 
exposed Archaean basement in the South Alligator Valley 
area, but this may be present at depth.

East Alligator River area

Exploration interest in this region followed mapping by 
BMR and the publication in 1968 of a 1:500 000-scale map 
of the PCO, which revealed striking geological similarities 
between the East Alligator River area and the uraniferous 
Rum Jungle area. From 1969–1971, the major unconformity-
related deposits at Nabarlek, Ranger 1 and 3, Jabiluka and 
Koongarra were discovered, as well as a number of other 

Figure 5.54).
Production started from Nabarlek in 1979 and from 

Ranger 1 in 1981. The Nabarlek mill was decommissioned 
in 1988 after producing about 11 084 t of U3O8. Mining at 
Ranger 1 was completed in 1994 and full-scale mining of 
the Ranger 3 orebody commenced in 1997.

Ranger 1 and 3
These two deposits are often known as Ranger 1 No 1 and 
Ranger 1 No 3 orebodies (originally anomalies 1 and 3). For 
the sake of simplicity, they will be referred as the Ranger 1 
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Common 
name

Lat Long Size Stratigraphic 
unit

Shape Model Production 
U3O8 (t )

Resource 
(Mt)

Grade 
U3O8 
(%)

Reference

ABC -14.33 132.35 Small Kombolgie Sgp Tabular Vein-type 0.001 0.4 Lally and Bajwah (2006)

Adelaide 
River

-13.27 131.11 Small Burrell Ck Fm Sheet Vein-type 17.2 0.006 0.32 Plumb (1960)

Austatom -12.62 132.67 Medium Cahill Fm Irregular Unconf-related Lally and Bajwah (2006)

Beatrice -12.62 133.20 Occurrence Cahill Fm? Irregular Unconf-related Lally and Bajwah (2006)

Caramel -12.50 133.36 Medium Cahill Fm? Tabular Unconf-related 0.758 0.33 McKay and Miezits (2001)

Coronation 
Hill

-13.59 132.61 Medium Koolpin Fm Tabular Unconf-related 75 0.34 0.54 Lally and Bajwah (2006)

Dam -13.57 132.02 Medium Masson Fm tabular Vein-type 0.58 0.028 JORC Compliant
Atom Energy (2008)

Dysons -12.99 131.02 Medium Whites Fm Tabular Unconf-related 534 Lally and Bajwah (2006)

El Sherana -13.51 132.52 Medium Koolpin Fm Tabular Unconf-related 226 Lally and Bajwah (2006)

El Sherana 
West

-13.51 132.52 Medium Koolpin Fm Tabular Unconf-related 185 Lally and Bajwah (2006)

Fleur de 
Lys

-13.53 131.37 Small Gerowie Tuff Sheet Vein-type 0.21 Lally and Bajwah (2006)

George 
Creek

-13.34 131.14 Small Burrell Ck Fm Sheet Vein-type 0.32 Lally and Bajwah (2006)

Hades Flats -12.59 132.92 Small Cahill Fm Tabular Unconf-related 0.36 0.2 Lally and Bajwah (2006)

Jabiluka 1 -12.50 132.94 Medium Cahill Fm Tabular Unconf-related 1.3 0.25 Lally and Bajwah (2006)

Jabiluka 2 -12.50 132.90 Large Cahill Fm Tabular Unconf-related 29.24 0.48 Energy Resources (2010)

Koongarra -12.87 132.84 Large Cahill Fm Tabular Unconf-related 0.812 1.102 AREVA (2008)

Mount 
Burton

-12.98 130.96 Small Whites Fm Tabular Unconf-related 12.8 Lally and Bajwah (2006)

Mount 
Fitch

-12.95 130.95 Medium Whites Fm Tabular Unconf-related 5.03 0.03 Compass Resources (2008)

Nabarlek -12.31 133.32 Large Nourlangie 
Schist?

Tabular Unconf-related 11084 Lally and Bajwah (2006)

O’Dwyers -13.47 132.47 Small Koolpin Fm Tabular Unconf-related 152 Lally and Bajwah (2006)

Palette -13.53 132.56 Small Koolpin Fm Pipe-like Unconf-related 124 Lally and Bajwah (2006)

Ranger 3 -12.68 132.92 Large Cahill Fm Tabular Unconf-related 49194 123.23 0.09 Energy Resources (2010)

Ranger 1 -12.69 132.92 Large Cahill Fm Tabular Unconf-related 60961 Lally and Bajwah (2006)

Ranger 68 -12.51 132.87 Medium Cahill Fm Tabular Unconf-related 1.5 0.357 Browne (1990)

Rockhole -13.47 132.47 Small Coronation Sst Tabular Unconf-related 152 Lally and Bajwah (2006)

Rum Jungle 
Creek 
South

-13.04 131.00 Medium Whites Fm Tabular Unconf-related 2859 Lally and Bajwah (2006)

Saddle 
Ridge

-13.55 132.57 Small Koolpin Fm Tabular Unconf-related 78 Lally and Bajwah (2006)

Scinto 5 -13.53 132.55 Small Koolpin Fm Tabular Unconf-related 3 Lally and Bajwah (2006)

Scinto 6 -13.52 132.56 Small Coronation Sst Tabular Superf 22 Lally and Bajwah (2006)

Skull -13.54 132.57 Small Koolpin Fm Tabular Unconf-related 3 Lally and Bajwah (2006)

Sleisbeck -13.78 132.83 Small Mount Bonnie Fm Tabular Superf 3 Lally and Bajwah (2006)

Twin -13.58 132.03 Medium Masson Fm Tabular Vein-type 0.824 0.031 Atom Energy (2008)

Whites -12.99 131.01 Medium Whites Fm Tabular Unconf-related 1069 Lally and Bajwah (2006)

Table 5.7

and 3 deposits. They are located 10 km east-southeast of the 
township of Jabiru. Both are in the lower Cahill Formation, 
close to the faulted and sheared contact with the underlying 
Nanambu Complex (Figure 5.55). The mine succession was 
informally divided by Eupene et al (1975) into footwall (FWS), 
lower mine (LMS), upper mine (UMS) and hangingwall 
(HWS) sequences (Figure 5.56). The FWS comprises schist, 
gneiss, amphibolite and migmatite of the Nanambu Complex. 

The LMS comprises recrystallised dolostone, magnesite 
and chlorite-sericite schist. The latter contains lenticles of 
chlorite, is often referred to as lenticular schist and is used 
as a marker bed. The UMS comprises quartz feldspar-mica 
schist and dolomitic marble, and is locally carbonaceous. The 
HWS comprises amphibolite and schist.

The mine succession dips 15  to 40  towards the east 
and there is a strong schistosity sub-parallel to bedding that 
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corresponds with the regional S2 foliation (Johnston 1984). 
Quartz-feldspar-tourmaline pegmatite bodies intruded the 
mine succession and U-Pb monazite geochronology on one 
such intrusion has yielded an age of 1847 ± 1 Ma (Annesley 
et al 2002).

Primary uranium mineralisation in both orebodies 

minor brannerite and curite. Secondary uranium minerals 
include saleeite, sklodowskite, torbernite and kasolite. 
Native gold has been reported from both Ranger 1 and 3, 
and is associated with uraninite. One sample of uranium 
ore from Ranger 3 that assayed 0.3% U3O8 also contained 
1100 ppb Pt and 980 ppb Pd (Lally and Bajwah 2006).

Open-cut mining of the Ranger 1 deposit between 
1980–1994 produced 18.036 Mt at an average grade of 
0.338% U3O8. Mining of the Ranger 3 deposit, located 
about 1.5 km north of Ranger 1, started in mid 1997 at the 
rate of about 5000+ t of U3O8 per year.

On 29 January 2010, ERA reported the total JORC-
compliant resource at Ranger 3 to be 127.23 Mt of ore 
averaging 0.09% U3O8, and total stockpiled, proved and 

probable reserves as 27.69 Mt at 0.14% U3O8. At Ranger 3, 
recent drilling has outlined an orebody to the east of the 
current open cut, which has been termed ‘Ranger 3 Deeps’. 
The resources given above include 34 000 t of uranium oxide 
from this orebody. The Ranger 3 Deeps exploration target 
has further potential, as it remains open to the north (Energy 
Resources 2010). ERA is considering placing an exploration 
decline to allow them to conduct closely spaced underground 
exploration drilling, in order to further evaluate the extent 
and continuity of the Ranger 3 Deeps orebody.

Ranger 1 is within a basin shaped structure formed 
by the thinning of LMS carbonate rocks, relative to UMS 
rocks (Figure 5.56). The LMS in the synformal hinge 
is predominantly chert, which has resulted from silica 
replacement of original carbonate sediments (Eupene et al 
1975). UMS rocks within the synform are extensively 
brecciated, particularly near the UMS–LMS contact, and 
the contact itself is folded.

Dark green and light green chlorite-altered pegmatites 
and dolerite dykes intrude the mine succession. Pegmatites 
may be weakly mineralised; they are affected by ore-related 
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alteration assemblages and are offset by syn-mineralisation 
faults (Lally and Bajwah 2006). Dolerite dykes were 
intruded along faults associated with primary uranium 
mineralisation (Kendall 1990).

LMS–UMS contact, which is steeper on the western and 
eastern sides and sub-horizontal beneath the main orebody 
(Figure 5.57). The FWS–LMS contact also steepens to the 
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than the LMS–UMS contact. In the western wall of the 
pit, a faulted outlier of haematite- and chlorite-altered 
and brecciated Mamadewerre Sandstone (Katherine 
River Group) occurs between the LMS and UMS. The 
eastern side of this outlier is a reverse fault, with UMS in 
the hangingwall, and can be traced into the UMS–LMS 
contact down-dip. Locally steeply dipping beds within the 
sandstone (80–90°) indicate that folding was associated 
with the reverse faulting (Lally and Bajwah 2006).

Mineralisation is almost entirely within the UMS, 
close to the contact with the LMS, but at depth to the east 
(Ranger 3 Deeps), this high-grade zone lies further above 

of the contact, there is a broader zone of mineralisation 
within the UMS that is associated with reverse faults. 
Two pods of uranium mineralisation occur within the 
LMS, well below the UMS contact, within chlorite veins 

of mineralisation in the UMS occurs in the southern part 
of the pit within a portion of the steeply dipping limb of 
a large-scale kink fold. The geometry of the kink fold 
is consistent with reverse movement along the fault and 
LMS–UMS contact (Lally and Bajwah 2006). Pegmatites 
that intrude the succession are barren or very weakly 
mineralised and are commonly strongly altered to massive 
quartz-chlorite or chlorite rock.

Lally and Bajwah (2006) interpreted the LMS–
UMS contact as a fault surface in a west-directed thrust 
system. Dilation and brecciation is most intense along 

Changes in the geometry of the LMS–UMS contact, 
due to pre-mineralisation folding, faulting and LMS 
carbonate dissolution, controlled the fracturing of the 

the orebody.

Nabarlek
Nabarlek is located about 62 km northeast of Jabiru and 
was discovered by Queensland Mines Ltd in 1970 from 
follow-up exploration of an intense airborne radiometric 
anomaly. In 1971, ore reserves were stated as 402 000 t at 
2.37% U3O8 for a total of 9527.4 t U3O8 (Anthony 1975). 
Open-cut mining commenced in June 1979 and was 
completed in 4 months and 11 days. During this period, 
546 437 t of ore averaging 1.84% U3O8 and 157 000 t of 
below-grade ore at 0.05% U3O8 was stockpiled (McKay and 
Meizitis 2001). Processing of the stockpile commenced in 
June 1980 and continued until 1988, for a total production 
of 11 084 t U3O8. Uranium Equities Ltd is currently 
exploring the Nabarlek Uranium Lease and surrounding 
region with some success. The best RC drilling result, 
from 250 m south of the Nabarlek pit, has been reported as 
9.5 m at 0.069% U3O8 from 68.5 m. This mineralisation is 
along the projected southern trend of the Nabarlek Shear 
Zone (Uranium Equities 2009).

Mineralisation is within altered metapelitic rocks 
that were previously included within the Myra Falls 
Metamorphics, but may be regarded as a possible 
stratigraphic equivalent of the Nouralangie Schist 
(Figures 5.58 and 5.59). The mine succession comprises 
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Figure 5.55. Geology of area around Ranger 1 uranium deposits 
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about 200 m of muscovite-quartz-biotite schist (‘Lower 
Schist’) which is overlain by 100 m of interlayered 
hornblende amphibolite and muscovite-biotite-quartz-
schist (‘Footwall Amphibolite’), which is in turn overlain 
by biotite-muscovite-quartz and feldspar schist (‘Hanging 
Wall Schist’). Rare quartz-feldspar-muscovite-tourmaline 
pegmatite veins intrude the schist and amphibolite units. 
The Nabarlek Granite has been intersected 450 m below the 
orebody and has a faulted contact with the schist succession 

(Wilde and Wall 1987). Although now eroded from above 
the deposit, sandstone of the Kombolgie Subgroup forms 
escarpments 1.5 km to the north and south and, from 
extrapolation, the unconformity would have been about 
50 m above the current ground surface (Lally and Bajwah 
2006).

A gabbro sill (220–250 m thick) intrudes the succession 
and dips gently to the south into a regional-scale west-
southwest-plunging, open synformal hinge. This sill has 
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been correlated with Oenpelli Dolerite. U-Pb baddelyite and 
hornblende K-Ar dates on this sill indicate an emplacement 
age of 1725–1720 Ma (Polito et al 2004).

Ductile deformation, associated with the ca 1865 Ma 
Nimbuwah Event, predated intrusion of the Nabarlek 

Granite at 1818 Ma and was followed by brittle reverse 
faulting (Johnston 1984, Lally and Bajwah 2006). These 
faults were initiated soon after, or during intrusion of 
the Nabarlek Granite and were reactivated at various 
times, including during mineralisation (Polito et al 2004). 
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15 m wide, intense veining and hydraulic fracturing.
Mineralisation is within the ‘Footwall Amphibolite’ 

and ‘Hanging Wall Schist’, and is associated with the 
Nabarlek Fault breccia. It comprises high-grade ore 
(>1.0% U3O8) within an envelope of low-grade ore 
(0.15% U3O8). The low grade envelope extends for several 
metres, with ore occurring in veins and disseminations 
in intensively altered wall rocks (Wilde and Wall 1987). 
Grades of up to 75% U3O8 have been reported in the 
breccia-cementing ore (Anthony 1975). Mineralisation 
in the Oenpelli Dolerite is negligible, possibly due to 
its impermeability relative to the overlying schist units 
(Wilde and Wall 1987). The orebody is irregular, wider 
and shallower in the northwest and narrower and deeper 
in the southeast. This was interpreted as a function of the 
depth to the impermeable Oenpelli Dolerite, which dips 
towards the southeast (Wilde and Wall 1987).

Primary ore comprises uraninite and rare brannerite in a 
gangue of magnesian chlorite, anatase with rare haematite, 
apatite and sericite-phengite. Secondary near-surface 
minerals include sklodowskite, rutherfordine, kasolite and 
curite in a matrix of illite, kaolinite, anatase and haematite.

The host rocks have been altered in an outer halo that 
extends for at least 1 km perpendicular to the plane of the 
Nabarlek fault and an inner halo that includes the main 
orebody. The outer halo is characterised by retrograde 
replacement of metamorphic biotite, feldspar and 
hornblende by Fe-chlorite and minor sericite. Coincident 

caused by intrusion of the Oenpelli Dolerite (Polito et al 

2004). The inner alteration halo is characterised by phengite, 
haematite, Fe-chlorite and the complete absence of quartz 

the ore zone, with phengite becoming more dominant closer 
to ore (Polito et al 
(mostly galena and chalcopyrite) overprint the ore alteration 
assemblage.

Jabiluka 1 and 2
These two adjacent deposits are located 20 km north 
of Jabiru and were discovered in the early 1970s by 
Pancontinental Mining Ltd during a ground radiometric 

U3O8 at Jabiluka 1 and 52 Mt at 0.39% U3O8 at Jabiluka 2 
(Hancock et al 1990).

In 1991, the Jabiluka leases were transferred to Energy 
Resources of Australia Ltd (ERA). Construction of a 
decline and cross-cut, followed by underground resource 
drilling, was completed in 1999. Mineral resources for 
Jabiluka 2 have been recently revised. The total JORC-
compliant reserves are stated to be 13.8 Mt at an average 
grade of 0.49% U3O8 and total resources (excluding 
reserves) are given as 29.24 Mt averaging 0.48% U3O8 
(Energy Resources of Australia, 2010). In 2003, ERA 
attempted to mine the Jabiluka ore and constructed a 
decline, but the full consent of the aboriginal traditional 
owners was not forthcoming and later that year, the decline 
was rehabilitated.

Like Ranger, Jabiluka 1 and 2 are hosted by the lower 
Cahill Formation, which is unconformably overlain by 
the Mamadewerre Sandstone (Figure 5.60). The former 

120

100
8060

40
20

80

60

60
80

60

40

120
100

80

60

40

20

H
EG

G
E         FAU

LT

R
O

W
N

TR
EE              FAU

LT

JABILUKA 2

Plan projection of
gold mineralisation
Plan projection of
uranium mineralisation

Cahill Formation

Nanambu Complex

60
Unconformity

Topographic contours
above MSL

0

A07-201.ai

JABILUKA 1 

Pegmatite intruded
in underlying Cahill

Formation

500 m 

Mamadawerre
Sandstone

/

Figure 5.60 et al 1990).



Pine Creek Orogen

5:72

comprises a bottom-to-top succession of amphibolite, 
pelitic schist and carbonate rocks; this is the reverse of 
the regional succession and is therefore interpreted to be 
overturned (Hancock et al 1990). Archaean basement was 
not intersected in drilling beneath the deposits, but is likely 
to be present at depth.

Pancontinental geologists divided the deposit succession 
into nine units (Figure 5.61). These are, from bottom to 
top: amphibolite, lower schist series, dolomite magnesite 
complex, footwall schist series, mine sequence, hanging 
wall schist series, graphite schist and upper schist. All units, 
except the amphibolite, lower schist and upper schist series, 
contain uranium mineralisation (Rowntree and Mosher 
1976). These units were later re-named by ERA geologists 
to ‘Stratigraphic Assay Levels’ (SAL), on the basis of 
muscovite content (Table 5.8). Uranium mineralisation 
occurs mostly within SAL 4 and SAL 8 in Jabiluka 2 
and exclusively within SAL 4 at Jabiluka 1. Other units 
contain smaller amounts of generally patchy mineralisation 
at Jabiluka 2, mostly near the contacts with mineralised 
units (Hancock et al 1990). The succession is intruded by 
a number of pegmatites which postdate the schistosity and 
are barren of mineralisation.

The unconformity at the base of the Mamadewerre 
Sandstone is gently dipping over the northern part of 
Jabiluka 2, but becomes steeper to the south. It was 
previously described as a tectonised contact by earlier 
workers (eg Rowntree and Mosher 1976), but observations 
made from more extensive drill core logging and mapping 
in the decline do not appear to support this interpretation 
(Lally and Bajwah 2006).

Rowntree and Mosher (1976) and Hancock et al (1990) 
considered that the uranium mineralisation is stratabound. 
However, subsequent observations in underground workings 
and drill core suggest that mineralisation is controlled 
by fracture and breccia zones related to graphitic shears 
(Energy Resources of Australia 2000). The primary uranium 

brannerite and organo-uranium minerals (Binns et al 1980a). 
Secondary uranium minerals occur in the weathering zone 
at Jabiluka 1 and include autunite, sklodowskite and saleeite 

chalcopyrite, rare chalcocite, covellite and galena.
Alteration comprises an outer zone, within which there 

was pseudomorphous replacement of metamorphic biotite 
and feldspar by Fe-chlorite and white mica respectively, and 
an intensive inner zone that occurs within 100 m of the ore 
at Jabiluka 2. Binns et al (1980a) referred to the outer zone 
as a ‘retrograde metamorphic halo’ and noted that quartz, 
metamorphic muscovite and graphite was unaltered. 
Disseminated uraninite occurs in cleavage planes and as 
fractures in chlorite in this zone (Hancock et al 1990). 

the inner alteration zone that occurred with increasing 
proximity to ore breccias: 100 m from ore, chlorite and 
white-mica replaced hornblende; 50 m from ore, chlorite 
pseudomorphically replaced garnet, and; less than 50 m 
from ore, chert replaced dolomite and magnesite marble. 

Mg-chlorite and phengite replaced all minerals, including 
quartz, but some relic metamorphic muscovite remained 
(Binns et al 1980a, Wilde 1988).
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et al 1990). The succession is divided into 9 ‘stratigraphic assay levels’ (SAL) on the basis of mineralogy and 

uranium concentration (for explanation see Table 5.8). Uranium mineralisation occurs mostly within SAL 4 and SAL 8.
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Koongarra 1 and 2
Noranda Australia Ltd discovered these two adjacent deposits 
in 1970, as a result of follow-up ground exploration of an 

striking zone, over 650 m in length that contained two ore 
lenses, named Koongarra 1 and Koongarra 2 (Figure 5.62). 
The deposits were sold to Denison Mines Australia Ltd in 1980 
and in the same year, the mine lease area was excised from 
Kakadu National Park. Cogema Australia Pty Ltd acquired 
70% of the project in 1993 and the remaining 30% in 1995 
and are the current owners. The total resource at Koongarra 
is estimated to be 0.812 Mt of ore at 1.102% U3O8 (AREVA 
2008). An additional gold reserve at Koongarra 1 was also 
delineated at 1.04 Mt of ore at 3 g/t Au (Snelling 1990).

The orebodies are hosted within the lower Cahill 
Formation, which comprises quartz-chlorite schist, mica-
quartz-feldspar schist, garnet-mica-quartz schist, graphite-
mica-quartz schist and amphibolite. These rocks are in 
reverse-faulted contact with the Mamadewerre Sandstone 
(Figure 5.62). Most uranium mineralisation is within 
quartz-chlorite schist (± illite, garnet, sillimanite and 
muscovite), which also contains well banded siliceous 

carbonate (Snelling 1990). Pegmatite veins are common.
The primary mineralisation comprises uraninite, which 

occurs in hard crystalline form, or as a sooty amorphous 
mass. Pyrite, along with traces of galena and chalcopyrite, 
is present in high-grade portions, but only in minor amounts. 
The bulk of the ore is disseminated uraninite occurring as 

thin wisps, streaks and discontinuous strings, parallel to and 
crosscutting S2, and parallel to phyllosilicate cleavage planes. 
Oxidation and alteration of uraninite within the primary ore 
zone has produced a variety of secondary uranium minerals 
dominated by the uranyl silicates, kasolite, sklodowskite 
and uranophane. These minerals occur mainly as in situ 
replacements of uraninite, which is most pronounced near the 
breccia zone of the Koongarra Fault. Rare grains of native 

also occur (Snelling 1990). The orebody consists of a number 
of parallel lenses, up to 15 m thick, which coalesce towards 
the surface and become narrower with depth (Figure 5.62). 
The high-grade mineralisation occurs immediately beneath 
the graphite-quartz-chlorite schist.

An outer alteration halo extends up to 1.5 km 
perpendicular to the reverse fault and includes replacement 
of biotite by chlorite, rutile and quartz, and of feldspar 
by sericite. Metamorphic muscovite, garnet, tourmaline, 

fractured Mamadewerre Sandstone in the footwall of the 
Koongarra fault is also associated with this alteration. An 
inner alteration halo occurs less than 50 m from primary 
ore. It involves replacement of quartz by chlorite and 
phengite, and of garnet by chlorite.

There are a number of other uranium prospects in the East 

complete listing is provided in MODAT.

SAL unit – North
Ltd succession

Pancontinental 
succession Schist composition Th ickness Mineralisation

1 USS – Upper 
Schist Series

CM, CM-I, CIM 0–20 m, usually <5 m Never mineralised

2 UGS– Upper 
Graphite series

CG (20 m)
CIM (5 m)
CG/CI (2–4 m)

15–25 m U throughout unit, more concentrated near upper and lower 
boundaries. Grade variable and discontinuous

3  HWSS – 
Hangingwall 
Schist Series

CM (2 m)
CMI-CM-CI (15 m)
CM (8–15 m)
CI (4–12 m)
MC (5 m)
CIM
CI (3–6 m)

Highly variable, 40–
70 m true thickness

Th in graphite bands can be weakly mineralised, local economic Au. 
4–12 m thick CI band can be weakly mineralised.

4 MMS – Main 
Mine Series

CG (3 m)
CI (3–6 m)
CIM (10–20 m)
Bx (up to 5 m)
C-G (12–30 m)
CM (0.3–2 m)
C-G (1–4 m)

Highly variable, 20–
60 m true thickness

Contains 70% of global resource. Top 6–12 m contains U and rarely 
Au-Pd, not brecciated. Chlorite-rich CIM unit commonly brecciated 
and well mineralised. BX mineralised with U and Au. C-G units can be 
well mineralised

5 FWS – Footwall 
Schist Series

CM/CMI/MC (up to 
24 m)
CMI-CI 

10–30 m Pitchblende veinlets, < 2 mm wide, cut schist randomly

6 LMS1 – Lower 
Mine Series 1

CI, CI(B) 10–80 m U throughout unit, generally in upper 1/4, no Au

7 LSS1 – Lower 
Schist Series 1

CMI, CM, MC 5–30 m Minor mineralisation in more chlorite- or sericite-rich sections 

8 LMS2 – Lower 
Mine Series 2

C/CI, C, CI Highly variable, 
2–80 m

Can be mineralised throughout, most in upper 2/3, can be high grade 
and continuous. No Au

9 LSS2 – Lower 
Schist Series 2

MC, A, CM, CMI Minimum 400 m Rare mineralisation

Table 5.8. Subdivision of lithological units in mine sequence at Jabiluka (after Lally and Bajwah 2006). Rock type key: B = biotite, Bx 
= breccia, C = chlorite, G = graphite, I = sericite, M = muscovite; presence of quartz is always assumed. Order of letters in code gives 
decreasing order of abundance of mineral species. SAL = Stratigraphic Assay Level (from Gustafson and Curtis 1983, Poilto et al 2005).
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Dispersed uranium, adsorbed on
clay and iron oxides
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Figure 5.62. (a) Geological plan and (b) cross-section of Koongarra uranium deposits. Geology and outline of orebodies are projected to 
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Ranger 68 was discovered by Geopeko Ltd in 1976. It 
is hosted in the lower Cahill Formation, near the contact 
with the Nanambu Complex. Resources were estimated at 
1.5 Mt of ore at 0.357% U3O8, using a cut-off of 0.1% U3O8 
(Browne 1990). The primary uranium mineral is sooty 
pitchblende within intensely chloritised breccia zones. 
Copper is also locally associated with high uranium grades, 
occurring as sooty chalcocite. The best intersections were 
5.75 m at 1.1% Cu in drillhole S/1 and 12 m at 0.26% Cu 
in hole S/4.

The Caramal prospect is located 22 km south of 
Nabarlek, adjacent to an escarpment of Mamadawerre 
Sandstone. It was discovered in 1969 by Queensland Mines 
Ltd during ground follow-up exploration of an airborne 
radiometric survey. A ‘resource’ of 2500 t U3O8 (0.758 Mt ore 
at 0.33% U3O8 ) was reported in McKay and Miezitis (2001). 
Mineralisation occurs within altered metasedimentary 
schist and carbonate rocks. Primary uranium mineralisation 
occurs within an elongate zone, about 80 m wide in plan 
view, which trends northeast. The schist is variably altered 
and the most extensive alteration involves the replacement 
of biotite by chlorite and feldspar by sericite, identical to 

the ‘outer alteration halo’ described from other deposits of 
the East Alligator River region (McKay and Miezitis 2001).

At the Hades Flat prospect, mineralisation is in chlorite-
feldspar schist, graphite schist and dolostone of the lower 
Cahill Formation. A resource of 726 t U3O8 was quoted 
in the draft Environmental Impact Statement for Jabiluka 
(McKay and Miezitis 2001). Pitchblende is the main mineral 
and occurs in fractures and breccia zones in chlorite schist 
and in chloritised breccia zones at the faulted contact 
with the Nanambu Complex. Minor secondary uranium 
mineralisation occurs in the weathering zone above the 
prospect (Hegge et al 1980).

The Austatom prospect is hosted within dolostone and 
schist of the lower Cahill Formation. A contact between 
this unit and the Nanambu Complex is 800 m east of the 
prospect. The best auger hole intersections reported by the 
Australian Atomic Energy Commission (AAEC) were 1.5 m 
at 0.48% U3O8 and 6 m at 0.21% U3O8 (Needham 1982). 
Anomalous copper, lead, nickel, cobalt and manganese 
were also recorded. A resource of about 10 000 t U3O8 has 
been quoted for Austatom in the past (Needham 1988a), but 
is not considered reliable (Lally and Bajwah 2006).
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Rum Jungle Mineral Field

In 1949, JM White found secondary uranium minerals 
near Rum Jungle Siding, at the site of the now mined-
out Whites deposit. Subsequent exploration by BMR 
led to the discovery of Whites and the nearby Dysons, 
Intermediate, Rum Jungle Creek South, Mount Burton 
and Mount Fitch deposits, as well as several other smaller 
occurrences (Figure 5.63). Mining of these deposits was 
carried out between 1954–1970 by Territory Enterprises 
Pty Ltd (TEP), a wholly owned subsidiary of Rio Tinto 
Australia Ltd. Other companies active in the area in 
1970s and 1980s included Aquitaine Australia Minerals 
Pty Ltd, Queensland Mines Ltd, Mobil Energy Minerals 
Australia Inc, Marathon Petroleum Company, Rio Tinto 
Australia Ltd, Uranerz Australia Ltd and Afmeco Mining 
Ltd. Following a recent surge in uranium prices, the Rum 
Jungle Mineral Field is currently being explored by a 
number of uranium explorers.

With the exception of Rum Jungle Creek South, 
the major Rum Jungle Mineral Field uranium deposits 
occur within a triangular area known as the Embayment 
(Figure 5.63
Giants Reef Fault and the northern boundary by a series of 
east-trending ridges of the Crater Formation. Five deposits 
are known from this area; from east to west, these are: 
Dysons (U), Whites East (U), Whites (U, Pb, Cu, Co), 
Intermediate (U, Cu) and Browns (Pb, Cu, Ni, Co, Zn). 
They are spaced 0.5 to 1 km apart and lie on a northeast-
trending shear zone. These deposits (and the shear zone) 
are located on the northern limb of a northeast-trending, 
southwest-plunging asymmetric syncline, with a shallowly 
dipping northern limb and a steeply dipping southern limb. 
North- to northeast-trending faults cut across the area and 
the Dysons, Whites and Intermediate deposits are located 

at the intersection of the shear zone and north-trending 
faults. All deposits are within the Whites Formation, close 
to the contact with the underlying Coomalie Dolostone. 
Most deposits are overlain by quartz-haematite breccia 
assigned to the phosphate-rich Geolsec Formation, which is 
overlain by the Depot Creek Sandstone. Carson et al (2010) 
obtained a SHRIMP U-Pb zircon age of 1837 ± 15 Ma for 
the Depot Creek Sandstone, interpreted as a conservative 
maximum age of deposition. Thus it may represent, in part, 
a stratigraphic equivalent of the Katherine River Group in 
the East Alligator River region.

Rum Jungle Creek South and Dysons are the only 

deposits in the Embayment area contain associated copper 
minerals, and Ni and Co may also be present, as in the 
Browns, Intermediate and Mount Fitch deposits.

Rum Jungle Creek South
Rum Jungle Creek South is hosted by carbonaceous shale 
of the Whites Formation, just above the contact with the 
underlying Coomalie Dolostone. The deposit lies to the 
southwest of an outlier of the Geolsec Formation that 
hosts small phosphate occurrences. The uranium orebody 
is located within the hinge zone of a doubly-plunging 
syncline that trends 315° (Figure 5.64) within chloritic and 
carbonaceous shale of the Whites Formation (Berkman 
1964). The orebody is 245 m long, 61 m wide and 80 m 
deep. Open-cut mining during 1961–1963 produced a 
total of 663 500 t of ore averaging 0.43% U3O8 and a 
further 115 800 t averaging 0.065% U3O8 was stockpiled 
(Berkman 1968). Mineralisation is preferentially located 
in chlorite schist. Towards the northeast, the Whites 
Formation and Coomalie Dolostone are faulted against the 
Geolsec Formation, which lies directly on the Coomalie 
Dolostone, suggesting a period of erosion and uplift prior to 
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deposition of the Geolsec Formation. Primary ore consists 

planes and joints, and as thicker veins near the contact 
between chlorite schist and black slate. Apart from pyrite 

with the uranium mineralisation. The weathered zone to 
30 m depth was almost devoid of mineralisation, except 
for three small near-surface pods of saleeite that were the 
source of surface radiometric anomalies over the deposit.

Dysons
The Dysons orebody is 60 m long, 8 m wide and 100 m 
deep, and is hosted within a narrow zone of strongly 
sheared carbonaceous shale of the Whites Formation at its 
contact with the Coomalie Dolostone. Open-cut mining 
during 1957–1958 produced a total of 157 000 t of ore at 
0.34% U3O8 (Berkman 1968, Fraser 1980). The Giants 
Reef Fault occurs about 200 m to the south of the mine and 
four north-northeast-trending faults were mapped in the 
open cut (Figure 5.65). The orebody is partly covered by 
the Geolsec Formation, which unconformably overlies the 
Coomalie Dolostone. Saleeite is the predominant uranium 
mineral to 40 m depth, but pitchblende occurs in fresh 
carbonaceous slate from 25 m downward. Sklodowskite 
and uranosphaerite are also present in the near-surface 
weathered zone (Berkman 1968). There is no reported base 

Whites
The Whites orebody comprises disseminated uranium 
and copper mineralisation in a steeply south-dipping 

mining in 1953 was followed by open-cut mining during 
1954–1958, producing a total of 396 000 t ore averaging 
0.27% U3O8 and 2.7% Cu. In addition, 295 000 t of copper-
cobalt ore averaging 2.8% Cu and 0.3% Co was also treated 
(Berkman 1968). Mineralisation is hosted by black shale of 
the Whites Formation, near to its contact with the Coomalie 
Dolostone (Figure 5.66
zone, bordered to the west by a northeast-striking, south-
dipping fault and to the east by graphitic shale. The orebody 
can be divided, from footwall to hangingwall, into a U-Cu 
zone, a Cu-Co zone, a Co-Ni zone and a Pb-Co zone. These 
zones occasionally overlap and are sometimes separated by 
a band of barren material (Berkman 1968).

In the U-Cu zone, the common ore minerals are 
pitchblende and associated secondary uranium minerals. 
In the Cu-Co zone, the main minerals are chalcopyrite, 
chalcocite, digenite, bornite and covellite. In the Co-Ni 
zone, the common minerals are linnaeite, carrollite, and 

common minerals. Pitchblende is known to continue to a 
depth of 180 m, and the Cu-Co and Pb-Co zones continue to 
more than 300 m depth, but become very narrow.

Whites Extended and Whites East
These deposits are situated midway between the Dysons 
and Whites deposits. Mineralisation is within pyritic 
carbonaceous shale of the Whites Formation, extending 
into the Haematite Quartz Breccia (HQB). The Whites 
Extended mine produced 100 tonnes of ore at 0.185% U3O8 

(Berkman 1968). Only secondary uranium minerals were 
present, occurring as narrow high-grade intersections in 
slate.

Other uranium occurrences in the Rum Jungle Mineral 
Field
At the Mount Burton prospect, costeaning, geological 
mapping, geophysical surveys and drilling by TEP and BMR 
were conducted during the 1960s. Small-scale open-cut 
mining of this deposit occurred in 1958, producing 6096 t 
ore averaging 0.21% U3O8 and 1.04% Cu, and an additional 
2440 t ore at 0.07% U3O8 and 1420 t ore at 2.66% Cu was 
stockpiled (Berkman 1968). The old open cut reached a 
depth of about 30 m. The uranium-copper ore is within 
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black shale and quartzite of the Whites Formation, close 
to the contact with the underlying Coomalie Dolostone. 
This contact dips at about 40° to the west and steepens at 
depth. The orebody is restricted to the crest of an anticline. 
Ore grade diminishes rapidly below a depth of about 30 m. 
Compass Resources NL currently holds titles over the area 
and commenced exploration in 1990, but early drillholes 
failed to intersect any mineralisation.

The Mount Fitch South deposit contained a resource of 
3.5 Mt of ore at 0.042% U3O8 and 290 000 t ore at 0.65% Cu 
(Berkman and Fraser 1980). It was explored by TEP during 
1952–1970 and by Uranerz Australia Pty Ltd in the late 

1970s (Pagel et al 1984). The leases are currently held 
by Compass Resources NL, who has estimated a JORC-
compliant Resource of 5.03 Mt at 0.03% U3O8 (Compass 
Resources 2008). Uranium mineralisation is present in both 
the Coomalie Dolostone and Whites Formation.

The Kylie, SE Kylie and Spring Creek prospects occur 
within the Coomalie Dolostone along the southern edge of 
the Waterhouse Dome. In this area, the Coomalie Dolostone 
contains numerous lenses of graphite, chlorite, tremolite, 
tourmaline and biotite-rich metapelite at various levels 
(Pagel et al 1984, Williams 1996).

South Alligator Valley Mineral Field

A total of 13 small deposits and 15 uranium prospects 
(Figure 5.67) are known from this area (McKay and Miezitis 
2001). Thirteen of these deposits were mined by United 
Uranium NL between 1955 and 1964, producing some 
875 t of U3O8 
U3O8 (Fisher 1968). The bulk of production was from 
underground operations, with a few small open cuts. From 
1956–1959, ore was trucked to Rum Jungle for processing. 
In 1959, a gold processing plant at Moline was converted to 
treat uranium ore by solvent extraction. A small treatment 

also produced as a by-product of uranium mining, and from 
the re-treatment of uranium tailings. Uranium exploration 

many prospects and anomalies, but no economic deposits 
were found. Further exploration by the Coronation Hill 

platinum-palladium resource at Coronation Hill.
During 1987–1990, BMR investigated various aspects 

of the geology and mineralisation of an area known as the 

studies was presented to the government. It was decided 
that mineral exploration and mining would not be permitted 
within the Conservation Zone, which was subsequently 
included within Stage 3 of Kakadu National Park.

Uranium deposits in the South Alligator Valley are 
located within the major northwest-trending dextral strike-
slip Rockhole-Palette Fault System, at or close to the 
unconformity between the El Sherana and South Alligator 
groups. Sandstones of the Mamadawerre Sandstone of the 

South Alligator Valley. Almost all of the mineralisation is 
located within fault zones containing either a contractional 
jog (eg Rockhole mines), or a dilational jog (eg Palette), 
producing sub-horizontal ribbon-like and sub-vertical pipe-
like bodies, respectively (Valenta 1991). Primary uranium 
mineralisation occurs in fractured, cherty ferruginous 
siltstone of the Koolpin Formation, near the unconformity 
with the Coronation Sandstone. The Coronation Hill, 
Sleisbeck and Anomaly 2J deposits have different host 
rocks. Orebodies are either sub-horizontal and ribbon-
shaped (El Sherana, Saddle Ridge), or subvertical and 
pipe-shaped (Palette, Skull, Coronation Hill), depending 
on the geometry of the dilational zone. Alteration related 
to mineralisation is characterised by muscovite-chlorite 
± haematite ± kaolinite ± biotite (Wyborn et al 1990a, b, 
Lally and Bajwah 2006).
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Rockhole Group
The Rockhole group of mines (Rockhole No 1 and No 2, 
O’Dwyers, Sterrets No 1 and No 2) are located about 
6 km northwest of El Sherana Camp and have produced 
152 t U3O8 from 13 418 t of ore averaging 1.1% U3O8 (Taylor 
1968, Lally and Bajwah 2006).

The mineralised lodes strike northwest (300 ) and dip 
steeply (70 ) to the southwest. These lodes occupy dilatant 
sites along reverse faults, where carbonaceous shale and 
cherty ferruginous shale of the Koolpin Formation form the 
hangingwall, and quartz sandstone (Coronation Sandstone) 
and altered felsic volcanic rocks (Pul Pul Rhyolite) comprise 
the footwall.

The primary ore mineral, pitchblende, occurs in two 
forms: an early massive type and later cross-cutting 

(Threadgold 1960). Secondary uranium minerals are rare. 
Minor clausthalite, eskebornite, pyrite, marcasite and 
chalcopyrite occur, along with native gold. Trace element 
analyses of ore and wallrocks show strong associations 
between uranium and vanadium, copper, nickel, cobalt 
and gallium. Carbon values in the Koolpin Formation 

shale are erratic and independent of uranium (Ayres and 
Eadington 1975).

Valenta (1991) interpreted the main fault at Rockhole to 
be a restraining bend on the larger Rockhole-El Sherana-
Palette dextral strike-slip fault system, resulting in vertical 
extension and the formation of dilational zones near gently 
dipping structures. These dilational zones were the focus of 

the ore lodes in relation to faulting.

El Sherana
El Sherana and El Sherana West were mined by small open-
cut and underground operations over a strike length of 
400 m and a vertical range of 180 m (Taylor 1968). The total 
production was 226 t U3O8 and 0.55 t Au from El Sherana, 
and 185 t U3O8 and 0.007 t Au from El Sherana West (Lally 
and Bajwah 2006).

Mineralisation is associated with fault zones and 
brittle fracturing within cherty ferruginous shale, and 
carbonaceous shale of the Koolpin Formation. Minor 
mineralisation also occurred within the Coronation 
Sandstone. The two dominant fault orientations are steeply 

Uranium occurrence

Zamu Dolerite

Katherine River Groupherine River Group

Oenpelli Dolerite

herine River Group
Gumarrinbang Sandstone

Zamu Dolerite

Mamadawerre Sandstone

g

Nungbalgarri Volcanics
Plum Tree Creek Volcanics

Kurrundie Sandstone

Big Sunday Formationg y

Pul Pul Rhyolite

Jim Jim Granite

y

Coronation Sandstone

Mundogie Sandstone

Stag Creek Volcanics

M d i S d t

g

Masson Formation

Goodparla Dolerite

g

G d l D l it

Wildman Siltstone

Finniss River Groupiss River Group
Burrell Creek Formation

South Alligator Groupth Alligator Group
Mount Bonnie Formation

Gerowie Tuff

Koolpin Formation
Bi S d F ti

Malone Creek Granite

El Sherana and
Edith River groups

Namoona and
Mount Partridge groups

NORTHERN
TERRITORY

A07-443.ai

0 5

132°30' 132°40' 132°50' 133°00'132°20'132°10'132°00'

13°20'

13°30'

13°40'

10 km

Sandstone Nort

Anomaly 5G Coirwong Gorge
Anomalies 5218 & 5219

Graveside

Gerowie Creek No2
Gerowie Creek No1

Gerowie Creek No3

Anomaly 2J

Teagues

Rockhole No 1 and No 2 

O'Dwyers

Sandstone South
Sterrets No1

9600NW Anomaly
Airstrip

9200NW Anomal
Alligator Fault

Scinto 

Christmas Creek

Coronation Hill
Coronation Hill South

Saddle Ridge East Extended
Saddle Ridge South

3/171 Prospect

Sleisbeck

Barramundie South

El Sherana 

Waterfall Creek

Figure 5.67. 



Pine Creek Orogen

5:80

southwest-dipping normal faults and later, moderate to 
shallowly southwest-dipping reverse faults (Valenta 1991). 
Faulting created a sheared and brecciated contact between 
carbonaceous and cherty ferruginous shale that was the 
focus of mineralisation.

Pitchblende is the main uranium mineral. Native gold 
and minor galena, anglesite, clausthalite, pyrite, marcasite, 

also present (Threadgold 1960, Ayres and Eadington 1975).

Coronation Hill

are located at Coronation Hill, but only the uranium-
gold orebody has been mined. From 1961–1963, this 
deposit produced 75 t U3O8 from 28 850 t of ore averaging 
0.26% U3O8 (Foy 1975). Gold is associated with uranium 
mineralisation and an average grade of 6.1 g/t Au was 

calculated a high-grade uranium-gold resource at a depth 
of 120 m below the old open cut of 344 170 t averaging 
0.537% U3O8 (1850 t U3O8) and 9.95 g/t Au (McKay 1990, 
Lally and Bajwah 2006).

Uranium-gold mineralisation occurs in a vertical 
pipe-like body about 20 m across (Figures 5.41, 5.42). 
Mineralisation is associated with faulted blocks of 
carbonaceous shale (Koolpin Formation) near the base of 

conglomerate (Needham 1987). Mineralisation consists of 
disseminated and sooty pitchblende with minor secondary 
uranium minerals at the surface. Veinlets and disseminations 
of native gold occur in association with pitchblende and as 
gold-only shoots (Needham 1987).

The Coronation Hill gold-PGE orebody (see Gold in 
association with platinum group elements) is located 
to the east of the mined uranium-gold orebody. It occurs 
in a broadly north-northwest-trending zone in fractured 
and sheared volcaniclastic rock, quartz-feldspar porphyry, 
sedimentary breccia and diorite (Carville et al 1990). The 
stratigraphic position of this succession is uncertain but 
Ferenczi and Sweet (2005) considered it to be part of the 
Coronation Sandstone.

Other uranium deposits in the South Alligator Valley 
Mineral Field
The Koolpin Creek deposit has produced 2327 t of ore 
averaging 0.13% U3O8 from a small open cut. The orebody 
is hosted within a northwest-trending shear zone in black 
shale and phyllite of the Koolpin Formation.

The Scinto 5 and 6 deposits have produced 2.7 t and 
21.7 t of U3O8, respectively. Scinto 5 is hosted in steeply 
southwest-dipping shale and phyllite of the Koolpin 
Formation. Uranium mineralisation consists mainly of 
torbernite, with minor pitchblende (Stuart-Smith et al 1988). 
Mineralisation at Scinto 6 is hosted in sheared and altered 
rhyolite occurring within the Coronation Sandstone. Ore 
consists of autunite, torbernite and saleeite in a subvertical 
shear zone and adjacent joints (Stuart-Smith et al 1988).

At the Palette deposit, mineralisation occurs at the 
unconformable contact between cherty ferruginous shale 
and carbonaceous shale of the Koolpin Formation and 

altered sandstone of the Coronation Sandstone. It produced 
124 t U3O8 at a grade of 2.5% U3O8. Pitchblende occurs as 
veins and sooty coatings in shears and fractures, and high-
grade ore shoots are composed of massive veins and nodular 
pitchblende (Taylor 1968, Stuart-Smith et al 1988). Native 
gold occurs as veinlets, shrinkage cracks and disseminations 
in the pitchblende (Taylor 1968). Minor amounts of galena-
clausthalite, coloradoite, pyrite and marcasite are also 
associated with the ore (Ayres and Eadington 1975). Fine 
haematite, sericite and minor tourmaline are present in wall 
rocks.

The Skull mine produced 531 t of ore at a grade of 
0.55% U3O8 (Foy 1975). Mineralisation is within a zone 
of northeast-trending fractures, associated with a north-
northeast-trending dextral strike-slip fault, at the contact 
between the Koolpin Formation and Mamadawerre 
Sandstone (Valenta 1991). Pitchblende is present as veinlets 
and as a sooty variety within carbonaceous shale of the 
Koolpin Formation and was associated with minor gold and 

The Saddle Ridge deposit produced 78 t at a grade of 
0.24% U3O8 (Foy 1975). Mineralisation is comprised entirely 
of secondary uranium minerals, mainly metatorbernite, 
which is hosted by bleached shale of the Koolpin Formation. 
Shepherd and Grenning (1961) reported occurrences of 
sooty pitchblende in drillholes below the main orebody. 
No gold was recovered from ore in the open cut (Lally and 
Bajwah 2006).

Sleisbeck is an isolated occurrence, located 30 km 
southeast of Coronation Hill in the headwaters of the 
Katherine River. A small open-cut operation extracted 
637 t of ore averaging 0.34% U3O8 in 1956. Mineralisation 
is within the Mount Bonnie Formation (formerly Kapalga 
Formation in this area; Ferenczi and Sweet 2005), adjacent 
to a major reverse fault, with the Mamadawerre Sandstone 
and Scinto Breccia in its footwall. Pitchblende occurs in 
rocks at depth, but most of the ore consists of uraniferous 
phosphatic minerals near the surface. Minor copper, nickel 
and arsenic minerals have also been recorded (Stuart-Smith 
et al 1988).

Geochronology of unconformity-type uranium deposits

Results of geochronological investigations of the major 
deposits in the East Alligator River area are summarised in 
Lally and Bajwah (2006). Pegmatite at Ranger 1 intruded 
at 1847 Ma (Annesley et al 2002). Pre-mineralisation 
retrograde metamorphism during the period 1810–1750 Ma 
is recorded by the resetting of Rb-Sr, Ar-Ar and K-Ar 
systems, in samples of unaltered rocks from Jabiluka and 
Nabarlek (Page et al 1980, Riley et al 1980, Polito and Kyser 
2002). Polito and Kyser (2002) dated retrograde Fe-rich 
chlorite in the outer alteration zone at Nabarlek at 1750 Ma, 
which they interpreted as being due to early alteration 

the Mamadawerre Sandstone. This 1750 Ma event is 
within error of the age of primary uranium mineralisation 
at Ranger 1 (1737 ± 20 Ma), determined from U-Pb 
dating of uraninite by Ludwig et al (1987). Ar-Ar ages of 

(Polito and Kyser 2002) were interpreted as being due to 
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resetting by localised heating during the intrusion of a sill of 
Oenpelli Dolerite at 1720 Ma beneath the deposit. Estimates 
of U-Pb uraninite ages of 1700 Ma and 1800–1700 Ma 
were obtained at Ranger and Koongarra, respectively, by 
Hills and Richards (1976). Rb-Sr, U-Pb, Pb-Pb and Sm-Nd 
studies of uraninite and inner-alteration-zone minerals in 
Jabiluka and Nabarlek produced consistent ages of primary 
mineralisation in the range 1650–1610 Ma (Page et al 1980, 
Gulson and Mizon 1980, Riley et al 1980, Maas 1989, 
Polito and Kyser 2002). Post-mineralisation remobilisation 
of uraninite at 1380 Ma and 1100 Ma is recorded by U-Pb, 
Pb-Pb and Rb-Sr systems in Jabiluka and Nabarlek (Gulson 
and Mizon 1980, Polito et al 2004). Younger remobilisation 
of uranium mineralisation at 900 Ma is indicated by U-Pb 
ages of uraninite from Ranger, Jabiluka, Nabarlek and 
Koongarra, as well as from deposits in the South Alligator 
River area (Hills and Richards 1972).

For the Rum Jungle Mineral Field, dating of pitchblende 
from the Kylie and Whites deposits has provided 
inconclusive results. U-Pb age determinations on whole-
rock and mineral separates (pitchblende) of uraniferous 
ores from the Kylie deposit are given in Von Pechmann 
(1992). Whole rock samples yielded an age of 1627 ± 45 Ma. 
Mineral separate samples and two whole-rock samples were 
used to construct a discordia, the upper intercept of which 
gave an age of 1775 ± 175 Ma. Sm/Nd investigations on the 

this age is not clear (Von Pechmann 1992). It might indicate 
uranium mobilisation, coinciding with outpouring of the 
early Cambrian Kalkarindji Suite over most of the North 
Australian Craton (see Kalkarindji Province).

A single sample of pitchblende from the Whites 
deposit has yielded a wide range of ages from 1015 to 
560 Ma (Fraser 1975). At the Whites East deposit, several 
whole-rock uranium-bearing samples were analysed and 

a concordia intercept at about 2200 Ma. Richards (1963) 
reported on the model lead ages of galena from the Whites 
and Browns deposits of 1520 Ma. A similar age has been 
obtained for several galena samples from the Browns 
deposit (McCready et al 2004). These samples included 

galena. There is no distinction in the lead isotope values 
between these two galena types.

Genesis of unconformity-type uranium deposits

Several models have been proposed to explain the genesis 
of uranium deposits of the Rum Jungle area. Condon and 
Walpole (1955), Fraser (1975) and Berkman and Fraser 
(1980) suggested that they formed from syngenetic uranium 
precipitation with subsequent local remobilisation. This 
model is based on strong stratigraphical controls on the 
disposition of the major orebodies. Roberts (1960) studied 
the texture and mineralogy of the Whites orebody and 
proposed that the presence of tourmaline and quartz in the 
gangue suggest a hydrothermal origin for mineralisation that 
was related to the intrusion of the Rum Jungle granite (Rum 
Jungle Complex). The latter was then considered to be an 
intrusive, but has subsequently proved to be unconformable 
basement to the PCO succession. However, late, cross-

cutting quartz-tourmaline veins, pegmatitic bodies and 
dolerite dykes, both within the Rum Jungle Complex 
and the overlying sedimentary rocks, testify to younger 
intrusive activity in the region. Condon and Walpole (1955) 
and Berkman (1968) suggested that carbonaceous shale 
within the Whites and Koolpin formations, in the Rum 

orebodies formed principally as a result of remobilisation 
of this syngenetic mineralisation during the Nimbuwah 
Event. Crick and Muir (1980) proposed that uranium was 
concentrated during the deposition of evaporitic sediments 
of the Coomalie Dolostone, and lower Cahill and Koolpin 
formations.

Eupene et al (1975) and Eupene (1980) proposed a 
hypogene model to explain the genesis of the uranium 
deposits of the Alligator River area, deriving the uranium 
from depth. They observed that the uranium mineralisation 
is intimately associated with Mg metasomatism, which 
produced the Mg-rich chlorite in the orebody and magnesitised 
the footwall dolomitic lithologies. The orebodies are 
located within zones of brecciation. Footwall carbonate 
rocks were considered to be dewatering channelways, both 
during metamorphism and metasomatism/mineralisation. 
During dewatering, clay particles within the carbonate 
rocks adsorbed the uranium and stored it to be released 
later (post-Kombolgie Subgroup), due to sediment loading. 

uranium in the overlying Cahill Formation. 
Ferguson et al (1980) proposed that uranium was 

derived from the carbonaceous shale and was trapped in 
pre-Kombolgie dolines in a karstic topography. Psammitic 

clays and carbonaceous material were washed into these 
cavities and uranium was absorbed onto the clays. This 
was followed by the deposition of the Kombolgie Subgroup, 
which sealed the deposits.

Binns et al (1980b) conducted petrological, 
mineralogical and isotopic studies at the Jabiluka deposit 

temperature of 300–350 C. They noted that the orebody has 
a large Mg-chlorite-dominated alteration halo extending 
into the unconformably overlying Kombolgie Subgroup. 
Ore minerals show replacive relationships and there is a 

involves a uranium source in the underlying Archaean 
granite gneiss. Radiogenic heat from the granitic bodies 

overlying Kombolgie Subgroup. Epeirogenic movement 
associated with the deposition of the Kombolgie Subgroup, 

cells. The uranium deposits were interpreted to have formed 
at the upwelling zone. 

Wilde (1988) and Wilde et al (1989a, b), on the basis of 
alteration mineralogy, suggested that uranium mineralisation 
resulted from descending hot (150–200
from the Kombolgie Subgroup into relatively reduced schist 
(Cahill Formation and equivalents). Supporting evidence 
is provided by the abundance of haematite, anatase and 
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inclusion studies by Ypma and Fuzikawa (1980) and Wilde 
et al (1989b). Polito et al (2004) provided additional support 
for this model, using alteration and geochronological and 
stable isotope data from the Nabarlek deposit. Ar-Ar dating 
of pre-ore sericite from the alteration envelope provided an 
age of ca 1700 Ma, and uraninite was dated at 1640 Ma. 
Reactivation of the Nabarlek Fault at 1360 Ma, 1000 Ma 
and 900 Ma was proposed to have reset uraninite ages.

stable isotope, mineralogical and alteration data, and 

heat generation within the Archaean granitic basement. 

transferred some uranium from basement rocks into the 
cover sandstone (Figure 5.68a). In the second stage, 

site of uranium orebodies within the Cahill Formation 
(Figure 5.68b). Lally and Bajwah (2006) considered 

unnecessary, as uranium would continue to be leached from 
felsic basement rocks during the second stage. According 
to the model, deposits were connected with a surface brine 
reservoir by permeable fault zones, a scenario that appears 
unlikely at Jabiluka, where no large-scale fault has been 

where the total displacement on the basement fault is 
only about 20 m. Convection cells extending through the 
entire thickness of the cover sandstone succession are also 
unlikely, because aquicludes would develop in well sorted, 

(Polito et al 2004).
Ahmad et al (2006) proposed a model, in which uranium 

and other metals were leached by oxygenated groundwater 

succession (Kakadu Group equivalents) and Archaean 

faults and shears. Reduction by carbonaceous lithologies 
(eg Cahill, Koolpin, Whites formations) was essentially the 
main cause of uranium precipitation. Heat generation due to 
radioactive decay in the Archaean basement rocks may also 
have resulted in long-lasting convection cells.

Associated with the uranium mobilisation and 
precipitation is the widespread magnesitisation of the 
footwall dolostone. Magnesitisation of dolomite can occur 
either from an increase in temperature, or an increase in the 

heat generation might be due to radiogenic decay in the 
granitic rocks and an increase in Mg concentrations might 
be due to sericitisation of ferromagnesian minerals, such as 
chlorite, biotite and amphibole. Magnesitisation of dolomite 
results in net volume loss and consequent brecciation, which 
is common to most deposits (Ahmad et al 2006).
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Figure 5.68. Model for the formation of unconformity-related uranium deposits in Australia (after Solomon and Groves 1994). See text 
for detailed explanation.
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Vein-type uranium deposits

Small vein-type uranium deposits within the PCO are 
hosted by a variety of rock types and all are associated 
with narrow, steeply-dipping brittle fault or fracture zones. 
Quartz and haematite are common gangue minerals and 
minor copper mineralisation may also be present. Some of 
the larger vein type deposits were mined, yielding a total of 
about 20 t U3O8

Adelaide River mine
Adelaide River mine is located 3.5 km northwest of Adelaide 
River township. The deposit was discovered in 1954 and 
worked until 1957, for a total production of 3447.4 t ore at 
an average grade of 0.5% U3O8. The ore was trucked to the 
Rum Jungle plant. Between 1959 and 1960, BMR drilled 
four diamond holes and calculated the remaining reserves 
to be 6350.4 t ore averaging 0.32% U3O8 (Plumb 1960, 
Fander 1981). Urangesellschaft Australia Pty Ltd carried 
out electromagnetic, magnetic and radiometric surveys over 
the Adelaide River mine area during 1979–1981 (Fander 
1981). Uranium mineralisation is hosted within well bedded 
siltstone, greywacke and conglomerate of the Burrell Creek 
Formation. Four ore zones, the Black, White, Brown and 
Orange
Black Lode, which produced most of the ore, and it occupies 
a fault that dips 70° towards east with a reverse (east-side-
up) movement sense (Walpole 1957). Mineralisation occurs 
only where the fault intersects a 15 m-thick bed of coarse-
grained greywacke. The ore lode plunges 45° south and 
has an average width of approximately 1.5 m. Pitchblende 
is disseminated in country rock adjacent to the fault and 
forms coatings on joint and fracture surfaces associated 
with quartz veining. Accessory minerals include abundant 
pyrite and chalcopyrite, with lesser arsenopyrite, marcasite 
and linnaeite (Plumb 1960).

The Adelaide River mine lease is currently being 
explored by a joint venture of Royal Resources Ltd and 
Aldershot Resources Ltd. Drilling in 2007 intercepted 
7.1 m at 0.35% U3O8 (Royal Resources Ltd 2009), including 
4 m at 0.72% U3O8. The mineralised zone was also elevated 
in cobalt, copper and nickel. Surface sampling has returned 
zones in excess of 0.1% U3O8, and grab samples have 
returned up to 4.0% U3O8 (Royal Resources Ltd 2009).

George Creek
Uranium mineralisation at George Creek was discovered 
in 1954. From 1954–1960, BMR drilled seven diamond 
holes and carried out some underground exploration by 
a 39 m-deep shaft with 60 m of drives and cross-cuts. A 
total of 120 t ore averaging 0.26% U3O8 was extracted 
during the underground exploration phase and this was sent 
to Rum Jungle for processing (Arkin and Walpole 1960). 

further indications of economic mineralisation (Fander 
1981). Mineralisation is within the Burrell Creek Formation 
and comprises pitchblende, coating joints and fractures, 
associated with pyrite- and chalcopyrite-bearing quartz 
veins. The prospect lies on the western limb of a north-

plunging anticline and bedding dips 30° towards 280°. 
Subvertical northwest-trending faults and related fractures 
control mineralisation and the exploration drives followed 
one such structure. Pods and thin stringers of pitchblende 
occur along the fault elsewhere. Mineralisation is at the 
intersection of a fault and coarse-grained greywacke 
beds, which are interbedded with barren siltstone beds. 
The primary ore consists of pitchblende; torbernite, 
metatorbernite and autunite are present in the surface 
oxidation zone to 25 m depth.

The Royal Resources Ltd/Aldershot Resources Ltd joint 
venture is currently exploring at George Creek and has 

with diamond drillhole GCDDH009 intersecting 1 m at 
0.48% U3O8 (10.6 lb/t) from 21.93 m (Royal Resources Ltd 
2009).

Fleur de Lys
This prospect is located 2 km northwest of the Cosmo 
Howley gold mine and was discovered in 1953. It produced 
170 t ore averaging 0.12% U3O8 during 1954–1955 (Crohn 
1968). Later radiometric and stream sediment surveys 
by United Uranium NL failed to discover any economic 
mineralisation (Newton 1968). Mineralisation is within 
siltstone, tuff, mudstone and phyllite of the Gerowie Tuff, 
in bedding-parallel shears and joints (Firman 1955, 1956). 
At the surface, torbernite, malachite, azurite and cuprite 
occur as veins and coatings on joints and bedding planes 
within the strongly sheared shale unit (Thundelarra 2009). 
The primary ore consists of uraninite, pyrite, arsenopyrite, 
chalcopyrite and bismuthinite in narrow veins, with varying 
amounts of quartz and sericite. Pitchblende appears to have 
formed after pyrite and arsenopyrite, but before chalcopyrite 
and bismuthinite (McAndrew 1954). Torbernite, malachite, 
azurite and cuprite are present as coatings on bedding 
planes, shears and joints in the oxidised zone (Firman 1955).

Thundelarra Exploration Ltd is currently testing the 
prospect. A six-hole RC drilling program was completed by 
this company, but only one hole, 08PCRC002, intersected 

3O8 
from 57–58 m (Thundelarra 2009).

Twin and Dam
The Twin and Dam prospects are located 36 km north-
northeast of Pine Creek township and were discovered 
by Total Mining Australia Pty Ltd in 1983. Drilling 

occurrences within an area about 400 m wide and 1800 m 
long (Earthrowl et al 1988). Total (proven and probable) ore 
reserve estimates were 256 t ore at 0.1187% U3O8 for Twin 
and 341 t ore at 0.13% U3O8 for Dam (Berthault and Harrop 
1990). Structurally controlled mineralisation is within 
carbonaceous and chloritic shale, chert and dolostone of the 
Masson Formation, at the margin of the Cullen batholith. 
Orebodies are composed of concentrations of narrow, 
closely spaced veins of uraninite, within and on the margins 
of the faults, and are associated with chloritic, sericitic 
and haematitic alteration. Secondary mineralisation is 
developed in the oxidised zone at Twin and consists of 
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about 200 m along strike. Pyrite and chalcopyrite, present 

with lesser chalcocite. Covellite and bornite are common 
minerals in the supergene zone, and malachite and azurite 
are present in oxidised near-surface ore.

Mount Ellison
The Mount Ellison mine is located about 2.7 km north of 
Ban Ban Springs homestead. During 1891–1911, it produced 
some 3300 t of copper-bismuth ore averaging about 
20% Cu and 0.1% Bi (Crohn 1968). The lodes are hosted 
within micaceous mudstone, carbonaceous mudstone and 
tourmalinite of the lower Koolpin Formation. In the mine 
area, these rocks strike 305  and dip 40–60  northeast. 
Two copper-bearing quartz lodes have been worked. In the 
secondary enrichment zone, that extending to a depth from 
23–60 m, the main minerals are cuprite, chalcocite and 
bornite. The primary ore minerals include chalcopyrite, 
pyrite, linnaeite (Co3S4), aikinite (PbCuBiS3), witchenite 
(Cu3BiS3) and native bismuth (Lawrence 1963).

Mount Davis area
There are 16 recorded vein-type copper occurrences hosted 

veins and chloritic shear zones within medium to coarse, 
equigranular biotite granite. The largest, Mount Davis, deposit 
produced 844 t of ore averaging about 12% Cu (Walpole 
1962, Shields 1965). The mineralised lode at this locality 
strikes north and is up to 1.5 m wide. Primary mineralisation 
consists of massive arsenopyrite, chalcopyrite, minor pyrite, 
galena and trace molybdenite. Quartz and chlorite are the 
main gangue minerals with minor sericite. The granitic 
wallrocks are commonly sheared and chloritised. Other 

Mount Davis East, 
Ranfords Shaft, Foleys Shaft, Edwards and Connellys, Bell 
and Witherdens, Foley and Cahills and Beirnes.

Mount Diamond
This deposit was worked intermittently from 1898–1930, 
producing 762 t of ore averaging about 7% Cu. The 
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mine was re-opened between 1970–1973 and produced 
2453 t Cu, 3.73 t Ag and 43 t Bi and 10.6 kg Au from 
51 000 t of ore (Shields 1974). A remaining indicated 
resource of 150 000 t averaging 5% Cu exists to a 
depth of 100 m (Taylor 1973). Host rocks are hornfelsed 
greywacke and phyllite of the Burrell Creek Formation. 
Mineralisation is within a quartz vein that has a strike 
length of 2600 m and is about 1 m wide in the mineralised 

sections (Taylor and Cox 1969). Primary mineralisation 
consists of chalcopyrite and minor pyrite, arsenopyrite, 
galenobismutite (PbBi2S4), bismutite (Bi2S3), sphalerite 
and rare native gold. Secondary ore minerals include 
chalcocite, covellite, malachite, scorodite, cuprite and 
azurite. Gangue minerals include quartz, chlorite, 
magnetite, sericite, calcite and siderite (Taylor and Cox 
1969).

Common 
name Lat Long Size Shape Commodities Rock unit Resource Grade Production Reference

Anomaly A -13.61 130.72 Small Tabular Zn-Pb-Cu Burrell Ck 
Fm

0.3 Mt 12% Zn Woodland 
(1976)

Area 55 -13.01 130.97 Medium Tabular Cu-Co-Ni Whites Fm 6.6 Mt 0.83% Cu, 
0.17% Co, 
0.17% Ni

Compass 
Resources 
(2006)

Browns and 
Browns East

-12.99 131.00 Large Tabular Pb-Cu-Co-Ni Whites Fm 62.34 Mt 0.52% Cu, 
3.10% Pb, 
0.1% Co, 
0.09 Ni

Compass 
Resources 
(2008)

-13.87 131.81 Small Sheet Cu Burrell Ck 
Fm

0.09 Mt
6.1% Cu 3450 t at 25% 

Cu

United 
Uranium 
(1967)

Coronet Hill -13.73 132.33 Medium Sheet Cu-Au-Pb Burrell Ck 
Fm

0.05 Mt 1.6% Cu, 
131 g/t Ag

252 t at 21.6% 
Cu

Butler 
(1993a)

Daly River -13.67 130.70 Small Sheet Cu Burrell Ck 
Fm

6000 t at 20% 
Cu

Hossfeld 
(1937)

Evelyn -13.65 132.12 Small Tabular Pb-Cd-Au-Zn Koolpin Fm 0.007 Mt 3.7% Zn, 
6.7% Pb, 
343 g/t Ag

0.08 Mt at 
5.5% Pb, 7.5% 
Zn

Ferenczi 
and Sweet 
(2005)

Flora Belle -13.66 131.75 Small Sheet Pb Burrell Ck 
Fm

0.085 Mt 4% Pb 390 t at 6.45% 
Pb

Ahmad et al 
(1993)

George 
Creek Zn

-13.25 131.98 Small Tabular Zn-Pb Masson Fm 0.05 Mt 4% Zn, 2% 
Pb

Ahmad et al 
(1993)

Intermediate 
(Browns 
East)

-12.99 131.00 Small Tabular Pb-Cu-Co-Ni Whites Fm 14.6 Mt 1.06% Cu, 
1.09% Pb, 
0.15% Ni, 
0.14% Co

0.72 Mt at 
2.2% Cu

Compass 
Resources 
(2008)

Iron Blow -13.51 131.55 Medium Tabular Zn-Cu-Au-Pb Mount 
Bonnie Fm

3.174 Mt 3.28% Zn, 
0.76% Pb, 
0.19% Cu, 
100 g/t Ag, 
2.08 g/t Au

0.001 Mt 
at 9 g/t Au 
(oxidised ore);
0.002 Mt 
at 7 g/t Au 

Crocodile 
Gold (2009)

Mary River 
Gossan

-13.31 131.95 Medium Sheet Zn-Cu-Pb Mundogie 
Sst

0.91 Mt 9.7% Zn, 
0.5% Pb

Darby 
(1985)

Mount 
Bonnie

-13.54 131.55 Small Tabular Zn-Cu-Au-Pb Mount 
Bonnie Fm

0.65 Mt 9% Zn, 2% 
Pb, 0.5% 
Cu, 1.7g/t 
Au, 280 g/t 
Ag

0.11 Mt at 
7 g/t Au

Northern 
Gold (2005)

Mount 
Ellison

-13.35 131.50 Small Sheet Cu-Bi Koolpin Fm 3300 t at 20% 
Cu

Crohn 
(1968)

Mount Fitch -12.95 130.95 Medium Tabular Cu-Co-Ni-U Whites Fm 5.3 Mt 0.36% Cu, 
0.09% Co, 
0.12% Ni

Compass 
Resources 
(2008)

Mount Davis -13.76 132.29 Small Sheet Cu-Pb Mount 
Davis 
Granite

844 t at 12% 
Cu

Shields 
(1965)

Mount 
Diamond

-13.76 132.24 Small Sheet Cu-Bi-Au Burrell 
Creek Fm

0.15 Mt 5% Cu 2453 t Cu, 
3.73 t Ag, 
43 t Bi

Shield 
(1974)

Woodcutters -12.97 131.11 Medium Tabular Zn-Pb-Sb Whites Fm 4.651 Mt at 
12.28% Zn, 
5.6% Pb, 
0.73% Sb, 
87 g/t Ag

Ahmad et al 
(2006)

Table 5.9
Long = longitude; Fm = Formation; Sst = Sandstone; Ck = Creek.
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Coronet Hill
The Coronet Hill group of mines are hosted by the Mount 
Bonnie Formation adjacent to the Coronet Hill Fault, 
some 2.5 km east of the Mount Davis Granite. The main 

arsenopyrite, along with pyrite, galena, covellite, bornite, 
sphalerite, bournonite, pyrrhotite, marcasite, tetrahedrite 
and gold (Ruxton and Shields 1962). Drilling by United 
Uranium NL outlined a remaining resource of 51 000 t at 
1.6% Cu and 131g/t Ag (Butler 1993a).

Other vein-type copper deposits
There are a number of small cupriferous quartz vein/shear-
related occurrences within the PCO. A full description of 
these is not included here; more details are available in 
MODAT. At the Enterprise 2 prospect, mineralisation is 

to a north-northwest-striking, 0.5 m-wide quartz vein that 
is discontinuously exposed over a distance of 330 m. The 
Burrundie Copper prospect is hosted by the middle Koolpin 
Formation and is contained within vein quartz breccia. 
Pyrite, chalcopyrite and minor sphalerite have been recorded 
in drill core. At The Jar copper prospect, mineralisation is 
within a north-northwest-trending shear zone, which is about 
1 m wide and can be traced for over 700 m. The host rocks 
are greywacke and shale of the Burrell Creek Formation. 
The Phillip Greets copper prospect produced some 363 t 
of copper ore averaging 25–30% Cu. The mineralisation 
comprises secondary copper minerals, associated with a 
north-northwest-trending fault, which has been worked over 
a strike length in excess of 300 m. The mineralised lode lies 
within greywacke and shale of the Mount Bonnie Formation. 
Mineralisation at the Fullhand mine is hosted by the Mount 
Bonnie Formation. Two lodes are present: a north-northeast-
trending copper lode and an east-northeast-trending copper-
lead lode. The former occupies a 2 m-wide shear zone and 
can be traced for about 30 m. It is 0.3–1 m thick and contains 
malachite, azurite and rare torbernite. The copper-lead lode 
contains galena, cerussite and chalcopyrite, associated with 
a carbonaceous gangue.

A number of copper occurrences in an area 9–18 km north of 
the Daly River Mission are tentatively placed in this group. 

These occurrences are present in chloritised shear zones and 
carry few, or no quartz veins. The deposits are hosted by the 
Warrs Volcanic Member or by adjacent schist and phyllite of 
the Burrell Creek Formation. The lodes usually trend north-
northeast and appear to be relatively narrow and conformable 
with the cleavage or bedding of the enclosing strata. Moderate 
to intense chloritisation is a common alteration feature of 
these deposits. Magnetite is commonly disseminated within 
the chloritised zone. Quartz-carbonate-chlorite and sericite-
chlorite alteration assemblages are prominent in some areas. 
The oxidised material, which has been mined, contains 
malachite, azurite and chalcocite. Primary ore minerals 
comprise pyrite, chalcopyrite, marcasite, arsenopyrite and 
minor galena and sphalerite.

Daly River copper mine
The Daly River copper mine (Figure 5.70) was discovered 
around 1884 and worked intermittently until 1918. It produced 
some 6000 t of concentrate averaging about 20% Cu 
(Hossfeld 1937). The lodes have been explored by drilling, 
but no economic resources have been outlined (Thomas 1957, 
Woodland and Cotton 1977).

The mine is hosted within a tongue of the Burrell 
Creek Formation, between the Warrs Volcanic Member 
to the east and the Mulluk Mulluk Volcanics to the west 
(Figure 5.71). The strata strike north-northwest and dip 
steeply southwest. The mine is close to the contact with 
the overlying Warrs Volcanic Member. The host rocks 
are volcaniclastic greywacke and minor siltstone of the 

zones are associated with bedding-parallel, 018 -trending, 
near-vertical shears. Surface mineralisation consists of 
malachite and azurite, with chalcocite and chalcopyrite at 
depth. Diamond drillhole DDH A4 intersected the main lode 
280 m below the surface, where it consisted of sphalerite and 
chalcopyrite disseminations and stringers, with lesser pyrite 
and marcasite, within a quartz chlorite schist host (Berger 

pointed out similarities between the mineralisation at the 
Daly River copper mine and stringer zone mineralisation in 

De Ross (NTGS unpublished data) analysed 43 core 
samples from the deposits in the Daly River area. Three 
of the samples were from the Daly River copper mine and 
these yielded 0.23, 0.20 and 0.02 g/t Au. Samples from other 
deposits gave similar values. One sample from Anomaly A 
gave an Atomic Absorption Spectroscopy value of 9.2 g/t Au, 
which when checked by Fire Assay, returned 2.2 g/t Au.

Empire copper mine
The Empire copper mine is located some 11 km north of 
the Daly River Mission. It was worked from 1904–1907 and 
produced a total of about 5.5 t ore, averaging better than 
25% Cu, and 138 t of low-grade ore (<10% Cu) from two 
shafts and an open cut (Thomas 1958). Samples of gossanous 
ore from the dump have given assays of up to 13.7% Cu, 
3 g/t Au and 20 g/t Ag (Hossfeld 1937). Subsequent 
exploration, conducted by Western Nuclear Pty Ltd, included 
geochemical, magnetic and IP surveys, and diamond drilling 
(Woodland and Cotton 1977). Mineralisation is hosted 
by interbedded volcanic rocks and phyllite of the Warrs 

Figure 5.70. Old workings following the lode at Daly River 
Copper mine (52L 683049mE 8488092mN).
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Volcanic Member. Drillhole A9 intersected a succession of 

zones, which contain fragments of chert, siltstone or volcanic 
rocks within a calcite matrix (Berger 1973).

Wheal Danks prospects
The Wheal Danks, Wheal Danks South and Wheal Danks 
North prospects are about 12 km north of the Daly River 
Mission. Wheal Danks is the largest amongst these and this 
deposit has been worked with a 60 m-long adit and several 
shafts. Recorded production is about 500 t of hand-sorted ore, 
averaging about 28% Cu (Crohn 1968, Ferenczi 1990d). The 
Wheal Danks prospects are hosted within chlorite-sericite 
schist of the Burrell Creek Formation, close to the contact 
with the overlying Warrs Volcanic Member. Secondary 
copper minerals are present at the surface. Hossfeld (1937) 
sampled lode and dump material, which assayed 2–4% Cu 
and 1.5–4.6 g/t Au.

Copper mineralisation at the Wallaby mine consists of en 
echelon quartz-haematite lenses. Malachite is the only ore 
mineral visible at the surface, forming stains on ferruginous 
sugary vein quartz. Sub-surface drilling has intersected 
traces of pyrite and chalcopyrite, associated with calcite 
veinlets or cleavage planes (Berger 1973). Small copper 
occurrences have been worked by shafts and open cuts 
in the Anomaly C area (Hill 3, Hill 4 and three unnamed 
occurrences). Malachite is the principal ore mineral and it 

These occurrences are hosted by the Warrs Volcanic 
Member. Occurrence No 231 is hosted by chloritic schist of 
the Burrell Creek Formation and represents the northernmost 
occurrences of the same mineralisation style as is present at 
the Daly River copper mine. Quartz and tourmaline veins are 
common in the vicinity of this occurrence, but they are not 
mineralised (Ahmad et al 1993).

Polymetallic deposits

A number of mineral commodities are closely associated 
in this class of deposits. A broad subdivision is as follows: 
Pb-Zn-Cu; Pb-Cu-Zn-Ni-Co ± U; and Zn-Cu-Pb-Ag-Au. 
On the basis of orebody characteristics, these can be further 
subdivided into: (1) veins; (2) shale-hosted stratabound/

and (4) skarns.

discovered at the Mount Evelyn mine in 1886 and was soon 
followed by a number of other discoveries. However, the 
largest Pb-Zn-Ag deposit (Woodcutters mine) was discovered 
in 1966 and was mined between 1985 and 1999. The largest 
deposit is the Browns prospect. Mining of the oxidised ore 
from this deposit commenced in the second half of 2008. but 
was suspended in early 2009.

Lead-zinc-silver veins

Most Pb-Zn-Ag occurrences are associated with the 
Pine Creek Shear Zone and the southern extension of the 
Mount Shoobridge Fault. However, the largest deposit 
(Woodcutters mine) is hosted within a north-trending fault 

Exploration and mining details of a number of these 
occurrences are given in Crohn (1968), Stuart-Smith (1985), 
Ahmad et al (1993) and Ferenczi (1990a–d). A large part 
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of the following information is based on these previous 
studies. Galena and sphalerite are the main ore minerals 
of this deposit type and they are associated with pyrite, 
chalcopyrite and minor arsenopyrite. Minor silver sulfosalts 
are present, but the bulk of the silver is contained within 
galena. Quartz, chlorite and carbonates constitute the main 
gangue minerals. Contacts with wallrocks are sharp and the 
alteration fringes include chlorite, sericite and carbonates.

Woodcutters
Woodcutters deposit is located 65 km south of Darwin 
alongside the Stuart Highway. In 1966, BMR conducted a soil 

designated L1–L6. Primary lead-zinc mineralisation was 
intersected by BMR drilling at the L5 anomaly, which was 
later named ‘Woodcutters’. In 1968, the area was acquired 
by Peko-Walsend Ltd. Evaluation of the Woodcutters deposit 
during 1968–1971 outlined 1.2 Mt of ore at 12.9% Zn, 
7.5% Pb and 154 g/t Ag (Taube 1984). In 1984, a consortium 
comprising Nicron Resources Ltd, Petrocarb Exploration NL, 
Lachlan Resources NL and Aztec Mining Company Ltd 
acquired the leases and commenced mining from an open 

cut in 1985 at the rate of 360 000 tpa. Normandy Mining 
Ltd acquired the mine in 1994 and spent $33.7 million to 
upgrade the mining and processing facilities to produce at 
a rate of 540 000 tpa. Mining continued until March 1999, 
when operations ceased, after producing a total of 4.65 Mt 
ore averaging 12.28% Zn, 5.65% Pb and 87 g/t Ag.

Mineralisation at Woodcutters is essentially discordant 
and is hosted within the Whites Formation. In comparison 
to the uranium and polymetallic deposits of the embayment 
area, which lie closes the Whites Formation-Coomalie 
Dolostone contact, the Woodcutters mineralisation spans 
from this contact to about 700 m vertically up the succession 
(Figure 5.72). In the mine area, the Whites Formation 
is divided into Lower, Middle and Upper sequences 
(Figure 5.73). The Lower Sequence (ca 300m thick) 
comprises alternating, interbedded grey dololutite and shale 
and relatively homogeneous dolomitic black shale units. The 

black shale. The Upper Sequence (>200m thick) comprises 
spotted black shale with minor dololutite. The Lower and 
Middle sequences contain a number of up to 2 cm-thick 
interbeds of light grey waxy slate, described as tuff marker 
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matrix (Taube 1984). The L1 and L6 prospects, located to 
the north of Woodcutters, lie higher up in the succession 
and mainly consist of black shale with minor dololutite 
(Figure 5.74). The total estimated thickness of the Whites 
Formation in the Woodcutters area is about 1300 m. 
Amphibolite sills marks the top of the succession, which is 
then followed by the Wildman Siltstone (Taube 1984, 1990).

Three types of intrusives are present in the mine 
succession. Amphibolite sills occurring at the top of the 
Whites Formation are composite bodies ranging from 
metadolerite to metagranophyre; these have been altered to 
a chlorite-biotite-bearing assemblage (Fleming et al 1994). 
Two types of monchiquitic lamprophyric dykes (dolomitised 
and calcitised dykes) are also present (Smolonogov 1988). 
These are described as low-temperature intrusives, 
formed by hydrous volatile-rich melts. Muscovite from the 
dolomitised dyke has been dated by the K-Ar method at 
1728 ± 17 Ma. This age is about 100 Ma younger than the 
late orogenic granites within the PCO and about 140 Ma 
younger than the Nimbuwah Event. This compares well 
with the conventional U-Pb baddelyite age of 1723 ± 6 Ma 
for the Oenpelli Dolerite (OZCHRON database). Recent 
dating of muscovite (Ar-Ar), tantalite and cassiterite (Pb-U) 
from the Bynoe pegmatite belt also falls within this range 
(Frater 2005).

The conformably underlying Coomalie Dolostone is a 
ca 250 m-thick succession of white crystalline dolostone, 

dolostone.
The orebodies lie along the crest of a north-trending, 

upright, F2 doubly-plunging anticline (Woodcutters 
Anticline) and follow sub-parallel, near-vertical 
transpressional faults, collectively termed the Woodcutters 
Fault Zone (Figure 5.72). The anticline continues north for 
a known strike length of about 8 km and is offset by dextral 
movement on the Giants Reef Fault. Plunge reversal occurs 
in the vicinity of the Woodcutters mine. The anticline 

2 slaty 
cleavage parallel to the F2 fold axis is present at all scales 
(Fleming et al 1994).

The Woodcutters Fault Zone consists of a 300 m-wide 
zone of north-trending, steeply dipping subparallel faults. 
These faults host a substantial portion of the mineralisation 
and are numbered from west to east as 6, 4, 2, 1, 3, 5, 7 and 
9. Most mineralisation is within the 1, 3 and 5 structures.

Late, northwest-trending, steeply southwest-dipping 
cross-faults have minor sinistral movement and cut the 
earlier structures. These faults were described as being 

surfaces, thin quartz-carbonate veins and intense cleavage 
development; they are possibly the precursors of structures 
intruded by carbonate dykes (Fleming et al 1994).

close to fault structures. Two mineralisation styles are 
known to be present: sheeted veins associated with faults, 
and replaced dololutite adjacent to faults. The orebodies 
transgress the Woodcutters Anticline and are lensoidal in 
shape; these lenses widen in dololutite and are narrower in 
black shale.
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minerals are coarse and individual galena crystals may 
be up to 1 cm in size. The main ore-bearing minerals are 
sphalerite, galena, boulangerite and falkmanite. Pyrite, 
sphalerite, galena and arsenopyrite are present in most 

chalcopyrite and pyrrhotite, are subordinate (Roberts 1973). 

ullmannite. Anomalous levels of Au, Ni, Co, In and Sn have 
also been reported (Goulevitch and Butler 1998). Native gold 
was is present in some specimens (England 1997). Stannite 

cassiterite have also been reported (Just 1990).
The main gangue minerals are dolomite, quartz, 

tourmaline, calcite and apatite (Roberts 1973). Tourmaline 

dravite variety, suggesting a sedimentary rather than an 
igneous parentage (England 1997). Magnesite has not been 
reported from thin section studies, but it is likely to be 

Ahmad et al 
sequence, which is given in Figure 5.75. Three generations 

pyrite forming in all the stages. Because gold is within 
arsenopyrite, it is assumed that it formed early. Sphalerite 
formation is ascribed to stage II and, because it is veined 
and replaced by galena, the latter is placed in stage III. 
Stannite is seen as veining sphalerite and has been placed 

in stage III. Of the gangue minerals, dolomite and quartz 
probably precipitated throughout the sequence. In the veins, 
quartz appears to be later than dolomite. Layered pyrite and 
tourmaline are apparently syn-sedimentary and must have 
formed earlier than the stage I coarse pyrite.

Woodcutters: Fluid inclusions
 salt + CO2 

(vapour ± liquid). These inclusions yielded homogenisation 
temperatures in the range of 220–294 C and have salinity 
values in excess of 26% eq NaCl. Fluid inclusions in quartz 

 CO2 (vapour ± liquid) ± salt. These 
C 

and have salinity values ranging from 0.4–38.5% eq NaCl. 
2O 
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(vapour) and may or may not have a salt and no CO2. These 
inclusions provide homogenisation temperatures in the range 
109–360 C and salinity values from 3.8–38.5% eq NaCl.

Woodcutters: Sulfur isotopes
Ahmad et al (1993) summarised sulfur isotope analyses 

34S on pyrite is in the range 

8.5‰), and on galena 4.5–10.5‰ (mean 7.53‰). The sulfur 
isotope data is not compatible with common magmatic 
values of 0 ± 3%, given by Ohmoto and Rye (1979). 
However, they are compatible with connate waters and are 
similar to values from Mississippi Valley-type deposits.

Only one sample that contained coexisting galena and 
34S values of 7 

and 9‰, respectively, indicating a temperature of 328 C 
(Ahmad et al 
inclusion temperatures obtained on the sphalerite. The 

34S pyrite > sphalerite 
> galena and indicates equilibrium precipitation at a high 
temperature.

Woodcutters: Lead isotopes
Galena separates and whole-rock samples from Woodcutters 
were analysed for lead isotopes by CSIRO and analyses 
were supplied by Graham Carr (CSIRO, pers comm 2001). 
Lead isotope ratios for the Namoona, Woodcutters and 
Browns deposits are plotted in Figure 5.76. The oldest 
galenas from the Namoona deposit provide a reasonable 
age of ca 2000 Ma. The data from Woodcutters has a large 
spread, with a cluster of values well outside the growth 
curve indicating the incorporation of radiogenic lead from 
older crust. The oldest galenas from Woodcutters give an 
age of 1775 Ma. Galenas from the Browns deposit form a 

tight cluster of values right on the growth curve and provide 
an age of 1660 Ma. Some Woodcutters galenas are also 
within this cluster. Overall, the lead isotope values from the 
Woodcutters deposit are anomalous and have a wide spread 
of values, indicating crustal derivation and a complex 
history of lead growth.

Woodcutters: Genesis
Proposed genetic models for Woodcutters range from 
syndiagenetic to epigenetic to remobilised syngenetic. 
Roberts (1973) considered that during dolomitisation, base 
metals were released to pore solutions and remained in 

folding, ore solutions were transported to fractures and metal 

became unstable. Taube (1984) considered that Woodcutters 
mineralisation represented a late-stage manifestation of 
stratiform or stratabound mineralisation. Smolonogov 
(1988) postulated that the orebody geometry and bedding 

could be interpreted as indicating an exhalative-type origin 
for some of the mineralisation. A basin dewatering model 

gradient towards the basin margin and channeled up through 
growth faults to form the Woodcutters deposit. Giles and 
Marshall (1998) also proposed a basin dewatering model 
and considered that the ore was late diagenetic in origin, 
with basin-derived metals and basement-derived sulfur. This 
mineralisation was remobilised later by fault reactivation. 
Fleming et al (1994) considered that the mineralisation was 
epigenetic. It formed in response to thermochemical sulfate 
reduction, brought about by hydrocarbons that were generated 

Whites Formation. They interpreted that the mineralisation 
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postdated north-trending faults and lamprophyric dykes. 
Goulevitch (1997) synthesised and interpreted the drilling 
data from Woodcutters. His observations suggested that the 
300 shear is a thrust fault, above which strong deformation 
during east–west compression resulted in the formation of 
the Woodcutters Anticline. Pre-existing mineralisation was 
remobilised into fault structures subparallel to the anticline. 
Below the 300 shear, the mineralisation was not remobilised 
and remained as stratiform replacement style.

Ahmad et al (2006) synthesised and evaluated structural, 

and lead isotope data. They proposed that the Woodcutters 
mineralisation is essentially epigenetic. The deposit is 
located along the basin margin on the side of a palaeohigh. 
Figure 5.77 provides a generalised view of this setting and 
its genetic implications. A possible origin involves basin 
shortening, during and after the ca 1865 Ma Nimbuwah Event, 
resulting in upward migration of metal-enriched formational 

encountered a major fracture system (Woodcutters Fault 
Zone) and rose upwards. Reaction with reduced wall rocks, 
as well as an increase in pH (due to reaction with carbonate), 
is probably the likely cause of ore mineral precipitation.

Flora Belle
The Flora Belle mine is situated about 20 km northwest of 
Pine Creek township and has been worked by numerous 

1880s, when 20 t of lead and 36 kg Ag were produced from 
135 t of ore averaging 14.8% Pb and 260 g/t Ag (Ferenczi 
1990c). The last known production in 1978 involved the 
extraction of 255 t of ore material from the dump, yielding 
5 t Pb, 8 kg Ag and 55 g Au (Nyunt 1985). A mine feasibility 
study indicated reserves of 15 000 t of stockpiled material 
(4% Pb, 400 g/t Ag) and 70 000 t of in situ ore (Nyunt 1985).

The mine lies within interbedded chloritic phyllite and 
metagreywacke of the Burrell Creek Formation, about 3 km 
northeast of the contact with the McMinns Bluff Granite. 
The host rock dips 70–85  west and occupies the limb of a 
tight south-plunging anticline, the axis of which lies some 
650 m to the east. Mineralisation is contained in a tabular, 
northwest-trending near-vertical vein, about 600 m long and 
1 m wide. The surface expression of the lode is represented 
by a discontinuous quartz-bearing gossan, 0.5–2 m wide. 
Primary ore consists of coarse galena, tetrahedrite, pyrite, 
arsenopyrite, chalcopyrite, marcasite and pyrargyrite. The 
gangue minerals are quartz, siderite and chlorite.

Mary River gossan
This prospect (also known as Gubberah Gossan) was 
discovered by BMR in 1966. Between 1967 and 1977, 
geological, geochemical and geophysical surveys, and 
diamond drilling were undertaken by BMR and NTGS 
(Duckworth 1969, Shields 1969, Watts 1969, Daly 1971, 
1975, Williams 1971, Bullock 1972, Michail 1974, Hone and 
Major 1978, Shields and Willis 1978). The prospect is within 
the Kakadu National Park and there has been no exploration 
for the last three decades. Darby (1985) compiled the results 
of these studies and estimated a possible resource of 0.9 Mt 
averaging 9.7% Zn and 0.5% Pb. Mineralisation is hosted 
within medium to coarse quartz-lithic sandstone and minor 
carbonaceous slate of the Mundogie Sandstone. The gossan 

shear about 1 m wide, 280 m long and dipping 70–80  
to the northwest. In the richest mineralised portion, the 
surface expression of the lode consists of vein quartz with 

sphalerite is the dominant ore mineral. Other minerals are 
pyrite, galena and rare stannite. Quartz is the predominant 
gangue mineral, but minor dolomite and sericite are also 
present. A large geochemical anomaly, termed the Mary 
River South Anomaly, is present about 1 km south of Mary 
River Gossan. A diamond drillhole was sunk to test this 
anomaly in 1971 (Daly 1971), but it did not fully intersect 
the projected target, because it was drilled down dip from 
the footwall side.

Namoona
The Namoona and Namoona South Pb-Zn prospects 
are located within Kakadu National Park, about 60 km 
northeast of Pine Creek Township, and were discovered in 
1954 by Enterprise Exploration Company Ltd (Patterson 
1959, Ikstrums 1979, Ikstrums and Steemson 1980, Cook 
1981). Initial drill intersections encountered high-grade 
Pb-Zn-bearing quartz and carbonate veins in breccia 

poddy mineralisation of variable grade, associated within a 
rhyolitic tuff bed (Cook 1981).

Ore lenses are within a succession of dolomitic 
graphitic shale, carbonaceous pyritic shale, rhyolitic 
tuff, greywacke and tuffaceous shale of the Masson 

amounts of tetrahedrite, sphalerite, pyrite and quartz. 
This mineralisation may represent the remobilisation of 

magnesite fluid migration

Woodcutters

Archaean basement

Palaeoproterozoic

South Alligator and
Finniss River groups

Mount Partridge 
and Namoona
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Other lead-zinc-silver veins
Other small notable occurrences in the Pine Creek Shear 
Zone include Lucknow, Mount Wigley, Basin-6, Union 
Reefs Pb-Ag, Union Extended Pb-Ag, Jensens and Quests. 
Galena is the main mineral in all these deposits and is 

mineralised veins are essentially similar to those at Flora 
Belle. Galena-bearing quartz veins are also present in the 
Enterprise gold mine and cross-cut the gold-quartz veins.

George Creek Zn-Pb prospect was discovered 
by CRA Exploration Pty Ltd during a regional soil 
geochemical survey (Wills 1978). Surface mapping 
and sampling revealed three discontinuous gossanous 
intervals, anomalous in Pb and Zn, within moderately 
dipping shale and sandstone assigned to the Masson 

intervals of basic volcanic rocks (probably Stag Creek 

results suggest a possible resource of 50 000 t averaging 
4% Zn, 2% Pb and 130 g/t Ag.

 McCarthys silver-lead mine is located in tightly 
folded, hornfelsed shale of the Wildman Siltstone, on the 
northern limb of a northwest-trending anticline. Some 
580 t of concentrate averaging 69% Pb and 308 g/t Ag was 
extracted from two sets of shallow workings between 1913 
and 1929 (Bagas 1983).

Lead-copper-zinc-nickel-cobalt

Browns, Area 55, Mount Fitch and Mount Burton prospects. 
et al (2004) 

and Ahmad et al (2006), and the following summary is 

stratabound deposits, the Iron Blow and Mount Bonnie 
mines, are described above in Polymetallic gold deposits. 
Both of these deposits contain a sub-economic resource of 
zinc and lead, but only gold and silver have been recovered 
from recent mining efforts.

Intermediate

carbonaceous and talcose shale, enveloped by strongly 
sheared and contorted shale of the Whites Formation, 
near the contact with the underlying Coomalie Dolostone. 

was mined during 1964–1965 by an open cut that reached 

2.7% Cu and 367 000 t at 1.79% Cu. Pitchblende was a 
very minor component of the predominantly copper ore. 

Browns

a shear zone connecting the Dysons, Whites, Whites East 
Figure 5.63

exploration outlined an orebody up to 700 m long, 50 m 

Exploration Pty Ltd calculated total resources at 20 Mt 

averaging 5.6% Pb, 0.3% Zn, 0.19% Cu, 0.1% Co and 

a joint venture between Compass Resources NL (90%) and 
Guardian Resources Pty Ltd (10%). Resources at Browns are 

resource of 45.1 Mt averaging 0.355 Cu, 3.745 Pb, 0.73% Zn, 

given as 2.64 Mt averaging 1.02% Cu, 0.12% Co and 0.1% Ni. 
Mineralisation extends eastward for approximately one 
kilometre along strike from the eastern margin of the Browns 
resource to the eastern margin of the historical Whites open 

Browns East 
and it contains a JORC-compliant total resource of 14.6 Mt 
averaging 1.06% Cu, 1.09% Pb, 0.21% Zn, 0.14% Co and 
0.15% Ni. A separate oxide resource at Browns East has not 
been released (Compass Resources 2008). Mining of the 
oxidised ore from the Browns deposit commenced by open 

occurred in September 2008. Shortly afterward, Compass 
Resources went into voluntary administration on 29 January 
2009 and production was thereafter suspended.

to other Embayment area deposits (see Unconformity-
related uranium deposits
northern limb of a regional F2 syncline (Figure 5.63). 
Mineralisation is within carbonaceous shale of the 
Whites Formation (Figures 5.78, 5.79), close to the 

Figure 5.78. Steeply south-dipping carbonaceous shale of Whites 
Formation in Browns feasibility pit.

Figure 5.79
galena in Browns feasibility pit.
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contact with the Coomalie Dolostone (Figure 5.80). At 
depth, the sheet-like orebody dips steeply (ca 80 ) to 
the south, but it rolls into shallower dips (ca 45 ) near 
the surface. Continuity of the orebody at depth has been 
established by drilling to a depth of 380 m (Compass 
Resources 2001).

stratigraphically below Pb, while Co-Ni overlaps both of 
these zones. However, in many cases, the zonation is either 
more complex or is reversed, with Pb below Cu, without 
any evidence of stratigraphic inversion.

greenschist facies and the main minerals are Fe-Mg 
chlorite, sericite, graphite and quartz. Andalusite 
porphyroblasts are common in the hangingwall of the 
lode and these are totally retrogressed to sericite-quartz 
assemblages.

from the Browns deposit were examined by McCready et al 
(2004). Figure 5.81 provides details of the mineralogy 
and textural relationships amongst ore minerals. Pyrite, 

50 microns across, or as coarse mono- or polymineralic 

slaty and crenulation cleavages at a variety of angles.
Siegenite, (Co, Ni)3S4, is the main carrier of nickel 

the siegenite vary from 0.94 to 1.68 and average 1.25. Other 
minor minerals include digenite, bornite, plumbogummite, 

minerals (malachite, cerussite, pyromorphite and minor 
chrysocolla) are present in surface samples.

microcrystalline aggregates, individual euhedral crystals 

carbonate may be present in quartz-dominant veins or, 
less commonly, may form separate veinlets.

Browns: Sulfur isotopes
Sulfur isotope measurement on pyrite and base metals 

1992) and McCready et al (2004). 

have a 34S range of +14 to –5‰, whereas diagenetic pyrite 
from unmineralised rocks from the Crater and Whites 
formations are in the range +6.5 to +19.4‰.

disequilibrium conditions. Ahmad et al (2006) have 
argued that the 34

Browns deposit could have resulted either from biogenic 
and/or abiogenic reduction of seawater sulfate by sulfur-
reducing bacteria or carbonaceous matter, respectively.

Browns: Lead isotopes
A discussion on the lead isotopes at Browns is included 
in the section on the Woodcutters deposit (see Lead-zinc-
silver veins). Samples from the Browns deposit form a tight 

age of uranium mineralisation in the PCO and of sediment-
hosted base metals deposits of the Carpentaria zinc belt in 

All lead isotope ratios from the Browns deposit are 

(average 16.215 ± 0.01 206Pb/204Pb, 15.497 ± 0.014 207Pb/204Pb 
and 35.891 ± 0.042 208Pb/204Pb) and coarse cross-cutting 
galena (average 16.212 ± 0.009 206Pb/204Pb, 15.501 ± 0.14 
207Pb/204Pb, 35.902 ± 0.042 208Pb/204Pb).

Browns: Uranium–base metals relationships
Uranium minerals at Browns are rare and are only observed 
either in association with secondary minerals, or within 

micron-scale inclusions of uraninite that locally may form a 
rim around larger (50 m) inclusions of siegenite, or uranium 
is present as an unresolved urano-organic complex. Other 
workers (Paterson et al 1984, Roberts 1960, Spratt 1965) 
described uraninite from Browns East occurring either as 

veinlets that locally show a colloform texture.
Roberts (1960) deduced from petrographic studies of 

ore samples from the Whites deposit that uraninite and 
pyrite mineralisation preceded a period of shearing, which 
was later followed by the introduction of Cu, Co, and Pb 

metals mineralisation, which took place after deformation. 
However, McCready et al (2004) presented evidence for 
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Figure 5.80. Geological cross-section of Browns deposit (after 
McCready et al 2004).
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two stages of base metals mineralisation, in which the 

during the second stage to form stringers and veinlets. It 
is probable that no genetic link exists between uranium 
and base metals and that organic-rich shale has provided 
a suitable environment for uranium deposition (McCready 
et al 2004).

Browns: Genesis
In a study of the nearby Whites deposit, Roberts 
(1960) considered that the uranium mineralisation was 

was associated with the intrusion of granite. Thomas and 
Whitcher (1965) considered a syn-sedimentary origin for 

the Browns orebody. Recent mineralogical, sulfur and lead 
isotope studies by McCready et al 

this was supported by the sulfur isotope data, which indicated 
the involvement of sea water sulfate and its reduction by 

suggested to have been formed by remobilisation.

Area 55
Area 55 prospect was discovered by BMR during an airborne 
radiometric survey in 1952. Subsequent costeaning, ground 
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Figure 5.81. Photomicrographs and back-scattered electron (BSE) images of mineralised rocks from Browns deposit (after McCready 
et al 2004) . (a) Fine-grained siegenite (Sieg) intergrown with galena (Gn); scale bar is 20 mm; BSE image. (b) Siegenite grain (Sieg) 

c) Sphalerite (Sp) 
d) Digenite-group minerals (Dg) mantling 

e) Ca-bearing plumbogummite (Plg) vein, with inclusions of 
digenite-group minerals (Dg) and galena (Gn), intergrown with apatite (Ap); scale bar is 50 mm; BSE image. (f) Trellis of arsenopyrite 
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scintillometer surveys, geological mapping and drilling 
located secondary lead and copper mineralisation. Spratt 

about 1 Mt averaging 0.9% Cu and 4.5% Pb to a depth of 
66 m. The next phase of base metals exploration in the Rum 
Jungle area commenced in 1990, when Compass Resources 
NL were granted tenements over Area 55. In 1993, Compass 
Resources reached a joint venture agreement with Acacia 
Resources Ltd, which undertook extensive exploration, 
including geochemical and geophysical surveys, drilling 
and metallurgical testing (Capp et al 1994). Compass 
Resources subsequently conducted further drilling and 
metallurgical testing. In 2004, the indicated resource at 
Area 55 was 6.6 Mt averaging 0.83% Cu, 0.17% Ni and 
0.17% Co (Compass Resources 2006).

The Area 55 orebody is hosted within sericite-biotite-
talc schist at the contact between the Coomalie Dolostone 
and Whites Formation. Minor copper mineralisation is also 
present in the dolostone. The Whites Formation at Area 55 

basal mica schist unit, which is about 100 m in thickness. 
Structurally, the orebody is located on the eastern limb of a 
north-northeast-plunging syncline.

AMDEL report G831900G/94 (in Capp et al 1994) 
provides electron microprobe analyses and details of 
the mineralogy of three composite samples, two from 
secondary ore and one from primary ore. The ore minerals 
comprise pyrite, chalcopyrite, chalcocite, bornite and Co-

anhedral grains and aggregates. Siegenite, carrollite and 

(chalcopyrite, bornite and chalcocite). Rare native copper 
was observed in one sample. Gangue minerals include 
chlorite, quartz, muscovite, talc and feldspar. Other 
minor minerals in the primary ore include calcite and 
feldspar. Secondary ore contains siderite, feldspar, alunite 
and rutile. Chlorite is present in two varieties: coloured, 
highly pleochroic chlorite with high birefringence; and 
colourless pale green chlorite with low birefringence. 
Electron microprobe analyses indicate that the coloured 
variety averages 7.69% Fe and 21.6% Mg, whereas the 
colourless variety averages 3.96% Fe and 28.19% Mg (Capp 
et al 1994). Electron microprobe analyses shows that both 

been estimated that in the primary ore, >90% of Cu, Co and 

of Cu, Co and Ni are in phyllosilicates.

Other polymetallic deposits
The Mount Fitch copper prospect lies to the east of the 
Mount Fitch South uranium deposit, which is described in 
Rum Jungle Mineral Field. The copper + lead + cobalt 
+ nickel ± uranium mineralisation is at the base of the 
Whites Formation. Compass Resources NL has conducted 
an extensive drilling campaign and has estimated a JORC-
compliant resource at this deposit of 5.3 Mt averaging 
0.36% Cu, 0.09% Co and 0.12% Ni (Compass Resources 
2008). The majority of the deposit lies within the Coomalie 

Dolostone rather than at the contact between the dolostone 
and the Whites Formation.

The Mount Fitch North prospect is located about 2 km 
north of the Mount Fitch South deposit. Acacia Resources 

Co-Mo-Bi anomaly in 1993–1994. Subsequent drilling by 
Compass Resources located primary Cu and Pb, and minor 
Co and Ni mineralisation. Several holes have intersected 
in excess of 10 m of greater than 2% copper, dominantly 
as chalcopyrite. Mineralisation is at the base of the 
Whites Formation in a setting similar to that of the other 
polymetallic deposits of the area.

At the Mount Burton deposit, uranium-copper 
mineralisation is within black shale and quartzite of the 
Whites Formation, close to the contact with the underlying 
Coomalie Dolostone. The orebody is restricted to the crest 
of an anticline. The ore grade diminishes rapidly below 
a depth of about 30 m. Ore minerals in the oxidised zone 
include torbernite, malachite, minor chalcocite and native 
copper. Pitchblende, chalcopyrite and pyrite are present in 
the primary ore (Berkman 1968, Compass Resources 1990).

In 1966, BMR conducted an aeromagnetic survey in the 
Daly River area that revealed several anomalies unrelated 
to previously known base metals occurrences in this 
area (Shelley 1969). Drilling of these anomalies by Le 
Nickel Australia Pty Ltd revealed the presence of massive 

The mineralisation consists predominantly of pyrite, 
pyrrhotite and sphalerite, with relatively minor galena and 
chalcopyrite. These minerals occur in stratiform lenses at 
the Anomaly A, Anomaly B and Warrs prospects. At the 
other prospects, mineralisation is partly associated with 
shears, fractures and stringers, and may be discordant or 
concordant.

Anomaly A and Anomaly B
Anomaly A is a sub-surface zinc deposit, located about 17 km 
north of the Daly River Mission. It is hosted within a sub-
vertical, tightly folded, predominantly volcanic succession 
(about 500 m thick) of the Warrs Volcanic Member. The base 
of the volcanic pile is rhyolitic and it becomes increasingly 
basic upwards. Dacite, rhyolite, felsic tuff, andesite, basalt 
and minor tuffaceous phyllite, schist and agglomerate are the 
most common rock types intersected in drillholes. Possible 

rocks (Berger 1973). Drilling intersections (Figure 5.82, 
5.83) have delineated eight discrete semi-conformable to 

which strike 330 , dip 75–80  southwest and plunge about 
50
outlined, reserves for the three largest (lenses 7, 2, and 
3) have been calculated to a depth of 240 m and stand at 
300 000 t, averaging 12.0% Zn (Woodland 1976). The 

pyrrhotite, Fe-rich sphalerite, and minor chalcopyrite and 
galena. Traces of tetrahedrite-tennantite and native silver 
are present. Patchy marcasite replaces pyrrhotite in places. 
The ores are metamorphosed and have a distinct banded 
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appearance, which is, at least in part, due to metamorphic 
recrystallisation and segregation. Fine disseminated 
magnetite is common in the chloritic alteration envelopes 
of the ore lenses, causing the aeromagnetic anomalies that 
led to the discovery of this deposit. The gangue mineralogy 
is dominated by chlorite, followed by quartz, calcite, 

sericite, and minor albite, epidote, phlogopite and actinolite. 
Malachite, azurite, haematite and limonite are present in 
gossanous outcrops.

Anomaly B is present in the Warrs Volcanic Member 
and is essentially similar to that at Anomaly A. Drilling 
has intersected several narrow intervals of low-grade zinc 
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mineralisation. The best intersection was in DDH W8 
(32.3 m averaging 3.4% Zn), where sphalerite and pyrite 
were present in sericitic stringers within chloritic schist. 
Minor low-grade (1.6% Zn) mineralisation was also 

tuff (Woodland 1976).

Known skarn-related lead-zinc-silver deposits are located 
within marble and calc-silicate hornfels of the Koolpin 
Formation, adjacent to the Allamber Springs Granite, some 
35 km northeast of Pine Creek township.

The Evelyn lead-zinc-silver mine was initially worked 
between 1886 and 1889, producing 610 t Pb and 2.8 t Ag 
(Hossfeld et al 1937). Mining was intermittent between 
1894 and 1948, producing 4149 t of ore (Bagas 1983). 
United Uranium NL re-opened the mine in 1966, producing 
81 554 t of ore averaging 5.5% Pb, 7.5% Zn and 276 g/t Ag 
until mine closure in August 1970 (Ferenczi and Sweet 
2005). Some 54 t of cadmium and 56.6 kg of gold were 
also extracted as by-products (Bagas 1983). A remaining 
indicated resource of 7420 t at 6.7% Pb, 3.7% Zn and 343 g/t 
Ag was reported at the time of mine closure (Butler 1993b).

The workings are within a thickly bedded marble at the 
base of the Koolpin Formation. This marble unit occupies 
the hinge area of a faulted, east–west-trending asymmetric 
anticline. The lodes trend 340–010 , dip about 80  to the 
east, and are up to 4.5 m wide and 80 m long. These lodes 
are widest at their northern end, narrowing southwards, 
whereas at depth, they are known to pinch and swell (Taube 
1966). The host rocks strike westerly (290 ) and dip 50  
to the north. Faulting is common in the vicinity of the 
workings and appears to control the orientation and strike 
extent of the orebodies. Primary mineralisation consists 
of cadmium-bearing sphalerite, galena, pyrite, pyrrhotite, 
minor chalcopyrite, arsenopyrite and rare pentlandite 
(Garth 1970).

North Evelyn and NW Evelyn are located 400 and 500 m 
northwest of the Evelyn mine, respectively. About 500 t of 
high-grade silver-lead ore was extracted from each open 
cut by United Uranium NL in 1967–68. The rich pods 
were 0.5–1 m wide and continuous over a strike length of 
40 m. Weathered shale and calc-silicate hornfels formed the 
wallrocks (Taube 1966). A combined remaining resource of 
38 100 t at 3.7% Pb and 193 g/t Ag has been estimated for 
the deposits (Williams 1998).

Tin and tantalum

Tin in the PCO is present either as a single commodity, 
or in association with tantalum. The deposits occur as 

are known from the Mount Wells, Mount Masson, Hayes 
Creek, Jessops, Mount Harris, Maranboy and Horseshoe 
areas. Tin-tantalum-bearing pegmatites are present in a belt 
extending from Bynoe Harbour to Mount Tolmer. Another 
cluster of these pegmatites is in the Mount Shoobridge 
area (Figure 5.84). All occurrences are within the contact 
aureole of granites and most are hosted within the Burrell 

Mo deposits and Sn-Ta-Nb pegmatite deposits of the PCO 
are in Tables 5.10 and 5.11, respectively.

Tin mineralisation was discovered in 1879 at Mount 
Wells and was soon followed by discoveries of tin-
tantalum-bearing pegmatites in the Bynoe Harbour area. 
Over one hundred Sn veins and more than 150 Sn ± Ta-
bearing pegmatite bodies are now known. The latter are 
concentrated in the Mount Shoobridge and Bynoe areas. 
Previous studies on these deposits are limited to surface 
and underground sampling, production, ore reserves, 
grade, lode structure and mineralogy (Summers 1957, 
Crohn 1968, Needham et al 1980, Stuart-Smith 1985, Frater 
2005). Ahmad (1991a, b) has elaborated on the genesis 
of tin mineralisation in the Mount Wells area and Sn-Ta 
pegmatites of the Bynoe area. On the basis of shape and 
mineralogy, the tin and tin-tantalum occurrences of the 
PCO can be divided into the following classes:

Sn-tourmaline-quartz veins.
Sn-Ta pegmatites.
Greisens.
Alluvial deposits.

These veins, hosted by sedimentary rocks of the South 
Alligator or Finniss River groups, generally trend north-
northeast and have sub-vertical dips. Cassiterite is the 
principal economic mineral and it is associated with 
pyrite, arsenopyrite, chalcopyrite, minor wolframite and 
molybdenite. Traces of gold are present in some veins. 

Sn-quartz vein deposits of the PCO are summarised in 
Table 5.10.

Mount Wells
The Mount Wells mine is located some 38 km north-
northeast of Pine Creek township and was worked 
intermittently from 1879–1929 for a recorded production 
of 1555 t of SnO2 concentrate from ore, which had an 
average grade of 1% Sn. In 1917, 7.1 t of hand-sorted 
copper ore averaging 37% Cu was also produced (Crohn 
1968, Mookhey 1971). Investigations in 1957–1958 and 

101 m of exploratory underground development and 
geological mapping. Mookhey (1971) calculated probable 
reserves at 800 000 t averaging 1.2% Sn. Robinson (1986) 
recalculated the reserves and reported 361 290 t of probable 
ore at 1.46% Sn and 375 020 t possible ore at 1.3% Sn. Some 
lodes contain up to 0.5% Cu. Additional percussion holes 
were drilled by Territory Resources Ltd in 1988–1989 to 

resource is stated to be 737 000 t at 1.38% Sn and there is an 
open-cut resource of 400 000t at 0.4% Sn. The deposit also 
contains a target copper resource of 950 000–971 000 t at 
1.0–1.5% Cu (Outback Metals 2008).
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greywacke of the Burrell Creek Formation (Figure 5.85). 
The width of the lodes ranges from 0.5–5 m, averaging 
about 2 m. The lodes are arranged in an en echelon pattern. 
Contacts with the host rock are sharp and there is no 
evidence of displacement or movement, although the lodes 
near the contact are more fractured than in the centre. 
Branching of lodes into three or four narrow veins is usual 
and, towards their northern and southern ends, they break 
into several millimetre-thin stringers.

Cassiterite occurs as single coarse crystals or as 
aggregates, usually along the hangingwall of most 
lodes. The centre of the lodes is generally barren and 

quartz breccia, which also contains cassiterite (Robinson 
1986). This breccia zone was also seen to jump from 
footwall to hangingwall in the No 2 and No 3 levels, and 

the primary ore, pyrite, chalcopyrite, arsenopyrite, and 
pyrrhotite are common. Rare patches of wolframite and 
molybdenite are also present. Common gangue minerals 

are quartz, muscovite, tourmaline, feldspar and chlorite. 
Within the oxidised zone, which extends down to 50 m, 
the lode material comprises quartz, haematite, limonite, 
cassiterite, malachite, chalcocite, bornite, covellite and 
scorodite.

Diamond drillholes have indicated lode continuity to 
a depth of about 200 m and have intersected a cupola of 
greisenised biotite-muscovite granite, at a depth between 
150–200 m. Most lodes apparently do not continue into 
the granite, but minor quartz-cassiterite veins are present 
within the granite and one such vein has been correlated 
with the Main Lode (Mookhey 1971).

Hayes Creek
This mine has produced about 156 t of cassiterite concentrate 
(Dunn 1963, Crohn 1968, Stuart-Smith 1985). The Sn-
quartz lodes are similar to those at Mount Wells and can 
be discontinuously traced for a distance of about 0.5 km. 
These lodes are generally concordant to the bedding and dip 
steeply west, but some discordant veins are also present. The 
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cassiterite is coarse grained, with individual crystals up to 

but unlike Mount Wells, there are no secondary copper 

as at the Mount Wells mine, the contacts with the host rock 
are sharp.

Jimmys Knob
The Jimmys Knob tin mine (also known as Deans Camp) 
is located some 31 km northwest of Pine Creek township 
and was initially worked during the late 1880s (Jensen et al 

1916), but no production records are available. Production 
between 1964 and 1977 yielded 1.40 t of SnO2 concentrate 
(Bagas 1981). High-grade mineralisation is restricted to 
narrow sub-vertical lodes with little persistence below 
20 m under the existing surface workings (Newton 1980). 
In 1978–1979, Geopeko Ltd carried out an extensive 
exploration program, which included 1313 m of diamond 
drilling. The results were disappointing, but did show 
broad zones of higher-than-background Sn in acid intrusive 
rocks (Goulevitch 1979, 1980a). In 1983, CRA Exploration 
Pty Ltd conducted rock chip and soil geochemical surveys 

Common 
name Lat Long Shape Model Commodities Rock unit Resource Grade Production 

concentrate Reference

Barretts -13.55 131.3 Tabular Pegmatite Sn Burrell 
Creek Fm

  117 t SnO2 Crohn (1968)

Billycan -13.32 131.82 Sheet
vein

Sn Wildman 
Siltstone

  38 t SnO2 Wygralak 
(1983)

Crest of the 
Wave

-13.89 132.22 Sheet
vein

Sn Burrell 
Creek Fm

  155 t SnO2 Bagas (1983)

Emerald 
Creek 
alluvials

-14.01 132.16 Irregular Placer Sn Czs 243 t SnO2 Kruse et al 
(1994)

Hayes Creek -13.58 131.46 Sheet Sn-Qtz 
vein

Sn Mount 
Bonnie Fm

  156 t Crohn (1968)

Hidden -13.99 132.27 Sheet
vein

Sn Burrell 
Creek Fm

  51 t SnO2 Crohn (1968)

Horners 
Creek 
alluvials

-13.49 131.71 Irregular Placer Sn, Au Czs   47 t SnO2 Ahmad et al 
(1993)

Horseshoe -14.10 132.13 Irregular
vein

Sn Czs   660 t SnO2 Kruse et al 
(1994)

Jessops -13.32 131.82 Sheet
vein

Sn Wildman 
Siltstone

193 t SnO2 Ahmad et al 
(1993)

Jimmys 
Knob

-13.57 131.7 Sheet Sn-Qtz 
vein

Sn Mount 
Bonnie Fm

  1.4 t SnO2 Ahmad et al 
(1993)

Margaret -13.30 131.88 Sheet
vein

Sn Mundogie 
Sandstone

 62 t SnO2 Crohn (1968)

Maranboy -14.48 132.79 Sheet Sn-tur-qtz 
vein

Sn Tollis Fm 170 000 t 1.06% Sn 1283 t SnO2 Crohn (1968)

Mount 
Masson

-13.33 131.82 Sheet
vein

Sn Wildman 
Siltstone

31.5 t SnO2 Crohn (1968)

-14.13 132.14 Sheet
vein

Sn Tollis Fm   180 t SnO2 Crohn (1968)

Mount Wells -13.50 131.71 Sheet Sn-Qtz 
vein

Sn, Cu Burrell 
Creek Fm

1.13 Mt 1.03% Sn 1555 t SnO2 Outback 
Metals (2008)

Mount 
Shoobridge

-13.53 131.29 Tabular Pegmatite Sn Burrell 
Creek Fm

  145 t SnO2 Crohn (1968)

Rosemary -13.41 131.77 Sheet Sn-Qtz 
vein

Sn Gerowie 
Tuff

80 000 t 0.68% Sn 26 t SnO2 Wygralak 
(1983)

Umbrawarra -13.95 131.75 Irregular Placer Sn Czs   267 t SnO2 Ahmad et al 
(1993)

Wandie 
Creek

-13.92 132.12 Irregular Placer Sn Czs 8000 t 220 g/t Sn  Ferenczi and 
Sweet (2005)

Wolfram 
Hill

-13.94 132.25 Tabular Pegmatite W, Cu, Sn Burrell 
Creek Fm

  740 t WO4, 
65 t SnO2 

Ferenczi and 
Sweet (2005)

Yenberrie -14.12 132.07 Sheet Geisen W, Mo, Bi, 
Sn

Yenberrie 
Leucogr

  161 t WO4 Crohn (1968)

Yeuralba -14.27 132.8 Sheet Wol ± Sn 
± Mo-qtz 
vein

Sn Tollis Fm 19.6 t WO4, 
8.2 t SnO2 

Crohn (1968)

Table 5.10
Abbreviations: Lat = latitude; Long = longitude; Fm = Formation; Leucogr = Leucogranite; Mo = molybdenum; Qtz = quartz; Tur = 
tourmaline; Wol = wolframite.
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Common 
name Lat Long Shape Rock unit Resource Grade Production 

concentrate 

1 761 870 t pegmatite
1 084 000 t alluvial

0.0189% SnO2, 0.0081% Ta2O5
0.0187% SnO2, 0.0047% Ta2O5

101 t SnO2
45 t Ta2O5

Bells Mona -12.71 130.76 Tabular Burrell Creek Fm 9000 t 0.0 446% SnO2 and 0.0011% 
Ta2O5

95 t SnO2 

Booths -12.70 130.80 Tabular Burrell Creek Fm 62 900 t 0.012% SnO2, 0.0039% Ta2O5 NSR

BP 6 -12.65 130.78 Tabular Burrell Creek Fm 1320 t 167 g/t SnO2  

Grants -12.67 130.78 Tabular Burrell Creek Fm 0.124 Mt 0.0209% SnO2 and 0.0015%
Ta2O5

3.15 t SnO2

Hang Gong -12.67 130.79 Tabular Burrell Creek Fm 0.222 Mt 0.0083% SnO2, 0.0059% Ta2O5 200 t SnO2 

Hendersons -12.68 130.80 Tabular Burrell Creek Fm 50 000 t 0.041% SnO2, 0.002% Ta2O5 NSR

Johnstones -12.67 130.78 Tabular Burrell Creek Fm 0.034 Mt 0.0129% SnO2, 0.0025% Ta2O5 NSR

Lees -12.70 130.79 Tabular Burrell Creek Fm 0.250 Mt 0.06% SnO2, 0.01% Ta2O5 NSR

Yan Yam -12.69 130.80 Tabular Burrell Creek Fm 40 000 t  0.05% SnO2, 0.026% Ta2O5 NSR

Leviathan group 14 4570 t pegmatite
42 000 t alluvial

0.0104% SnO2, 0.0085% Ta2O5
0.0212% SnO2, 0.0032% Ta2O5

Angers -12.81 130.72 Tabular Burrell Creek Fm 0.15 Mt 0.0280% Ta2O5, 0.0798% SnO2 NSR

Leviathan -12.79 130.72 Tabular Burrell Creek Fm 3000 m3 0.1% SnO2, 0.04% Ta2O5 170 t SnO2, 
19 t Ta2O5 

Mackas 
Reward

-12.80 130.72 Tabular Burrell Creek Fm 6920 t 0.0112% SnO2, 0.0175 Ta2O5  

North 
Phoenix

-12.79 130.72 Tabular Burrell Creek Fm 1160 t 0.04% SnO2, 0.003% Ta2O5  

Old Buck -12.78 130.72 Tabular Burrell Creek Fm 4000 m3 0.4% SnO2, 0.1% Ta2O5 NSR

River Annie pegmatite group 205 700 t pegmatite
59 000 t alluvial

0.0249% SnO2, 0.0067% Ta2O5
0.0297% SnO2, 0.0028% Ta2O5

Bilatos 
(Pickets)

-12.85 130.76 Tabular Burrell Creek Fm  10 000 m3  0.04% SnO2, 0.008% Ta2O5 NSR

Fred -12.85 130.77 Tabular Burrell Creek Fm 5000 m3 0.02% SnO2, 0.06% Ta2O5

Martins -12.86 130.79 Tabular Burrell Creek Fm 5000 m3 0.06% SnO2, 0.008% Ta2O5 NSR

Saffums 1 -12.86 130.75 Tabular Burrell Creek Fm 10 000 m3 0.30 kg/m3 SnO2, 0.08 kg/m3 
Ta2O5

15.62 t Ta2O5, 
17.68 t SnO2

Sandras -12.87 130.78 Tabular Burrell Creek Fm 5000 m3 0.4 kg/m3 SnO2, 0.03 kg/m3 Ta2O5 NSR

Turners -12.86 130.79 Tabular Burrell Creek Fm 1000 m3 0.01% SnO2, 0.01% Ta2O5  NSR

Kings Table pegmatite group 43640 t 0.0099% SnO2, 0.0038% Ta2O5

Kings Table -12.58 130.80 Tabular Burrell Creek Fm 25350 t 0.0039% SnO2, , 0.0047%Ta2O5 NSR

Jewellers -12.62 130.80 Tabular Burrell Creek Fm 8380 t 0.0119% SnO2, 0.0029% Ta2O5 NSR

Jewellers 
Extended

-12.63 130.79 Tabular Burrell Creek Fm 2600 t 0.0139% SnO2, 0.0021% Ta2O5

Perseverance -12.62 130.80 Tabular Burrell Creek Fm 7310 t 0.0269% SnO2, 0.0026% Ta2O5

Muldiva, 

Collia

-14.20 130.81 Tabular Burrell Creek Fm
Soldiers Creek 
Granite 

  45.7 t SnO2 

Miscellaneous deposits

Mount 
Finniss

-12.95 130.79 Tabular Burrell Creek Fm 160 000 t pegmatite 0.016% SnO2,, 0.0035% Ta2O5 165 t SnO2, 
55 t Ta2O5

Bamboo 
Creek

-13.07 130.71 Irregular Burrell Creek Fm   46 t SnO2
50 kg Ta2O5

Goodwill 
Extended

-13.02 130.72 Irregular Burrell Creek Fm   56 t SnO2  + 
Ta2O5

Blyth -13.23 130.73 Tabular Burrell Creek Fm   76 t SnO2

Labelle -13.11 130.56 Irregular Welltree 
Metamorphics

250 000 t 0.007% SnO2, 0.012% Ta2O5

Table 5.11
resources given are non-JORC compliant. SnO2 and Ta2O5 represent cassiterite and tantalite concentrates, respectively. Abbreviations: Lat 
= latitude; Long = longitude; Fm = Formation; NSR = Not separately recorded.
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aimed at identifying a low-grade large-tonnage resource, 
but the results were discouraging (Harvey 1983).

or close to, the contact between carbonaceous shale, 
greywacke and siltstone of the Mount Bonnie Formation 
and a predominantly quartz-syenite intrusive rock. The 
lodes range in width from a few centimetres to about 
one meter and are composed of quartz and iron oxides 

Other Sn-quartz veins occurrences
At the Mavis mine, bedding-parallel quartz cassiterite 
veins, 0.2–1 m thick and trending 310 , can be traced for 
a distance of 200 m. The cassiterite is coarse and pink-
grey, and crystals up to 10 mm across are common. At 
the Lewis prospect, cassiterite, malachite and galena are 
present in a north-trending quartz vein within greywacke 
and siltstone of the Burrell Creek Formation. At the 
Horseshoe mine, thin (0.1–0.3 m) cassiterite quartz veins 
trend northwest and cover an area of 50 x 100 m in 
carbonaceous shale of the upper Koolpin Formation. At 
the Teacup mine, a cassiterite-quartz-muscovite vein 
trends northeast and is hosted by a basic dyke. At the 
Mundic mine, cassiterite-quartz veins up to 1 m thick, 
trend east and are exposed over a strike length of about 
200 m. At the Sneddens Creek mine, mineralisation is 
within northwest-striking, steeply-dipping stringers. At 
the Rosemary mine, a haematite-quartz mineralised lode 
trends 320 , dips 75  east and extends over a length of 
about 400 m. This mine has been tested by drilling and 
underground development, and has produced 26.8 t of 
SnO  concentrate. Reserves are estimated to be about 
80 000 t of ore at 0.68% Sn (Newton 1979).

These veins are hosted by sedimentary rocks of the Mount 
Partridge Group. In the oxidised zone, which extends 
down to about 50 m, the lodes are composed of up to 
80 volume % iron oxides and contain angular fragments of 
vein quartz and host rocks. The composite term haematite-
quartz-breccia has been used to describe these lodes. The 

Within the oxidised zone, the mineralogy is dominated by 
iron oxides, including haematite, limonite and goethite. The 
primary ore is composed of pyrite, and arsenopyrite and 

PCO are summarised in Table 5.10.

Jessops and Billycan
The Jessops and adjoining Billycan (southern extensions 
of the Jessops lode) mines are located about 56 km north 
of Pine Creek township and were discovered in 1957. 
They were worked until 1972, for a total production of 
193 t SnO2 concentrate from the Jessops mine and 38 t SnO2 
concentrate from the Billycan mine (Wygralak 1983). Mine 
workings included a large open cut, shaft, adit and several 
costeans. The orebody has a strike length of about 365 m, 
trends 350 , dips about 60  west and is 1–1.5 m thick.

Hays (1960) described the nature of the near-surface 
oxidised portion of the lodes. The lode material consists of 
angular fragments of vein quartz and country rocks, ranging 
in size from small grains to large boulders, and cemented 
by iron oxides, mostly limonite and minor haematite. 
Cassiterite is generally not visible to the naked eye, except 
in very rich ore, and grains range in size from 0.06–1.5 mm. 
Crohn (1968) suggested that the haematite-quartz breccia 
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after a decrease in volume resulting from oxidation and 

drilling conducted by CRA Exploration Pty Ltd, which 
showed that primary lode consists of pyrite, arsenopyrite 
and quartz. This drilling also yielded anomalous values 
of Sn, Au, Ag, As and base metals. The best gold values 
ranged from 0.25–5.1 g/t. However, follow-up drilling and 
sampling in 1988 yielded gold values that were generally 
less than 0.5 g/t (Orridge 1988).

Mount Masson
The Mount Masson mine is located about 2 km southeast 
of the Jessops mine and was intermittently worked between 
1942 and 1968, for a total production of 31.5 t SnO2 
concentrate from 2916 t of ore (Crohn 1968). The main 

a strike length of 120 m. A second parallel lode is located 
some 60 m further east. Both lodes trend 350 , dip steeply 
west, and are situated on the same lineament that contains 
the Jessops lode. The width of the lode ranges from a few 
centimetres to about one metre.

The near-surface mineralogy and lode characteristics 
are similar to those of the Jessops lode. No deep holes 
have been drilled. Some shallow-dipping to sub-horizontal 

adjacent wallrock. A few of these stringers cut across the 
haematite-quartz-breccia lodes and are therefore apparently 
younger (Ahmad et al 1993).

township and was mined between 1905 and 1955, for about 
51 t of cassiterite concentrate (Kleeman 1938, Walpole 
1962, Bagas 1983). Mineralised veins and stockworks are 
contained within metagreywacke and phyllite of the Burrell 
Creek Formation. The mineralogy of the lodes comprises 
goethite, haematite, minor vein quartz and trace malachite. 

material, but late, barren massive quartz veins, up to 2 m 
wide, crosscut the mineralised lodes at a few places.

and were described by Jensen (1919), AGGSNA (1937) 
and Rattigan and Clark (1955). Recorded production (as 
cassiterite concentrate) for the period 1906–1921 is reported 
at 660 t from the Horseshoe and 180 t from the Morris 

that more than 100 t of cassiterite concentrate was obtained. 
Although 40 mineral occurrences have been located within 

Morris, 
Boyling, Doris, Marie, Irwin and Scotchman mines.

Mineralisation is associated with up to 20 cm-wide, 
en echelon sheeted veins, comprising haematite, goethite 
and quartz; minor malachite and tourmaline are present 
in some veins. Cassiterite is present as small (up to 2 mm 
in size) euhedral black crystals, often forming almost 
monomineralic stringers, but most commonly, it is 

associated with iron oxides, especially goethite. Cassiterite 
is also associated with 0.5–1 m-thick veins of white, 
massive quartz, which outcrop as pods, often capping the 
tops of hills.

Other occurrences
The Big Drum and Big Julie mines represent southward 
extensions of the Mount Masson lodes. Both mines are in 
haematite-quartz-breccia. Sampling at the Big Julie mine 
(Newton 1977) also yielded up to 22 g/t Au. At the Mount 
Harris leases, (Nelson 1, Nelson 2, Margaret, Buffalo), the 
lodes have a smaller strike length and are discontinuous. 
They are composed of haematite-quartz breccia similar to 
that described earlier. The Margaret mine is the biggest 
and has produced some 62 t of SnO2 concentrate (McQueen 

from Nelson 2. Mineralised veins and stockworks are 
contained within metagreywacke and phyllite of the Burrell 
Creek Formation. The mineralogy of the lodes comprises 
goethite, haematite, minor vein quartz and trace malachite. 

to 3 mm in diameter. The Crest of the Wave mine was 

opened in 1934 and was worked again in 1980–1981. Total 
recorded production was reported to be 155 t of cassiterite 
concentrate from 3027 t of ore (Bagas 1983). The lodes 
are mineralogically similar to those in the Hidden Valley 

Cassiterite is present as well formed crystals up to 3 mm 
in size. Occasional stringers of almost monomineralic 
cassiterite have been noted. The primary ore consists of 
cassiterite and quartz with minor arsenopyrite and pyrite 
(Kleeman 1938).

Tin-tourmaline-quartz veins

These veins are hosted by contact metamorphosed 
sedimentary rocks of the Tollis Formation. Cassiterite is 

as well as native bismuth, are present. Some lodes adjacent 
to the granite contact also contain mica. All the occurrences 

deposits of the PCO are summarised in Table 5.10.

and was discovered in 1913. It was worked intermittently 
from 1913 until at least 1961. It produced 1280 t of 
cassiterite concentrate between 1913 and 1952 (Crohn 
1968) from about 50 000 t of ore. Walpole (1958) assessed 
the remaining reserves to a depth of 43 m (the depth of 
deepest workings) as being 170 000 t of ore averaging 
1.06% Sn. 

Outback Metals (2008) considered that the Maranboy 

2.20% Sn.

Formation, which is locally intruded and hornfelsed by 
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the Maranboy Porphyry and Yeuralba Granite. The major 
-trending, southeast-plunging 

anticline.

lodes, which are structurally controlled by two systems 
of strike-slip fractures striking 290  . Lodes 

) are richer in cassiterite. 
Along strike, the lodes are divided into several parts that 
have been dislocated by post-ore faults striking northeast 
to north-northeast. The lodes are hosted by hornfels and 
are composed of tourmaline and quartz. Two lines of lodes, 
the Stannum King Lode Ibis, Stannum King, Red 
Cross and Progress prospects) and the Main Lode
Star of the West, Osman, Anaconda, Ray, Eureka, Bull and 
Southern Claim prospects), situated about 1 km apart are 
known. The Main Lode has a total strike length of about 

King Lode extends for a strike length of about 2 km.
Other types of lodes, known from the northern part of the 

along the contact between the sedimentary rocks and the 
Yeuralba Granite. In both types, the only economical 
mineral is cassiterite, which occurs most commonly in 
groups of small stringers in joints and zones of brecciation. 

present include chalcopyrite, pyrrhotite and bismuth.

Sn-Ta pegmatites

up-to-10 km-wide belt, extending from Bynoe Harbour to 
the Wingate Mountains. Another cluster of pegmatites is 

Figure 5.86) of the Bynoe belt is the most prospective 
area and over 90 mineralised pegmatite bodies have been 

Mount Finniss 

given in Table 5.11.
Published information on these pegmatites is scanty. 

in the Bynoe belt and provided sketch maps of some 

studied the geochemistry, structure and geochronology of 
the pegmatites. Exploration of these pegmatite bodies has 

2002), by Julia Corporation Ltd. These exploration 

The pegmatite bodies are linear or lensoidal, and up to 
10 m wide and 250 m long. Most are poorly exposed and 
extensively altered. Usually, the feldspar is completely 
decomposed to white kaolinitic clay and has been removed 
by erosion, leaving behind rubbly or bouldery remnants 

depth of less than 25 m in heavily altered material.

Quartz, muscovite and feldspar are the most common 
gangue minerals and their distribution suggests a crude 
zonation, in which a border zone of quartz + muscovite is 
followed by an intermediate zone of feldspar + muscovite 
+ quartz. A massive quartz core is seen in some 
pegmatites.

Palaeo–Mesoproterozoic

Palaeozoic

Depot Creek Sandstone: sandstone and conglomerate

Finniss River Group: siltstone, shale, phyllite, arenite 
and schist

Welltree Metamorphics: schist and gneiss

Rum Jungle Complex: granite, gneiss and schist

South Alligator Group: carbonaceous and ferruginous 
shale, carbonate rocks and tuff

Mount Partridge Group: shale, siltstone, sandstone, 
quartzite and marble

Archaean

Palaeoproterozoic

Ferruginous soil, laterite, stream and marine alluvium

Cenozoic

Daly River Group: siltstone, dolomitic siltstone and 
limestone

Moyle River Formation: arenite and intraformational 
conglomerate

Sn-Ta pegmatite

Two Sisters and Wagait granites

Keri Metamorphics: metadolerite

Darwin

BEAGLE GULF

PORT
PATTERSON

0 10 km

M
iddle

Arm

COX
PENINSULA

130.5°

13.25°

12.75°

130.75°

13°

12.5°

12.25°

NORTHERN
TERRITORY

A07-264.ai

Figure 5.86. General geological setting of northern portion of 
Bynoe pegmatite belt, western PCO.
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Ore minerals include cassiterite, tantalite and columbite, 
occurring as coarse crystals or aggregates of crystals 
(Figures 5.87a, b, c). Minor minerals include amblygonite, 
montebrasite, wordite, augelite, rutile, ilmenite, magnetite, 

proportions at the Labelle pegmatite.
The wallrocks are siltstone and greywacke of the Burrell 

Creek Formation, which are regionally metamorphosed 
to middle to upper greenschist facies. Granitoids adjacent 

to the Bynoe belt are typically S-type (eg Two Sisters 
Granite), whereas those in the Shoobridge area display I-type 
characteristics. The adjoining sedimentary rocks are contact-
metamorphosed to albite-epidote hornfels facies. Some 

Mount Finniss
Tin-tantalum mineralisation at Mount Finniss was 
discovered in 1886, but little work was done until 1906, when 
1.5 t of tantalite concentrate was produced (Summers 1957). 
Mining resumed in 1925 and continued uninterrupted until 
1951, with a total production of about 20 t of cassiterite and 
12.26 t of tantalite concentrate. The mine was re-opened 
in 1980 and by 1989, approximately 150 000 t of pegmatite 
had been mined. In addition, 100 000 t of alluvial material 
was treated, producing 145.643 tonnes of Sn concentrate and 
53.152 tonnes of Ta concentrate. Proved/probable reserves 
down to 30 m depth were estimated to be 160 000 t averaging 
160 ppm Sn, 35 ppm Ta and 70 ppm Nb (Nicholson 1988). 
Parts of these reserves have been subsequently mined.

Pegmatite bodies occur as three irregular interconnected 
lenses (Figure 5.88) over a length of about 200 m. These 
lenses have a general north-northeast trend. The dip changes 
from sub-vertical in the south, to about 30  east in the center, 
to sub-horizontal in the north. Pinching and swelling is 
common and the maximum true thickness is about 30 m.

The enclosing sedimentary rocks are contact-
metamorphosed greywacke and siltstone of the Burrell Creek 
Formation. Tourmaline laths up to 5 mm long are developed 
along the pegmatite–wallrock contact. Blue-white quartz 
veins, similar to the Au-quartz veins, are present in the 
wallrock and in places, these are terminated at the wallrock–
pegmatite contact, suggesting their earlier formation in the 
paragenetic sequence.

Zonation within the pegmatite bodies consists of (from the 
margins inwards): an outer border, up to 5 cm thick, consisting 

thick) of coarse, quartz + mica; an intermediate zone of 
feldspar + mica + quartz; an inner core of massive quartz.

Mineralisation consists of coarse cassiterite and tantalite-
columbite crystals mainly in the intermediate zone. Some 
very large crystals are also present in the border zone.

At the Mount Finniss mine, and also in all the Sn-Ta-
bearing pegmatites in the Bynoe belt, kaolinisation of 
feldspar is ubiquitous (Figure 5.89) and has rendered the ore 
amenable to economic extraction and processing at grades far 
lower than those required to support a hard-rock operation. 
The ore is mined by using an excavator and without any 
need for drilling and blasting. As most mineralisation is 
disseminated throughout the intermediate kaolin-rich zone, 
a crushing and grinding circuit is also not required (Pietsch 
and Clayton 1990).

Goodwill Extended
The Goodwill Extended (also known as Walkers Creek) 
mine was probably discovered and mined at the same time 
as the Mount Finniss mine, but no record of production 
exists until the year 1955, when 0.32 t concentrate was 
produced. The mine was re-opened in the early 1980s and 
produced about 56 t of cassiterite-tantalite concentrate from 
open-cut mining. The open cut is about 150 m long, 50 m 

Figure 5.87. Mineral composition and textures of various 
pegmatite zones. (a) Cassiterite (black) quartz and muscovite in 
border zone (Mount Finniss mine). (b) Tantalite and kaolinised 
feldspar in intermediate zone (Yan Yam deposit). (c) Preferred 
orientation of books of muscovite and elongate prismatic grains of 
quartz, wall zone (Saffums 1 pegmatite, crossed-polarised light, 
width of view 5 mm).

a

b

c
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wide and 30 m deep. The pegmatite that has been mined 
trends north and pinches out at both ends of the open cut. In 
the centre, the width of the pegmatite is about 15 m.

Several other pegmatite lenses are present outside the 
area of the open cut. All of these pegmatites trend north-
northeast or north and have near-vertical dips. The overall 
length of the zone containing the pegmatite lenses is about 
250 m.

The host rocks, siltstone and greywacke of the Burrell 
Creek Formation, have been contact-metamorphosed to 
quartz-muscovite-andalusite schist. Contacts with the 
pegmatites are sharp, and zoning, as described previously, 
is prominent. The quartz core is not as pronounced as at 
the Mount Finniss mine, although some old workings at the 
northern end do contain massive quartz.

Hang Gong
This deposit is located on the northern side of Mandorah 
Road, 2.3 km northwest from Observation Hill. Between 
1903 and 1956, it produced about 190 t of tin concentrate 
(Crohn 1968). Between 1981 and 1982, a total of 11.06 t 
of concentrate, with an average grade of 57.9% SnO2 and 
9.3% Ta2O5, was produced (Frater 2005). It was further 
explored and worked in 1989 by Greenbushes Tin Ltd. Total 
production from this and a group of other deposits (Lees 
Extended, Yan Yams, Booth Extended and Henderson West) 
is given as 4.213 t of tin concentrate and 3.598 t of tantalite 

have not been provided for the individual deposits. In 1988, 
Greenbushes Tin Ltd estimated an ore reserve to 20 m at 
Hang Gong of 0.222 Mt at 83 g/t SnO2 and 59 g/t Ta2O5 
recovered plant grade. In 1997, Fieldcorp Pty Ltd conducted 
a trial mining operation, during which 50 144 t of ore was 
put through the plant. Indurated ore resulted in lowered 
recovery grades from the plant, which had no crushing 
circuit (Frater 2005).

The pegmatite is zoned and is predominantly composed 
of muscovite, kaolinite and quartz (intermediate zone). 
Some pods of blue-grey quartz are present and range 

up to 2 m in size. In partly kaolinised zones, relatively 
unaltered white feldspar (orthoclase) occurs. The host rock 
is andalusite-mica schist of the Burrell Creek Formation.

The main pegmatite is approximately 390 m long and 
was mined over a maximum width of 60 m. In the south, 
it is a horizontal sill that plunges at a shallow angle to 
the north. The pegmatite strikes 350  and continues under 
alluvial cover. The Hang Gong pegmatite is conformable 
with the strike of the enclosing rocks, but is discordant 
with the near-vertical dip. It has various muscovite- and 
kaolinite-rich zones, the former often associated with high 
tantalum grades (Frater 2005).

Leviathan
This pegmatite is located on the eastern bank of Leviathan 
Creek and was discovered in 1886. It has a total recorded 
production of 170 t of cassiterite concentrate, all of which 
was obtained before 1909. Workings originally consisted of 
two open cuts about 200 m apart, but these are now largely 
collapsed. During 1986–1987, Greenbushes Tin NL carried 
out extensive costeaning in the Leviathan Creek area and in 
the vicinity of the mine.

Metasedimentary rocks
quartz-muscovite-
andalusite schist
Border zone:
quartz-muscovite

Intermediate zone:
muscovite-feldspar-
quartz

Core: quartz

Dip and strike of
bedding/foliation

 75

50

0 50 m

A07-144.ai
a b c

 75

 75

65

50

Figure 5.88. Sketch maps of (a) Labelle, (b) Goodwill Extended and (c) Mount Finniss Sn-Ta-bearing pegmatites (after Frater 2005).

Figure 5.89. Extensively kaolinised intermediate zone of Mount 
Finniss pegmatite.
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In 1993, Corporate Developments Pty Ltd estimated 
an indicated resource of 1000 m3 (potential resource of 
3000 m3) at 1000 g/t SnO2 and 400 g/t Ta2O5 for Leviathan 
(Bluck 1993), but it is unclear whether or not this included all 
of the pegmatites (Frater 2005). In 2001, Julia Corporation 
Ltd excavated four costeans and drilled 17 RC holes for 

presence of three pegmatites striking approximately 030° 
and dipping to the southeast at Leviathan North (original 
mining site).

The pegmatite forms a concordant body within the 
Burrell Creek Formation and is zoned. It is possible that 
mineralisation was mainly concentrated close to, or in 
the border and wall zones, as these appear to have been 
selectively mined (Summers 1957). The pegmatite body is 
about 200 m long and its maximum width is about 20 m.

Saffums area
A number of occurrences are located about 20 km south 
of Observation Hill. Talmina Trading Pty Ltd (Talmina) 
conducted considerable mining and exploration activity 
in this area during 1981–1985. However, in 1985, Talmina 
was placed in receivership and in 1986, Corporate 
Development Pty Ltd purchased the plant and tenements 
from the receivers. In 1988, exploration and mining rights 
were assigned by Corporate Development to Brevcorp Pty 
Ltd (Outback Minerals 2008). The most productive mines 
were Saffums 1, Saffums 2, Bilatos and Sandras. Between 

processed 22 600 t of eluvium from this area for an average 
recovery of 0.47 kg/t Ta2O5 concentrate and 0.34 kg/t SnO2 
concentrate. Between 1988 and 1990, Brevcorp Pty Ltd 
expanded the plant and apparently treated some 20 000 
to 30 000 m3 of eluvium, producing 5 t of tantalite and 
10 t of cassiterite concentrate (Robinson 1993). Corporate 
Developments Pty Ltd calculated a resource (to 20 m) of 
10 000 m3 of 0.08 kg/m3 Ta2O5 and 0.30 kg/m3 SnO2 at 
Saffums 1 (Robinson 1993).

The pegmatite bodies are emplaced in contact-
metamorphosed Burrell Creek Formation, which comprises 
sericitic and graphitic schist. The graphitic schist is unique 
to this area and does not occur in the vicinity of pegmatites 
from the Observation Hill or Leviathan Creek areas.

Detail mineralogical studies (Friedrich and Jutz 1984, 
Friedrich and Wiechowoski 1984) have shown that the 
pegmatite contains quartz, muscovite, feldspar, kaolinite, 
chlorite, tourmaline, barite, amblygonite, zircon, tantalite-
columbite, cassiterite, rutile, ilmenite, magnetite, haematite 
and limonite. Microprobe studies on Saffums 1 tantalite-
columbite concentrate samples indicate that Ta2O5 varies 
between 35% and 80.5%, and Nb2O5 from 45.4% to 4.8%. 
The tantalite contains variable FeO from 1% to 13.1% and 
MnO from 1.2% to 12.5%. The SnO2 content ranges from 
0.1% in Nb-rich members to 11.5% in Ta-rich samples. The 
composition of the cassiterite at Saffums 1 is in the range 
95.4–100% SnO2, with up to 4.2% Ta2O5, 0.6% Nb2O5, 
0.6% FeO and 0.14% MnO. Small grains of tantalite have 

The Saffums 2 pegmatite is located 700 m north of 
Saffums 1 and 300 m west of Bilatos. Production from 
Saffums 2 is known to have contributed to Talmina 

Trading’s output of 1364 kg of tantalite and 937 kg of Sn 
concentrate, recorded in 1995 from its combined Finniss 
River operations. A wall-rock sample from Saffums 2 has 
assayed 11.4 g/t gold (Wallen-Teluk 1988).

The Sandras pegmatite is located approximately 
3 km east-southeast from Saffums 1 and has contributed 
to Talmina Trading’s total output, as is the case with 
Saffums 2. The pegmatite body was strongly kaolinised, 

kaolinite on the margins of these zones (Friedrich and Jutz 
1984). A resource to 10 m depth of 5000 m3 3 
Ta2O5

3 SnO2 has been calculated from a 
1991 sampling program by Corporate Developments Pty 
Ltd (Robinson 1993). The country rock on the eastern 
contact is carbonaceous schist containing numerous quartz 
veins. The country-rock to the west is more complex, with 
outcrop consisting of alternating andalusite-mica schist and 
greisenised pegmatite.

Labelle
J Walton discovered the Labelle pegmatite in 1984. This 
lensoidal pegmatite is 5–30 m thick and over 100 m long. 
At the surface, it dips steeply to the west. It is kaolinised 
and has a massive quartz core. In 1987, a 3000 t bulk 
sample assayed 270 ppm Ta, 80 ppm Sn and up to 1% Be. 
Ta and Sn were reported to be elevated at the outer contacts 
and Be towards the centre. The country rock consists of 
carbonaceous slate and meta-sandstone and some low-
grade Sn values were recorded in these sedimentary rocks 
adjacent to the pegmatite. A preliminary resource to 50 m 
depth of 250 000 t averaging 120 ppm Ta and 75 ppm Sn 

Annie
The Annie pegmatite is situated about 200 m north of the 
Annie River, approximately 8 km south of the Charlotte 
River crossing on the Fog Bay road. The pegmatite strikes 
northeast and extends for over 400 m with a width of 
between 5 and 27 m. The most prominent feature is two 
quartz ‘blows’ (core zone), one in the north and the second 
in the central portion of the prospect. Cassiterite is a main 
ore mineral and forms black thin plates or tabular crystals 
to 2 cm. Eleven tonnes of tantalite concentrate and 28 t of 
tin were produced between 1995 and 1997, and a further 
69 t of combined Ta-Sn concentrate was produced in 

order of 98 000 t averaging 156 g/t SnO2 (Frater 2005).

of tin in the Northern Territory by Mr George Barrett in 
Barretts, 

Mount Shoobridge, Chinese, Halls Creek and Plateau Point 
occurrences (Table 5.10). Recorded past production is from 
Barrett (117 t concentrate) and Mount Shoobridge (145 t 
concentrate).

The pegmatite bodies intrude quartz-mica schist, 

and Mount Bonnie formations. The Shoobridge Granite is 
considered to be the parent granite to the pegmatites (Frater 
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2005). This is a small concentrically-zoned granitoid, 
consisting of a central leucogranite, passing outward 
through biotite-hornblende granite to a peripheral quartz-
monzodiorite. The pegmatite forms discordant dykes and 
veins up to 10 m wide and 100 m long, concentrated along 
the axes of the Mount Shoobridge and adjacent anticlines.

Other Sn-Ta pegmatite occurrences
The Muldiva, Buldiva and Collia prospects occur in 
inaccessible hill country on the upper tributaries of Soldiers 
Creek (Table 5.11). The Soldiers Creek Granite outcrops 
400 m to the west of Buldiva. The recorded production 
from these prospects, between 1923 and 1967, is 45.7 t of 
tin concentrate (Frater 2005). Some eluvial tin was also 
produced from gravel beds at the base of Cretaceous strata 
overlying Burrell Creek Formation schist and quartzite, on 
the north side of the main branch of Buldiva Creek.

Fluid inclusions

bearing pegmatites, mostly from the Bynoe belt. This study 
showed that early Type A (CO2 + H2O ± CH4) inclusions 
were trapped at the H2O-CO2 solvus at a pressure of 
ca 1 kbar, a temperature of ca 300 C (range 240–328 C) and 
a salinity ca 6 wt% eq NaCl. Pressure-salinity-corrected 
temperatures on Type B (H2O + ca 20% vapour), C (H2O + 
<15% vapour) and D (H2O + halite + vapour) inclusions also 
fall within the range of Type A inclusions. Wygralak and 
Mernagh (2006) 
in quartz from the Muldiva and Buldiva prospects.

Stable isotopes
Oxygen and hydrogen isotope data (Ahmad 1995) show 
that kaolinite was formed in isotopic equilibrium with 
meteoric waters. Fluid inclusion waters from core-zone 
quartz show an enrichment in deuterium, suggesting a 

consistent with a magmatic origin. It is suggested that the 
pegmatites were derived from the post-orogenic phase of 
the Two Sisters Granite. Precipitation of cassiterite took 
place at about 300
a result of an increase in pH, due to feldspar alteration 
(Ahmad 1995).

Geochronology
Frater (2005) provided geochronological data on samples 
of tantalite, cassiterite and muscovite from the Bynoe 
pegmatites, which were analysed by PD Kinny at 
Curtin University, Western Australia. The tantalite and 
cassiterite samples were U-Pb dated by SHRIMP ion 
microprobe (SIMS) analysis, whereas the muscovite was 
Ar-Ar dated by the Western Australian Argon Isotope 
Facility.

The most precise ages are given by tantalite from the 
Angers pegmatite at 1723.5 ± 5.5 Ma and from the Saffums 
pegmatite at 1733 ± 13 Ma, indicating that mineralisation 
probably occurred between 1740 Ma and 1720 Ma. 
The 40Ar/39Ar muscovite ages have a much wider range, 

well after mineralisation. Wygralak and Mernagh (2006) 

reported on the 40Ar/39Ar ages of muscovite associated with 

Domain. They showed that veins that are spatially related 
to the Allia Creek Granite are relatively old and in the 
range 1742–1726 Ma, whereas veins associated with the 
Soldiers Creek Granite are relatively young and in the 

than, and incompatible with the 1806 Ma age (U-Pb 
SHRIMP) of the Allia Creek Granite and 1862 Ma age 
(U-Pb SHRIMP) of the Two Sisters Granite (Worden et al 
2008b), generally recognised as the parents to the Bynoe 

Greisens

Sn is present in greisens associated with the Wolfram Hill 
and Wandie granites. The main ore minerals are cassiterite 
with minor wolframite. Malachite has been noted in 
some places. The gangue minerals are quartz, muscovite, 
K-feldspar and epidote. Production from this group is minor.

Alluvial deposits

Most vein-type tin deposits and tin tantalum-bearing 
pegmatites are associated with eluvial/alluvial concentrations. 

workings are in the Mary River Camp, Wandie Creek, 
Emerald Creek, Morris and Umbrawarra areas.

Tungsten and molybdenum

Tungsten deposits in the PCO are located in the Wolfram Hill, 
Table 5.10, Figure 5.84) 

and have produced about 950 t of wolframite concentrate, 
of which 740 t has been produced from the Wolfram Hill 
mine. These deposits occur as wolframite ± Sn ± Mo-quartz 
veins or greisens, and are associated with the Wolfram Hill, 
Yenberrie or Yeuralba granites of the Cullen Supersuite.

The Wolfram Hill deposit was discovered in 1900 (Jones 
1987) and was worked intermittently between 1900 and 1953, 
for a recorded production of 740 t wolfram concentrate, 258 t 
of copper concentrate and 65 t of cassiterite concentrate 
(Bagas 1983). This deposit has been described in a number 
of previous studies (Jensen 1919, Kleeman 1938, Crohn 
1968, Bagas 1983). Two prominent lines of reefs, separated 
by 300 m of barren hornfels, have been mined via two 
shafts, an adit and several small open-cuts. Wolframite, 
cassiterite and chalcopyrite are the main ore minerals, with 
small amounts of pyrite and arsenopyrite. In some veins, 
coarse muscovite, biotite and quartz are present near the 
vein edge, whereas the central part is almost barren massive 
quartz. The ‘main reef’ extends for about 300 m along 
strike and is mainly concordant with the enclosing rocks. 
High-grade ore shoots lie in zones of discordance.

The Y  is located 55 km east-
northeast of Katherine and was discovered in 1924. It was 
worked for W and Sn intermittently until 1954, for a total 
recorded production of 19.6 t W, 8.2 t Sn and 110 g Au 
(Randal 1963). Walpole and Drew (1953) listed 17 separate 
mineralised occurrences. Most of these are located along 
the western greisenised contact between the Yeuralba 
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Granite and hornfelsed greywacke and siltstone of the 
Tollis Formation. The greisen consists of saccharoidal 

and varying amounts of tourmaline. Wolframite occurs as 
subhedral or anhedral coarse grains, as well as bismuth, 
copper minerals and some gold.

The (W, Mo, and Bi) was 
discovered in 1912 and was exploited until 1930. It was 

Crohn (1968) gave a total production of 161 t of wolframite, 
127 kg of molybdenite and a small quantity of bismuth. Randal 
(1963) gave a much larger production of wolframite (332 t). 
The production was derived from nine lodes, consisting of 
greisenised quartz-aplite dykes, hosted by the Yenberrie 

white quartz, containing disseminated wolframite grains (up 
to 5 cm in size) and minor molybdenite. Some wolframite 
also occurs in greisenised aplite and in irregular mica patches 

Iron ore

Mount Bundey and Frances Creek areas (Table 5.12, 
Figure 5.90
from elsewhere. Ferenczi (2001) provided a comprehensive 
account of these deposits.

Mount Bundey

by BMR in 1958. Government diamond drilling in 1962 
and 1964 established a resource of 1.5 Mt averaging 
64% Fe, 0.05% P and 0.07% S (Dunn 1964). The deposit 
was mined between 1968 and 1971 producing 843 063 t 
of ore averaging 63.4% Fe, 0.057% P and 0.11% S (Ryan 
1975). Mining operations ceased when the level of 

concordant, tabular ironstone bodies are hosted within a 
roof pendent of near-vertical metasedimentary rocks of 
the Wildman Siltstone within the Mount Goyder Syenite. 
The ironstone bodies consist of massive medium to very 
coarse (0.2–10 mm) martite, with varying amounts of 
haematite, goethite and quartz near the surface. Below 
the zone of oxidation (25 m), a martite-magnetite-pyrite 
association, which contains minor chalcopyrite (<1%), 
is present. Pyrite averages 2–5%, but may constitute 
of up to 20% of the ore in places. Vugs are common in 
upper parts of the martite ore and probably represent 

that the iron ore (magnetite-pyrite) lodes were essentially 
formed by the remobilisation of sedimentary iron within 
the metasedimentary rocks during intrusion of the 
Mount Goyder Syenite. The magnetite-pyrite ore was 
subsequently ‘upgraded’ during a period of supergene 
enrichment to produce the massive vuggy martite ore.

Common name Lat Long Shape Rock unit Resource 
(Mt) (%Fe)

Production (Mt) 
(%Fe) Reference

Beestons -12.89 130.96 Irregular Whites Fm 1.5 59 Pritchard (1969)

Daly River Road -13.47 131.12 Tabular Petrel Fm 0.9 50 Sullivan (1970)

Frances Creek East -13.57 131.97 Tabular Masson Fm 1.5 >50 Ferenczi (2001)

Helene 1 -13.58 131.85 Tabular Wildman Sltst 0.065 62.9 Ferenczi (2001

Helene 11 -13.59 131.85 Tabular Wildman Sltst 0.25 57.1 Territory Resources (2010b)

Helene 2 -13.59 131.85 Tabular Wildman Sltst 0.03 62.3 Ferenczi (2001)

Helene 3 -13.59 131.85 Tabular Wildman Sltst 0.315 59.4 0.3 64 Territory Resources (2010b)

Helene 4 -13.59 131.85 Tabular Wildman Sltst 0.025 60.2 0.12 60 Ferenczi (2001)

Helene 5/6/7 -13.61 131.85 Tabular Wildman Sltst 5.21 58.8 6.1 64 Territory Resources (2010b)

Helene 9 -13.61 131.85 Tabular Wildman Sltst 0.189 59.6 0.15 60 Territory Resources (2010b)

Jasmine Centre -13.58 131.87 Tabular Wildman Sltst 0.971 59.8 0.11 62 Territory Resources (2010b)

Jasmine East -13.58 131.88 Tabular Wildman Sltst 0.196 59.0 Territory Resources (2010b)

Jasmine West -13.57 131.87 Tabular Wildman Sltst 0.065 63.3 0.08 61 Ferenczi (2001)

Millers -13.44 131.81 Tabular Wildman Sltst 1.28 53.2 Territory Resources (2010b)

Mount Bundey -12.85 131.59 Tabular Whites Fm 0.84 63 Ferenczi (2001)

Ochre Hill -13.53 131.86 Tabular Wildman Sltst 0.114 58.1 Territory Resources (2010b)

Thelma-Rosemary -13.58 131.87 Tabular Wildman Sltst 0.808 57.8 Territory Resources (2010b)

Rum Jungle Iron Ore -12.99 130.99 Irregular Whites Fm 0.280 60.8 Territory Iron (2006a)

Saddle 1 -13.52 131.85 Tabular Wildman Sltst 0.217 57.9 Ferenczi (2001)

Saddle East -13.51 131.85 Tabular Wildman Sltst 0.101 58.7 Territory Resources (2010b)

Saddle Extended -13.49 131.83 Tabular Wildman Sltst 0.229 61.5 Ferenczi (2001)

Thelma 1 -13.58 131.86 Tabular Wildman Sltst 0.326 58.4 0.35 64 Territory Resources (2010b)

Yarram -12.99 130.98 Sheet Coomalie Dol 0.340 60.2 Territory Iron (2006b)

Table 5.12

by Territory Resources, mostly from Helene 5/6/7 deposits, with minor component from Ochre Hill and Thelma-Rosemary deposits. 
Abbreviations: Lat = latitude; Long = longitude; Fm = Formation; Dol = Dolostone; Sltst = Siltstone; Prod = Production.
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Frances Creek

A pre-mining resource of 5.14 Mt averaging 64% Fe 

1965). Mining by Frances Creek Iron Mining Corp Pty 
Ltd between 1966–1974 produced some 7.98 Mt of ore 

named iron ore occurrences (Figure 5.91). Most of the iron 
ore was obtained from the Helene 6/7 pit (Figure 5.92). 
Other pits included Thelma 1 and 2, Rosemary, Jasmine 
West, Jasmine Central, Helene 10, 9, 8, 5, 4, 3 and 2. 

The current operator, Territory Resources Ltd (formerly 
Territory Iron Ltd), has carried out a comprehensive 
RC/RAB drilling program since 2005. This company 

to China in September 2007. Current (JORC-compliant) 
indicated and inferred resources (inclusive of reserves) 

largest resources are at the Helene 5/6/7 deposit and have 
been stated to be 5.21 Mt at 58% Fe (Territory Resources 
2010b). Production from this deposit from September 
2007–June 2010 was given as 4.16 Mt of ore (Territory 
Resources 2010a).

haematite, containing varying amounts of shale fragments 
and quartz grains. The orebodies are hosted by the 
Wildman Siltstone. Crohn (1968) considered that the 
deposits formed as a result of supergene enrichment of 
pyritic shale breccia. A more recent review of mining 
data (geological plans and cross-sections), along with 

(Pontifex 2000), suggested that the iron ore mineralisation 
is the result of hydrothermal remobilisation (Bowden 
2000). In this model, iron oxides from ferruginous banded 
shale in the Wildman Siltstone were concentrated into 
favourable structural sites that developed prior to the 
intrusion of the Allamber Springs Granite.
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Figure 5.92
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Other small ironstone occurrences in the PCO probably 
Rum 

Jungle, Beestons, Howley and Daly River Road.

Industrial minerals and rocks

The PCO contains a variety of industrial minerals, including 
Table 5.13). 

graphite and ochre are also known from the region. 
Figure 5.92 provides the location of these deposits.

Magnesite

at the Mount Fitch uranium deposit in the Rum Jungle 
Mineral Field (Prichard 1975). Between 1978 and 1982, 
BHP conducted extensive exploration for magnesite and 

could be obtained that might be suitable for refractory-
grade magnesite. Between 1990 and 1993, Aztec Mining 
Company Ltd carried out drilling over the Area 44, Celia 
and Huandot
resource of 5.08 Mt magnesite at Huandot and 0.5 Mt down 
to 40 m depth at the Celia deposit (Pima Mining 2001, Grove 
1992). In 1998, Mount Grace Resources NL commenced 
exploration in the area surrounding the Coomalie magnesite 
prospect. This work included closely spaced drilling that 
outlined a JORC-compliant resource of 16.6 Mt averaging 
43.23% MgO at the Winchester deposit. The resource was 

Resources Ltd 2010). Magnesite is known through much of 
the extent of the Coomalie and Celia dolostones, including 
the footwall of the Browns and Mount Fitch deposits.

The magnesite deposits in the Rum Jungle area are 
discussed in detail by Bone (1985) and Ahmad et al (2006). 
They represent stratabound occurrences within the Celia 
and Coomalie dolostones (Figure 5.93). Both dolomite and 
magnesite are present as interbedded irregular to lenticular 
bodies. At the Celia, Huandot, Area 44 and Winchester 
deposits, magnesite, talc and dolomite are the main minerals. 

Trace pyrite is noted in places. High-grade magnesite bodies 
are irregular in shape. Magnesite varies from dark brown to 

iron oxide contents. Magnesite is present as coarse, up to 
1 cm size, euhedral crystals in two dominant morphologies: 
rhombohedral and bladed (Bone 1983). Examination of 
core and open pit samples indicates that the rhombohedral 
magnesite is apparently paragenetically later and is usually 

and may also be intergrown with magnesite. Talc is present 

predominantly talc rock. Other minerals include quartz, 
chlorite, iron oxides (haematite), apatite and minor tourmaline.

Stable isotopes

Aharon (1988) and Ahmad et al (2006) discussed carbon 
and oxygen isotope data. Magnesite from the Coomalie 
and Celia deposits is depleted in 18O relative to the 
associated dolomite. This suggests isotopic disequilibrium 

18O values of 
recent sabkha magnesite are distinctly heavier than those 
of the Rum Jungle magnesite. Carbon isotope values show 
that magnesite is enriched in 13C in comparison to dolomite. 

Fluid inclusions

from the Celia and Coomalie deposits. On the basis of the 

liquid only; (2) liquid + vapour (most common); (3) liquid + 
vapour+ daughter mineral(s); (4) two immiscible liquids; (5) 
immiscible liquids + vapour. The latter two types are seen 
in many of the deposits of the PCO (Ahmad et al 1993). 
Solid phases in type 3 inclusions were haematite, dawsonite, 

heating. Solid dissolution temperatures were 50–100 C 
higher than vapour phase homogenisation temperatures, 

Bone (1983, 1985) concluded that temperature was a major 
control on the two distinctive morphological forms. The 

Common 
name Lat Long Size Shape Commodity Model Overall 

style Resource Grade Reference

Tomahawk -13.45 131.42 Occurrence Tabular Fluorite Vein Multi-
vein

Chaku (1974)

Area 44 -12.98 131.09 Small Unknown Magnesite Metas Massive Butler (1994)

Celia -13.03 131.06 Medium Tabular Magnesite Metas Massive 0.5 Mt Grove (1992)

Coomalie
(Winchester)

-13.05 131.06 Medium Tabular Magnesite Metas Massive 16.6 Mt 43.23% 
MgO

Korab Resources 
(2010)

Huandot -13.00 131.10 Medium Tabular Magnesite Metas Massive 5.08 Mt Grove (1992)

Area 4 -13.05 131.01 Medium Tabular Phosphate Sed Dissem 0.1 Mt 10% P2O5 Pritchard et al (1966)

Easticks -13.03 131.00 Medium Tabular Phosphate Sed Dissem 0.04 Mt 12.2% P2O5 Pritchard et al (1966)

Geolsec -13.04 131.00 Medium Tabular Phosphate Sed Dissem 1.01 M t 12.5% P2O5 Pritchard et al (1966)

Zeta -13.03 130.98 Small Irregular Phosphate Sed Dissem 0.06 Mt 7% P2O5 Pritchard et al (1966)

Crater -13.03 131.09 Occurrence Irregular Thorium Palaeop Dissem Rhodes (1960)

Table 5.13
magnesite deposit. Abbreviations: Lat = latitude; Long = longitude; Dissem = Disseminated; Metas = metasomatic; Sed = sedimentary; 
Palaeop = Palaeoplacer.
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rhombohedral form crystallised at temperatures of less than 
150 C, whereas the discoidal form crystallised at higher 
temperatures. Homogenisation temperatures ranged from 
100–225 C and freezing point depression temperatures 
from 0 to less than -40 C. Homogenisation of CO2 liquid 
and CO2 C, 
indicating a density of about 0.65 g/cm3. Using this density 
value and an average homogenisation temperature of 
150 C, the intersecting CO2-H2O isochors method provides 
an approximate pressure of about 600 bar, equal to a depth 
of 2.2 km (lithostatic), or about 6 km (hydrostatic). This is 
similar to the values obtained for a number of vein-type 
deposits in the PCO (Ahmad et al 1993).

Genesis

Bone (1985) considered that the precursor to the crystalline 
magnesite was sedimentary magnesite precipitated in 

a sabkha environment. She quoted stromatolites, tepee 
structures, low Sr and the interbedded nature of the 
magnesite as strong evidence of a sedimentary origin. 
Magnesite is known to occur in sabkhas; however, 
it generally forms only a small percentage of sabkha 
sediment, which typically comprises gypsum, aragonite 
and dolomite. The latter predominantly results from 
dolomitisation of aragonite (Pohl 1989). In addition, 
oxygen isotope data on magnesite (see above) does not 
support a sabkha-type environment and 18O values are 
distinctly lighter that those deposited in sabkha-type 
setting.

Morteani et al (1983) considered that magnesite 
formed as a result of metasomatic replacement of a 
carbonate precursor, due to an increase in temperature or 
Mg ion supply. If temperature is kept constant, magnesite 
formation from a dolomite precursor requires equilibration 
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to increase the temperature to about 250 C and maintain a 
.

The coarsely crystalline nature, as well as the presence 
of several generations of magnesite and ubiquitous 
brecciation, suggests post-diagenetic recrystallisation. 
This recrystallisation and metasomatic replacement of 
sedimentary dolomite by magnesite is likely to have 
occurred at temperatures between 150 and 300 C in the 

may have been released during extensive sericitisation of 
the PCO rocks (Ahmad et al 2006).

Phosphate rock

Eight phosphate rock occurrences are known from the Rum 
Jungle area and are within the Geolsec Formation. Similar 
occurrences are also recorded from the South Alligator 
Valley within the Scinto Breccia (Prichard et al 1963, Crohn 
1968, Freidman and Grotzinger 1991) and from the East 
Alligator River district, as apatite-bearing siltstone at the 
base of the Kombolgie Subgroup (Afmeco Mining 1998).

Total reserves for all the phosphate occurrences 
in the Rum Jungle area were stated by Crohn (1968) to 
be 4 Mt at 10% P2O5 with 1 Mt located at the Geolsec 
deposit. This deposit is currently being explored by Korab 
Resources Ltd. This company reported drilling that has 
yielded encouraging intercepts. Hole DDH6, drilled 
through the northern section of the Geolsec deposit, 
intercepted 6.9 m at an average grade of 32.7% P2O5 from 
7.1 m to 14 m. Hole DDH1, drilled 80 m to the north of the 
Geolsec deposit, intercepted 12.5 m at an average grade 
of 20.36% P2O5 from 7.6 m to 20.1 m. Korab Resources, 
through its wholly owned subsidiary, Geolsec Phosphate 
Operations Ltd, is looking to commence production in 
2011. 

The phosphate occurrences of the Rum Jungle area 
have been described in Ruxton (1961), Walpole (1961), 

Pritchard et al (1963, 1966), Pritchard (1964), Ahmad 
et al (1993) and Ahmad et al (2006). Most of the deposits 
are located along the edges of a ridge-forming outlier 

apatite rock and apatite breccia of the Geolsec Formation, 
situated about 2 km west of Batchelor (Castlemaine 
Hill). The stratigraphic age of the Geolsec Formation is 

with the late Palaeoproterozoic Depot Creek Sandstone, 
but it may be older.

or red apatite-rich mudstone and its brecciated facies. 
The haematite quartz breccia and ferruginous sandstone 
are virtually devoid of any phosphate mineralisation. 
Phosphate-rich mudstone and breccia is restricted 
and overlies a ridge of Coomalie Dolostone. The rock 
commonly contains vuggy and open cavities, giving it 
the appearance of weathered vesicular volcanic rock. 
Apatite is the major constituent of the phosphate rock. Two 
varieties of apatite are seen: cloudy turbid apatite crystals; 
and relatively clear later overgrowths and veins. The clear 
variety commonly lines vugs and cavities. Haematite is 
present in growth zones within apatite and both minerals 
apparently crystallised together. Other minor phosphate 
minerals are millisite (Na2O.2CaO.6Al2O3.4P2O5.15H2O), 
variscite-sterngite (AlPO4.2H2O-FePO4.2H2O and wavellite 
(Al3(OH)3(PO4)2.5H2O). These minerals probably formed 
due to weathering. Other minor minerals present include 
kaolinite, sericite, illite, haematite goethite, tourmaline, 
epidote, anatase and zircon.

Howard and Hough (1979) provided major and selected 
trace element data on the phosphorite deposits in the 
Georgina Basin. The major element characteristics are 
essentially similar to those of the Geolsec deposit. Compared 
with Geolsec, the Wonarah deposit of the Georgina Basin is 

Gian
ts 

Ree
f F

au
lt

St
ua

rt
H

ig
hw

ay

MENELING

BATCHELOR

Area 44

Coomalie

Finniss River Group

South Alligator Group

Mount Partridge Group

Manton Group

Archaean

Magnesite deposit

Locality

Fault

13°00'

13
0°

54
'

131°00' 131°00'

Celia

Huandot

RUM JUNGLE

Road

0 1 km

A07-212.ai

DARWIN

TERRITORY
NORTHERN

Figure 5.93. Location and geological setting of magnesite occurrences of Rum Jungle area. Data from NTGS MODAT database. 



5:117

Pine Creek Orogen

or from the underlying Antrim Plateau Volcanics of the 
Kalkarindji Province.

Genesis

Various hypotheses have been put forward for the origin 
of HQB and phosphate rock in the Rum Jungle area. These 
include hydrothermal replacement (Paterson et al 1984), 
residual phosphate concentration as a result of weathering 
of Coomalie Dolostone (Pritchard et al 1966, Crohn 1968) 
and syn-sedimentary phosphate accumulations (Pritchard 
et al 1963, McClennan and Saavedra 1986, Ahmad et al 
2006).

The hydrothermal model involves the formation of 

into zones of high permeability.
The secondary enrichment model involves the 

weathering of phosphatic dolomite and the concentration 
of phosphates by diagenetic processes. However, chemical 
analyses of the underlying Coomalie Dolostone indicate 
that it contains on the average about 0.025% P2O5 (range 
0.01–0.09%) compared with the crustal abundance of 
0.1 ppm (Ahmad et al 2006). The residual enrichment 
process is therefore an unlikely mechanism for the creation 
of phosphate deposits.

Compared to average phosphorite (Altschuler 1980), 
phosphatic rocks from the Geolsec deposit are depleted in 
Co, Cu, Ni, Pb, Se, Sr, La, Y and Zr (Ahmad et al 2006). 
The total REE concentration in the phosphatic rocks within 
the Geolsec deposit ranges from 18–370 ppm and averages 
53 ppm; the lower value is for weakly phosphatic sandstone. 
PAAS-normalised REE patterns for the Geolsec phosphate 
do not show a Ce anomaly, indicating a non-marine 
environment of deposition. There is depletion of HREE 
and LREE, giving hat-shaped concave-down patterns. 
These patterns are seen in a few other phosphate deposits 
and are considered to be due to deposition/diagenesis in an 
estuarine environment or to scavenging of REE by ferric 
oxyhydroxides (Jarvis et al 1994). Such scavenging is 
considered to be a characteristic of pre-Cretaceous seawater 
(Grandjean-Lecuyer et al (1993). A fault-controlled 
estuarine depositional environment is most likely for the 
Geolsec Formation. The absence of a Ce anomaly further 

et al 2006).
The sedimentary model accounts for many of the 

characteristics of the phosphate rocks. These include 
a sedimentary succession comprising coarse matrix 

rocks. Low trace element and REE concentrations and the 
major element geochemistry would favour deposition by 
sedimentary processes under estuarine conditions.

Other commodities

Barite veins occur in the McCarthys Granite, which is 
approximately 19 km southeast of Pine Creek. A resource 
for the largest vein has been estimated to be 900 t barite 
(Willis and Newton 1975). A corundum occurrence has 
been reported from about 10 km northeast of Mount 
Holder in GREENWOOD. Corundum is present as boulders 

up to 1 m in diameter and is presumed to have been derived 
from a subjacent body within the Hermit Creek Volcanics. 
A grab sample from this locality assayed 81.5% Al2O3, 
9.5% SiO2 and 0.5% Fe2O3 (Dundas et al 1987). Fluorite 
veins occur within the Koolpin Formation at the Olive 
prospect, about 3 km northeast of Ban Ban Station (Willis 
1972). Minor graphite occurrences are known from the 
Sweets Member of the Welltree Metamorphics (Pietsch 
1986b) and from the Koolpin Formation in the Golden 
Dyke Dome area. About 2 t of graphite was extracted from 
the latter occurrence (Crohn 1968). The lithium-bearing 

from the Pickets Sn-Ta pegmatite in the Bynoe area and 
an analysed sample has returned 47% P2O5, 35% Al2O3 
and 7.9% Li (Crohn 1968). The presence of amblygonite in 

emerging demand for lithium, and further investigations 
may be warranted.

Extractives

sand, natural gravel, crushed rock, porcellanite, clay, soil 
and dimension stone. The following extracts are based on 
the Doyle (2001).

Coarse sand
Coarse sand lenses occur within the Howard Sand Member 
of the Cretaceous Darwin Formation. Drilling in the 
Howard Springs and Koolpinyah areas has outlined large 
buried deposits of clay-matrix quartz sandstone, which has 
been weathered to produce subrounded, mature medium 
to coarse sand. The Boral sand pit near Howard Springs 
has been dredged to 20–25 m below the surface and a total 
recoverable inferred resource at this site is estimated at 
0.84 Mt. At the AN47 sand pit, located on the eastern side 
of Howard River, the total inferred recoverable resource 
is estimated at 2.22 Mt. The Mary River sand deposit is 
located on the eastern side of Mary River on Annaburroo 
Station. In September 1999, the Mary River stockpile was 
noted to contain approximately 2000 m3 of clean sand with 
minimal silt and clay. Coarse sand is also mined from an 
area near Douglas Hot Springs and about 6500 m3 per year 
of this material is trucked 200 km to a depot in Coolalinga. 

seven other prospects as potential sand deposits in the 
Howard River, Shoal Bay and Gunn Point areas.

Fine sand
Fine sand resources occur in current drainage areas and 
low-lying swamps. These sands have been alluvially 
derived from a number of sources including the Acacia 
Gap Quartzite Member, sandy interbeds within the 
Wildman Siltstone, sandy clay and claystone within the 
Bathurst Island Formation and sandy facies at the base of 
the Burrell Creek Formation. Fine sand generally contains 
low clay and silt (<10%). The sand layer averages 1 m in 
thickness and can lie either on top of Cenozoic laterite 
or in channels where the laterite has been etched away. 
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Burrell Creek Formation in the Darwin area. The total 
in situ resource estimate, based on an average sand depth 
of 0.5 m, is 11 million m3 (Doyle 2001).

Gravel
Two varieties of gravel are mined from the Darwin area. 
Natural gravel is mostly sourced from lateritic duricrust 

landscaping gravel. Crushed rock gravel is produced from 
hard rock quarries, where material is extracted by drill 
and blast methods before crushing and screening into 
various sized aggregates and other products. A total of 
six operating hard-rock quarries are supplying material 
(quartzite, hornfels, syenite) to local markets. Three 
quarries, located in the Yarrawonga area near Palmerston, 
are in quartzite. Two quarries, located at Mount Bundey, 
are in hornfels and syenite. Mauries Quarry, located at 
Acacia to the south of Darwin, also quarries quartzite. The 
total estimated resources of these deposits is over 20 Mt 

(Doyle 2001). There are also a number of abandoned and 
disused quarries, including the Batchelor and Darwin 
River quarries.

Dimension stone
Two types of dimension stone are known from the Darwin 
region: Palaeoproterozoic Mount Goyder Syenite (trade 
name: Darwin Brown, Figure 5.94) and Cretaceous 
porcellanite. Darwin Brown is extracted from the Halkitis 
Quarry at Mount Bundey. Raw slabs are exported 
interstate and overseas, where they are cut and polished. 
Darwin Brown dimension stone can be seen in various 
places around Darwin City, for example, in the entrances 
to the Paspalis Centrepoint Building from the Smith 
Street Mall and the NT Parliament House. Porcellanite 

in the siliceous zone beneath the lateritic duricrust in the 
Darwin area. The parent unit is the lowermost Darwin 
Formation of the Bathurst Island Group. Porcellanite has 
been used as building stone in Darwin since 1879, notable 
examples include the Police Station and Courthouse, Town 
Hall (left in ruins after Cyclone Tracy in 1974), Browns 

Mart, Victoria Hotel, Anglican Church, Lyons Cottage 
and St Marys Cathedral. Abandoned porcellanite quarries 
are located at Larrakeyah and Stuart Park. Porcellanite is 
mined intermittently from a quarry at Koolpinyah.
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Arnhem Province

INTRODUCTION

The Arnhem Province (previously known as Arnhem Inlier) 
forms basement to sedimentary and minor volcanic rocks 
of the McArthur Basin succession in northeastern Arnhem 
Land (Figures 6.1, 6.2). The stratigraphic succession of 
the province is summarised in Table 6.1. It comprises 
pre-Nimbuwah Event metasedimentary and anatectic 
rocks of the Bradshaw and Mirarrmina complexes, and 
the turbidite-dominated Grindall Formation. These are 
possibly equivalent to the Cosmo Supergroup of the Pine 
Creek Orogen (P4 interval of Ahmad 2000). Intruding these 
units are granites and coeval felsic volcanic rocks, which 
were divided by Budd et al (2002) into the Bradshaw and 
Giddy suites. The ca 1865 Ma ‘Bradshaw Suite’ was an 
informal name for intrusive rocks dominated by restite-rich, 
garnet-bearing S-type granite and migmatite that are now 
included within the Mirarrmina and Bradshaw complexes. 
The ca 1835 Ma Giddy Suite includes the Bukudal, Giddy, 
Garrthalala and Dhalinybuy granites and comprises Fe-
rich, relatively anhydrous fayalite-bearing granite.

PALAEOPROTEROZOIC

Grindall Formation
The Grindall Formation (originally Grindall 
Metamorphics; Plumb and Roberts 1992) is a deformed 
and locally metamorphosed succession of interbedded 
sandstone and mudstone (Figure 6.3), which is 
unconformably overlain by various units of the McArthur 
Basin. The formation is intruded by granite of the 
Bradshaw Complex, but may be contiguous with and a 
partial protolith of the metamorphic component of the 
complex (Pietsch et al 1997a, Haines et al 1999). The 

the formation.
The Grindall Formation is best exposed in the south 

Coast Range and on some islands in BLUE MUD BAY1 
(Figure 6.2c). Widespread clasts of Grindall Formation in 
the basal units of the McArthur Basin succession indicate 
that the unit is probably extensive in the subsurface. The 
thickness of the unit is uncertain, as the base and top of 

et al (1999) 
estimated in excess of 1000 m. Island outcrops of the 
Grindall Formation are relatively unmetamorphosed and 
consist of rhythmically intercalated red-brown to grey-
green sandstone and mudstone that have been tightly to 
openly folded (Figure 6.3
is thinly to thickly bedded and sandstone beds have sharp 

tops of sandstone beds and water-escape structures are 
also present. Contact- and regionally metamorphosed 
equivalent strata from mainland localities consist of 
metasandstone interbedded with phyllite and quartz-
sericite schist. The metasandstone is apparently coarser 
than that on the islands and the beds are thicker or occur in 
amalgamated packets (Haines et al 1999). The succession 
is also more tightly folded, has common quartz veins and 
exhibits a steeply dipping northwest-trending foliation 

et al interpreted the Grindall 
Formation as representing a turbidite succession, probably 
deposited in a rapidly subsiding marine basin, with 
mainland exposures in the west probably representing 
more proximal facies.
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A minimum age for the Grindall Formation is 
provided by a U-Pb SHRIMP zircon date of 1837 ± 4 Ma 
for the Bukudal Granite which intrudes the formation. 
The Grindall Formation is lithologically similar to and is 
tentatively correlated with the Burrell Creek Formation 
(Finniss River Group) of the PCO; this unit overlies the 
Gerowie Tuff, which which has a SHRIMP U-Pb zircon 
age of 1863 ± 3 Ma (Lally and Worden 2004). 

Bradshaw Complex

The Bradshaw Complex comprises a continuum of deformed 
granite, granitic gneiss, migmatite and paragneiss, and is 
poorly exposed in northeastern and eastern Arnhem Land 
(Figures 6.2a, 6.4). Several informal subdivisions of the 
complex were recognised by Plumb and Roberts (1992) 

by Rawlings et al (1997) into three units: the Melville Bay 
Metamorphics, Drimmie Head Granite and undivided 

Bradshaw Complex. The Melville Bay Metamorphics in 
the north comprises granulite-facies rocks, whereas the 
undivided Bradshaw Complex to the south is mainly of 
amphibolite-facies grade. The protolith for the Bradshaw 
Complex is at least partially represented by the Grindall 
Formation, which outcrops in BLUE MUD BAY to the 
south (Haines et al 1999).

The Bradshaw Complex is intruded by Giddy Suite 
granites and by dykes and sills of microgranite and 
dolerite. It is overlain by the Spencer Creek Group of 
the McArthur Basin, and by Cretaceous and Cenozoic 
sedimentary rocks and laterite. The complex has been 
given a peak metamorphic age of 1867 ± 12 Ma, on the 
basis of SHRIMP U-Pb zircon dating of a sample of 
Drimmie Head Granite (Rawlings et al 1997), and this 
corresponds to an interval of regional deformation and 
metamorphism (Nimbuwah Event) in the Pine Creek 
Orogen. A broad span of post-peak and retrograde 
metamorphism from 1855 to 1845 Ma is indicated by 

Unit /Age Lithology Relationships Diagnostic Features

ARNHEM INLIER

Garrthalala 
Granite (P5)
1833 ± 3 Ma

massive, distinctive reddish brown weathered 
surface, composed of quartz, K-feldspar, 

grained white granite xenoliths.

Intrudes Bradshaw Complex, coeval with 
Bukudal Granite. Intruded by 1710 Ma 
rhyolite dykes.

K-feldspar megacrysts; fayalite-
bearing. White xenoliths of 
thermally metamorphosed 
Bradshaw Complex.

Bukudal Granite 
(P5)
1837 ± 4 Ma

Granite, massive, white to pink, equigranular, 
medium- to coarse-grained, composed of quartz, 
K-feldspar, plagioclase, biotite and fayalite; 
locally sheared.

Intrudes Bradshaw Complex, coeval 
with Garrthalala Granite. Intruded by 
ca 1710 Ma rhyolite dykes.

Reddened spherical inclu sions; 
fayalite-bearing.

Dhalinybuy 
Granite (P5)

Granite, pink to green, medium- to coarse- 
grained, equigranular to porphyritic, composed of 
quartz, K-feldspar and biotite; locally sheared and 
foliated, local mylonite.

Inferred to intrude the Bradshaw 
Complex; overlain unconformably by 
Spencer Creek Group. Intruded by 
dykes of Yanungbi Volcanics.

K-feldspar megacrysts; localised 
foliation and mylo nite.

Giddy Granite 
(P5)
1836 ± 4 Ma

Granite, pink to grey, medium- to coarse- grained, 
massive, equigranular to porphyritic, composed 
of quartz, K-feldspar, plagioclase, biotite and 
fayalite; locally sheared.

Inferred to intrude the Bradshaw 
Complex. Inferred to be intruded by 
Latram Granite (1712 ± 10 Ma).

K-feldspar megacrysts; fayalite-
bearing.

undivided 
Bradshaw 
Complex

A continuum of amphibolite-facies gneiss, 

coarse-grained, foliated to massive.

Intruded by Bukudal and Garrthalala 
granites. 

Amphibolite-facies mineral 
assemblages.

Drimmie Head 
Granite (P4)
1867 ± 12 Ma

Leucogranite and granitic gneiss, medium- to 
coarse-grained, massive to foliated, composed 
of quartz, garnet, plagioclase, cordierite and 
K -feldspar; abundant enclaves including 
psammitic and pelitic gneiss, calc-silicate 

Derived from and intruded into the 
Melville Bay Metamorphics. enclaves.

Melville Bay 
Metamorphics 
(P4)

Banded granulite, alternate dark pelitic layers and 
white felsic layers, medium- to coarse-grained 
with localised veins and pods of coarse-grained, 
garnetiferous leucogranite.

Intruded by Drimmie Head Granite. Relict sedimentary layering; 
granulite facies assemblages.

Grindall 
Formation (P4) medium grained, thin to thick bedded, graded, 

interbedded with red-brown to grey-green 
mudstone.

Oldest known component of the Arnhem 
Inlier. Intruded by the granites of the 
Bradshaw Complex and Bukudal Granite.

Deformed and locally 
metamorphosed turbidite 
sequence.

MIRARRMINA INLIER

Mirarrmina 
Complex (P4)

‘Older’ component: metasedimentary gneiss, 
migmatite, granite, minor cataclasite; mineral 
assemblage - garnet, quartz, orthoclase, biotite, 
plagioclase, cordierite and retrograde muscovite 
and sericite; commonly foliated.
‘Younger’ component: porphyritic microgran ite, 
rhyolite, dolerite, minor hybrid rock.

‘Older’ high-grade metamorphic and 
anatectic rocks intruded by ‘younger’ 
felsic and mafic dykes. Probably 
unconformably overlain by Dhunganda 
Formation (Donydji Group).

Amphibolite facies assem blages; 
retrogressed along shear-zones 
to greenschist facies. Garnet-
dominated.

Table 6.1. Summary of stratigraphic succession of Arnhem Province (after Rawlings et al 1997, Haines et al 1999). P4–P5 terminology after 
Ahmad (2000).
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ages determined from lower-grade parts of the complex 
(Rawlings et al 1997).

Melville Bay Metamorphics
The Melville Bay Metamorphics occur in the northeast of 
the Arnhem Province on Bremer Island and Wargarpunda 
Point near Nhulunbuy (Figure 6.2a). They are intruded 
by irregular pods and veins of leucogranite of the 
Drimmie Head Granite (Rawlings et al 1997), and are 
overlain by Quaternary sediments and alluvium. The 
metamorphics consist mostly of banded garnetiferous 
granulite with alternate dark pelitic layers, and white 
felsic layers (Figure 6.5). The pelitic layers are medium- 
to coarse-grained and contain cordierite, garnet, 
sillimanite, K-feldspar, biotite and accessory spinel, 
magnetite, ilmenite, zircon, plagioclase and monazite. 
Felsic bands comprise either garnet, quartz, plagioclase, 
orthopyroxene, sillimanite, cordierite and K-feldspar, 
with accessory magnetite, biotite, ilmenite, zircon and 
spinel, or calcite, scapolite, quartz, clinopyroxene, 
wollastonite, plagioclase, sphene with accessory zircon, 
magnetite and monazite. These layers were referred to as 
‘quartzite’ by Plumb and Roberts (1992), but are probably 
better described as metapsammite and calcsilicate rock 
(Rawlings et al 1997). 

Pressure and temperature estimates for the Melville 
Bay Metamorphics have been determined to be in 

(IR Scrimgeour, NTGS, pers comm in Rawlings et al 
1997). 

Drimmie Head Granite
The Drimmie Head Granite is exposed as sheets and 
plutons around the Melville Bay area in the northeast 
of the Arnhem Province to the west of Nhulunbuy 
(Figure 6.2a). The granite intrudes the Melville Bay 
Metamorphics and is overlain by Cretaceous and 
Cenozoic sediments, and by Quaternary alluvium. 
It comprises garnetiferous leucogranite and granitic 
gneiss with abundant enclaves of granulite-facies 

medium to coarse leucogranite, which consists of quartz, 
garnet, plagioclase, cordierite, K-feldspar and accessory 

magnetite, biotite and zircon. It is peraluminous, has 
a relatively narrow range in silica (68.19–73.92%) and 
is generally low in Fe2O3 (0.57–4.88%). The granite 
is massive for the most part, but local alignment of 
K-feldspar crystals does occur. Minor shear zones and 
extensive pegmatite zones are also present. The granitic 
gneiss is medium to coarse and can be distinguished 
from the granite by the presence of orthopyroxene and 
blocky sillimanite. It contains abundant schlieren, as 

 (Rawlings 
et al 1997). 

Pelitic enclaves comprise garnet, K-feldspar, 
cordierite, sillimanite, quartz, and accessory minerals. 
Calcsilicate and psammitic enclaves are equigranular, 

to enclaves from the undivided Bradshaw Complex. 

orthopyroxene, clinopyroxene, plagioclase (bytownite), 
titanite and biotite (Rawlings et al 1997). 

The Drimmie Head Granite is a syn-metamorphic 
leucogranite that was probably derived from the 
inhomogeneous melting of a metasedimentary protolith 
that included the Melville Bay Metamorphics (Rawlings 
et al 1997). 

Figure 6.3. Steeply dipping sandstone and mudstone beds at the 
Grindall Formation type section on eastern Morgan Island (BLUE 
MUD BAY, BLANE: (53L 619500mE, 8510300mN). Width of 
section is about 20 m. Photo courtesy of DJ Rawlings (formerly 
NTGS).

Figure 6.4. Migmatite gneiss of Bradshaw Complex showing 
anastomosing leucosome development (GOVE, CALEDON: 
(53L 687100mE, 8590300mN, small island southeast of Mount 
Alexander). Sledge hammer is 1 m long. Photo courtesy of 
DJ Rawlings (formerly NTGS).

Figure 6.5. Layered granulite of Melville Bay Metamorphics 
exposed on beach at Gove near NABALCO processing plant 
(GOVE, GOVE: 53L 683600mE, 8652400mN). Lens cap is 5 cm in 
diameter. Photo courtesy of DJ Rawlings (formerly NTGS).
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Undivided Bradshaw Complex
Undivided Bradshaw Complex forms an elongate northeast-
trending belt in the east of the Arnhem Province in CALEDON 
and GOVE (Figure 6.2a) and consists of amphibolite-
facies paragneiss, migmatitic gneiss, migmatite, granitic 
gneiss and granite (Rawlings et al 1997). It is intruded by 
the Bukudal and Garrthalala granites of the Giddy Suite 
(Budd et al 2002), and by dykes and sills of microgranite 
and dolerite. Undivided Bradshaw Complex is overlain by 
Cretaceous sedimentary rocks and by Cenozoic laterite. 

Paragneiss occurs mostly as enclaves within 
migmatitic gneiss, granitic gneiss and granite. There is 
an apparent continuum between deformed paragneiss 

partial melting. Migmatitic gneiss is characterised by an 
anastomosing compositional partitioning into leucosomes 
and melanosomes, and migmatite is mainly stromatic, 
although some may be nebulitic. Granitic gneiss is 
commonly deformed and contains abundant enclaves and 
schlieren. Enclaves are also common within migmatitic 
gneiss and granite, and include pelitic schist and gneiss, 
and calcsilicate (Figure 6.6
rocks. Granite is abundant in the complex and is mostly 
light to dark grey, medium to coarse grained, massive, 
and equigranular to porphyritic. Overall, the undivided 
Bradshaw Complex exhibits a mineralogy characterised 
by the presence of andalusite, sillimanite and cordierite, 
suggesting that it formed under Buchan-style metamorphic 
conditions (see Hietanan 1967) of low to moderate pressure 
and high temperature. Paragneiss, migmatite and granite 
are intimately associated, suggesting that the complex 
formed by heterogeneous melting of a sedimentary protolith 
(Rawlings et al 1997).

Mirarrmina Complex

The poorly exposed Mirarrmina Complex is distributed 
over a small area (<450 km2) along the western margin of the 
Mitchell Ranges, centred on the Aboriginal community of 
Donydji in southwestern ARNHEM BAY and northwestern 
BLUE MUD BAY (Figures 6.2b, 6.7). Rawlings et al 
(1997) and Haines et al (1999) described the complex as 
a composite unit comprising metamorphic and anatectic 

granitoid basement; intrusive equivalents of the Donydji 
Group; structurally intercalated strips of the Donydji and 
probably Parsons Range groups; and relatively young 
dolerite dykes. This structural complex thus incorporates 
elements of the McArthur Basin as well as basement 
rocks that are equivalent to those of the Arnhem Province. 
Rawlings et al (1997) further described the complex as 
occupying the sole thrust zone of the Mitchell-Flinders 
Thrust Belt (Figure 6.2d), a “north-northeast-trending 
region of thrust duplexes and imbricate stacks, separated by 
steep oblique ramps”, extending from northwestern BLUE 
MUD BAY to the Melville Bay area. This thrust belt is 
part of the Walker Fault Zone (see McArthur Basin) and 
was formed during D2 (Plumb 1994), which is equivalent 
to the ‘Post-Nathan Shortening’ event of Haines et al 
(1999). The age of this deformation is poorly constrained 
between ca 1600 and ca 1430 Ma (Rawlings et al 1997). 
All components of the Mirarrmina Complex, except the 
younger dykes, have been overprinted by deformation 
related to this event. Deformational products range from 
weak to intense cataclasite or mylonite, in which almost all 
primary fabric has been destroyed. Basement rocks of the 
complex are presumed to be overlain unconformably by the 
Donydji Group, although the contact is not exposed. 

Mirarrmina Complex basement rocks that are equivalent 
to the Bradshaw Complex comprise foliated metasedimentary 
rocks and granite gneiss. The metasedimentary rocks 
include an amphibolite-grade granofels that has been locally 
retrogressed to lower greenschist-grade quartz-sericite schist 
and phyllonite along shear zones. The granofels contains 
mineral assemblages that are consistent with those of the 
Bradshaw Complex to the east. Foliated gneiss and granite 
comprise porphyroblastic garnetiferous gneissic granite and 
granite gneiss, augen gneiss, banded gneiss and migmatite, 
and minor quartz monzonite and granodiorite. However, 
relationships between these rock types are obscured by poor 
exposure. The garnetiferous gneissic granite is distinctly 
S-type and resembles that of the coeval Bradshaw Complex. 
Compositionally, the gneiss and granite are quite uniform, 
consisting of microperthitic K-feldspar, quartz, biotite 
and garnet. Grainsize varies from medium to coarse, and 
fabrics range from massive to foliated, and equigranular 
to porphyroblastic. Rawlings et al (1997) interpreted the 
mineralogy of these basement rock types as representing an 
aluminous sedimentary protolith, which probably included 
equivalents of the Grindall Formation to the southeast and 
the PCO succession to the west. Metamorphism of these 
basement rocks is presumed to be equivalent to the peak 
metamorphic event effecting the Bradshaw Complex to the 
east (Rawlings et al 1997), which corresponds in age to the 
Nimbuwah Event in the Pine Creek Orogen.

The younger intrusive units of the Mirarrmina Complex 
include porphyritic rhyolite, megacrystic microgranite and 
dolerite/gabbro. Rhyolite and microgranite form the more 
resistant outcrop and occur as vertical dykes intruding the 
older gneiss and metasedimentary rocks. They are probably 
stratigraphically equivalent to the nearby Fagan Volcanics 
(Donydji Group). 

SHRIMP U-Pb geochronology of zircons of anatectic 
basement rocks from the complex have yielded an 
interpreted metamorphic age of 1870 ± 8 Ma, similar to the 

Figure 6.6. Calcsilicate enclave within granitic gneiss of 
undivided Bradshaw Complex, cut by late stage pegmatite veins 
(GOVE, CALEDON: 53L 683300mE, 8586300mN; one of the 
Three Hummocks, a group of small islands southeast of Mount 
Alexander). Photo: DJ Rawlings (formerly NTGS).
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age of the Bradshaw Complex, whereas the younger felsic 
intrusive rocks are dated at 1705 ± 10 Ma, similar to the age 
of the Fagan Volcanics (Rawlings et al 1997).

Giddy Suite

The Giddy Suite granites were emplaced after the main 
deformation and metamorphic event to effect the Arnhem 
Province and are essentially undeformed. They are 
correlated with the Cullen Supersuite in the PCO, but have 
little associated mineralisation. The granites have undergone 
fractionation to a high level of Rb content that reaches about 
500 ppm at a SiO2 concentration of 75%. Two granites (Giddy 
Granite and ‘Caledon Granite’) were originally differentiated 
by Dunnet (1965) and Plumb and Roberts (1992), but 
Rawlings et al (1997) revised this into four new units (Giddy, 

three are essentially coeval, with indistinguishable SHRIMP 
U-Pb zircon ages in the range 1833–1837 Ma (Rawlings 
et al 1997). The Dhalinybuy Granite is undated, but was 
regarded by Rawlings et al as being probably comagmatic 
(if not connected at depth) with the Giddy Granite. A 
minimum age for this granite of about 1710 Ma is given by 
an unconformable or nonconformable relationship with the 
overlying Yanungbi Volcanics of the Spencer Creek Group 
(basal McArthur Basin). These granites were all included in 
the Giddy Suite by Budd et al (2002). 

Bukudal Granite 
The Bukudal Granite intrudes the Bradshaw Complex and 

granite. It is exposed over a wide area in the east of the 
Arnhem Province from BLANE to CALEDON, including 
a number of offshore islands (Figure 6.2a). The granite 
contains quartz (35-45%), K-feldspar (microcline and 
orthoclase) (35%), plagioclase (10%), biotite (5%) and garnet 
(10%), with minor fayalite, orthopyroxene, clinopyroxene 

zircon and rutile. Secondary minerals include sericite, 
muscovite, chlorite and epidote. The Bukudal Granite has 
an SiO2 range of 68.15–75.39% and is more felsic when 
compared to the Garrthalala Granite. It is low in Fe2O3 and 
CaO and high in K2O, when compared to the Giddy and 
Garrthalala granites, and to average I-type granites with 
similar silica contents. In comparison to I-type granites, it 

feature is the higher than normal Ga concentration, varying 
from 20 to 28 ppm (average 25 ppm). 

Miarolitic cavities and granophyric intergrowths are 
common in the Bukudal Granite and are indicative of 
high-level emplacement. Petrological and geochemical 

et al 1997).

Dhalinybuy Granite 
The Dhalinybuy Granite is exposed as rounded tors and 
boulders of pink to green, medium to coarse, equigranular 
to porphyritic granite in a small area in eastern ARNHEM 
BAY (Figure 6.2a). It is inferred to intrude the Bradshaw 
Complex and is overlain by the Yanungbi Volcanics or Gove 
Sandstone of the Spencer Creek Group (McArthur Basin) 
and by Cenozoic sediments. There are also numerous 
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Volcanics within the granite (Rawlings et al 1997). 
The Dhalinybuy Granite is composed of K-feldspar 

(45%), quartz (40%) and intergranular pale to dark brown 
biotite (10%), with minor (<5%) plagioclase (albite-
oligoclase). K-feldspar megacrysts up to 8 cm across occur 
locally. It is variably deformed, with textures ranging from 
massive (undeformed) to foliated (moderately deformed) to 
proto-mylonite (strongly deformed). 

Giddy Granite 
This is a coarse, porphyritic calc-alkaline granite with 

northeastern Arnhem Province in GOVE (Figure 6.2a). 
It is overlain by Cretaceous sedimentary rocks, Cenozoic 
laterite and Quaternary alluvium, and is inferred to be 
intruded by the ca 1710 Ma Latram Granite (Rawlings 
et al 1997). The mineral assemblage includes quartz (40%), 
K-feldspar (30%), and plagioclase (10%), lesser (15%) 
biotite, amphibole, pyroxene and olivine (fayalite), and 
accessory (5%) garnet (almandine), magnetite, zircon and 

rutile and biotite. K-feldspar megacrysts up to 20 cm across 
are commonly present and ferromagnesian minerals are 
scattered randomly throughout the rock. 

The SiO2 content of the Giddy Granite varies from 
66.01 to 74.83% (average 71.9%), which is noticeably 
higher than that of the Garrthalala Granite. The Al2O3 
content varies from 11.48 to 14.25% (average 12.7%), 
which is the lowest value recorded from granites in the 
Arnhem Province. The concentration of Fe2O3 is moderate, 
ranging from 2.39 to 5.11%. CaO and Na2O are low and are 
related to the low abundances of calcite and plagioclase. 
K2O is high (5.19–7.16%, average 6.41%), which may be 
an affect of K-metasomatism. Aluminum Saturation Index 
(ASI) values straddle the metaluminous–peraluminous 
boundary (Rawlings et al 1997).

The Giddy Granite is intruded by a series of pink to red 
microgranite dykes that are correlated with dykes intruding 
the Garrthalala and Bukudal granites. It is mainly massive, 
though zones of localised shearing have produced a very 
weak alignment of minerals. The granite lacks xenoliths 
or pegmatite. It has been dated at 1836 ± 4 Ma by SHRIMP 
U-Pb zircon geochronology (Rawlings et al 1997).

Garrthalala Granite

fayalite-bearing and massive granite that forms an east–
west-trending pluton in western CALEDON. It is exposed 
as smooth boulders, pavements and irregular bare sheets, 
small knolls and islands, and has a distinctive red-brown 
weathered surface. The granite contains abundant xenoliths 

thermally metamorphosed Bradshaw Complex. It also 
contains common metasedimentary enclaves, including 
biotite schist and calcsilicate. 

Fresh Garrthalala Granite is composed of quartz 
(30%), K-feldspar (30–40%), plagioclase (5–20%), olivine, 
clinopyroxene, orthopyroxene and biotite (5–30%), 
with accessory magnetite, ilmenite, rutile, allanite, 

muscovite, epidote, chlorite, iddingsite and calcite. 
Olivine (fayalite) phenocrysts exhibit characteristic 
fractures and are partially replaced by iddingsite 
(Rawlings et al 1997). 

The granite is characterised by a narrow SiO2 range 
(66.11–68.38%). Fe2O3 is consistently higher (4.39–7.97%, 
average 6.57%) and Al2O3 and ASI values are lower than 
in other plutons in the area, resulting in a metaluminous 

high concentration of CaO (average 2.31%). The granite 
is high in Ba, Sr, La, Ce, Y and Zr and is low in Rb and 
U, relative to average I-type granites with similar silica 
contents. It also has a higher than ‘normal’ concentration 

The Garrthalala Granite intrudes the Bradshaw 
Complex and has a sharp (?intrusive) contact with the 
broadly contemporaneous Bukudal Granite. It is intruded 
by red-coloured microgranite, aplite and rhyolite sills and 
dykes, which are probably contemporaneous with those that 
intrude the Bukudal and Giddy granites. The Garrthalala 
Granite has been dated at 1833 ± 3 Ma by SHRIMP U-Pb 
zircon geochronology (Rawlings et al 1997).

MINERAL RESOURCES

There are no known mineral occurrences in the Arnhem 
Province. Some regional reconnaissance exploration for 
base metals and uranium, conducted in the late 1960s 
included parts of the Arnhem Province, but was mainly 
focused on the McArthur Basin and younger successions. 
Major exploration in the area has been for manganese and 
bauxite in the overlying Phanerozoic strata and two world-
class deposits (Gove and Groote Eylandt) are currently in 
production (see Carpentaria Basin).

The Giddy Suite is considered to have some potential for 
Sn, W, Mo and Ta deposits (Budd et al 2002). Mineralisation 
might be hosted by S-type granites and their aureoles, as 
is indicated by the presence of cassiterite in heavy-mineral 
sand assemblages, including 0.25 and 0.27% cassiterite in 
heavy mineral concentrates from Cato River and Wonga 
Creek (Chestnut et al 1966). 

Budd et al (2002) considered their ‘Bradshaw Suite’ to 
be too restite-rich to have any metallogenic implications 
and there is little evidence of fractionation.

Most of the Arnhem Province is currently under 
application by BHP Billiton Ltd or Rio Tinto Ltd and their 
subsidiaries.
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Halls Creek Orogen

INTRODUCTION

The Halls Creek Orogen (HCO) is a north-northeast-
trending orogenic belt that occurs mainly in Western 

ustralia  here it anks the eastern side o  the imberley 
Craton (Figure 7.1). The extreme northeastern outcropping 
extension o  this belt (about 1  km2) is exposed in the 

orthern Territory. The HCO is uncon ormably o erlain by 
the imberley  pee ah and Carr- oyd basins to the est 
and north est  by the ictoria  irrindudu  Ord and Osmond 
basins to the east and southeast, and by the Canning and 

ouisa basins to the south. The orogen comprises ariably 
de ormed and metamorphosed sedimentary, olcanic, and 
intrusi e alaeoprotero oic rocks ith protolith ages that 
are dominantly in the range 1 1 1  a. unster et al 
(2 ) also included the it maurice roup as part o  the 
HCO, but this is now considered to be included in the 

it maurice asin.
The most detailed studies o  the HCO were undertaken 

by the eological ur ey o  Western ustralia ( W ) 
during the 1 s ( ri n and rey 1 , Tyler et al 1995, 
Tyler et al 1999, lake et al 2000). In the main outcrops 
in Western ustralia, the HCO has been di ided into 
three ones (terranes)  the Western, Central and astern 
ones (Tyler et al 1995). The boundaries between these 
ones are interpreted to be ma or strike-slip aults. The 

Western Zone is composed o  low- to high-grade turbiditic 
metasedimentary rocks o  the arboo ormation 
(ca 1 70 a), uncon ormably o erlain by elsic 

olcanic rocks o  the Whitewater olcanics (1 55 a). 
These were de ormed, metamorphosed and intruded by 
granitoid, gabbro and sub olcanic porphyries during the 
1 5 1 50 a Hooper Orogeny (Tyler and age 199 ). 
The Central Zone is dominated by metasedimentary 
and meta-igneous rocks o  the Tickalara etamorphics, 
which were de ormed and metamorphosed between 1 5 
and 1 5  a, and at 1 50 1 5  a ( age and un 199 , 
Tyler and age 199 , odorkos et al 199 ). e ormation 
and metamorphism was ollowed by the deposition o  
sedimentary and elsic olcanic rocks between 1 5 
and 1 0 a, and intrusion o  granites and gabbros 
during the Halls Creek Orogeny between 1 5 1 05 a. 
The Eastern Zone comprises low-grade metamorphic 
and meta olcanic rocks o  the Halls Creek roup that 
uncon ormably o erlie 1920 1900 a granitoids and 

olcanic rocks. 
arly tectonic models or the Halls Creek Orogen 

in ol ed an intraplate extensional model, in ol ing mantle 
underplating, extension and orogenesis (eg theridge 
et al 19 7). Howe er, heppard et al (1999a) proposed a 
subduction model in which the Western one ormed as 
a ri t marginal to the imberley Craton, the Central one 
represents a ri ted oceanic island arc, and the astern one 
ormed as a passi e margin on the orth ustralian Craton. 

In this model, the 1 5 1 50 a Hooper Orogeny re ects 
the accreting o  an island arc (Central one) onto the eastern 
margin o  the imberley Craton (Western one), and the 

ca 1 5 a Halls Creek Orogeny re ects the collision o  the 
orth ustralian Craton ( astern one) with the imberley 

Craton (Tyler et al 1995, heppard et al 1999a).
The exposed units o  the Halls Creek Orogen in the 

Northern Territory (Figure 7.2) belong to the Western 
one o  the orogen (Carson et al 200 , Worden et al 200 ) 

and include the arboo ormation, Whitewater olcanics, 
ow i er ranite and unnamed dolerite dykes. rie  

descriptions o  these rock units are included in Whitehead 
and ahey (19 5) and unster et al (2000). The Halls 
Creek Orogen has pre iously been correlated with the 

itch eld omain o  the ine Creek Orogen, although 
recent studies ha e highlighted problems with any direct 
correlation (Carson et al 2009). 
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Marboo Formation
 succession o  erruginous ne-grained, greenschist 

acies phyllite and schist that outcrops within the Northern 
Territory and extends into Western Australia was originally 
mapped as the Halls Creek roup by Whitehead and ahey 
(19 5) and unster et al (2000). Howe er, extrapolation 
o  the mapped geology rom Western Australia, and the 
association o  the unit with the Whitewater olcanics 
and ow i er ranite, indicates that the unit is almost 
certainly the (  o  Ahmad 2000) arboo ormation 
( ri n et al 199 ). The phyllite and schist shows rare 
e idence o  compositional layering (Figure 7.3a) and 
contains musco ite, uart , sericite, chlorite and haematite, 
with minor chloritised biotite and epidote and local 
andalusite (Figure 7.3b, weet et al 197 , Whitehead and 

ahey 19 5). Whitehead and ahey (19 5) interpreted 
elsic olcanic rocks near Nigli ap as being part o  this 

unit. In Western Australia, the arboo ormation has been 
interpreted as part o  submarine an system sourced rom 
the north to northeast (Hancock 1991). The ormation 
was de ormed during the Hooper Orogeny in the inter al 
1 5 1 50 a (Tyler et al 1995). In the Northern Territory, 
the rst de ormation is associated with a greenschist- acies 

oliation that dips moderately southwest (Whitehead and 
ahey 19 5). A sample o  oliated ne-grained chloritic 

siltstone rom the arboo ormation in eep i er 
National ark in the Northern Territory has a maximum 
deposition age o  1 71   a (Worden et al 200 ), 
which is e ecti ely identical to a maximum deposition 
age o  ca 1 72 a deri ed rom the arboo ormation in 
Western Australia (Tyler et al 1999).

Whitewater Volcanics 
The Whitewater olcanics (  o  Ahmad 2000) comprise 
red-brown porphyritic rhyolite and rhyodacite, containing 
angular phenocrysts o  uart  and eldspar up to 2  mm 
in length, set in grey-pink groundmass o  nely crystalline 
microcline, intergrown with uart , sericite and plagioclase 
(Figure 7.4). A sample o  Whitewater olcanics rom within 
the Northern Territory has yielded a H I  - b ircon age 
o  1 9   a (Worden et al 200 ), which is within error o  
con entional and H I  - b ircon ages o  1 50  5 a 
and 1 5   5 a, respecti ely, or the unit within Western 
Australia ( age and Hancock 19 , heppard et al 1999a). 
The Whitewater olcanics uncon ormably o erlie the arboo 

ormation, and are intruded by the ow i er ranite 
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which intruded in the inter al 1 5 1 50 a. These 
are considered to ha e been co-magmatic with the 
Whitewater olcanics ( heppard et al 1999b). The main 
exposures o  the aperbark upersuite are in Western 
Australia, where the granites are widespread through the 
Western one and include mon ogranite, syenogranite 
and granodiorite, with less-common tonalite. In the 
Northern Territory, the ow i er ranite comprises 
typically a pink to green-grey, coarsely crystalline and 
porphyritic biotite granite (Figure 7.5a) with phenocrysts 
o  - eldspar, which locally display rapaki i textures 
(Figure 7.5b). A sample o  unde ormed - eldspar-
megacrystic biotite granite rom within the Northern 
Territory has yielded a H I  - b ircon age o  
1 5   5 a (Worden et al 200 ).

Dolerite dykes 
e eral dolerite dykes intrude the ow i er ranite and 

Whitewater Volcanics, and are commonly associated with 
uart  eins. The dolerite is ne to medium grained and 

porphyritic, with arying degrees o  alteration. lagioclase 
has been altered to sericite and pyroxene has been replaced 
by amphibole, chlorite and epidote (Whitehead and Fahey 
19 5).

Figure 7.3. arboo Formation. (a) hyllite showing compositional 
layering ( EEP: 52  507550m  2 091 mN). (b) chist 
showing coarse andalusite porphyroblasts ( EEP: 52  50752 m  

2 1 mN).

a

b

Figure 7.4. orphyritic rhyolite o  Whitewater Volcanics (KEEP:  
52  500 2 m  2 5 72mN).

( lumb and Vee ers 1991). lake et al (2000) considered the 
Whitewater Volcanics to ha e been subaerial, on the basis o  
the predominance o  ignimbrites o er la a ows.

Bow River Granite 
ranitic rocks, mapped as ow i er ranite in the 

Northern Territory, orm part o  the aperbark upersuite, 

Figure 7.5. ow i er ranite (KEEP: 52  500919m  2 2 5mN). 
(a) Typical exposure o  ow i er ranite. (b) apaki i textures in 
eldspar.

a

b
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MINERAL RESOURCES

The Halls Creek Orogen in Western Australia contains a 
number o  occurrences o  gold, copper-nickel, copper, rare 
earth elements ( ), diamonds, platinum group elements 
( ), tin, tungsten, kyanite and corundum ( lumb 1990, 

lake et al 2000). The Central and Western ones o  
the orogen ha e a number o  layered ma c-ultrama c 
intrusions that host copper-nickel sul de and  
minerali ation, including the ally alay Ni-Cu deposit 
(Hoatson and lake 2000). ost gold deposits are in the 

astern one, whereas base metals, including VH  
deposits such as oongie ark, are largely con ned to the 
Central one. No signi cant mineral occurrences ha e 
yet been identi ed in the Halls Creek Orogen within the 
Northern Territory.
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Chapter 9: WARRAMUNGA PROVINCE N Donnellan
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INTRODUCTION

The Proterozoic Warramunga Province forms the central 
part of the Tennant Region, north and northwest of the 
Davenport Province and south of the Tomkinson Province 
(Figure 9.1). It is bounded by the Short and Whittington 
ranges in the north, and by the Murchison and Davenport 
ranges in the south. To the east and west, the province 
extends subsurface beneath the Phanerozoic Georgina 
and Wiso basins, respectively. The Warramunga Province 
differs from the Tennant Creek Block of former usage (eg 
Le Messurier et al 1990) in that it now includes an area of 
Ooradidgee Group rocks between the Clough Range and 
the outcropping Unimbra Sandstone at the northern margin 
of the Davenport Ranges (ie the Pingelly, Edmirringee and 
Taragan blocks, Figure 9.1). The regional extent of the 

and now comprises the Wauchope Fold Belt. The Davenport 
Province succession also outcrops in the Osborne and 
Crawford ranges to the southwest of the Tennant Region. 
However, these ranges are within the Aileron Province of 

Figure 9.1).
The geological framework for the Warramunga 

Province presented here is based on First Edition 
1:100 000- and Second Edition 1:250 000-scale mapping 
undertaken: (1) collaboratively by BMR and NTGS in 
the southernmost Warramunga Province (and Davenport 

CREEK1

Major changes to the stratigraphic succession of TENNANT 
CREEK that resulted from this mapping program (Donnellan 
et al 1991, 1995, 1999, 2001, Donnellan 2005) followed from 
the recognition of a tectonic, erosional unconformity within 
the former Warramunga Group by Blake (1984) and Blake 
et al 

the Warramunga Group included virtually all rocks in 
that map sheet now variously assigned to the Warramunga 
Formation, Junalki Formation and Ooradidgee Group. The 
geological framework presented here is further based on the 
interpretation (Johnstone and Donnellan 2001, Donnellan 
and Johnstone 2004) of semi-regional airborne magnetic 
data collected over TENNANT CREEK by AGSO in 1998 
and over BONNEY WELL, FREW RIVER and ELKEDRA 
in 1999, and on 11 km-spaced BMR regional gravity data. 
A summary of the Warramunga Province stratigraphic 
succession is given in Tables 9.1 and 9.3 and of the intrusive 
magmatic rocks in Tables 9.2 and 9.4.

including the Warramunga Province, is presented in 
Figure 9.2. A corresponding digital elevation image for 
the Tennant Region is presented in Davenport Province: 

, and a map of total magnetic intensity (TMI) and 

(RTP 1VD) is in , b. 

Further details of Warramunga Province geology are shown 
in Figure 9.3.

The oldest rocks of the Warramunga Province predate 
the ca 1850 Ma2 Tennant Event, and are divided into the 
Warramunga Formation, and the correlative Junalki 
Formation and Woodenjerrie beds. These units are not 
currently assigned to a group. The name Warramunga 
has been retained for the formation that hosts iron-oxide-

0 50 100 km

133° 135°134° 136°
17°

19°

22°

21°

20°

18°

Carpentaria Basin

Georgina
Basin

Georgina Basin

Pingelly
Block

Edmirringee
Block

Tarragan
Block

Wiso
Basin

Davenport Province
(Wauchope Fold Belt)Osborne and

Crawford
ranges

Tomkinson
Province

South Nicholson
Basin

Aileron
Province

Elliot

Renner
Springs

Three Ways Roadhouse

Tennant Creek

Wauchope
Kurundi

Elkedra

Muckaty

TENNANT

REGION

A10-181.ai

Mesozoic–Cenozoic Outlier of Davenport
Province strata

early Cambrian
Kalkarindji Province

Road

Rail

Palaeoproterozoic basin

Mesoproterozoic basin

Palaeoproterozoic
orogen

Warramunga Province

Neoproterozoic–
Palaeozoic Locality

Elkedra

NORTHERN
TERRITORY

Figure 9.1. Regional geological setting of Warramunga Province, 
showing locations of Pingelly, Edmirringee and Taragan blocks 

from NTGS 1:2.5M geological regions GIS dataset. Green box 
shows location of Figure 9.3.

1 Names of 1:250 000 and 1:100 000 mapsheets are in large and small 
capital letters, respectively, eg TENNANT CREEK, SHORT RANGE.

2  Ages cited throughout this text are SHRIMP U-Pb zircon ages 
unless otherwise indicated.
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major unpstanding ridges on the boundary between the Warramunga Province and the Tomkinson and Davenport provinces respectively. 
Faults shown on map are in part derived from interpretation of geophysical data (see Donnellan and Johnstone 2004).
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associated copper-gold mineralisation in the Tennant Creek 

volcanisedimentary Ooradidgee Group. The Ooradidgee 
et al 1985) as a 

subgroup of the Hatches Creek Group in the Davenport 
Province. It was upgraded to group status for a number 
of reasons. In particular, it is a discrete package of rocks 
characterised by lateral facies variations around a number 
of volcanic centres. Furthermore, the Ooradidgee Group 
is overlain in the south by the Wauchope and Hanlon 
subgroups of the Hatches Creek Group in the Davenport 
Province, but in the north, it is overlain by the Tomkinson 
Creek Group in the Tomkinson Province. Although these 
two groups (ie Hatches Creek and Tomkinson Creek groups) 
are correlated with one another, there are differences 
in the details of their individual successions and their 
chronostratigraphic equivalence has yet to be demonstrated. 
The Ooradidgee Group also includes correlative rocks of 
the original Ooradidgee Subgroup that had been assigned to 
the Flynn Subgroup in TENNANT CREEK by Donnellan 
et al (1995). The name Flynn Subgroup has consequently 
been abandoned. There is only local minor outcrop of the 
Hatches Creek Group succession within the Warramunga 
Province. The Ooradidgee Group was folded together with 
the Hatches Creek Group during the Davenport Event. This 

Geochronological data indicate that there were four 
episodes of felsic volcanism in the Warramunga Province. 
These span the time interval between Junalki Formation 
volcanism (ca 1860 Ma) and the end of Ooradidgee Group 
time (ca 1810 Ma, Figure 9.4). They are manifested in: 
(1) the volcanic rocks in the Woodenjerrie beds and the 
Junalki Formation (and also by the tuffaceous Warramunga 

Bernborough and Wundirgi formations, together with the 

the Treasure Volcanics. Three episodes of predominantly 
felsic (extrusive and intrusive) magmatism were previously 
recognised in the Warramunga Province by Wyborn et al 

Creek Supersuite that includes granite, together with some 
volcanic rocks of the second and third episodes outlined 
above. The ca 1820 Ma Treasure Suite mainly comprises 
volcanic rocks, and includes the Treasure Volcanics together 
with granophyre and porphyry (as well as intrusive diorite, 

Devils Suite includes the Warrego Granite and an unnamed 

(Maidment et al 2006).
Hoatson et al 

Warramunga Province to three magmatic events. These 

dolerite dykes intruding Tennant Creek Supersuite 
granites. The second is named after the Edmirringee 
Volcanics, which are localised around four volcanic 
centres in the Tennant Region (Blake et al 
one around Edmirringee Rockhole. The Mount Hay 
Event includes gabbro and dolerite sills that intrude the 
Ooradidgee Group in the Kurinelli area of the southern 

Warramunga Province. Dolerite from the Kurinelli 

(Maidment et al 2006). It also includes poorly outcropping 

TENNANT CREEK, which are interpreted from airborne 
magnetic data to be widespread and stratiform, and which 
are also well represented in the overlying Hayward Creek 
Formation (below the Whittington Range Member) of the 
Tomkinson Province. A monzodioritic marginal phase of 
dolerite intruding the Ooradidgee Group in northwestern 
TENNANT CREEK has an igneous crystallisation age of 

Kudinga Basalt in the Davenport Province and the 
correlative Whittington Range Volcanics in the Tomkinson 
Province are also currently assigned to this event. A pre-

contribution, to argillaceous banded ironstone ('haematite 
shale') in the Warramunga Formation. 

The ca 1850 Ma Tennant Event included felsic intrusive 
and extrusive magmatism and east- or east-northeast-
trending F1 folding in the Warramunga and Junalki 
formations, and in the Woodenjerrie beds. Where exposed, 
F1 folding in the Junalki Formation and Woodenjerrie beds 

to refolding about northeast-oriented axes. The Tennant 
Event resulted in an erosional angular unconformity 
between the Warramunga Formation, Junalki Formation 
and Woodenjerrie beds, on the one hand, and Ooradidgee 

time, ca 1850 Ma, was assigned to the Mumbilla Event by 
Hoatson et al
Event is interpreted to be largely extensional in the 

of the Mount Hay Event, which resulted in dolerite, 
gabbro and minor monzodioritic sills that intrude the 
Ooradidgee and Tomkinson Creek groups, and is probably 

and Whittington Range Member. The Murchison Event is 
broadly contemporaneous with the ca 1800 Ma Stafford 
Event in the Aileron Province of the Arunta Region. The 
latter is associated with bimodal magmatism and folding 
in the Lander Rock Formation and Bullion Schist in the 
Aileron Province. The Davenport Event resulted in the 
folding of Ooradidgee, Hatches Creek and Tomkinson 
Creek group rocks and probably also resulted in the 
overprinting deformations in the Warramunga Formation. 

Strangways Orogeny in the Arunta Region, and may 
therefore be broadly contemporaneous with Devils Suite 
intrusive and predominantly felsic magmatism. However, 
available geochronological constraints do not preclude the 

The Warramunga Formation and the Ooradidgee 
Group are time correlatives of the Finnis River Group 
and Edith River and El Sherana groups, respectively, of 
the Pine Creek Orogen. Correlatives of the Ooradidgee 
Group are also recognised in the Aileron Province of the 
Arunta Region and in the Tanami Region, for example 
the Bullion Schist and Lander Rock Formation, and the 
Dead Bullock and Killi Killi formations, respectively.
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with tuffaceous Warramunga Formation. A subsequent episode is represented by Newlands, Arabulja and Strzelecki volcanics of Hatches Creek Group. However, igneous crystallisation ages for Arabulja 
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PALAEOPROTEROZOIC

succession

Warramunga Formation, Junalki Formation and 
Woodenjerrie beds

Blake et al
the Ooradidgee Group overlie an erosional relief on folded 
Woodenjerrie beds in the Murchison Ranges. Smith et al 
(1961) had previously recognised this unconformity, but 

as a detachment surface accommodating different styles of 

folding in the successions above and below. However, the 
et al

An ignimbrite (now mapped as part of the Yungkulungu 
Formation of the Ooradidgee Group) similarly overlies 
an erosional surface on folded Warramunga Formation to 
the southeast of Nobles Nob mine (Blake 1984). This early 
episode of folding, and contemporaneous magmatism of 
the Tennant Creek Supersuite, is now called the Tennant 
Event (Donnellan and Johnstone 2004). In the Warramunga 
Province, pre-Tennant Event successions (Table 9.1) are those 
which are interpreted to have been deformed by this event.

The age of the Tennant Event can be constrained to the 

Unit Thickness 
(m)

Lithology Stratigraphic 
relationships

Depositional 
environment

Age Age constraints 

Junalki Fm ca 1600
sandstone with 
interbedded siltstone and 

lava, ignimbrite, crystal-
lithic tuff and lapilli 

argillaceous banded 

and andesite.

Unconformably 
overlain by 
Unimbra 
Sandstone. 
Interpreted to 
be laterally 
equivalent to 
Warramunga Fm 
and probably also 
Woodenjerrie 
beds.

Shallow marine, 
grading upwards 

littoral and 

 
(Smith 2000) for 

porphyritic lava.

Cabbage Gum Granite.

Warramunga 
Fm

('metagreywacke') 

argillaceous ironstone 

Base not 
exposed. 
Unconformably 
overlain by, 
and also 
faulted against, 
Yungkulungu 
Fm. Intruded by 
felsic porphyry, 
Tennant Creek 
Granite and 
unnamed 
lamprophyre.

Turbiditic. 
Proximal and 
distal fan facies 
that are equated 
to middle fan to 

plain depositional 
environments. 
Woodenjerrie 
beds and Junalki 
Fm could 
represent more 
proximal facies 
equivalents of 
Warramunga Fm.

probable tuff 
from Gecko mine. 

(max dep ages) 
for greywacke 
from Eldorado 
and White Devil 
mines, respectively. 
Greywacke from 
White Devil mine 
and Explorer 28 
prospect have 
yieded ca 1860 Ma 
max dep ages.

Probable distal correlative 
of Junalki 
Fm (Smith 2000). Predates 

1847 ± 3 Ma White Devil 
porphyry postdates foliation 
in Warramunga Fm that is 
related to this event, and 
also postdates Warramumga 
Fm-hosted ironstone bodies. 
Intruded and metamorphosed 

Creek Granite (south). 
Unconformably overlain by 

 Yungkulungu 
Fm (Smith 2000).

unnamed 
sandstone 
lithofacies

siltstone (including 
banded argillaceous 
ironstone, ie 'haematite 
shale'), shale and slate.

Interpreted to 
conformably 
overlie unnamed 
siltstone 
lithofacies in 
coarsening-
upward 
succession.

Proximal 
turbiditic 

probable middle 
fan deposit.

unnamed 
siltstone 
lithofacies ('metagreywacke') 

subequal or subordinate 
to siltstone (including 
banded argillaceous 
ironstone, ie 'haematite 
shale'), shale and slate.

Base not 
exposed. 
Unconformably 
overlain by, 
and also 
faulted against 
Yungkulungu 
Fm. 

Distal turbiditic 

probable outer 

deposit.

Woodenjerrie 
beds

Greywacke and lithic 
sandstone, siltstone, 

locally dominant felsic 
volcanic rocks (ie 

argillaceous banded 
ironstone.

Base not 
exposed. 
Unconformably 
overlain by 
Epenarra 
Volcanics 
and Unimbra 
Sandstone.

Moderately deep 
water and, at least 
in part, turbiditic 
sedimentary 

subaqueous 
volcanic rocks.

Probable 
porphyritic dacitic 
lava in vicinity of 
BIF Hill has yielded 
ambiguous age of 
either  
or
(Smith 1999, 2000).

either contemporaneous 
with Warramunga Fm and 

Junalki Fm 
(Smith 2000), or slightly 
postdates them.

Table 9.1. Summary of Palaeoproterozoic pre-Ooradidgee Group stratigraphic succession of Warramunga Province. Ages reported in 
et al
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(a) Foliation in the Warramunga Formation is cross-cut 

Compston (1995) determined the crystallisation age of 

is corroborated within error by Maidment et al (2006), 
who reported a crystallisation age for this porphyry of 

(b) The syntectonic Tennant Creek Granite, which 
intrudes the Warramunga Formation, has been dated at 

et al 2006). 
(c) A maximum age of sedimentation for the Warramunga 

Formation has been determined to be ca 1860 Ma 
(Compston 1995, Maidment et al 2006).

The Woodenjerrie beds are overlain with an angular 

Ooradidgee Group (and also by the basal unit of the Hatches 
Creek Group, the Unimbra Sandstone) in the Murchison 
Ranges. Regional tectono-stratigraphic considerations 
also indicate that the Woodenjerrie beds were deformed 
during the Tennant Event, rather than an equivalent of 

Region (Crispe et al
cleavage development in Junalki Formation rocks suggest 
that this (ca 1862 Ma) unit was also deformed during the 
Tennant Event. 

Warramunga Formation
The Warramunga Formation is a polydeformed succession 
of sandstone and wacke, siltstone, terrigenous mudstone and 
argillaceous banded ironstone. It is probably predominantly 
tuffaceous, in that it has a substantial component of 
pyroclastic detritus, but with an admixed component of 
plutonic igneous and metamorphic detritus. These rocks 

coarse-grained tuff or tuffaceous sandstone and siltstone 
(see Mueller and White 2004). Outcrop of the Warramunga 

central and northern Warramunga Province. However, units 
hosting Tennant Creek-style mineralisation in the Rover 

the Warramunga Formation or a correlative.
A variety of sedimentary structures is recognisable 

in the Warramunga Formation (eg normal grading, cross-
bedding, climbing ripple lamination, sole marks and 
Bouma sequences) and this is consistent with turbiditic 
sedimentation (Figure 9.5). The Warramunga Formation 
has been divided into two mappable lithological units, a 
sandstone-dominated lithofacies and a siltstone-dominated 
lithofacies, corresponding with more proximal and more 
distal facies of a classical, probable coarsening-upward, 
subaqueous fan. The sandstone lithofacies is generally 
medium to thickly bedded or massive, whereas the siltstone 
lithofacies is laminated or thinly to medium bedded. In the 

individual Bouma sequences, but rather with sandstone or 
siltstone intervals of that sequence and tends to give a false 
impression of an alternating succession of sandstone and 
siltstone beds. Argillaceous banded ironstone is locally 
called 'haematite shale' and comprises alternating laminae 

rich detritus ( ). Haematite shale was interpreted 
by Donnellan et al
and may represent overbank deposits in a proximal fan. 

haematite shale, although this remains contentious.
Petrographic and geochemical data are consistent with 

a predominantly dacitic to rhyolitic provenance for the 
Warramunga Formation (Figure 9.7a, b), together with 
a component derived from metamorphic and intrusive 
igneous sources. It has previously been postulated 
that the volcanic rocks of the Bernborough Formation 
were a potential source of detritus for the Warramunga 
Formation, but current stratigraphic and geochronological 
considerations preclude this, since the Bernborough 
Formation is a part of the younger Ooradidgee Group. It is 
plausible that the Warramunga Formation could in part be 
sourced from contemporaneous volcanic and volcaniclastic 
material represented in the Junalki Formation and 

determined, from current direction indicators, that the 
Warramunga Formation was derived from the east and there 
are currently no known outcrops of the Junalki Formation 
and Woodenjerrie beds in this direction. Comparable ages 
for detrital zircon populations in greywacke from the 

mines, and from altered felsic tuff from Gecko mine 

Figure 9.5. Cross-laminated climbing ripples in Bouma C 
division, Warramunga Formation. Coin is 1.9 cm in diameter. 

et al 
1995: plate 2).

. Argillaceous banded ironstone, known locally as 
‘haematite shale’, photographed in drill core from Mary Lane 
[photograph KJ Hussey (formerly NTGS)].
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a b

Figure 9.7. Photomicrographs of Warramunga Formation turbiditic sandstone from drillhole DDH14, ‘Anomaly 2, Aeromagnetic Ridge’ 
(after Donnellan et al a) Tuffaceous sandstone showing 
embayed and euhedral volcanic quartz grains, and ghost volcanilithic grains. (b) Partially sericitised, equigranular euhedral plagioclase 
grain and ghost lithic fragments in lithic sandstone. 

the Warramunga Formation was rapidly derived from 
a penecontemporaneous volcanic source. These age 
determinations have been complemented and corroborated 
by detrital zircon geochronology on an additional sample 
from White Devil mine and a sample from the Explorer 28 

et al 2006). However, 
Compston (1995) recognised a second population of more 
rounded and heavily abraded zircons, indicating a mixed 
provenance for the formation. This second population of 

more recent age determinations reported by Maidment et al 
(2006). Compston (1995) stated that source rocks with these 

rocks are consistent with an admixed component from an 
older crustal source. REE data for haematite shale indicate 
that some of these rocks have chondrite-normalised 
patterns comparable with those of Archaean mudstones 
(Figure 9.8a). Taylor and McLennan (1985) interpreted the 

crust). The data for the haematite shales suggest that some 

the Warramunga Formation, although this contribution is 
probably relatively minor and is effectively diluted in the 
majority of Warramunga Formation sedimentary rocks that 
consequently show REE patterns indistinguishable from 

Figure 9.8b, c). 
The thickness of the Warramunga Formation is not 

known. Donnellan et al (1995) give an estimate of about 

the former Warramunga Group was about 2.6 km thick in 

however, these thicknesses do not take account of folding. 
Rattenbury (1992a) correlated sections in the southeast of 

and three of haematite shale, and derived a thickness for the 
Warramunga Formation in excess of 4 km.

The base of the Warramunga Formation is not exposed, 
nor has it been intersected in drill core. Consequently, it is 
not known what the formation overlies. Based on the analogy 
that the Warramunga Province is a Palaeoproterozoic 
greenstone terrane, the formation might overlie a more 

the context of a possible intrabasinal source for ironstone 
that is associated with the gold mineralisation, and also 
for widespread magnesian-rich chlorite alteration in rocks 
surrounding the ironstone bodies.

bodies that range in size from a few tonnes to over 
15 million tonnes (Le Messurier et al 1990). Less than 20% 

have recorded gold production and the majority of gold 

feature of the classical Warramunga Formation stratigraphic 
succession and Le Messurier et al (1990) recognised a 
distinct iron-rich facies in the former Warramunga Group 
that they called the Black Eye Member.

The unconformable relationship between the 
Warramunga Formation and Ooradidgee Group rocks is 
locally exposed immediately to the south of the Gosse 
River road just to the east of the Nobles Nob mine. 
At this locality, Blake (1984) recognised that quartz-
feldspar porphyry has a fragmental and eutaxitic texture, 
and is an extrusive ignimbrite that grades upwards into 
tuff. This, in turn, is overlain by conglomerate and 

unconformity between the Warramunga Formation and 
the overlying ignimbrite which, together with the tuff and 
conglomerate, he correlated with the Epenarra Volcanics 
of the Ooradidgee Group. The apparently conformably 
overlying sandstone was correlated with the Unimbra 
Sandstone of the Wauchope Subgroup of the Hatches 
Creek Group. Looking east towards the Gosse River, an 
angular discordance is evident between Warramunga 
Formation and Ooradidgee Group rocks. This was 
originally recognised by Owen (1940), but apparently 
subsequently disregarded.
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Junalki Formation
The Junalki Formation in southern TENNANT CREEK, 
northeastern BONNEY WELL and northwestern FREW 

interbedded with thinly bedded siltstone that commonly 

deposits. The lower lithofacies of the Junalki Formation 
consists of rhyodacitic to rhyolitic crystal-lithic tuff, with 
interbedded tuffaceous volcanic and volcaniclastic rocks, 
including andesitic to dacitic ignimbrite and lava. This 
lithofacies has been intersected in drill core and outcrops 
in BONNEY WELL.

Volcanilithic sandstone and siltstone predominate up-
section, although minor andesitic to dacitic lava occurs near 
the top of the formation. Junalki Formation volcanic rocks 
are a potential source for, and are considered to be a more 
proximal equivalent of the Warramunga Formation. These 
volcanic rocks also impart the distinctive highly magnetic 
character to the Junalki Formation.

Volcanic rocks of the Junalki Formation are probably 
mainly subaerial, and associated interbedded sandstone 
and siltstone are interpreted as marginal marine. The 
ca 1600 m-thick succession is interpreted to have resulted 
from progressively shallower-water sedimentation, with 
environments of deposition varying from shallow marine, to 

with the deeper-water turbiditic environments represented in 
both the Woodenjerrie beds and the Warramunga Formation. 
These two formations are interpreted to be lateral equivalents 
of the Junalki Formation.

Haematite shale is locally well exposed and shows well 
developed, parasitic mesoscale F1 folds (eg at 

In addition to S1, there are two weakly developed overprinting 
crenulation cleavages in the rocks in this area.

Junalki Formation in BONNEY WELL has an igneous 
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Figure 9.8. Chondrite-normalised REE 
patterns for Warramunga Formation 
sedimentary rocks (after Donnellan et al 

banded ironstone (‘haematite shale’, 
labelled BIF). (a) Two grain-size 
fractions from single turbidite unit 
at Burnt Shirt mine. (b
Warramunga Formation sedimentary 
rocks. Note close similarity between 
Warramunga Formation rocks and post-
Archeaen Australian sediment, PAAS 

1989). (c) Two extremes of four samples 
of Warramunga Formation haematite 
shale analyses. Note that BIF4 is 
comparable to ‘Archaean Mudstone’ of 
Taylor and McLennan (1985: 181) and 

normalising values (in ppm) are from 
Taylor and McLennan (1985).
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The Junalki Formation is intruded by the Cabbage 
Gum and Hill of Leaders granites, and by the Mumbilla 
Granodiorite. It is unconformably overlain by the Unimbra 
Sandstone at the northern end of the Murchison Syncline in 
TENNANT CREEK. 

Woodenjerrie beds
The informal name Woodenjerrie beds is used here for 
rocks previously mapped as undifferentiated Warramunga 
Group immediately to the north of the Davenport Province, 
and excludes rocks now assigned to the Junalki Formation 
on the basis of their contrasting magnetic character. 

The Woodenjerrie beds include interbedded, graded 
volcaniclastic (tuffaceous greywacke, siltstone and 
shale) and contemporaneous felsic volcanic rocks. The 
Woodenjerrie sedimentary rocks are, like the Warramunga 
Formation, interpreted to be turbiditic, and Blake et al 

volcanics are probably subaqueous. Chert, jaspilite and 
thinly bedded banded ironstone (similar to the haematite 
shale of the Warramunga Formation) are also components 
of the Woodenjerrie beds. The thickness of the beds is 
unknown.

A marked angular, erosional unconformity between the 
Woodenjerrie beds and the overlying Epenarra Volcanics 

the Murchison Syncline (Figure 9.9). In the vicinity of 
 

Volcanics dips at about 50° to the south, whereas bedding 
in the underlying Woodenjerrie beds can be seen to dip at 

to be a porphyritic dacitic lava has been dated from the 
Woodenjerrie beds in the vicinity of BIF Hill and has yielded 

being equally plausible. The older age (1864 Ma) would 
suggest that these rocks are age equivalent to the Junalki 

slightly younger than the Junalki Formation and may also 
be age equivalent to, or slightly younger than the similarly 
turbiditic Warramunga Formation.

The Woodenjerrie beds are informally named and have 
not been included in the Warramunga Formation so far, 
despite their obvious lithological similarities and probable 
age equivalence. The distinction is subtle, but is made on 
the basis of an apparent lack of discrete magnetic anomalies 
analogous to those associated with the ironstone bodies in 
the Warramunga Formation. The distinction is thus largely 
made on the basis of the potential economic implications 
of extending the Warramunga Formation to the south 
where analogous rocks are (to date) known to be only very 
sparingly mineralised (eg Kovacs prospect).

Tennant Creek Supersuite

Intrusive magmatism associated with the Tennant Event was 
assigned to the Tennant Creek Supersuite (Table 9.2) by 
Wyborn et al (1998). These intrusive rocks are predominantly 
granitic (including granite, granodiorite and tonalite), but 
also include felsic porphyry and dolerite. Also included in 
the Tennant Creek Supersuite are extrusive felsic volcanic 
rocks of the Bernborough Formation, Epenarra Volcanics, 
Junalki Formation and Woodenjerrie beds. Volcanic rocks of 
the Yungkulungu Formation should also be included in the 
supersuite. Granitic rocks of the Tennant Creek Supersuite 

Maidment et al 2006) and the immediately post-tectonic 

Errolola Sandstone
Kudinga Basalt

Coulters Sandstone
Unimbra Sandstone

Davenport Event folding 
in the northwest-plunging
Murchison Syncline

Epenarra Volcanics

Tennant Event folding in the
Woodenjerrie beds in the Gilbert Anticline

A09-057.ai

Figure 9.9. Google Earth image looking 
northwards from approximately 20°12'S 

unconformity between Woodenjerrie 
beds (which are correlated with 
Warramunga and Junalki formations) 
and Ooradidgee Group, in nose of 
Murchison Syncline in Murchison 
Ranges (DEVILS MARBLES REGION). 
Woodenjerrie beds are exposed in 
foreground in Gilbert Anticline. They 
are overlain, following an angular 
erosional unconformity, by Epenarra 
Volcanics of Ooradidgee Group. 
Unimbra Sandstone of Hatches Creek 
Group overlies Epenarra Volcanics and 
to northwest (left of image), it steps 
across Epenarra Volcanics to directly 
overlie Woodenjerrie beds.



9:11

Warramunga Province

Unit Rock types Relationships Structures Igneous crystallisation 
age

TENNANT CREEK SUPERSUITE

unnamed 
dolerite I

Intrudes Hill of Leaders Granite, and 

Tennant Creek Granite and Mumbilla 
Granodiorite (includes minor gabbroic 
cumulate-rich enclaves).

Contemporaneous with Tennant Creek 
Supersuite magmatism.  

and 
Creek Granite at Red 
Bluff (north and west 
respectively).

unnamed 
(older) granite

Foliated grainite with blue opalescent 
quartz in SHORT RANGE KURUNDI 
REGION, HATCHES CREEK REGION and 
DEVILS MARBLES REGION, unnamed 
granite is an equigranular to sparcely 
feldspar-phyric, medium- to coarse-
grained biotite luecogranite. Granite 
variously contains orthoclase, 
microcline, oligoclase, biotite (often 
chloritised), secondary muscovite and 
accessory iron oxides, apatite, zircon, 
tourmaline and titanite.

In SHORT RANGE, forms one isolated outcrop 
with unknown relationships. This was 
originally assigned to Warrego Granite 

compositionally different from Devils Suite 
granites, so is now tentatively assigned 
to Tennant Creek Supersuite. In KURUNDI 
REGION and HATCHES CREEK REGION, unnamed 
granite assigned to Tennant Creek Supersuite 
intrudes Junalki Formation and Woodenjerrie 
beds, and is locally intruded by dolerite and 
overlain by Epenarra Volcanics.

Unnamed granite 
in DEVILS MARBLES 
REGION that is probably 
related to Hill of 
Leaders Granite has 
strained quartz.

unnamed felsic 
porphyry

Hiatal porphyritic with alkali feldspar 
and blue ovoid quartz phenocrysts in 
an aphanitic felsite groundmass.

Mostly intrudes Warramunga Formation, 
although there may be more than one 
generation and porphyry may locally intrude 
Ooradidgee Group. Porphyry intruding 

folding (Tennant Event), and either predates 
or is comagmatic with 1840 ± 4 Ma Epenarra 
Volcanics. Locally overlain by Epenarra 
Volcanics. Commonly forms sills that are 

discordant and forms irregular bodies or a 
discrete phase of Tennant Creek Supersuite 
granites. Some concordant porphyries have 
peperitic margins (eg Smelter porphyry) 

events.

Larger intrusions are 
generally massive 
with foliated margins. 
Smaller bodies 
(sills) are weakly 
to strongly foliated, 
typically parallel to 
regional foliation. 
Locally, cross-cuts 
early (Tennant Event) 
foliation (eg at White 
Devil mine) and 
includes enclaves of 
foliated country rock 
(eg Smelter porphyry). 
Locally schistose.

1847 ± 3 Ma 
(White Devil porphyry, 
postdates deformation 
and ironstone-formation), 

(quartzofeldspathic schist, 
ie sheared porphyry or 
granite), 1849 ± 3 Ma 
(Quarry porphyry), 
1847.5 ± 2.5 Ma 
(Smelter Porphyry) and 
1846 ± 3 Ma  (Airport 
Porphyry) 

Channingum 
Granite

Medium- to coarse-grained, 
equigranular to seriate porphyritic 

porphyry forms marginal phase to 

and late-stage magmatic aplite dykes.

Intrudes Ooradidgee Group with narrow 
contact zone of quartz-muscovite schist.

Locally mylonitised 
adjacent to major 
fault zones, otherwise 
weakly foliated or 
massive.

Cabbage Gum 
Granite

Medium- to coarse-grained, seriate 
porphyritic to equigranular granite 
(restricted compositional range on the 

locally (eg gneissic granite, augen 
gneiss)

intrudes Junalki Formation and is also 
intruded by dolerite dykes.

Generally moderately 
to strongly foliated 
with localised 
northeast- and 
northwest-trending 
mylonite zones.

Mumbilla 
Granodiorite

Megacrystic seriate porphyritic to 
coarse-grained equigranular biotite-
bearing to biotite granodiorite 
with large zoned alkali-feldspar 
phenocrysts, and blue opalescent 
quartz. Minor granite and tonalite.

Passively intrudes Yungkulungu Formation 

intrudes and also has a faulted contact 
with Yungkulungu Formation. Intruded 

20 m-diameter amphibole-rich quartz diorite 
plug.

east- and northwest-
trending foliations 
increasingly developed 
to the north and west.

Hill of Leaders 
Granite

Porphyritic and minor equigranular 

aplite and greisen.

Intrudes Junalki Formation and Woodenjerrie 
beds. Intruded by dolerite and lamprophyre.

Weakly foliated. 1846 ± 3 Ma

Tennant Creek 
Granite

Medium-grained, equigranular 
to seriate porphyritic biotite to 
biotite-bearing granite (syeno- to 

granodiorite, quartz monzonite and 
quartz diorite.

Intrudes Warramunga Formation and 
undivided Ooradidgee Group. Spotted 
hornfels (with quartz and chlorite 
porphyroblast) at contact with Warramunga 

minor aplite dykes and veins.

East-trending 

of mylonitisation or 
strong foliation with 
stretched quartz. 
Minor north-trending 
shear zones.

1851 ± 4 Ma (north),

Red Bluff west)

Table 9.2
those in italic type are from Maidment et al et al 
(2006). Unnamed felsic porphyry includes a number of porphyry intrusions that have informal names, eg White Devil porphyry. Note that three 
generations (designated I in this table and II and III in Table 9.4) of dolerite are recognised in Warramunga Province. 
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et al 
2006). Also included in the supersuite are the Cabbage Gum 

1995). The supersuite is thus syn- to post-tectonic with 
respect the Tennant Event. The Tennant Creek Granite 
provides a lower age constraint on folding associated with 
this event. An upper age constraint on this folding is given 
by the ca 1860 Ma maximum age of sedimentation of the 
Warramunga Formation (Maidment et al 2006). 

In TENNANT CREEK, the geographic isolation of 
granite outcrops, together with minor petrographic variations, 
resulted in a large number of 'separate' granites being 
mapped in the First Edition 1:250 000 mapsheet (Mendum 

mineralogy, petrography and geochemistry of granitic rocks 
of the Tennant Creek Supersuite resulted in unnecessary 
subdivision being avoided during Second Edition mapping 
(Donnellan et al 1995, 1999). However, notwithstanding 
evidence for consanguinity, certain distinctions still need to 
be made. Thus, for example, small stocks or bosses intruding 
the Yungkulungu Formation in eastern TENNANT CREEK 

Channingum Granite (Donnellan et al 1995). Conversely, 
despite lateral separation by 8 km of Warramunga Formation 

between the Tennant Creek Granite at Station Hill and the 
Tennant Creek Granite at Red Bluff for these intrusions to be 

The granites and grandioritic rocks of the Tennant Creek 

et al
unfractionated. However, they have a macroscopic appearance 
that is in some respects more typical of A-type granites. In 
particular, they are red to light grey in colour, carry large 
alkali feldspar phenocrysts, have coarse-grained equigranular 

minerals are interstitial rather than prismatic (cf Anderson 
and Morrison 1992). The texture of the granites varies 
according to their degree of foliation, and the size and shape 
of alkali feldspar crystals. Xenoliths of country rock are only 
a minor component, indicating that stoping and assimilation 

, b). 

a

b

c

d

A09-060.ai

. ( ) Xenoliths and enclaves in Tennant Creek 
Supersuite (after Donnellan et al 1995: plates 16, 18, 12, 15, 

formerly NTGS). (a) Typical elongate metasedimentary xenolith 
of probable Warramunga Formation derivation in Tennant Creek 

xenoliths are commonly oriented parallel to weak foliation. 
Coin is 1.9 cm in diameter. (b) Rounded metapelitic xenolith 
of probable Warramunga Formation in Mumbilla Granodiorite 

(c) Attenuated felsic porphyritic enclave in Tennant Creek Granite 

in enclave, diffuse enclave margins and rounded alkali feldspar 
phenocrysts in host granite. Enclave long axis is parallel to weak 
foliation. Enclave results from mobilisation and segregation of 
melt from crystal-rich granitic magma during deformation. Coin 
is 2.8 cm in diameter. (d) Irregular, lobate felsic porphyritic 

Note narrow diffuse margin and shared phenocrysts in both 
enclave and granite, indicating that both enclave and host granite 



9:13

Warramunga Province

However, a characteristic feature of both the Tennant Creek 
Granite and the Mumbilla Granodiorite is an abundant and 
varied enclave population. These include felsic porphyry 
enclaves (Figure 9.10c, d), cognate, cumulate-rich granitic 
and gabbroic enclaves, late-stage lamprophyric and doleritic 

The modal mineralogy of the Tennant Creek 
Supersuite granitoids ranges from granite (sensu stricto) 
to granodiorite (eg, Mumbilla Granodiorite) and minor 
tonalite (Figure 9.11). The Tennant Creek, Channingum 
and Cabbage Gum granites are two-feldspar, biotite- to 
biotite-bearing granites. They are composed predominantly 
of alkali feldspar (microcline and orthoclase); sodic 
plagioclase (oligoclase); quartz that is generally strained 
and frequently also ovoid, blue and opalescent; and red-
brown biotite. Accessory minerals include magnetite, 
titanite, zircon, muscovite, ilmenite, apatite, pyrite, 

iddingsite. Secondary alteration products include: (1) 
chlorite, epidote, sericite and muscovite, consequent on 
saussuritisation of feldspar; (2) chlorite, haematite, epidote 
and titanite, resulting from alteration of biotite; (3) rutile, 
derived from the decomposition of ilmenite; and (4) minor 
iddingsite, formed from olivine. Magnetite is occasionally 

occur as discrete grains or enclosed in Fe-Ti oxides. Both 
marginal, and sheared and fractured zones of the granites 
are typically leucocratic, albitised and tourmalinised, 
consequent on late-stage sodium and boron metasomatism. 
These leucocratic zones are characterised by micrographic 
intergrowths of quartz and feldspar.

The Hill of Leaders Granite outcrops extensively 
immediately to the east of the Murchison Ranges in the 
southern Warramunga Province and is a grey, alkali-

feldspar megacrystic, medium- to coarse-grained biotite-, 
and biotite-muscovite granite. It contains blue opalescent 
quartz in common with the other felsic intrusive rocks 
of the Tennant Creek Supersuite. This blue quartz is 
interpreted to be probable granulite-derived restite. The 
Hill of Leaders Granite is apparently undeformed (at 
least macroscopically). It contains xenoliths of deformed 
metasedimentary rocks of the host Woodenjerrie beds 
and/or Junalki Formation (both of which are correlated 
with the Warramunga Formation). Thus, the 1846 ± 3 Ma 
igneous crystallisation age for this granite (Maidment 
et al 2006) provides a (further) lower age constraint on 
deformation associated with Tennant Event. 

The Mumbilla Granodiorite is mainly a biotite-bearing, 
light-grey granodiorite (sensu stricto), but ranges from 
tonalite to granite in modal composition (Figure 9.11). It 
is characterised by a coarse-grained seriate porphyritic to 
equigranular texture. Alkali feldspar megacrysts range up 
to a maximum dimension of 10 cm and frequently have a 
preferred orientation, forming a probable submagmatic 
foliation. Plagioclase laths are of the order of 1 cm in 
length and show normal zoning from labradorite, or 
more typically andesine cores to oligoclase rims. Quartz 
is generally strained and typically ovoid at the northern 
and eastern margins of the pluton. Where the Mumbilla 
Granodiorite is of granitic (sensu stricto) composition 
it is essentially identical with the Tennant Creek Granite 
and is characterised by a seriate porphyritic texture, blue 
opalescent ovoid quartz and rounded, thinly mantled alkali 
feldspar (ie rapakivi sensu stricto, or wiborgitic texture). 

dominated by red-brown biotite books (enclosing euhedral 
magnetite octahedra), ilmenite, muscovite and iddingsite 
(relict olivine). 

A09-059.ai

Mumbilla
Granodiorite

Granodiorite

TonaliteAlkali granite

Quartz monzodioriteQuartz monzoniteQuartz syenite

MonzodioriteMonzoniteSyenite

Alkali feldspar Plagioclase

Quartz

Granite

Channingum Granite

Tennant
Creek Granite

Cabbage Gum Granite

Figure 9.11
diagram for selected Tennant Creek 
Supersuite granites [after Donnellan 
et al
modal determinations by RS Morrison 
(formerly NTGS)].
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Unnamed felsic porphyry is hiatal porphyritic, and of 
granitic (rhyolitic) composition. In common with the granites 
the porphyry has weakly developed rapakivi texture, with 
pale green mantles of plagioclase on concentrically zoned, 
pink to white alkali-feldspar. It comprises rounded alkali 
feldspar, green plagioclase and commonly strained, ovoid 
and blue opalescent quartz in an aphanitic groundmass of 
quartz, feldspar and chlorite. Plagioclase phenocrysts have 
more calcic (andesine) cores and more sodic rims. The main 

and titanite, probably replaced biotite. Rare primary red-
brown biotite and green-amphibole were recognised 
very locally in porphyry proximal to the Tennant Creek 
Granite. Accessory minerals include zircon, rutile, apatite, 
monazite, titanite, magnetite (commonly titaniferous), 

minor pyrite and chalcopyrite are also present. There is a 
marked cleavage or foliation development in more intensely 
altered porphyry, where quartz also becomes the dominant 
phenocrystic phase.

At the White Devil mine, felsic porphyry cross-cuts 
both a foliation in the Warramunga Formation (Nguyen 

Maidment et al (2006) reported a SHRIMP U-Pb zircon 

crystallisation age previously determined by Compston 

in the Tennant Region is, at least in part, contemporaneous 

age constraint on deformation associated with the Tennant 

of the Warramunga Formation, constrains the age of 

and (4) provides an upper age constraint on the ironstone-
associated gold mineralisation.

Several authors have indicated probable folding of 
porphyry together with the Warramunga Formation on a 
regional scale (Le Messurier et al 1990, Rattenbury 1992a, 

regional west-oriented (S1) cleavage in the host Warramunga 

and kink folds. Geophysical interpretations suggest an 
en echelon arrangement of porphyry in superimposed folds 
that trend northwest within the Warramunga Formation. 
Donnellan et al (1995) also noted passive irregular intrusive 
contacts associated with less foliated porphyries, with 
subsequent localised shearing along such contacts resulting 
in 'clasts' of porphyry in the metasedimentary rocks and 
conversely, metasedimentary xenoliths in the porphyry. 

texture is associated with the margins of a porphyry 
intruding greywacke in the vicinity of the smelter on the 
Warrego Road, and also with the Airport porphyry. These 

relationships may be reconciled with two generations of 
porphyry intrusion. This is apparently corroborated by the 

vicinity of Jubilee mine (Compston 1995), although this 
remains within error of the ages obtained by both Compston 

(1995) and Maidment et al (2006) for the White Devil mine 

(Maidment et al 2006). However, Maidment et al (in press) 

for the Airport porphyry and a new age determination for 

that the porphyries are about the same age, irrespective of 
whether or not they have a peperitic margin.

There are a number of unnamed granites in the Tennant 
Region. Unnamed granite outcropping at one locality in 
SHORT RANGE was mapped as part of the Warrego Granite (of 

it has a different composition (orthoclase, plagioclase, 
blue opalescent quartz and chloritised biotite) from that of 
the Warrego Granite, and a prominent northeast-oriented 
foliation. It is considered to be an equivalent of either the 
Tennant Creek or Cabbage Gum granites. Geophysical 
data suggest that it is a moderately sized pluton, and it may 
have been intruded by the Warrego Granite. It appears that 
another unnamed granite to the northwest of the Last Hope 
mine has intruded and may have deformed the Brumbreu 
Formation. If this is the case, then this unnamed granite may 
be part of the Treasure Suite. Blake et al
that unnamed granite in the southern Warramunga Province 
is cut by a dolerite dyke which is overlain by the Epenarra 
Volcanics and is therefore provisionally interpreted to 
predate the Ooradidgee Group. Thus, this latter unnamed 
granite is probably a leucocratic member of the Tennant 
Creek Supersuite. However, it contains muscovite, although 
it has not been established whether or not this is primary.

Dolerite intrudes all major Tennant Creek Supersuite 
granites, including the Hill of Leaders Granite and unnamed 
granite proximal to it. These intrusive dolerite dykes contrast 
with lamprophyre, dolerite and gabbro xenoliths (or autoliths) 
found in both the Tennant Creek Granite and the Mumbilla 
Granodiorite. A dolerite dyke intruding the Tennant Creek 

the same locality, and a 'gabbro' (probably a quartz-diorite) 
intruding the Mumbilla Granodiorite to the southeast of 

that the dolerite intrudes the granite, and a different zircon 
chemistry militates against zircons in the dolerite being 
inherited from the granite. A dolerite from drill core about 

crystallisation and Pb-loss, the latter probably a consequence 
of metamorphism. It is uncertain whether the younger age 
dates this metamorphism, or whether it is a consequence 
of partial resetting during a younger metamorphic event. 
Compston and McDougall (1994) reported Ar-Ar and K-Ar 
ages for muscovites from rocks in this area that indicate a 

Metamorphism). 
Compston (1994) reported that the relationship between the 
dolerite and country rocks is not clear from drill core, but 
interpreted that apart from uralitisation and deformation at its 
margins, the dolerite has apparently survived mylonitisation 
and metamorphism of the country rocks. A later phase of 
dolerite emplacement (contemporaneous with the Treasure 
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Suite) is evident (see under 
Suite intrusive rocks).

succession

Ooradidgee Group

Four spatially discrete successions (Table 9.3) have been 
mapped in the Ooradidgee Group in the Warramunga 
Province: 

(1) A predominantly sedimentary succession with 
subordinate volcanic rocks in northern and western 
TENNANT CREEK, comprising the Wundirgi and 
Brumbreu formations that conformably overlie the 
Warrego Volcanics. 

(2) A mixed volcanic and sedimentary succession in central 
TENNANT CREEK, comprising the Monument and 
Bernborough formations. 

TENNANT CREEK, that comprises lower and upper 
intervals dominated by volcanic and sedimentary rocks, 
respectively. 

(4) A succession exposed in BONNEY WELL and FREW 
RIVER, which contrasts with the foregoing successions 

and also includes ca 1814 Ma volcanic rocks that may 
be unrepresented in the other successions (Figure 9.4, 
above). This fourth succession comprises the Epenarra, 
Edmirringee, and Treasure volcanics, the Kurinelli and 
Taragan sandstones, and the Rooneys Formation. 

predominantly sedimentary rocks lower in the succession 
with interbedded volcanics becoming more abundant 
upwards. Volcanic textures are locally well-preserved and 
the volcanic rocks are mainly interpreted to be subaerial.

Murchison and Davenport ranges, and particularly in the 
Pingley, Edmirringee and Taragan blocks, the various 
formations of the Ooradidgee Group have been mapped as 
a predominantly laterally equivalent succession of felsic 

sedimentary rocks deposited in association with growth 
faults (Blake et al

The Ooradidgee Group in the southern Warramunga 
Province (in BONNEY WELL and FREW RIVER) has been 
interpreted as a succession of predominantly subaerial volcanic 

are associated with a number of volcanic centres (Blake et al 

exclusively, rhyolitic to dacitic, felsic volcanic rocks. Similar 
felsic volcanic rocks are also well-represented in the southern 
Warramunga Province succession, although they are there 

dominated Edmirringee Volcanics. Minor basaltic volcanics are 
also present in the Treasure Volcanics, the Kurinelli Sandstone 
and probably also in the Epenarra Volcanics. 

The lowermost sedimentary rocks of this southernmost 
Ooradidgee Group succession (Rooneys Formation and 
basal Kurinelli Sandstone) are shallow marine to intertidal. 

the majority of this succession. The most widespread unit 
of this succession, the Kurinelli Sandstone, comprises 

rocks is consistent with the subaerial character of the 
volcanic rocks. The lowermost, deeper-water sedimentary 
rocks that are comparable with those of the Monument 
Formation in TENNANT CREEK may simply not outcrop 
in this more southerly succession, or may be absent. The 
latter situation would be consistent with the possible 
absence of the oldest interval of the Ooradidgee Group 
succession in this area, as mentioned above. Sedimentation 
during uppermost Ooradidgee Group times is similarly 
apparently absent in the north. The Brumbreu Formation 
is inferred to be older than the Treasure and Mia Mia 
volcanics and probably also the Taragan and uppermost 
Kurinelli sandstones. Subaqueous sedimentation in 
progressively shallower water is similarly represented in 
the lower intervals of the Ooradidgee Group successions to 
the north in TENNANT CREEK.

A description of the individual lithostratigraphic units of 
the Ooradidgee Group (see Table 9.3) is given below, with 
the order of description corresponding to the four discrete 
Ooradidgee Group successions outlined above: (1) northern 
and western TENNANT CREEK, (2) central TENNANT 

Northern and western TENNANT CREEK succession
This succession comprises the Warrego Volcanics, and the 
Wundirgi and Brumbreu formations. 

The most extensive exposure of the Warrego Volcanics 
is in the Great Western Syncline in SHORT RANGE. The 
volcanics are also exposed in southwestern FLYNN to 
the north and northwest of the Gecko mine, and airborne 
magnetic data indicate that these two main areas of exposure 
are linked in the subsurface. Airborne magnetic data also 
indicate that the contact between the Warrego Volcanics 
and the underlying Warramunga Formation is folded 
about northwest-trending axes. These folds are second 
generation with respect to the Warramunga Formation, 
and the boundary between the Warramunga Formation 
and the Warrego Volcanics is interpreted to be a tectonic 
unconformity analogous with that seen in outcrop between 
the Warramunga and Yungkulungu formations, and 
between the Woodenjerrie beds and Epenarra Volcanics. 
The Warrego Volcanics are conformably overlain by the 
Wundirgi Formation. The boundary is (at least locally) 
marked by a pale green chert at the top of the Warrego 
Volcanics, which has a sharp contact with medium to thickly 
interbedded sandstone and shale of the Wundirgi Formation. 

as the top of the revised, basal Whippet Sandstone Member 
of the Bernborough Volcanics by Donnellan et al (1995). 
The Warrego Volcanics were previously correlated with the 
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Unit Thickness 
(m)

Lithology Stratigraphic 
relationships

Depositional 
environment

Age Age constraints 

OORADIDGEE GROUP

Northern and western succession

Brumbreu 
Fm 1500 

Lithic- and volcanilithic-

grained and thinly to medium 
bedded.

Apparently conformable 
and transitional, but also 
locally an unconformable 
or faulted contact with 
overlying Hayward 
Creek Fm (of Tomkinson 
Creek Gp). Conformable 
and transitional with 
underlying Wundirgi Fm. 

Marginal marine to At least in part 

unnamed 

dolerite sills, and 
1814 ± 3 Ma Treasure 
Volcs (dated in 
Davenport Province

Warrego 
Volcs

ca 550 
in type 
section

Siltstone, chert, felsic tuff 
and probable ignimbrite, 

medium-grained lithic 
sandstone.

Lateral equivalent of part 
of Wundirgi, Monument 
and Yungkulungu 

tuff at top of Warrego 
Volcs is correlated with 
that at top of Monument 
Fm and also at base of 
sedimentary lithofacies 
of Yungkulungu Fm.

Subaerial pyroclastic 
rocks and waterlain 

reworked equivalents.

Correlated with 
 

Yungkulungu Fm 
volcanic lithofacies.

Wundirgi 
Fm analogy 

with 
Monument 
Fm

Fine- to coarse-grained and 
thinly to medium bedded 

felsic volcanic rocks.

Competancy contrast 
results in apparent 
unconformable 
relationship between 
Wundirgi and Brumbreu 
formations. Laterally 
equivalent to all or part 
of Warrego Volcs, and 
Monument, Bernborough 
and Yungkulungu 
formations. Base not 
exposed. Intruded by 

Predominantly 
subaqueous (deep-water 
marine to littoral), with 
minor subaerial surge 
and fall deposits.

quartzofeldspathic 
schist (sheared 
intrusive porphyry 
or granite), and 

unnamed 

sills. Predates or is 
contemporaneous 

foliated felsic schist 
(granophyric felsic 

Central succession

Bernborough 
Fm

ca 900 
in type 
section

Dacitic to rhyolitic ignimbrite, 
tuff, lapilli-tuff and other 
minor probable volcanic 
rocks, interbedded with 
thinly bedded siltstone, shale 

bedded lithic- to sublithic 

conglomerate.

Correlated with 
sedimentary lithofacies 
of Yungkulungu Fm 
and with upper part of 
Wundirgi Fm.

Subaerial and 
subaqueous. Volcanic 
rocks are predominantly 
subaerial and include a 
phreatomagmatic tuff 
cone or ring succession 
overlain by ignimbrite.

crystal-

porpyritic 
rhyolite.

Probably correlates, 
in part, with 
1840 ± 4 Ma 
Epenarra Volcs. 
Apparently intruded 

1846 ± 3 Ma Tennant 
Creek Granite (north).

Whippet Sst 
Mbr

ca 100 in 
type area

Fine- to coarse-grained, poorly 
to well sorted sublithic- and 

conglomerate and siltstone.

Conformably overlies 
Monument Fm. 
Correlated with part 
of Yungkulungu and 
Wundirgi formations.

Sublittoral to littoral 

Represents a regressive 
succession.

Monument 
Fm

ca 1000 
in type 
section, 
may be up 

Very thinly to thinly bedded, 
laminated or massive 

lithic sandstone and wacke. 
Thinly to medium bedded 
tuff, volcanilithic sandstone 
and siltstone in the east (ie 
probably near top of unit).

Conformably 
underlies Whippet 
Sst Mbr (although 
succession in east 
may, in part, correlate 
with Bernborough 

volcanic lithofacies of 
Yungkulungu Fm, and 
with part of Wundirgi 
Fm. Base not exposed.

Moderately deep 
water, progressively 
shallowing upwards to 
conformably overlying 
sublittoral to littoral, 
and possibly partially 

Whippet 
Sst Mbr. Succession 
in east includes both 
subaqueous and 
subaerial components.

 
dacitic 
volcanic rock 

Correlated with 
 

Yungkulungu Fm 
volcanic lithofacies.

Table 9.3. Summary of Palaeoproterozoic Ooradidgee Group stratigraphic succession of Warramunga Province. Ages reported in 
underlined italic type are from 

Maidment et al bold bold italic type are from Claoué-Long et al (2008). 

next page).
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Unit Thickness 
(m)

Lithology Stratigraphic 
relationships

Depositional 
environment

Age Age constraints 

Southeastern succession
Yungku-
lungu Fm

ca 5200 Medium- to thickly bedded 

minor granule and pebble beds. 
Interbedded tabular siltstone, 
tuff and felsic ignimbrite. 
Thick, predominantly foliated 
porphyritic rhyolitic lava.

Generally faulted 
contact with 
Warramunga Fm, but 
locally unconformably 
overlies this unit. 
Unconformably overlain 
by Rising Sun Cgt. 
Intruded by Mumbilla 
Granodiorite and 
unnamed lamprophyre.

Subaerial and 
subaqueous 
volcanic rocks. 
Shallow-marine, 
sublittoral, 
littoral and 

sedimentary 
rocks.

unnamed 
sedimentary 
lithofacies

Medium- to thickly bedded, 
cross-bedded and cross-
laminated, medium- to coarse-

sandstone with magnetite and 
other heavy-mineral-bearing 
laminae. Minor granule to pebble 
beds with rhyolitic clasts towards 

sorted, medium-bedded sublithic- 
and quartz sandstone. Minor 
phyllite.

Conformably overlies 
unnamed volcanic 
lithofacies. Correlated 
with Bernborough 
Fm. Intruded by 
Channingum Granite.

Shallow marine, 
grading upwards 

littoral and 
possible 

dominated 
by reworked 
felsic volcanic 
detritus.

Conformably 
overlies and 
therefore 
immediately 
postdates 

 
unnamed volcanic 

correlated with 

Bernborough Fm.
unnamed 
ignimbritic 
lithofacies

Felsic ignimbrite, welded tuff, 
rhyolitic lava and ashstone. 
Interbedded reworked 
volcaniclastic rocks.

Conformable within 
sedimentary lithofacies.

Subaerial.

unnamed 
volcanic 
lithofacies

ca 1600 Thickly bedded, foliated, 
porphyritic rhyolite to rhyodacite 

feldspar phenocrysts in medium-
grained matrix. Medium bedded 
volcanilithic sandstone and 
ashstone, and ignimbrite towards 
top of unit.

Conformably overlain 
by sedimentary 
lithofacies to northwest. 
Probably correlates 
with Monument Fm 
and lower part of 
Wundirgi Fm. Intrusive 
and locally faulted 
contact with Mumbilla 
Granodiorite and 
Cabbage Gum Granite.

Subaqueous 
volcanic and 
volcaniclastic 
rocks, latter 
become more 
prevalent up-
section and are 
shallow marine.

crystal-rich 
ignimbrite.
Intruded by 

Channingum 
Granite and 

Mumbilla 
Granodiorite.

Correlated in part 
with   
Monument Fm. 
Unconformably 
overlies 
ca 1860 Ma 
Warramunga Fm.

Kurundi / Hatches succession
Treasure 
Volcs

Recessive, weakly metamorphosed 
porphyritic dacitic to rhyolitic 
lava, and local non-porphyritic 

schist. Recessive basaltic lava 

locally. Ridge-forming quartz- 
and feldspathic sandstone locally 
forms discrete mapable lithofacies.

Conformable on 
Kurinelli Sst. 
Conformable on 

withTaragan Sst. Both 
conformably and 
unconformably overlain 

with Unimbra Sst 
(Hatches Creek Gp). 
Intruded by granophyre 

Subaerial 

sandstone 
records an 
upward 
transition 

to shoreline 
and shallow 
subaqueous 
(marine or 
lacustrine) 
sedimentation.

1814 ± 3 Ma 
ignimbrite 
from 
southeastern 
Davenport 
Province.

Conformable 
on 1837 ± 7 Ma 
(max dep 
age) sills. 
Kurinelli Sst. 
Conformable on 

with Taragan 
Sst. Intruded by 
1811 ± 5 Ma 

Taragan 
Sst

Ridge-forming polymictic 
conglomerate (includes quartz-
haematite clasts probably derived 
from Warramunga Fm or lateral 

sandstone. Recessive, variably 

calcareous beds.

Conformable and 
locally unconformable 

with Kurinelli Sst. 
Conformably overlain 

with Treasure Volcs. 

disconformably 
overlain by Unimbra 
Sst (Hatches Creek 

sills and granophyre.

Predominantly 

with three 
major facies 
recognised, 
both vertically 
and laterally: 
alluvial 

meandering 

marine facies.

Conformable 
and locally 
unconformable 
on, and also 

1837 ± 7 Ma (max 
dep age) Kurinelli 
Sst. Conformably 
overlain by and 

1814 ± 3 Ma 
Treasure Volcs. 
Intruded by 
1811 ± 5 Ma 

Table 9.3. Summary of Palaeoproterozoic Ooradidgee Group stratigraphic succession of Warramunga Province (continued from previous 
page and continued next page).
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Unit Thickness 
(m)

Lithology Stratigraphic 
relationships

Depositional 
environment

Age Age constraints 

Edmirringee 
Volcs

non-porphyritic pahoehoe 

locally near base of succession 

felsic lava and tuff (equivalent 

sandstone (equivalent to 
Kurinelli Sst).

Conformable on and 

Volcs and Kurinelli 

overlain by Kurinelli Sst. 
Overlain conformably 

Unimbra Sst.

Erupted from one 
volcanic centre 
in Warramunga 
Province and three in 
Davenport Province. 
Predominantly 
subaerial, but possible 
pillow lavas locally 
in KURUNDI REGION. 
Interdigitates with 
Kurinelli Sst, which 
is predominantly 

marine at its base.

Kurinelli Sst

sandstone, pebbly sandstone 

Conformable on Epenarra 
and Edmirringee 
volcanics, and on 
Rooneys Fm, and 
overlain conformably by 
Taragan Sst and Treasure 

all these formations. 
Overlain conformably 
and unconformably by 
Unimbra Sst. Intruded by 

Lower Kurinelli 
Sst (together with 
underlying Rooneys 
Fm) is interpreted 
to be marine portion 
of delta complex. 
Remainder of 
Kurinelli Sst probably 
represents continued 
delta progradation, 
with shallow-water 
braided river deposits 
and local salinas in 

Warnes Sst 
Mbr

500 Variably feldspathic (and 

sandstone.

Conformable lenses within 
Kurinelli Sst.

1837 ± 7 Ma 
max dep age 
for youngest 
statistical group 
of detrital 
zircons.

Endurance 
Sst Mbr grained, graded, micaceous 

feldspathic sandstone.

Conformable lenses within 
Kurinelli Sst.

Rooneys Fm Thinly bedded to laminated, 

generally recessive, with minor 
ridge-forming subarkose.

Conformable on and 

Volcs. Conformably 
overlain by and 

sills, granophyre and 
unnamed granite.

Deltaic, including 
delta-front, wave-
affected deposits, and 
high-energy shoreface, 
including storm 
deposits.

Conformable on and 

Volcs, and is overlain 

with 1837 ± 7 Ma 
(max dep) Kurinelli 
Sst. Intruded by 
1811 ± 5 Ma 
sills.

Epenarra 
Volcs

Generally rececessive, 
porphyritic felsic lava and 

phyllitic to schistose felsic 

amygdaloidal non-porphyritic 

forming quartzose and 
volcaniclastic sandstone and 
conglomerate locally dominate 
unit (ie sandstone lithofacies).

Unconformable on 
Woodenjerrie beds. 
Overlain by and 

Fm, Edmirringee Volcs 
and Kurinelli Sst. 

Unimbra Sst (with which 

Davenport Province). 
Apparently overlies 
intrusive porphyry and 

by granophyre.

Subaerial volcanic 
rocks erupted from 
two volcanic centres: 
larger centre to 
north (Warramunga 

centre to south in 
Kurundi Anticline 
(Davenport Province).

1840 ± 4 Ma 

volcaniclastic 
(partially 
welded 

Probably correlates 
in part with 

Bernborough Fm.

sandstone 
lithofacies

vein-quartz-pebble-bearing 

interlayered volcanic rocks.

Table 9.3. Summary of Palaeoproterozoic Ooradidgee Group stratigraphic succession of Warramunga Province (continued from previous page).
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Bernborough Formation (Donnellan et al 1995, 2001) of the 
central TENNANT CREEK succession. However, they are 
herein considered to largely correlate with the Monument 
Formation of this succession.

The Warrego Volcanics are best described as tephra. The 
typically poorly outcropping succession comprises white, 

to medium-grained lithic sandstone and wacke. Primary 
structures are poorly preserved, but volcanic textures can 

been recognised (eg 
lapilli have pale rims and are probable rim-type lapilli (cf 
Schumacher and Schmincke 1991). Randomly dispersed, 
fractured quartz phenocrysts are also present, as are possible 

evidence for welding in subaqueous pyroclastic rocks is 
uncommon and equivocal. Several units have been analysed 
and are rhyodacite to rhyolite, according to Winchester and 

2 and 

loss of soda and silica enrichment in many samples, and 
minor enrichment in potash in some samples. Much of the 
succession is thinly to medium-bedded laminated chert 

rocks with rare ripples and cross-lamination. Several very 
thickly bedded, graded, angular mudstone or siltstone clast-
breccia deposits in SHORT RANGE (eg at 

have resulted from surges or ignimbrites entering water.
The Wundirgi Formation is a succession of volcanilithic 

sandstone and siltstone, and subordinate volcanic rocks 
that include lava and pyroclastic rocks. Volcanic rocks 
are particularly well-represented to the west of the Last 
Hope mine. There (at 
succession of very thinly to thickly bedded, accretionary 
lapilli-bearing surge and possible fall deposits outcrop 
near the top of the Wundirgi Formation (ie upper Wundirgi 
Formation). This interval is correlated with the Bernborough 
Formation of the central TENNANT CREEK succession. 
Alternating sandstone and shale of the Wundirgi Formation 
become medium to thinly bedded and very planar-bedded 
up section, and beds near the top of the unit show high 
lateral persistence and have been interpreted as probable 
storm deposits. The ratio of sandstone to shale increases 
upwards towards a locally conformable and transitional 
contact with the Brumbreu Formation, the base of which 
is marked by a distinctive grey-green, medium to thickly 
bedded, cross-bedded lithic sandstone.

In SHORT RANGE, a 100 m-thick succession of medium 
to thickly bedded, cross-bedded, heavy mineral-bearing 
lithic sandstone, rippled lithic sandstone and minor quartz 
pebble conglomerate more than half-way up the Wundirgi 
Formation succession is correlated with the Whippet 
Sandstone Member of the central TENNANT CREEK 
succession. This is consistent with the previously held view 
that the Wundirgi Formation in the northern and western 
succession is equivalent to a large part of the Ooradidgee 
Group in the central and southeastern successions in 
TENNANT CREEK. However, the Wundirgi Formation 

Reference is made here informally to lower and upper 
Wundirgi Formation: the upper Wundirgi Formation is that 
interval of the unit stratigraphically above and including the 
Whippet Sandstone Member-equivalent succession, and the 
lower Wundirgi Formation is the remainder of the unit. The 
lower Wundirgi Formation is correlated with the Warrego 
Volcanics and Monument Formation, whereas the upper 
Wundirgi Formation is correlated with the Bernborough 
Formation. 

The Brumbreu Formation predominantly contains 
lithic sandstone that has a substantial epiclastic component 
together with subordinate lava and pyroclastic rocks. Heavy 
mineral-bearing quartz sandstone, and granule- and pebble-
bearing sandstone are additional constituent rock types. It 
is discontinuously exposed along the southern margin of the 
Short and Ashburton ranges. Donnellan et al (1995) mapped 
a planar conformable contact between the Brumbreu and 
Wundirgi formations at 
There, a distinctive grey-green, medium- to thickly bedded, 
cross-bedded sandstone and siltstone at the base of the 
Brumbreu Formation overlies thinly bedded, ripple marked, 
interbedded sandstone and siltstone of the Wundirgi 
Formation. The relationship appears to be transitional, 
with interbedded sandstone and siltstone of the Wundirgi 
Formation becoming increasingly dominated by sandstone 
upwards towards the contact with the Brumbreu Formation. 
A pale green chert at the contact between the Brumbreu 
and Wundirgi formations in the west (eg 

The Warrego Volcanics are estimated to be about 
550 m thick. The thickness of the Wundirgi Formation is 

and faulting. It probably ranges from 600 m at the more 
easterly limit of its outcrop to about 1500 m in the west. In 
its type section, the Brumbreu Formation is 900 m thick. 

Formation to the north of Last Hope 
apparent westward thickening may be a consequence of 
fault repetition. The Brumbreu Formation may be somewhat 
thinned towards the east, possibly due to erosion prior 
to Hayward Creek Formation sedimentation. Compston 

in the Hayward Creek Formation that would be consistent 
with the reworking of upper Ooradidgee Group material. 
Compston also reported a population of 1862 Ma zircons 
in the Hayward Creek Formation that he attributed to a 
Warramunga Formation source. These data are consistent 
with the unconformity at the base of the Tomkinson Creek 
Group extending across the Ooradidgee Group to the 
Warramunga Formation. 

The sedimentary rocks of the northern and western 
TENNANT CREEK succession of the Ooradidgee Group 
appear to be predominantly subaqueous. Those of the 
Wundirgi Formation probably represent an upward-
shallowing environment, from deep-water marine to littoral, 
and those of the Brumbreu Formation represent marginal 

overall shallowing trend. Where preserved textures allow 
interpretation of palaeoenvironments, the volcanic rocks 
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are predominantly subaerial. Felsic pyroclastic rocks of 
the Warrego Volcanics are subaerial and where reworked, 
they are probably shallow marine, although they are also 
in part likely to be penecontemporaneous with the earliest 
Wundirgi Formation sedimentary rocks that probably 
record deeper-water sedimentation. Volcanic rocks towards 
the top of the Wundirgi Formation (and correlated with the 
Bernborough Formation) include subaerial felsic surge and 
fall deposits that are contemporaneous with shallow-marine 
to intertidal sedimentary rocks along strike.

Central TENNANT CREEK succession
This succession comprises the Monument and Bernborough 
formations. 

Exposure of the Monument Formation
few areas in FLYNN. These exposures are scattered through 
an area of well vegetated sandy soil and are low rises or 
areas adjacent to major quartz veins. There is no exposed, 
continuous representative section through the unit. The 
Monument Formation consists of very thinly to thinly 
bedded, laminated to massive siltstone, shale and chert, and 

medium-grained lithic sandstone and wacke. It additionally 
includes a succession of tuff and tuffaceous sandstone, as 
well as thinly to medium-bedded, graded, probable ash-fall 

accretionary lapilli, which are similar to the more distal 
core-type lapilli of Schumacher and Schmincke (1991). 
Also included in the Monument Formation is a thick 
succession dominated by volcanic and volcaniclastic rocks, 
which is exposed near the Blakeway trigonometric station 
(
to be contemporaneous with a similar succession of 
volcanic rocks intersected in drilling in western BARKLY. 
A dacitic volcanic rock from this succession has yielded a 
single-crystal U-Pb zircon igneous crystallisation age of 

The thickness of the Monument Formation is estimated 
to be about 1000 m, based on its interpreted extent to the 
northeast of its type area in the vicinity of Flynn's Monument, 
which is located near the intersection of the Stuart and old 
Barkly highways (
the Monument Formation has not been intersected in drill 

This suggests that the central-eastern Monument Formation 
succession may be equivalent to the entire Ooradidgee 
Group, and may therefore include correlatives of the 
Bernborough Formation.

Probable Bouma sequences and laminated to thinly 
bedded siltstone and shale indicate that the Monument 
Formation was in part deposited in relatively deep water 
(below storm wave base). Further deposition took place in 
shallower-marine to sublittoral environments transitional to 

dominantly tuffaceous succession in the east is interpreted 
as subaerial and associated shallow-water deposits.

The Monument Formation is conformably overlain 
by the Whippet Sandstone Member of the Bernborough 
Formation. Le Messurier et al (1990) suggested an 
unconformable relationship between these two units, 
based on geophysical interpretation. However, conformity 

is evident in exposures south of Whippet trigonometric 
station (

An approximately 100 m-thick succession of Whippet 
Sandstone Member is discontinuously exposed in a rounded 
strike ridge of low relief near 

to well sorted sublithic and lithic sandstone with minor 
conglomerate and siltstone. Sediment maturity, and the 
rounding and sorting of grains increases upwards. The 
upper part of the member comprises grain-size-laminated 
sandstone forming low-angle tabular to broad trough 
cross-beds in medium to thick sets. These sandstones are 
moderately to well sorted, and predominantly medium-
grained sublithic and lithic sandstones, with some heavy 
mineral lamination. Where exposed, the uppermost 
sandstones of this unit carry abundant ripple marks, 
symmetric ripples, current ripples, and rare truncated and 
interference ripples. The Whippet Sandstone Member is 

Whippet Sandstone Member is interpreted to be the base 
of a thin, slightly recessive, green chert unit that is overlain 
by sandstone and siltstone. Above this member (in the type 
area) the Bernborough Formation comprises about 800 m 
of dacitic to rhyolitic pyroclastic rocks, and minor probable 

sedimentary rocks. Predominant rock types are ignimbrite, 
tuff, lapilli-tuff and minor probable lava. These are divided 
in the type section into three volcanic intervals separated 
by laminated to massive, but mainly thinly bedded siltstone, 
shale and chert, thinly to medium-bedded sublithic to lithic 
sandstone and minor pebble conglomerate. Identifying and 
correlating these three volcanic intervals in outcrop away 

These three volcanic intervals are informally referred to 
here as lower, middle and upper Bernborough Formation.

Macroscopic and microscopic volcanic textures are 
well preserved in the Bernborough Formation. There is 

Bernborough Formation volcanic succession, where it 
immediately overlies the Whippet Sandstone Member. This 
chert contains rare, large (up to 19 mm in diameter), isolated 
and intact accretionary lapilli. Such lapilli are common in, 

and may be found large distances from their source (Cas 

favoured for this accretionary lapilli-bearing chert.
Elsewhere, the onset of volcanism in the Bernborough 

Formation is marked by a probable tuff ring or cone 
sequence and is interpreted to be phreatomagmatic. This 
lower volcanic unit is predominantly tuff, but also includes 
moderate to intensely welded, rhyolitic to dacitic ignimbrite, 
some of which carries rare, rounded mantled lapilli and 
accretionary lapilli-bearing tuff clasts, indicating that they 
have incorporated previously consolidated tuff. Facies 
associations of the lower volcanic interval at, for example 

or cone sequence. The tuffs are relatively crystal-poor, 
but have a high lithic content by comparison with much 
of the Bernborough Formation. Also common in this area 
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are probable surge deposits, accretionary lapilli-bearing 
tuff and non-welded to partially welded pyroclastic rocks 
(Figure 9.12a, b). The surge deposits carry mantled lapilli, 

(Figure 9.12a). Some of these lapilli have multiple rims, 
indicating that they are transitional to the accretionary 
lapilli class of Schumacher and Schmincke (1991). The 
surge deposits also carry rare ballistic blocks.

Above the lower volcanic unit, the Bernborough 
Formation is dominated by massive to weakly laminated 
crystal-phyric rocks. Most of these are interpreted to be 
ignimbrite. However, some have both cross-cutting and 

unequivocal volcanic rocks, and are considered to be 
penecontemporaneous intrusive rocks. The ignimbrites 
are mainly rhyodacite in composition with rhyolite being 
only a minor component, according to the discrimination 

least a component of the succession.
The primary phenocrystic mineralogy of the 

volcanic rocks is quartz, alkali feldspar and plagioclase 

(Figure 9.13a) that has obliterated shard textures and is now 
represented as an interlocking mosaic of quartz, feldspar and 

locally preserved (Figure 9.13b). Biotite is a minor phase 

are also present. Chlorite, titanite and magnetite occur as 
alteration products.

The ignimbrites range from weakly to strongly welded 
(Figures 9.12a, 9.13a
fragmented phenocrysts (Figure 9.13c), including strained 
and conchoidally fractured quartz, that probably resulted 
from explosive eruptions. The crystal-rich nature of these 
volcanic rocks indicates that they were relatively cool at 
the time of eruption (ie below their liquidus temperature). 
This conclusion is corroborated by their generally low to 
moderate degree of thermal welding. 

Sedimentary rocks within the Bernborough Formation 

and siltstone. These rocks are thought to comprise 

metamorphic or igneous grains and tourmaline (absent as 
an accessory mineral in the penecontemporaneous volcanic 
rocks) indicate a mixed provenance. The sedimentary rocks 
generally contain abundant detrital white mica and display 

Separate samples of Bernborough Formation volcanic 
rocks were dated by Compston (1995), using single crystal 
U-Pb zircons, and have igneous cystallisation ages of 

Southeastern TENNANT CREEK succession
This succession consists of the Yungkulungu Formation, 
which is divided into a lower felsic volcanic-dominated 
interval overlain by a predominantly sedimentary 
interval. The lower interval comprises both volcanic and 

overlying predominantly sedimentary interval is ca 2000 m 
thick. The two intervals are referred to informally herein 
as the volcanic lithofacies and the sedimentary lithofacies. 
In six separate localities, intervals of felsic tuff, ignimbrite 

have been recognised and are referred to as the tuffaceous 
subunit.

In a number of instances, volcanic rocks of the 
Yungkulungu Formation (particularly those of the 
tuffaceous subunit) have previously been mapped as 
intrusive porphyries (Crohn and Oldershaw 1965, Mendum 

Figure 9.12. Bernborough Formation volcanic rocks [after 
Donnellan et al  
by KJ Hussey, (formerly NTGS)]. (a) Mantled lapilli from lower 

b) Welded ignimbrite 

a

b
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conformable relationships with tuffaceous strata, broken 
grains, relict shards and volcaniclastic fragments. One 
example, originally mapped as porphyry, outcrops in the 
vicinity of the Rising Sun Conglomerate immediately south 
of the Gosse River Road. This was reinterpreted by Blake 
(1984), on the basis of its fragmental and eutaxitic textures, 

to be an extrusive ignimbrite. Blake (1984) determined that 
this ignimbrite unconformably overlies the Warramunga 
Formation and he correlated it with the Epenarra Volcanics. 
It is now included in the Yungkulungu Formation and was 
correlated by Donnellan et al (1995) with the Bernborough 
Formation. 

The lower volcanic lithofacies of the Yungkulungu 
Formation is intruded by the Channingum Granite and 
the Mumbilla Granodiorite (these intrusive rocks have 
single-crystal U-Pb zircon igneous crystallisation ages of 

1995). The lower volcanic interval of the Yungkulungu 

(Smith 1999). This age is within error of that for the 

Formation volcanic rocks are now considered to predate 
the Bernborough Formation volcanics on the basis of 
revised lithostratigraphic correlations. It is probable that 
the Yungkulungu Formation volcanic lithofacies similarly 
predates the Epenarra Volcanics, which have an igneous 

et al 2005, 
2008).

The volcanic lithofacies of the Yungkulungu Formation 
comprises medium- to coarse-grained, rhyolitic to 
rhyodacitic crystal lithic tuff, lava and ignimbrite. Crystals 

across. These are commonly fragmental, although quartz 
is also commonly bipyramidal and shows resorption along 
crystal margins. Occasional feldspar phenocrysts are zoned 
from andesine cores to oligoclase rims. Primary biotite 
is generally altered to chlorite, epidote and titanite, and 

the Yungkulungu Formation volcanic lithofacies indicate 
proximity to a volcanic centre.

Undivided, massive quartz sandstone that conformably 
overlies the Yungkulungu Formation at 

the northern and western TENNANT CREEK succession. 
This suggests that the sedimentary lithofacies of the 
Yungkulungu Formation is contemporaneous with the 
upper Wundirgi Formation of the western and northern 
succession, and with the Bernborough Formation of the 
central succession. However, the uppermost part of the 
Yungkulungu Formation sedimentary lithofacies may 
also correlate with the Brumbreu Formation. Light grey, 

the sedimentary lithofacies overlies indurated, medium-
bedded, medium-grained quartz sandstone that, in turn, 
overlies thickly bedded, medium-grained lithic sandstone 
and interbedded siltstone. The lithic sandstone is well 
sorted and has a bimodal grain size distribution. Clasts 
are dominated by immature lithic grains (including 

quartz phenocrysts) and feldspar grains in a matrix of 
decomposed, sericitised feldspar and a haematitised 
cement. The base of the sedimentary lithofacies is taken to 
be a ca 200 m-thick interval of maroon, medium-grained 
lithic sandstone, although there is a transitional relationship 
with the underlying volcanic lithofacies that is indicated by 
a gradual increase in interbedded felsic tuff and sandstone 

a

b

A09-064.ai

c

Figure 9.13. Photomicrographs of Bernborough Formation 
volcanic rocks [after Donnellan et al
photomicrographs and descriptions by KJ Hussey (formerly 
NTGS)]. (a) Partly recrystallised welded ignimbrite 
(

b) Relict shard textures from accretionary 
lapilli-bearing tuff (

c) Resorbed and fractured 
quartz phenocrysts (
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within the upper volcanic lithofacies (eg 

The sedimentary lithofacies rocks are of compositionally 

penecontemporaneous volcanic-derived component. 
The well sorted character of this sandstone, together 
with common shallow-angle cross-laminations, and the 
prevalence of heavy mineral (magnetite-tourmaline-
zircon-ilmenite) laminations, oscillation ripples and 
weathered-out shale clasts, are all suggestive of a high-
energy, shallow-marine to locally intertidal environment. 
An intraformational rhyolite clast-bearing conglomerate 
locally overlies the tuffaceous subunit and indicates 
penecontemporaneous reworking of volcanic rocks. 

an admixed granite-derived component in the sedimentary 
rocks. The shallow-water depositional environment of 
the sedimentary lithofacies suggests that the intercalated 
tuffaceous units (including the volcanics) are possibly also 
shallow water. The transitional relationship between the 
sedimentary and volcanic lithofacies may suggest that the 

the bulk of the volcanic lithofacies may be subaerial.

Southernmost Ooradidgee (Kurundi / Hatches) succession 
in BONNEY WELL and FREW RIVER
This succession comprises the Ooradidgee Subgroup 

et al (1985). It is 
referred to here informally as the Kurundi / Hatches 
succession. The descriptive details presented below are 
largely based on Blake et al

and Kurinelli and Taragan sandstones. The Treasure 
Volcanics are correlated with the Mia Mia Volcanics of 
the Davenport Province, which contain minor felsic lava, 
but are predominantly a succession of pyroclastic and 
volcaniclastic rocks.

In common with other proximal volcanic successions, 

succession are complex. Furthermore, Stewart in Blake 
et al

unit along the northwestern margin of the Edmirringee 
Block, which is coincident with its conglomeratic facies, 

faulting. 
The Epenarra Volcanics comprise subaerial felsic 

lava, and pyroclastic rocks that include ignimbrite, tuff, 
lapilli-tuff, agglomerate and ashstone (typically pale 

sandstone, conglomerate (with volcanic clasts), quartz 
sandstone and siltstone ( ). The Epenarra 
Volcanics is well exposed in the Pingelly Block, where it 
locally unconformably overlies the Woodenjerrie beds 
(eg 
boundary of the block. Within the block, the succession 

predominantly comprises tuff, lava and quartzofeldspathic 
sandstone of probable penecontemporaneous volcanic 
provenance. Ignimbrite is a minor component, and rare 

top of the sequence. Sandstone becomes more abundant 
up-succession where it has been mapped as a separate 
lithofacies. The Treasure Volcanics comprise similar 
rock types and are attributed to comparable subaerial and 

upper part of the unit in western HATCHES CREEK REGION 
are probably marginal marine (Sweet in Blake et al
Basaltic lavas are present in the Treasure Volcanics in the 
southwestern HATCHES CREEK REGION (Figure 9.15).

Blake et al
the Edmirringee Volcanics are massive or amygdaloidal 
lavas, and are typically non-porphyritic. Rare feldspar-
porphyritic lava occurs locally near the middle of the 
type section. Pahoehoe lava appears to dominate, but 
Aa lava has been recognised locally ( ). This 
example of Aa lava is apparently towards the base of 
the succession, but in the type section, Aa lava appears 

at the base of the Edmirringee Volcanics, amygdaloidal 
basalt overlies the Epenarra Volcanics and it is inferred 
that the more massive middle and chilled lower intervals 

The topmost interval of the Epenarra Volcanics at this 
locality comprises phenocrystic felsic volcanics. Quartz 
phenocrysts are equant and range up to 2 mm, and K-feldspar 
phenocrysts are inequidimensional and elongated with 
a maximum dimension of 2 mm. These phenocrysts 

eutaxitic texture, and the rocks are interpreted to be lavas. 
Probable, thin felsic tuff occurs above the base of the 
Edmirringee Volcanics and there are also minor intervals 
of quartzofeldspathic, probable volcaniclastic, sandstone. 
The type succession is in part recessive but at least twenty-
four discrete lavas are recognisable (Figure 9.17). In detail, 
the succession, and particularly the stratigraphic level of 
minor felsic intercalations, contrasts with the succession 
in the Kurundi Anticline in the Davenport Province. This 

et al
were separate volcanic centres. Prehnite and pumpellyite 

the Pingelly Block.
A 200 m-thick succession of rocks, intersected in drill 

core on the southern boundary of TENNANT CREEK 

comprises rhyodacitic to rhyolitic crystal-lithic and lapilli 

ignimbrite and lava overlain by lithic sandstones and 

succession, are interpreted as part of a probable subaqueous 
cryptodome (Smith 2000). A dacitic lava from this 

(Smith 2000). These rocks were originally considered 
to be part of the Junalki Formation. This is now refuted, 
and their inclusion in the Ooradidgee Group is consistent 
with their crystallisation age. Geophysical interpretation 
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has extended the distribution of the Epenarra Volcanics 
into this area. However, the Epenarra Volcanics have an 

et al 2005, 2008). It is therefore probable that these 
rocks are older than the Epenarra Volcanics. They 
may be correlatives of the Yungkulungu Formation 
volcanic lithofacies, and they indicate that, rather than 
being absent from this area, the lowermost Ooradidgee 
Group rocks simply do not outcrop in the vicinity of the 
Davenport Ranges (Kurundi-Hatches-Devils Marbles 

Figure 9.4).

The remaining formations of the Ooradidgee Group 

sedimentary units: the Rooneys Formation, Kurinelli 
Sandstone and Taragan Sandstone. The Rooneys Formation 
outcrops in the Edmirringee and Taragan blocks, where 

feldspathic and sublithic to lithic sandstone. The Kurinelli 
Sandstone
succession, but elsewhere in the Davenport Province, 
it is the most widely distributed unit of the Ooradidgee 

Figure 9.14. Sandstone interval near top of Epenarra Volcanics. (a

marks. (b) Close-up of sandstone forming lower bench, showing small-scale trough cross-bedding. (c) Close-up of massive, cobble-
bearing granular sandstone from upper bench in (a). (d

a

c

b

d
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the Kurinelli Sandstone is predominantly lithic sandstone, 
siltstone and shale, but is locally schistose and there is an 
unnamed mapped conglomerate member underlying the 
Taragan Sandstone in the Edmirringee Block. Lenses of 
felsic lavas and possible ignimbrite, and basaltic lava have 
been mapped and possibly equate with the Epenarra and 
Edmirringee volcanics, respectively. Andesitic lava has been 

Sandstone includes two named members, the Endurance 

Sandstone and Warnes Sandstone members. In addition, 
schistose metasedimentary rocks and possible tourmalinite, 
and acid and basic volcanic rocks have been mapped locally 
in the Kurinelli Sandstone (Stewart and Blake 1986).

The Rooneys and Kurinelli formations were interpreted 
by Sweet (in Blake et al

The Rooneys Formation conformably overlies the Epenarra 
Formation, and is conformably overlain by the Kurinelli 

with both these units (Blake et al 1986). 
The Taragan Sandstone conformably overlies the 

Kurinelli Sandstone. It is characterised by an increased 
abundance of siltstone and mudstone (intercalated with 
feldspathic and lithic sandstone), in comparison with the 
uppermost Kurinelli Sandstone, and comprises a number of 

et al
that this lowermost member of the Taragan Sandstone 

member), which is in turn overlain by an upper member 
comprising pebble conglomerate and pebbly sandstone. 
Sweet attributed these members to braided stream, shallow-
marine and alluvial fan sedimentation, respectively. The 
succession is about 600 to 900 m thick. 

Two major episodes of felsic volcanism may be 

The earlier of these episodes comprises the Epenarra 
Volcanics (ca 1840 Ma), and the subsequent episode 

Mia volcanics of the Davenport Province. Stewart and 

with the Epenarra Volcanics, located ca 12 km east and 
15 km west-northwest of Kurundi Homestead, and a 
further two centres that were active during eruption of 
the Treasure Volcanics, in the Murray Downs Dome and 

volcanic rocks suggests that the locus of volcanic activity 

two periods of felsic volcanic activity (ie, those associated 

cross-laminations, and has irregular contact with chilled, vesicular 

Figure 9.17. Lower Edmirringee Volcanics looking northwest 

approximately 4 km southwest from Edmirringee Volcanics type 
section.

Figure 9.15. 
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the Pingelly Block and by recessive basaltic lava in the 
Treasure Volcanics in the Taragan Block. These block 
names refer to structural blocks mapped in the Kurinelli 

et al 
Figure 9.1. Felsic lava within 

the Edmirringee Volcanics (KURUNDI REGION), and 

Kurinelli Sandstone succession were interpreted by Blake 
et al
between the Edmirringee Volcanics, Treasure Volcanics 
and Kurinelli Sandstone. However, mapped relationships 
suggest it is possible that the Edmirringee Volcanics may 
largely postdate the Epenarra Volcanics, but predate the 

lower Treasure Volcanics in the southwestern HATCHES 
CREEK REGION (Blake et al
lavas are similarly intercalated in the Epenarra Volcanics 
in the KURUNDI REGION (Stewart and Blake 1986) 
and HATCHES CREEK REGION (Blake et al 1986). The 
Edmirringee Volcanics conformably overlie the Epenarra 
Volcanics in the KURUNDI REGION (Stewart and Blake 
1986), but elsewhere their relationship is not seen. 
 The Edmirringee Volcanics in the Warramunga 
Province constitute volcanism from one volcanic centre 

by Stewart and Blake (1984). The other three centres 
associated with this unit (in the Kurundi Anticline, 
Skinner Anticline and Murray Downs Dome) are in the 
Davenport Province. The felsic Epenarra and Treasure 
volcanics are predominantly localised around centres 
in the Warramunga Province. However, the Epenarra 
and Treasure volcanics are associated with two centres 
(proximal to those of the Edmirringee Volcanics) in 
the Kurundi Anticline and Murray Downs Dome in the 
Davenport Province.

Sandstone is about 2600 m. The Treasure Volcanics are 
approximately 2000 m thick in the Taragan Block, but 
wedge out in the Edmirringee Block and are absent from 
the Pingelly Block. The Rooneys Formation and Taragan 

to estimate the thickness of the Ooradidgee Group in the 

succession is extensively intruded by dolerite in the 
Edmirringee and Taragan blocks. The Edmirringee 
Volcanics probably predate, or are approximately coeval 
with dolerite intrusion. Possible dolerite sills within the 
Edmirringee Volcanics were noted by Blake and Horsfall 
(1986) in the ELKEDRA REGION. The latter, where not 
saussuritised, include quartz monzogabbro (Stewart and 
Blake 1986) and are considered to be contemporaneous 
with the gabbros intruding the upper Wundirgi Formation 
and Brumbreu Formation in the northern and western 
TENNANT CREEK succession of the Warramunga 
Province. A quartz-monzodioritic marginal phase of these 

(Compston 1995). 

Hatches Creek Group?

The Hatches Creek Group is generally regarded as being 
characteristic of the Davenport Province. However, two 
units from within the Warramunga Province are tentatively 
assigned to this group. The Rising Sun Conglomerate has 
a very restricted contemporary geographical distribution 

block near Tennant Creek. The only other outcropping 
occurrence of probable Hatches Creek Group rocks in the 
Warramunga Province are sandstones proximal to the Kelly 
West astrobleme in southeastern KELLY, which Donnellan 
et al (1998) mapped as Unimbra Sandstone.

Rising Sun Conglomerate

Rising Sun Ridge to the south of Nobles Nob mine (about 
15 km east-southeast of Tennant Creek), where it extends 
for about 4 km east to west. Small outcrops of Rising Sun 
Conglomerate also occur immediately south of the Nobles 
Nob mine. Outcrops about 1.5 km northeast of the Rocky 
Range trigonometric station on the Yungkulungu Ridge are 
now mapped as Yungkulungu Formation (Donnellan et al 
1995). The Rising Sun Conglomerate probably includes 
representatives of several formations mapped elsewhere 

Crohn and Oldershaw (1965) reported that the Rising Sun 
Conglomerate rests with a marked angular unconformity 
on an erosional surface of porphyry and Warramunga 
Formation. They described the formation as comprising 
a lower unit of grit, conglomerate and quartzite that is 
overlain by a unit of interbedded siltstone and sandstone. 
Blake (1984) recognised that the porphyry underlying 
the Rising Sun Conglomerate immediately to the north 
of Rising Sun Ridge is an extrusive ignimbrite and that 
it overlies the Warramunga Formation with an erosional 
unconformity. Blake correlated this porphyry, together with 
overlying tuff and conglomerate (at the base of the Rising 
Sun Conglomerate), with the Epenarra Volcanics, and the 
overlying quartz sandstone with the Unimbra Sandstone 
of the Davenport Province. Blake recognised a localised, 
topmost conglomerate within the original Rising Sun 
Conglomerate succession, which unconformably overlies 
an irregular erosional surface on the quartz sandstone, and 
correlated this uppermost conglomerate with the Ediacaran 
Andagera Formation of the Georgina Basin. Donnellan 
et al (1995) mapped the porphyry and tuff as part of the 
Yungkulungu Formation, and the overlying conglomerate, 
sandstone and quartzite as a correlative of the Andagera 
Formation, although they retained the name Rising Sun 
Conglomerate. Tuffaceous siltstone and sandstone at the 
top of the succession were mapped as early Cambrian 
Helen Springs Volcanics of the Kalkarindji Province. In 
contrast, Donnellan and Johnstone (2004) correlated the 
conglomerate and quartzite in the main outcrop at Rising Sun 
Ridge with the Blanche Creek and Manga Mauda members 
of the Hayward Creek Formation of the Tomkinson Creek 
Province (and by implication the Unimbra Sandstone). 
This correlation had previously been made by Crohn and 
Oldershaw (1965).
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As currently mapped, the Rising Sun Conglomerate 
comprises three intervals of conglomerate separated by 
pebble- and cobble-bearing, very coarse-grained quartz 
sandstone, with a total thickness of ca 25 m, conformably 
overlain by up to 60 m of rippled marked, cross-bedded 
quartz sandstone with a minor component of white feldspar 
grains. The basal conglomerate overlying the porphyry has 
a volcaniclastic matrix. There are abundant mudstone clasts 
or casts on the bedding surfaces of the quartz sandstone, as 

The lower conglomerate and interbedded granular sandstone 
thins to the west, and there is a concomitant decrease in 
clast size in the conglomerate and a similar decrease in 
the relative proportion of conglomerate to interbedded 
sandstone, which suggests a local derivation from the east. 
The Rising Sun Conglomerate also thins to the north where 
it overlies 'porphyry'. Localised conglomerate outcrops that 
are stratigraphically above the quartzite probably comprise 
either the Ediacaran Andagera Formation (or possibly 
the Muckaty Sandstone Member of the Helen Springs 
Volcanics), and disconformably overlying tuffaceous 
sandstone and siltstone are assigned to the Helen Springs 
Volcanics. 

Clasts within the Rising Sun Conglomerate comprise 

and jasper, and Ivanac (1954) and Crohn and Oldershaw 

that contain quartzite, jasper and chert pebbles. As noted 
previously, the matrix includes volcanic-derived material. 
Clast types within the Rising Sun Conglomerate are not 
diagnostic with respect to provenance. Similarly, pebbly 
sandstone and conglomerate in the Ooradidgee, Hatches 
Creek and Tomkinson Creek groups contain variable 
amounts of igneous-derived clasts, as well as vein quartz, 
in addition to 'basement'-derived quartzite clasts. This 

interpretation of provenance and correlations between 
lithostratigraphic units. Thus, for example, a correlation 
between the Rising Sun Conglomerate and conglomerate in 
the Gleeson Formation at the base of the Mesoproterozoic 
Renner Group (Tomkinson Creek Province) in HELEN 

clast types. However, a correlation of the unit with the 
Blanche Creek Member and the Manga Mauda Member 
in part (Hayward Creek Formation of Tomkinson Creek 
Province) and the Unimbra Sandstone (Davenport Province) 
seems to be more plausible.

Correlation between the Rising Sun Conglomerate, the 
Blanche Creek and part of the Manga Mauda members 
of the Hayward Creek Formation, and the Unimbra 
Sandstone implies that there may be regionally widespread 
unconformity between the Ooradidgee and Hatches Creek 
groups. However, as noted above, this relationship is 
often ambiguous locally. Thus, for example, Blake (1984) 
interpreted a conformable relationship between the volcanic 
rocks and the conglomerate in the Rising Sun Ridge, 
whereas Crohn and Oldershaw (1965) and Donnellan et al 
(1995) interpreted that the conglomerate overlay the volcanic 
rocks with an angular unconformity. It is interesting to 
note that in proposing their correlation between the Rising 
Sun Conglomerate and the Blanche Creek Member of the 

between the Ooradidgee and Tomkinson Creek groups. 
They further noted that any tectonic discordance between 
these groups is probably obscured by two phases of folding 
postdating Tomkinson Creek Group deposition. 

Ca 1820–1810 Ma Treasure Suite intrusive rocks

Table 9.4
by Wyborn et al (1998). The suite is mainly represented in 
outcrop by dacitic, rhyolitic and basaltic volcanic rocks, 
shallow intrusive granophyres and felsic porphyries, 
monzodiorite, diorite and gabbro. The volcanic rocks of the 
suite (ie the Treasure, Newlands, Arabulja and Strzeleckie 
volcanics) are described in the relevant stratigraphic sections 
above, or in Davenport Province. A monzodioritic marginal 
phase of a dolerite intruding the Wundirgi Formation 
in the vicinity of the Last Hope Mine has been dated at 

intruding Ooradidgee Group rocks in the Kurinelli area of 
the Warramunga Province has yielded a crystallisation age 

et al 2006, Claoué-Long et al 
2008). Poorly exposed (but clearly widespread according 
to the airborne magnetic data) dolerite sills, which intrude 
the Hayward Creek Formation, are probably of about the 
same age. Blake et al
gabbro sills that intruded Ooradidgee Group rocks in the 

granophyre intrusions as the Pedlar Gabbro by Ryan (1961). 
However, they questioned the validity of this grouping in 
the absence of any compositionally intermediate rock types. 
The crystallisation ages of the Kudinga and Whittington 

also considered broadly contemporaneous with the Treasure 
Suite. The intrusive dolerites and gabbros in the Kurinelli 
area have been interpreted as probably comagmatic with the 
Kudinga Basalt (Blake et al et al 2008). 

A melanocratic amphibole- and biotite-bearing quartz 
diorite locally intrudes the Mumbilla Granodiorite. The 
diorite has an irregular chilled contact with the host 
granodiorite, and lacks either a foliation or strained 
quartz. It could represent a cumulate residual phase of the 
granodiorite or a later intrusion. It is provisionally included 
in the Treasure Suite. This is consistent with a U-Pb zircon 

for this rock by Compston (1994).
Moderately foliated to mylonitic felsic schists in the 

Wundirgi Formation to the southwest of Tennant Creek 
township have been interpreted as sheared granite or 
porphyry, and granophyric volcanic rocks from this area 

for 'amphibolite' from this same area was interpreted 
as the age of metamorphism and led to the subsequently 
unsubstantiated conclusion that the rocks in this area 
represented basement to the Warramunga 'Group' (Black 

There are no known outcropping Treasure Suite granites 
in TENNANT CREEK. However, Wyborn et al (1998) 
suggested that the Treasure Suite may be implicated with 
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Unit Rock types Relationships Structures Igneous crystallisation age

DEVILS SUITE

Warrego Granite Massive, coarse-grained 
and equigranular, two-mica, 
corundum-bearing granite 

greisenous.

Intrudes Warramunga Fm and Ooradidgee 

pods of pegmatite, and by quartz veins. 
Knotted quartz-muscovite schist forms 

has also metamorphosed Warrego Cu-Au-
Bi deposit.

Gosse River East 
Syenite

Probably quartz monzonite 
rather than syenite.

Does not outcrop. Intersected in drill core 
ca 45 km east of Tennant Creek township.

unnamed 
lamprophyre

Minette (and minor vogesite). Intrudes Warramunga, Yungkulungu and 
Wundirgi formations, and Hill of Leaders 
Granite.

Massive to 
foliated.

1711 ± 2 Ma

TREASURE SUITE

Unnamed dolerite 
/ gabbro II (and 
III?)

Fine-grained dolerite to 

locally approaches quartz 
monzogabbro in composition 
(cf unnamed monzodiorite 
below).

Folded sills (and minor dykes) in 
Ooradidgee Group (Rooneys Fm, 
Kurinelli and Taragan sandstones, and 

Sills also extensively intrude Hayward 
Creek Fm (Tomkinson Creek Group) and, 
to a minor extent, Unimbra Sst (Hatches 
Creek Group). Ryan (1961) combined 
gabbro with granophyre in Pedlar gabbro, 
but Blake et al
are no rocks of intermediate composition 
between these end-members. However, 
quartz dolerite locally intruding Unimbra 
sandstone appears to grade into dacitic 
granophyre.

1811 ± 5 Ma

comagmatic with either Kudinga 

Treasure Volcs. Errors on reported 
crystallisation ages overlap. This 
may mean that there was: (a) only 
one, rather than two phases of 

(b) that there was one phase of 
sill emplacement extending over 

two phases of sill emplacement 
of short duration, but seperated 

and III).

unnamed 
monzodiorite

Monzodiorite forming marginal 
phase of 1821 Ma Last Hope 
dolerite.

Sills intruding Ooradidgee Group 
(Wundirgi and Brumbreu formations).

unnamed diorite Diorite, quartz-diorite.
metamorphoses 1850 Ma 
Mumbilla Granodiorite.

unnamed 
granophyre

Dacitic to rhyolitic granophyre 
and minor microgranite.

Intrudes Ooradidgee Group (Epenarra 
Volcs, Rooneys Fm, Kurinelli Sst, Taragan 
Sst, Treasure Volcs and Wundirgi Fm). 
Forms sills, laccoliths and dykes up to 
several hundred metres thick. Locally, 
intrudes unnamed (probable Tennant 
Creek Supersuite) granite, and is intruded 
by dolerite.

Foliated. Postdates lower Wauchope 
Subgroup and predates 

(granophyric felsic volcanic) in 
Wundirgi Fm.

unnamed 
(younger) granite

Fine- to coarse-grained, 
porphyritic to equigranular, 
biotite- and biotite-muscovite-
bearing granite with accessory 
allanite, apatite, titanite, zircon 
and opaque oxides.

Intrudes Rooneys Fm, and Kurinelli and 
Taragan sandstones. Locally sheared.

Generally 
massive, 
locally faulted 
and brecciated.

Tentatively assigned to Treasure 
Suite.

Table 9.4. Summary of Palaeoproterozoic Treasure Suite and Devils Suite intrusive rocks of Warramunga Province. Ages reported in 
et al

Claoué-Long et al (2008a). Note that three generations of dolerite (designated II and III in this table and I in Table 9.2) are recognised in 
Warramunga Province.

respect to Tennant Creek-style Cu-Au-Bi mineralisation. 
Wyborn et al suggested that a gravity low coincident with 

granitic material in the subsurface, on the basis of the lower 
density of the Treasure Suite in comparison with to the 
Tennant Creek Supersuite granites. M Roach (University of 
Tasmania, pers comm 2006) concluded that this distinction 
cannot be made on the basis of currently available gravity 
data.

Ca 1720–1700 Ma Devils Suite

The Devils Suite (Table 9.4 et al 
(1998), who described the suite as comprising fractionated, 

the Warrego Granite in the Warramunga Province, and 
the Elkedra and Devils Marbles granites in the Davenport 
Province. Donnellan and Johnstone (2004) also assigned 
the Gosse River East Syenite, and the 'unnamed younger 
granites' of Blake et al
with both the Tennant Creek Supersuite and the Treasure 
Suite, no extrusive rocks are known to be associated with 
the Devils Suite. Devils Suite granites appear to show a 
spectrum of peraluminous compositions, ranging from 
the monzogranitic Devils Marbles, Elkedra and Warrego 
granites to the monzonitic Gosse River East Syenite, 
and also include locally more granodioritic phases in the 
Elkedra and Warrego granites. 
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The Gosse River East Syenite does not outcrop, but 
was intersected in drill core, approximately 45 km east of 
Tennant Creek township. It is probably a quartz monzonite, 

however, the original name is retained here.
The Warrego Granite is a two-mica, corundum-

however, the relative proportions of the different 

sericitisation. Drill core samples have microcline as the 
sole alkali feldspar and associated plagioclase is slightly 
zoned, with sericitised andesine or oligoclase cores and 
unaltered albite rims. Muscovite books are undeformed, 
iron-rich chlorite replaces primary biotite, and Mendum 

occurs. Accessory minerals in the granite are corundum 
and apatite, and minor amounts of titanite and zircon 
also occur. The granite is greisenised proximal to its 
eastern contact and similarly, the country rock has 
been intensely metamorphosed over a distance of up to 
400 m to a knotted quartz-muscovite schist. Xenoliths 

muscovite rock from the metasomatised marginal zones 
of the granite that has been reincorporated within the 
main, coarse-grained equigranular granite. The Warrego 
Granite has contact metamorphosed the Warrego Au-Cu-
Bi deposit (Wedekind and Love 1990). 

The Gosse River East Syenite has an igneous 

granitoid is similar in age to the Devils Marbles Granite 
  4 Ma, Page 1995) and the informally named 

Kaidwalla granite in the southeastern Davenport Province 
et al 2006). The Elkedra Granite 

the analysis (Page 1995). The age of the Warrego Granite 

attributed to the small range in 86Rb ratios in the 
samples. The selective inclusion of a chlorite analysis 

of three muscovite separates with this whole-rock plus 
chlorite isochron led Black to conclude that the Warrego 
Granite is ca 1690 Ma. Single-crystal SHRIMP U-Pb zircon 

clusters of dates at ca 1650 and ca 1800 Ma. Rim growth on 
pre-existing grains was dated at ca 1650 Ma. This younger 
age was Compston's (1995) preferred crystallisation age 
for the Warrego Granite, although Compston did point out 
that the population of low-U zircons with ca 1800 Ma ages 
could represent the crystallisation age of the granite. Budd 
et al (2002) included the Warrego Granite, along with the 

Devils Suite. There are no known outcropping Treasure 
Suite granites in TENNANT CREEK, so a ca 1800 Ma 
igneous crystallisation age for the Warrego Granite would 

is texturally and compositionally distinct from known 

adjacent to the Tennant Region, in the Aileron Province of 
the Arunta Region.

Lamprophyre sills, dykes and laccoliths (up to 12 m 
thick) have intruded the Warramunga, Yungkulungu and 
Wundirgi formations. Lamprophyre has also intruded 
the Hill of Leaders Granite. Crohn and Oldershaw 
(1965) reported the occurrence of rare amphibole-, and 
pyroxene-bearing lamprophyre (vogesite) intruding the 
Warramunga Formation. However, Jaques et al (1985) 

minettes, consisting of phlogopite phenocrysts in a biotite-
rich groundmass. These rocks have high magnesium, 
chromium and nickel contents. Duggan and Jaques (1996) 
recognised two groups of minettes in the Warramunga 
Province and summarised their contrasting geochemical 

generally higher Sr, Ba and LREE, and lower U, Th and 
HREE contents by comparison with (b) group 2, which 

Owen (1940) recognised what he described as 'pre-gold' 
hornblendites at the Pinnacles and Mary Lane mines, and 
a thin horizontal sill of 'post-gold' (ortho)pyroxenite at the 
Euro, Caroline and Nipples mines. Gently south-dipping 
pyroxenite was locally seen to intersect a vertical ironstone 
body at the Caroline deposit, and is itself essentially 
vertical within the foliation of the country rock at the Euro 
mine. The hornblendite is metamorphosed to hornblende-
serpentine schist and tremolite schist at the Pinnacles mine, 
and to chlorite schist at the Mary Lane mine. Owen (1940) 
further reported chrysotile-bearing serpentine at the Euro 
mine. Owen's (1940) observations raised the possibility that 
there may be two generations of lamprophyre at Tennant 
Creek, the earlier generation potentially contemporaneous 
with the Tennant Creek Supersuite.

86Sr ratio of 

mineral separates from the East New Hope and Ivanhoe 

from each of the two geochemically distinct groups of 
minettes (see above). Compston and McDougall (1994) 

CREEK lamprophyre. 
Geochemical data presented by Blake et al

a lamprophyre dyke intruding the Hill of Leaders Granite 

Nb group 1 minettes (and this is apparently corroborated 
by its other geochemical characteristics, eg high Sr, and 
low Th and U). Page (1995) determined SHRIMP U-Pb 

for this lamprophyre. Maidment et al (2006) reported a 

sample from the same lamprophyre dyke within the Hill of 
Leaders Granite. They interpreted this to be the igneous 
crystallisation age of the lamprophyre.

METAMORPHISM

The Warramunga Formation is regionally metamorphosed 
to sub- to lowermost-greenschist grade. Localised contact 
metamorphic effects are also recognised.
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Widespread slaty cleavage in the Warramunga 

iron oxide minerals, sericite, mica and chlorite, and by 
differentiation between these domains and siliciclastic 
microlithons. Locally, in high-strain zones, phyllosilicate 
minerals are more coarse grained and crenulations more 
pronounced. Plagioclase is partially sericitised but is 
not generally recrystallised as albite in the Warramunga 
Formation. Quartz shows undulose extinction. Locally, in 
shear zones the Warramunga Formation is schistose.

Whittle (1966) reported amphibolite facies mineral 
assemblages (eg garnet-mica, grunerite-garnet, and 

interpreted that a nine point Rb-Sr whole-rock isochron 

facies metamorphism of these rocks and suggested that 
they may predate, and therefore represent basement to 
the Warramunga Formation. However, Compston (1995) 

that he interpreted: (1) to be a granophyric felsic volcanic 
or intrusive rock, and (2) to provide a minimum age for 
the associated sedimentary rocks. It is unlikely that these 
rocks predate Warramunga Formation, and are most likely 
part of the Ooradidgee Group succession. Compston and 
McDougall (1994) interpreted Ar-Ar and K-Ar ages for 
muscovite from these rocks to indicate metamorphism at 
ca

biotite is developed in the Warramunga Formation at 
the contact with the Tennant Creek Granite. Crohn and 

grained Warramunga Formation sedimentary rocks as 
an interlocking mosaic of quartz, whereas sericite is 
irregularly scattered throughout these contact rocks. 
Wedekind and Love (1990) reported that the Warrego 
Granite has contact metamorphosed the hydrothermally 
altered Warramunga Formation sedimentary rocks 
hosting the Warrego orebody. These authors reported 
metaquartzite and chlorite spotted-slate, and noted that in 
the footwall stringer zone (at greater depth in the mine), 
chloritised sedimentary rocks contain euhedral andalusite 
or porphyroblastic cordierite.

Diorite and monzodiorite (of the Treasure Suite) 
intruding Ooradidgee Group rocks near Last Hope in the 

of clinopyroxene, hornblende and biotite by ferroactinolite 
and chlorite-bearing assemblages, and also show 
sericitisation and epidotisation of plagioclase. These may 
represent alteration rather than metamorphic assemblages 
as they are not associated with development of a foliation, 
nor are they retrogressive with respect prior deformation-
associated metamorphic assemblages. Haematite and 
chlorite-carbonate veining is also developed in these rocks. 

Blake in Blake et al
characteristics that are indicative of predominantly 
greenschist-facies metamorphism in Ooradidgee Group 
rocks. These included: (1) cleavage development, with 
associated white mica and biotite or chlorite, particularly 

deformed quartz, and chloritisation or biotitisation of both 

groundmass and ferromagnesian minerals in felsic lavas 

predominantly greenschist-facies mineral assemblages 
(albite, actinolite, epidote, chlorite, biotite) in basic lavas 
and intrusive rocks, although primary igneous textures are, 
at least in part, preserved.

STRUCTURE

1) in the Warramunga 
Formation (and its correlatives) has a well developed, axial 
planar slaty cleavage (S1

Donnellan et al 1995). The subscripts used for deformation 
events and cleavages in this section are based on Donnellan 
et al (1995). The relationship of these to the various original 
schemes of a number of different workers in the Tennant Creek 

Table 9.5. On a regional scale, F1 
folds are cylindrical, open to close and have horizontal fold 
axes (Rattenbury 1992a, 1994). The cleavage is variously 

phase of folding, associated low-grade metamorphism and 
penecontemporaneous (predominantly felsic) magmatism 
is now assigned to Tennant Event. A prior phase of folding 
in the Warramunga Formation was postulated by Dunnet 

Mount Woodcock one-mile sheet. However, this was refuted 

Marion Ross 1:50 000 map area.
Ivanac (1954) noted that the strike of bedding was 

westerly in the south, and tended more northwesterly 

recognised a second, superimposed phase of folding 
about northeast-trending axes. Dunnet and Harding 

comprised conjugate shears with an associated fracture 
or crenulation cleavage (ie northwest-trending S2, 
Figure 9.18a), or a crenulation cleavage (ie northeast-
trending S ). The style of associated folds is variable, 
depending on the relative degree of shearing, but an 
open, chevron style of folding is common. Small-scale 
chevron folds, associated with D2, are well preserved 
(eg, in the Mary Lane shear zone, Figure 9.18b). Dunnet 

relationships between these conjugate structures. One or 
other of these structures is dominant in any given area. In 
the Quartz Hill subarea, an S  cleavage was recognised 
and interpreted to be either synchronous with, or to 
postdate S2

oriented shears in the Tennant Creek one-mile area, Crohn 
and Oldershaw (1965) recognised a number of additional, 
consistently oriented shear zones, faults, ironstones and 
quartz veins (see Figure 9.19). They concluded that the 

copper-bismuth) predominantly trend westerly, but also 
trend west-northwesterly or east-northeasterly. However, 
the most prominent (and apparently generally non-
mineralised) shears trend northwesterly or northeasterly 

shears trend north-northwesterly and north-northeasterly.
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Ivanac (1954)  D1, W-trending folds F1  D2, superimposed NE-trending folds F2  

Dunnet and 
Harding 
(1967) 

D1, a phase of folding (F1) 
inferred from relationship of 
D2 structures: (a) rapid plunge
reversals of mesoscale D2 
folds, and the S0/S2 
intersection lineation; (b) 
symmetrical distribution of 
poles to bedding about NW-
trending fold axes.

D2, main phase of W-trending 
folding (F2), slaty cleavage (S2) 
development, and (more or less) 
contemporaneous metamorphism.

 D3, two conjugate structural elements: (1) NE-trending 
faults and crenulation cleavage, S4; (2) NW-striking 
faults, fracture/crenulation cleavage, S3. Associated (F3, 
F4) fold style is variable depending on degree of 
shearing, but open, chevron folds are common.

 

Crohn and 
Oldershaw 
(1965) 

 D1, E–W folding. Late D1 or D1a*, W-, ENE-, and WNW-striking 
shears associated with ironstone bodies (and 
occassionally Au-Cu mineralisation). (Timing† 
inferred from association with mineralisation, eg 
Nguyen et al 1989).

NW- and complementary NE-trending quartz-filled 
shears and faults. 

Minor NNW- and NNE-
trending shear zones or faults. 
(Timing† not known, inferred to 
be late from regional map). 

Mendum and 
Tonkin (1976) 

No D1, refuted Dunnet and 
Harding's F1, and attributed 
it to Dunnet and Harding's 
conjugate D3 being 
superimposed on their D2.

D2, F2 Open to close, gently NNW-
plunging folds.

 D3 and D4, synchronous asymmetric sinistral, dextral, 
and symmetric chevron folds; and sinistral and dextral 
kink bands F3 and F4. Viewed down-plunge F3 generally 
dextral, F4 sinistral. Penetrative axial planar cleavage 
(S3), and closely spaced fracture cleavage (S4). 
Generally NW-trending faults include dextral and (more 
rarely) sinistral strike-slip faults.

  

Rattenbury 
(1992a) 

 D1, upright, open  to close, 
horizontal W-trending folds(F1) and 
thrust faults. Folding is disharmonic,
and probably therefore thin-skinned.

 D2, strike-slip faults, kink folds. D3, strike-slip faults.

Donnellan
et al (1995) 

 D1, west-trending F1 folds. Shearing of late syn-tectonic granite and porphyry. D2/D2', conjugate NW (S2) and NE (S2') weak crenulation 
cleavages and associated folds [mesoscale chevron folds; 
meso- and macro-scale kink (and rare open?) folds; rare 
meso-scale asymmetric conjugate kink folds]. Faults. 

N-trending cleavage 
recognisable locally throughout 
Warramunga Formation. NNE-
trending faults? 

Donnellan
et al (2001) 

 D1, west-trending F1 folds and 
faults.

D2/D2' shears, faults and folds trending west-
northwest and/or east-northeast.

D3/D3' northwest- and northeast-oriented shears, faults 
and folds.

  

Current 
interpretation 

 D1, upright, open to close, horizontal
W-trending folds (F1) and thrust 
faults.

D1a, ENE- and WNW-striking shears associated with
brecciation of ironstone bodies (and occasionally 
with Au-Cu mineralisation).  Local folds.

D2/D2', NW and NE-striking strike-slip faults and shear 
zones, chevron and kink folds.

  

Deformation 
event

  Tennant Event, ca 1850 Ma. 
Ironstone formation? Wedekind et al 
(1988) noted that (except where 
subsequently reoriented) individual 
ironstone bodies are generally in the 
plane of the E–W cleavage, with their 
long axes vertical (or less commonly 
horizontal).

Murchison Event ca 1815–1805 Ma, postdates 
(ca 1850–1845 Ma?) D1a and predates Davenport 
Event. Probably mainly associated with extension, 
and emplacement of mafic sills in Ooradidgee and 
lower Tomkinson Creek groups? 

Davenport Event, post-1790 Ma and possibly ca 
1710 Ma? Rattenbury (1990) noted that the strong 
cleavage (S1) in the Mary Lane Shear (MLS) has been 
folded. These F2 folds have either sinistral or dextral 
vergence. (This F2 folding is interpreted to be 
contemporaneous with concentric and disharmonic 
folding (and thrusting) (F1) in Ooradidgee, Hatches 
Creek and Tomkinson Creek groups). 

Table 9.5. Comparative summary and interpreted correlation of regional structural events recognised by various workers in Tennant Creek goldfield. *Deformation resulting from late-stage of progressive D1 or 
superimposed D1a (ca 1850–1845 Ma)? Eg: (1) Rattenbury (1992b) noted that the ENE-striking MLS was developed slightly oblique to the regional E–W fold (F1) axes, resulting from a slightly oblique (dextral) 
component to the predominantly reverse movement on the shear zone; (2) shear zone postdates, but subparallel to F1 at White Devil and hosting Au-Cu mineralisation (Nguyen et al 1989); and (3) Skirrow and 
Walshe (2002) recognised that generally ESE-plunging parasitic folds (that host Eldorado deposit) may result from superposition of a second fold set or from shearing of F1, resulting in reversals of minor fold 
plunge and non-cylindrical forms. E–W-oriented local groups of ironstones have an apparent en echelon arrangement in a number of WNW-trending 'Lines of lode' (eg Juno, Peko, Lone Star and Gecko lines). 
Brecciation and shearing of ironstones. Au-Cu mineralisation. †Note that Crohn and Oldershaw (1965) did not indicate relative timing relationships, those that are inferred herein are shown in brackets. 
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Three cleavages (S1, S2 and S2') have been recognised in 
the Warramunga Formation ( ) and were mapped 

et al 

second deformation may have been progressive. Probable 
incremental cleavages are recognisable locally, but were not 
generally measured, given that the three cleavages routinely 
measured appeared to encompass the major elements of the 
structural history of the Warramunga Formation. A similar 
situation was recognised in the Quartz Hill area by Mendum 

oriented cleavages in the Olive Wood area. Mendum and 
Tonkin reported that S1 was locally obliterated by S2

was not apparent to Donnellan et al (1995), although they 
did recognise that S2 is locally a well developed slaty 
cleavage. The superimposed structures (D2) were considered 
conjugate and close to synchronous by Mendum and Tonkin 

et al (1995). Locally, there is evidence 

and northwest-oriented crenulation cleavages (Dunnet 

et al 1995), although generally, the northwesterly-striking 
cleavage predates that striking northeasterly, and the 
northwesterly trend is generally dominant. 

F2 folds are recognisable in major northwest- and 
northeast-striking kink bands. Reorientation of S0 and 
S1

consistent with superimposed northwest-plunging folds. 
This superimposed folding probably corresponds with 

similar effect was apparently recognised at Warrego by 

was probably contemporaneous with the emplacement 
of the Warrego Granite, and may therefore postdate the 
regional D2. In the extreme southeast of the Warramunga 
Formation area of outcrop, the effects of superimposed 
northeast-plunging folds are apparent, consistent with the 
northeast-oriented cross-folding originally recognised by 
Ivanac (1954).

Rattenbury (1992a, 1994) developed a thin-skinned 

Warramunga Formation, and for the later superimposition 
of asymmetric kink-folding and associated strike-slip 
faulting. Rattenbury (1992a) calculated bedding-cleavage 
intersection lineations to investigate fold plunge variability 
on a smaller scale, and concluded that in the southern part 

rotated F1 fold axes without deforming the S1 cleavage, 
which has remained planar. Conversely, he suggested that 
the conical distribution of bedding reported by Dunnet and 

northwesterly dipping fold axes. Northwest-oriented folding 
is well developed in the Orlando and Queen of Sheba mine 

change from northwest to southeast fold plunges, which 
they attributed to possible superimposition of northwest-
on-west-oriented phases of folding.

A regional tectonic unconformity (related to the 

Warramunga Formation (and the correlative Woodenjerrie 
beds and Junalki Formation) and the Ooradidgee Group 
(Smith et al 1961, Blake 1984, Blake et al
of concentric folding (now called the Davenport Event) 
have been recognised in the Ooradidgee and Hatches Creek 
groups (Blake et al
superimposed by northeast-trending folds in the Ooradidgee 
and Hatches Creek groups resulting in type one interference 
folds, but Blake et al
temporal separation of these two phases of folding, which 
were subsequently interpreted to be contemporaneous with 
D2 2' in the Warramunga Formation (Donnellan 2005).

Figure 9.18. (a
1 slaty cleavage crenulated by spaced, 

differentiated S2 b) 

b

a



Warramunga Province

Faulting

Faults in TENNANT CREEK are only very discontinuously 
exposed, but show much greater continuity in geophysical 
data. Faults parallel the principal cleavage orientations, 
ie east-, northwest- and northeast-oriented faults are 
widespread. Rattenbury (1992a) recognised a reverse sense 
of movement on many of the bedding-subparallel easterly-
trending faults in the Warramunga Formation and inferred 
from this and from the disharmonic character of the folding, 
that deformation was relatively thin-skinned and that 
shortening was achieved at depth by thrusting. Rattenbury 
projected blind thrusts into the axial zones of the anticlinal 
folds and suggested they are an important structural control 
on the distribution of mineralisation. Strike-slip faulting 
is also associated with D2, with major faults trending 

and Navigator faults). Multiple phases of movement are 
inferred for many of these faults with a net component of 
movement in a subhorizontal and dextral sense (Mendum 

between the northeast-trending Northern Star shear zone 
and the northwest-trending Quartz Hill and Bernborough 
faults, which is taken to indicate synchronicity (Mendum 

TENNANT CREEK, although a north-trending fault at 
Peko mine is a notable exception. Movement on these 
faults was predominantly dextral strike-slip, with up to 
5 km horizontal movement, and some of these faults had 
little or no vertical component of movement. However, 

there are some faults which show the opposite, ie sinistral, 

that, with the exception of these north-striking faults, the 
structure of TENNANT CREEK could be reconciled with 
a principal stress direction oriented north-northeast. They 
attribute the north-oriented faults to reactivation of pre-
Warramunga Formation basement structures. However, 

can accommodate north-oriented normal faults in a stress 

Northeast-trending faults can be seen to curve into 

of movement on both of these faults is dextral. However, 
the sense of movement indicated by the collective geometry 
of a group of these curved faults is sinistral, whereas the 
major fault systems are further organised into a system of 
regional, en echelon faults with a dextral sense of shear.

Timing of deformation

Easterly-trending folds in the Warramunga and Junalki 
formations, and in the Woodenjerrie beds are attributed to the 
Tennant Event. Locally, this generation of folding apparently 
trends approximately northeasterly in the Junalki Formation 
(eg 
crenulating) cleavages striking north-northeast and west-
southwest. The Tennant Event involved deformation, low-
grade metamorphism and syn-tectonic, predominantly felsic 
magmatism. The age of the event is quite closely constrained 

sedimentation of the Warramunga Formation (ca 1860 Ma), 
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and by the igneous crystallisation ages of syn-tectonic 
Tennant Creek Supersuite intrusive rocks. In particular, the 

Event) foliation in the Warramunga Formation. 
The age of the second and third (conjugate and 

2 2')in the 
Warramunga Formation is not well constrained. Donnellan 
(2005) interpreted that D D2' in the Warramunga Formation 
corresponds with concentric northwest- and northeast-
oriented folding in the Ooradidgee Group. This folding 
is also developed in the Hatches Creek and Tomkinson 
Creek groups in the Davenport and Tomkinson provinces 
respectively, although the folds trend more northwesterly and 
northerly in the latter province. This phase of deformation 
has been called Davenport Event. Folding associated with 
the event was interpreted by Blake et al

Kaidwalla granite may be syn-tectonic with respect to the 
Davenport Event. Currently, the uppermost (ie youngest) 
age limit on Hatches Creek Group sedimentation is poorly 
constrained and the possibility that the age of the Davenport 

phase of deformation in the Warramunga Formation started at 
the close of D1. However, if D2 in the Warramunga Formation 
is related to the Davenport Event, this cannot be the case.

Murchison Event is interpreted 
to be a largely extensional event in the Tennant Region. It 

and 1811 Ma dolerite, gabbro and minor monzodioritic sills 
that intrude the Ooradidgee and Tomkinson Creek groups, 

called the Mount Hay Event by Hoatson et al
contemporaneous felsic magmatism was assigned to the 
Treasure Suite by Wyborn et al (1998). The Murchison Event 
is broadly contemporaneous with the ca 1800 Ma Stafford 
Event in the Aileron Province of the Arunta Region. The 
Stafford Event is associated with bimodal magmatism and 
with folding in the Lander Rock Formation and Bullion 
Schist in the Aileron Province.

The Murchison Event is tentatively interpreted to have 
extended over about ten million years. However, the errors 

magmatism, rather than to two discrete episodes with a time 
break between them. This extensional event in the Tennant 
Region is interpreted to have resulted in a change in style of 
sedimentation (from lateral facies changes to layer-cake) and 
style of volcanism (from localised around volcanic centres 

hand, and the Hatches Creek and Tomkinson Creek groups 
on the other. Locally, the relationship between Ooradidgee 
Group rocks and those of the Hatches Creek and Tomkinson 
Creek groups is variable and may be: conformable and 

an angular unconformity with localised (synsedimentary) 
folding of the Ooradidgee Group rocks. There is a foliation 
that is probably associated with localised deformation 
contemporaneous with Murchison Event.

MINERAL RESOURCES

This section describes (1) Tennant Creek-style gold-copper-
bismuth mineralisation in the Tennant Creek and Rover 

(4) granite-related mineralisation in the Hatches Creek 

the Mundagee uranium prospect. Vein quartz-associated 
gold mineralisation at the Last Hope, Bull Pup and 
Dolomite mines in TENNANT CREEK is atypical with 
respect to (and probably later than) the Tennant Creek-style 
gold-copper-bismuth mineralisation that dominates the 

constitute a link with typically vein-quartz-associated 
gold mineralisation in the southern Warramunga Province. 
Placer gold has been recovered proximal to quartz-vein-
hosted gold mineralisation in both the Tennant Creek and 

Mary Lane, Havelock and Little Ben small, ironstone-

addition to tungsten mineralisation in the Mosquito Creek 

also occurs in the Hatches Creek and Wauchope mineral 
Davenport Province.

A brief history of mining, exploration and production in 

HORT 
RANGE (Northern Territory Times and Gazette of October 
1881). Subsequent to this, Brown (1895) reported panning 
gold from Bishops Creek in 1894, although Davidson (1905) 
sampled quartz reefs in TENNANT CREEK with little 
success and downgraded the area's gold potential. However, 
the association of gold with vein quartz at Last Hope, and 
the nearby occurrence of eluvial and alluvial gold (in the 
Moonlight Rockhole area) is atypical of the Tennant Creek 

. Outcrop of Warramunga Formation in road cut (near 

Bedding dips steeply to south-southwest (ie to left of photograph) 
and S1 cleavage dips steeply to north-northeast (ie to right of 
photograph).
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grade gold and copper mineralisation was discovered in 
samples taken 9 km south-southwest of the Old Telegraph 
Station in 1925. Payable gold was subsequently discovered 
beneath the abandoned workings at this prospect (Great 

Numerous Tennant Creek-style ironstone-associated 

included those at Nobles Nob and Eldorado, although payable 

(1954) reported that immediately prior to the Second World 
War, one hundred and thirteen mines were in operation in the 

closed during the war (Le Messurier et al 1990, Figure 9.21). 

number had dropped to eight by 1952. Despite the large 

recorded production, Figure 9.22), they represent less than 

of the ca 156 t of gold produced to the year 1999 (Donnellan 
et al 1999, Ahmad et al 1999) was contained in just twelve 
mines, with subsequent combined production of 1101 kg of 

2005 (see ).

mineralised ironstone bodies (Figure 9.23) had more than 

recovered), accounted for approximately 65% of total gold 
production. The Warrego mine near the western end of the 

SHORT RANGE) has also produced 91 500 t 
Cu. The high-grade White Devil deposit produced 19.8 t 

September 1999. Immediately west of White Devil, the 

copper) mineralisation with massive ironstone (magnetite-

Geophysical Survey of Northern Australia, AGGSNA 

et al

reported that an airborne magnetometer and scintillometer 
survey was undertaken by the Bureau of Mineral Resources 
(BMR) in 1956 in order to facilitate the interpretation of 
the ground-based surveys by putting the anomalies in a 
regional context. The area covered included all the known 

later survey in 1960, which extended coverage throughout 

of new ironstone-related magnetic anomalies and, in turn, 
stimulated company-funded surveys.

A 1984 aeromagnetic survey by Austirex (at 200 m line 
2, and 

a survey undertaken on behalf of Peko Mines Ltd in the 
late 1980s covered 1500 km2 in the southeast of the Tennant 

the Australian Geological Survey Organisation (AGSO, 

level 200 m line-spaced aeromagnetic and radiometric 
survey over the entire TENNANT CREEK map area. 
NTGS extended this survey over CHALUBA, BONNEY and 
OORADIDGEE in BONNEY WELL, EPENARA in FREW 
RIVER and HANSON in LANDER RIVER in 1999. 

mathematical model to analyse ellipsoidal magnetic 

in TENNANT CREEK. Farrar also discussed how the 
model was successfully applied in targeting the Warrego 
orebody and in identifying a residual anomaly associated 
with a satellite body immediately to the north. Down-hole 

Hoschke (1991) described how a down-hole magnetometer 
was vital to the discovery of the two lodes at West Peko.

In 1996, NTGS contracted World Geoscience to 
undertake a low-level, closely spaced radiometric survey 

philosophy behind this exercise was to test the method as 
an exploration tool for economic mineralisation using U 

Figure 9.21. Ten-stamp-head Number 
Battery Hill, about 1.5 km to west of Tennant Creek town centre. 

Creek Regional Tourist Association took over management of 
the site ( , 
accessed August 2011). 
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was known in at least some of the Tennant Creek gold 
deposits, suggesting that this was a potential testing 
ground for the method. There proved to be a very high 
correlation between the magnetic signal and a high-U 
signal in eight existing ironstone prospects in the test area, 

prospective targets. 
In 2001, Scintrex, on behalf of AGSO and NTGS 

acquired systematic gravity coverage over TENNANT 
CREEK. These data were mainly collected on a 4 km 
grid (with some areas collected on a 2 km grid), and were 

it was available. The dataset has recently been modelled 
(see Roach 2006) in an effort to evaluate the interpreted 
solid geology map for TENNANT CREEK produced by 
Johnstone and Donnellan (2001), and further to investigate 
the possibility of constraining the distribution of rock 
types in the third dimension.

Gravity methods provide a potential exploration tool 
for oxidised, weakly or non-magnetic ironstone bodies. 

with predominantly haematitic ironstones was realised 
with the discovery of Chariot by Normandy Mining Ltd 
in 1998, and Emmerson Resources Ltd has undertaken 
detailed gravity studies on their tenements (Emmerson 

presentation 16 March 2009). A number of other 
geophysical techniques (IP, EM and AMT) have also been 
applied during exploration at Tennant Creek.

Giants Reek Mining Ltd found a small deposit about 

Au, 5.1% Cu and 0.8% Bi (Giants Reef Mining 2000).
The ore is hosted by steeply dipping shoots of haematite-
chlorite-clay breccia, and the high-grade zone occupies 

that remains open at both ends (Ahmad et al 2009).
There has been a recent resurgence of exploration 

and in a largely unexplored area to the west of Warrego, 

major deposits in Tennant Region after 
Donnellan et al (1999) and Ahmad 
et al (2009) with minor modications. 

are from Ferenczi (1996). Note that 
gold production from Warrego includes 

 t Au produced from the re-
processing of tailings. The calculated 
recovered grade is derived from dividing 
the total gold produced by the amount of 
ore processed.

Mine Ore 
(Mt) Grade

Calculated 
recovered Au 
grades (g/t)

Metal produced

Approx %  of 
total (ca 157 t) 
gold production 

Warrego 41 280 kg Au

2.0% Cu 91 500 t Cu

5 500 kg Ag

12 000 t Bi

Nobles Nob 2.14 16.1 22.0

Juno 0.45 58.0 16.6

0.4% Cu 1 429 t Cu

0.6% Bi

White Devil 15.2 19 800 kg Au 12.6

Peko

4.0% Cu 118 884 t Cu

0.2% Bi

Orlando 2.4

1.8% Cu 4 852 t Cu

0.1% Bi

Gecko 0.9 2.2

4.0% Cu

Eldorado 0.21 18.0 2.4

Argo 0.29 2 050 kg Au

Chariot and 
Malbec West 
combined

1 101 kg Au

Golden Forty 0.15 11.5 1.1

TC8 0.08 1420 kg Au 0.9

Ivanhoe 2.6 0.5

8 950 t Cu

Northern Star 0.115 8.1 810 kg Au 0.5
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anomalies and has intersected typical Tennant Creek-style 
ironstone-associated mineralisation (Sipa Resources, ASX 
Announcement 8 December 2009). A number of companies 

in the region. Emmerson Resources (ASX Announcement 

Au, associated with talc-magnetite alteration, at Pinnacles 
North. This company described Pinnacles North as being 
a large, overlapping magnetic and gravity anomaly with an 
associated multi-element geochemical 'leakage anomaly'. 

intercepts at Golden Kangaroo East (ASX announcements 
14 July 2008 and 29 July 2008), the Analytic One project 
(ASX announcements 15 December 2008 and 4 June 
2009), the Golden Forty project (ASX announcement 
1 September 2008, and at Rising Star (ASX announcement 
21 December 2009). Truscott Mining Corporation Ltd (ASX 

polymetallic mineralisation adjacent to porphyry contacts 
over the 1.4 km strike length of a shear zone that includes 
a number of ironstones and former small, high-grade gold 
mines (eg Peter Pan, Wheal Doria) at their Westminster 
Project. This company reported that several high-grade ore 
shoots with at least 120 m down-plunge continuity had been 
intersected in the Westminster Project area (Media release 
2 February 2010, ASX announcement 20 May 2010). 

Major economic Tennant Creek-style deposits associated 
with ironstone bodies

The following sections provide a general description of the 
Tennant Creek ironstones and their associated gold, copper 
and bismuth mineralisation. In particular, a brief summary 
of (a) possible structural and stratigraphic controls on 
mineralisation, (b) hydrothermal alteration assemblages, 
and (c) ore mineralogy and texture is given. This is followed 

(Figure 9.24) that have been mined in the Tennant Creek 

the main deposits are in part based on Ahmad et al (1999, 
2009), Ferenczi in Donnellan et al (1999) and Donnellan 
et al
of the smaller deposits are given in Ivanac (1954) and brief 
descriptions are also provided in the Appendices to Ahmad 
et al (1999, 2009).

The ironstone bodies are irregular ellipsoidal lenses or 

tens of tons to more than 15 million tons (Le Messurier et al 

talc, dolomite, muscovite and sericite (Wedekind et al 1989). 
In the oxidised zone, which typically extends to 100 m below 
the present land surface, the ironstones predominantly 
comprise haematite together with remnant magnetite. 

concluded that an intimate association of magnetite and 
haematite at Golden Forty indicated that, at the time of 
ironstone formation, oxygen fugacity was close to that of 

b

c

d

a

A09-065.ai

Figure 9.23. Surface expression of massive ironstone bodies. 
(a) View to east-southeast from near Shamrock Mine to ridge 

at far left-hand side of ridge). (b) View to west-northwest 

foreground. A second ironstone body is along strike at 

hill in distance. (c) Surface expression of ironstone in vicinity 
of Eldorado mine and (d) ironstone orebody (darker phototone) 
within open cut at Eldorado mine (c and d after Ahmad et al 
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that the Tennant Creek-style deposits range from reduced 
pyrrhotite-bearing to oxidised primary-haematite-bearing 
types, which may carry copper-gold-bismuth or gold-
bismuth (-copper) mineralisation, respectively.

talc, muscovite, chalcopyrite, pyrite, bismuthinite and 
gold). Magnetite commonly shows colloform textures and 
spherulitic aggregates with chlorite. Magnetite also occurs 
in veins and as disseminated octahedra associated with 
highly chloritised Warramunga Formation rocks in breccias 
and in stringer zones, respectively adjacent to and below the 
ironstone bodies.

Structural and stratigraphic controls
Several structural controls on ironstone distribution are 
evident on both regional and local scales. The regional 
slaty cleavage (S1) in the Warramunga Formation, and 
shears subparallel to this cleavage, which approximately 
coincides with the axial orientation of moderate to tight F1 

of ironstone bodies. These are the 'lines of lode' that have 
been recognised (particularly in the southern portion of 

hosts a number of small mineralised ironstones (eg Mascot, 
Hidden Mystery, Mary Ann) is an exception. Economically 
mineralised ironstones are generally in smaller east-
trending brittle-ductile shear zones (eg White Devil, Argo), 
and many gold-bearing ironstones are in areas of pitch 
reversal associated with parasitic F1 anticlines (Ivanac 
1954, Whittle 1966). In addition to the approximately east-

(1965) recognised that south-southeast and east-northeast 

zones also carry (mineralised) ironstones. Some ironstone 
bodies have been reoriented by later tectonism associated 
with folding, faulting or granite emplacement (eg Warrego 

et al 1988). 

been recognised in several deposits (eg Eldorado, Northern 
Star, Golden Forty, Lone Star). Other minor faults displace 
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Figure 9.24. Interpretative map of Palaeoproterozoic geology of TENNANT CREEK, showing gold occurrences and with major mines 
et al 2009, and based on Donnellan et al 1998 and Johnstone and Donnellan 2001).
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and brecciate the ironstone pods, which has allowed the 

oxidising meteoric waters. Skirrow (2000) noted that shear-
hosted gold-copper mineralisation, apparently unrelated to 
ironstones, represents a discrete class of deposit at Tennant 
Creek.

Apparent stratigraphic controls on ironstone 
distribution, particularly their apparent association with 
'haematite shale' and quartz-feldspar porphyry, are also 
recognised. At the surface, there is, for example, a close 
association between mineralised ironstones and 'haematite 
shale' in the line of lode form Mount Samuel (Figure 9.25) 

similarly, from Mensahib via Little Wonder, Black Cat 
and Gigantic to Golden Mile. In the subsurface, the 
ironstones at Nobles Nob, Juno and TC8 are centred on, 
and partially replace 'haematite shale.' However, there is 
no consensus on how many intervals of 'haematite shale' 
are present within the Warramunga Formation succession, 

succession. Similarly, the importance of the primary 
chemical composition of the host sediments as reductants 
triggering the precipitation of iron oxides is also uncertain 
(for example, carbonaceous shale that might have acted as 

Hydrothermal alteration assemblages
Hydrothermal alteration is recognised (particularly 
subsurface) in association with many of the ore deposits. 

that stringer zones and leached sedimentary rocks located 
below the ironstone bodies represent former hydrothermal 
channelways.

Chloritisation has accompanied both ironstone 
formation and Au (Cu-Bi) mineralisation (Wedekind 
et al 1989, Huston et al
and in the metasedimentary Warramunga Formation 
country rocks both adjacent to, and below the ironstones 
(particularly in 'stringer zones'). This earlier formed 

Later-formed chlorite tends to be more coarse grained, non-

altered sedimentary rocks adjacent to the gold mineralised 
envelope. 

Dolomite-talc alteration is present as discrete 
envelopes up to 15 m wide, above and in part adjacent to 
the massive ironstone pods (eg Juno, Argo, TC8, Golden 

zones adjacent to the main ore zone (eg Orlando, Ivanhoe, 
White Devil, Peko).

grained disseminated magnetite commonly form talc-
magnetite zones above and adjacent to the massive 
magnetite-chlorite zone (eg Juno, TC8, Argo), or magnetite-
quartz zone (eg Golden Forty, Nobles Nob). Anthophyllite 
is present, together with talc, in the footwall alteration 
zone at the Pinnacles mine, and in the main lode (at depths 

appears to be the alteration product of earlier-formed 
hydrothermal chlorite, which has experienced subsequent 

Dolomite-rich lithologies completely surround the 
talc-magnetite zone to form an outer alteration zone 
that commonly contains a variety of minerals including 
talc, chlorite, quartz, magnetite, pyrite, chalcopyrite and 
tremolite. Dolomite may be found in pink, white and 

forms late crosscutting veins, massive aggregates and 
breccias replacing wall rocks. Dolomitic zones are best 
developed adjacent to haematite shale units (eg Argo, Juno 

Sericite-muscovite alteration is present in the Au-
bearing zones of many surface and subsurface deposits. 

coarse-grained sericite are common in oxidised orebodies 
(eg, Nobles Nob, Rising Sun, Patties, Joker, Kiora), 
whereas disseminated, non-foliated coarse-grained 

zone predominate at depth (eg, Warrego, TC8, Golden 
Forty, Orlando).

Ore mineralogy and texture
Gold (-copper-bismuth) mineralised zones vary from 10% 

the ironstone bodies, and ore zonation is well developed 
in some cases and absent in others. Ore mineralisation is 
also developed in altered metasedimentary rocks above, 
adjacent to and below the ironstones. The following 
descriptive details are largely from Ferenczi in Donnellan 
et al (1999).

Primary gold is commonly concentrated towards 
the base, or in the footwall of the ironstone bodies in a 

assemblage. The gold typically ranges from a few microns 
to 1 mm in grain size. Gold grades are variable, but average 

Figure 9.22), 

where gold occurs in copper orebodies (Wedekind 1990).

of the surface deposits, producing high-grade zones (eg 

Figure 9.25. Looking southwest from Bill Allen lookout to 
prominent ironstone ridge at Mount Samuel, about 6 km south-
southwest of Tennant Creek town centre.
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These supergene zones contain small nuggets and coarse 

brecciated ferruginous mudstone, or in quartz-haematite 
assemblages. At the surface, the supergene zone is often 

Bismuth mineralisation in the primary ore zone 
predominantly consists of bismuthinite, together with 

and occasionally seleniferous bismuth-sulfosalts (junoite, 
wittite, guanajuatite). Bismuth may be closely associated 
with primary gold, and commonly occurs partially within 

2CO ] and bismite 
(Bi2O ) are commonly encountered in the oxide zone of 
bismuth-bearing deposits.

Bismuthinite may form anhedral aggregates or 

The intimate association and preservation of intricate 
intergrowth textures between gold, bismuth minerals and 
chalcopyrite suggests contemporaneous precipitation and 

Bismuth grades range from 0.1% (Orlando) to 1% (Jubilee) 

deposit). 
The dominant primary copper-bearing mineral is 

mineralisation occurs in zones, which either overlap 
with those of gold (eg Warrego and Orlando), or which 
form relatively discrete zones within talc-magnetite-
dolomite gangue (eg Juno, Golden Forty, TC8). At Gecko 
chalcopyrite is relatively evenly distributed throughout 
massive magnetite and is associated with very low-grade 
gold mineralisation.

fractures in massive magnetite and early-formed pyrite. In 
other cases, chalcopyrite is intergrown with magnetite and 
quartz, suggesting coprecipitation of these three minerals 

within the alteration pipe below ironstone pods. Minor 
bornite also occurs and a bornite-rich copper lode within a 
talc-dolomite zone has been delineated at TC8 (Giants Reef 

Chalcocite and minor covellite are commonly found in 
the supergene ore of copper-bearing ironstone bodies (eg 
Gecko, Peko, Orlando, TC8), and have replaced primary 
chalcopyrite. Malachite, and rarely native copper and 
chrysocolla, are present in surface exposures. Grades are 

amounts in association with economic mineralisation 
are: galena and sphalerite (Orlando, Juno, Peko, Gecko, 

within mineralised ironstones, often forming disseminated 
subhedra or veinlets replacing massive magnetite. Pyrite-
rich (up to 90%) zones may form adjacent to (eg Argo) or 
within (eg Peko and Gecko) the ironstone lodes and can 

occasionally contain economic concentrations of copper 

phases in the Peko and West Peko orebodies, but are minor 
or absent in most of the other deposits. Uraninite has been 

Star, Warrego and Gecko. At Juno, sub-microscopic grains 
of uraninite occur in the magnetite-chlorite pod on the outer 

uraninite is located within chloritised thrust fault zones 

A generalised mineral paragenesis for Tennant Creek-
style ironstone associated iron-oxide, copper-gold deposits 
is shown in . Cross-sections showing gangue 
mineral and ore zonation for ten major iron-oxide, copper-

presented in Figure 9.27, and these deposits are described 
below. Genesis of Tennant Creek-style gold-copper-bismuth 

genetic models' below.

Major ironstone-hosted gold-copper-bismuth deposits

Present tense is generally used in the following descriptions 
of the major, mined ore deposits in the Tennant Creek 

resulted in some of the features described no longer being 

MINERAL
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Fe-chlorite
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Pyrite
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. Generalised mineral paragenesis for ironstone-
related Au (-Cu-Bi) deposits [after Donnellan et al 
compiled by PA Ferenczi (formerly NTGS)].
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Figure 9.27. Cross-sections showing ore and guangue mineral zonation for ten major Tennant Creek-type mineral deposits from 

TC8 and Nobles Nob are from Ahmad et al
et al
by S Russell, Emmerson Resources Ltd, pers comm 2011. Primary data sources are reported in these references. Sections are arranged 

Eldorado Deeps] deposit endmembers, following Skirrow and Walshe (2002: table 1), and as described by Skirrow (2000). Skirrow and 
Walshe (2002) concluded that haematite-rich high-grade copper and gold-rich ore zones at Gecko K44 are atypical of Tennant Creek 

and consequently haematitised. Positioning of this section within diagram is therefore somewhat arbitrary.

readily evident. Descriptive details of a number of deposits, 
Nobles Nob, Warrego, White Devil, TC8 and Juno, are 
largely based on Ahmad et al (1999, 2009).

Nobles Nob

for the production of 80.5 kg Au. Australian Development 
Ltd (ADL) acquired the leases over Nobles Nob in 1948 

from 2.14 Mt of ore (see ). Figures quoted by 
Excalibur Mining Corporation Ltd (Excalibur Mining) 
indicated that 828 000 oz of gold were produced from the 
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(ASX announcement 22 March 2010: AGES March 2010 
presentation).

The host rock succession consists of tightly folded 
greywacke and shale of the Warramunga Formation. Bedding 

the southern limb of a major F1 anticline. A well developed 
cleavage (S1
north. The main ironstone body (No.1 lens) is predominantly 
hosted within drag-folded and brecciated shale, including a 

fault zone truncated the main ironstone lens, which was also 
offset to the east by numerous north-trending vertical faults 

west and plunges at 20° to the east. The lode was lenticular 
in both plan and cross-section (Figure 9.27), with maximum 
dimensions of 190 m strike length, 40 m width and 80 m depth. 
The lode appears to have been localised at the intersection 
of bedding and cleavage (Yates and Robinson 1990). Gold 
mineralisation was concentrated in the central zone of the 

(magnetite-content of the ironstone increased below 55 m), 
and in stringer veins in altered sericite-chlorite-haematite 
shale below the ironstone. Supergene enrichment produced 

rich ores, where it formed elongate masses several centimetres 
in length. Bismutite and bismite were closely associated with 
gold in the upper levels of the primary deposit, which locally, 
originally contained up to 10% bismuth. Bismuthinite with 
minor pyrite, chalcopyrite and enargite were present below 
the zone of oxidation.

In a recent reinterpretation of previously acquired 

of EM, gravity and magnetic targets at the company's 
Nobles Nob leases (www.excaliburmining.com.au). 
Excalibur Mining reported (ASX announcement 6 August 

Au at Rising Sun (about 2 km east of Nobles Nob).

Warrego 

The Warrego mine is situated about 45 km northwest of 
Tennant Creek and has been the most productive mine in 

a 2200 nT magnetic anomaly during an airborne magnetic 

was made in 1962 and full-scale production commenced in 

ceased in late 1989, and retreatment of the tailings (4.98 Mt 

).

quartz-porphyry sill that has intruded chloritic slates 
(Figure 9.27). The footwall succession east of the 
Footwall Fault consists of interbedded chlorite-muscovite 
schist, metaquartzite and spotted chloritic slate. Contact-

metamorphosed and potassically altered greywacke and shale 
are present west of the Footwall Fault. The Warrego Granite is 
exposed about 800 m west of the deposit (Wedekind and Love 
1990). The sedimentary rocks and the local cleavage generally 
trend northwest and appear to have been rotated about 90° 
by intrusion of the Warrego Granite (Wedekind 1990). This 
granite has an imprecise U-Pb igneous crystallisation age of 
ca 1645 Ma (Compston 1995) and a K-Ar age for muscovite 

Prior to mining, the Warrego deposit consisted of two 
major and several smaller lenses of ironstone (magnetite-

of these lenses is parallel to bedding, but they have steeper 
dips than the bedding, more or less coinciding with that of 
the cleavage. The main pipe (No.1 orebody) extends from 

mineralisation was concentrated in high-grade (average 

chlorite and muscovite, in the footwall of the ironstone 
lens. There is a distinct vertical and lateral zonation of 
ore and gangue minerals away from the gold-rich pod into 
bismuth-rich and then copper-rich zones (Figure 9.27). 

(bismuthinite-guanajuatite) occurred intergrown with 
randomly oriented laths of chlorite and muscovite, 

massive magnetite. Gold was also present in the copper 

chalcopyrite and pyrite grains.
In addition to chlorite-muscovite-magnetite and 

chloritoid-chlorite-muscovite-magnetite wall-rock 

magnetite-tourmaline alteration assemblages on the 
hangingwall side of the deposit. Chloritoid and andalusite 
in these assemblages are now largely replaced by chlorite 
and muscovite, respectively. Wedekind and Love (1990) 
have reported quartz-muscovite-K-feldspar-tourmaline-
bearing greisen veins associated with the Warrego Granite 
at the Warrego deposit, on either side of the footwall fault 
and in surface outcrop.

White Devil 

neighbouring Black Angel deposit throughout the period 

ore. In 1986, Australian Development Ltd (later Poseidon 
Gold Ltd) acquired the leases from Peko-Wallsend Ltd 
and commenced open pit and later underground mining 

( ). A small amount of gold remains at both White 
Devil and Black Angel. The following brief description is 
largely summarised from Edwards et al (1990), Nguyen 
et al (1989) and Huston and Cozens (1994).

The host succession comprises tightly folded greywacke 
and shale, and is intruded by post-D1 quartz-feldspar 
porphyry dykes, which also crosscut the ironstone lode 
and which have undergone chloritic and sericitic alteration 
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associated with the introduction of the Au ± Cu ± Bi-
1), the host succession 

of the F1  2
et al

et al 

et al 1a in 
Table 9.5

Figure 9.27) with ore 

TC8 

Table 9.6
Figure 9.27) containing an inferred 

et al

1

Figure 9.27

Juno

Table 9.6

1

Figure 9.27



9:45

Warramunga Province

aikinite series) were concentrated in an umbrella-shaped 
zone partially overlapping, but also above the gold zone. 
The bismuth zone is partly within the magnetite-chlorite 
pod, but also extended into the talc-magnetite zone at its 
apex. Chalcopyrite is concentrated along the outer contact 
between the magnetite-chlorite and talc-magnetite zones. 
Pyrite is also concentrated in the copper zone, but persists 
further into the talc-magnetite zone. Traces of cassiterite 
and wolframite have been recorded in the stringer zone 

gravity and magnetic targets in a reinterpretation 
of historical geophysical data at their Juno leases 
(www.excaliburmining.com.au). They reported (ASX 
announcement 6 August 2010) a JORC-compliant Inferred 

situated about 200 m below Juno and Excalibur Mining 
has reported (ASX announcement 6 August 2010) a JORC-
compliant Inferred Resource of 65 200 oz gold for this deposit.

Gecko (including K44)

and was a copper-bismuth mine with only minor associated 

K44 satellite orebody. Le Messurier et al (1990) reported 

was put on care-and-maintenance in 1981 (Main et al 1990). 
The mine was subsequently worked intermittently until 
1998.

The Gecko deposit (Figure 9.27) was described by 
et al

orebody by Main et al (1990). The following is summarised 

aeromagnetic anomaly (Explorer 1) was resolved into 

ground magnetic surveying. A drilling program that 

associated with three of these anomalies. The ironstone 
bodies are within subsidiary folds on the northern limb of 
a west-trending anticline. They are hosted by a stratiform 
breccio-conglomeratic horizon immediately underlying a 
haematite shale unit within the Warramunga Formation. 
Subsequent magnetic modeling of the ironstone bodies 
resulted in the recognition of the K44 ironstone. This 
ironstone occurs within a domical structure on the northern 
limb of the regional anticline. 

lensoidal to elliptical and elongated parallel to the (westerly) 

and 2, the lode was haematite-quartz. The predominantly 
chalcopyritic mineralisation was concentrated in two 
magnetite-rich pods within the quartz-haematite lode at 
Anomaly 1, and in a similar magnetite body at the core of 

with an average of about 15%. Ore-grade bismuthinite 
was present in a zone of magnetite-haematite-quartz at 

in that in addition to chalcopyrite, it carried an average of 

haematite-quartz zone, and a haematite-magnetite-quartz-
chlorite zone, in which chalcopyrite is patchily distributed 
and only locally of ore grade. The haematite-magnetite 
zone hosted the F10 bismuth body (which produced 40 000 t 
of ore at 1% Bi). The upper portion of the Anomaly 2 
ironstone is surrounded by a zone of chlorite and, more 
proximally, by chlorite-haematite alteration within the 
host breccio-conglomeratic Warramunga Formation. The 

lode is surrounded by a carbonate-rich replacive envelope 
within the breccio-conglomerate, and the wall-rock shales 
are chloritised. 

The K44 ironstone, in common with the other lodes 
at Gecko, is hosted by breccio-conglomeratic facies of 
the Warramunga Formation, immediately underlying a 
haematite shale unit. Main et al (1990) reported that the 
ironstone was elongated parallel to the east-striking, north-
dipping S1 slaty cleavage in the host rocks, and that this 
cleavage remains uniformly oriented throughout the clasts 
in the breccio-conglomerate. These authors interpreted the 
latter observation to indicate that the breccio-conglomerate 

Formation. Main et al (1990) described the ironstone as 

subequal proportions. However, haematite dominates in the 
margins of the ironstone body and is the only iron oxide 

uppermost extension ('tongue') of the orebody. Quartz, 
chlorite and dolomite were associated with the ironstone, 
together with minor talc, sericite, calcite, magnesite 
and barite. Quartz was more abundant in the haematite-
dominated parts of the ironstone. Chlorite dominates the 
alteration zone, which surrounds and extends upward from 

base and southern margin of the ironstone. Chalcopyrite 

80% of the ironstone body by volume. Although pyrite 

cobaltite, pyrrhotite, chalcocite, tetrahedrite, molybdenite, 
sphalerite, galena and bismuth sulfosalts. Native copper and 
uraninite also occurred.

Huston et al
stages associated with the mineralisation at Gecko K44 
(and also at White Devil). These stages are: (1) an early 
syndeformational ironstone formation stage from low-

Skirrow and Walshe (2002) concluded that the haematite-
rich high-grade copper and gold-rich ore zones at K44 are 
atypical of the Tennant Creek deposits. They suggested 

may have been overprinted by an oxidising brine and 
consequently haematitised.
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Eldorado

Eldorado is situated about 5 km south of Tennant Creek. It 

(1954) reported that Eldorado was the only mine operating 
in Tennant Creek at the onset of World War II and it was 
consequently permitted to stay operational during the war. 
However, Le Messurier et al
a number of other mines (Whippet, Nobles Nob, Peko, 
Northern Star, Rising Sun, Hammerjack, Enterprise (in 
the Eldorado Group of mines) and Blue Moon were also 
in production during the war. Eldorado was apparently the 
only mine to have been operational throughout the war. In 

cut mining was undertaken in 1992. The Eldorado deposit 
has been described by Ivanac (1954), Horvarth (1988) and 
Skirrow and Walshe (2002), and salient details from these 
sources are summarised herein. Eldorado (Shallows) has 

).
Ivanac (1954) reported that the Eldorado Shallows orebody 

was truncated by the Turner thrust, which offset this orebody 

Deeps orebody. Skirrow and Walshe (2002) recorded that 
drilling by Geopeko indicated a resource of about 29 200 t 

amount of gold that was contained in the Shallows. Skirrow 
and Walshe regarded the Deeps orebody (Figure 9.27) as 
representative of the oxidised (haematite-rich, gold-rich and 
copper-poor) end-member of a spectrum of deposit types 

by the West Peko Cu-Au-Bi deposit. The Deeps deposit is 
considered the primary equivalent of the weathered and 
oxidised Shallows orebody (Skirrow and Walshe 2002).

Skirrow and Walshe (2002) interpreted that the 
Deeps ironstone formed under conditions of low sulfur 
activity. Fluid fO2, was close to that of the boundary 

and the early-formed ironstone was haematitic, but was 
partially replaced by magnetite at a later stage in D1. 
Skirrow and Walshe concluded that the subsequent gold-

interaction with mixed-chloride basinal brines resulted 

and (2) subsequent oxidation and haematitisation of the 
ironstone. Warramunga Formation metasedimentary rocks 
(quartz-sericite-magnetite-haematite-chlorite), adjacent 
to ironstones and in 'stringer' zones, were altered to an 
assemblage containing more iron-rich chlorite, together 
with muscovite, magnetite and haematite that were 
contemporaneous with the later-stages of D1. The Shallows 
ironstone is probably analogous to this, except the ironstone 
contains less magnetite, probably as a consequence of late-
stage (weathering) processes.

The Shallows ironstone is partially brecciated at the 
margins and the lower part of the Deeps ironstone is similarly 
brecciated. Brecciation of the ironstones is associated with 

alteration and veining, forming stringer zones. These 
stringer veins are crosscut by later chlorite-quartz veins. 

High-grade gold and associated bismuth mineralisation 
are located within the zones of brecciation and the stringer 
zones, and also occur at the Deeps in late-stage chlorite-
associated micro-shear zones that postdate the chlorite-
quartz veins. Brecciation and associated alteration and 
mineralisation were attributed to a second deformation by 
Skirrow and Walshe (2002).

In the regional context, the Eldorado deposit was 
recognised by Ivanac (1954) to be associated with east-
southeast parasitic folding on the southern limb of an F1 
anticline. Skirrow and Walshe (2002) attributed parasitic 
fold plunge reversals, and their non-cylindrical character, to 
probable fold superposition.

Peko and West Peko

The Peko mine is situated 12.5 km east of Tennant Creek. 
The deposit outcropped as a massive quartz-haematite 
body, described by Ivanac (1954) as two contiguous lenses 
that became more quartzic to the west. Mining was initially 

mining, 5589 t of copper ore were mined from the small, 
oxidised, supergene-enriched lode (Ivanac 1954). Gold 

was lost to the tailings. Peko Mines NL was formed in 1949 
and about 2 kg of gold was recovered from 505 t of ore in 

were cyanide processed by Central Gold Milling Company, 

).
The Peko orebody (Figure 9.27) was described by Whittle 

(1966) and the following details are summarised from this 
reference. The main and satellite lodes are on the southern 
limb of a syncline. The main lode is a steeply plunging pipe-
like body whose dimensions increase downwards giving it 
an essentially pear shape, and together with the host syncline, 

zone comprised pyrite and chalcopyrite together with minor 
pyrrhotite, bismuthinite and cobaltite. The upper extremity 

the water table to form an oxidised zone where cuprite and 
native copper were present in a quartz-haematite ironstone. 
A zone of secondary enrichment included gold leached 
from the overlying oxidised zone and, near the water table, 
there was a change downwards from copper oxide minerals 

of the orebody is enveloped by barren quartz-magnetite 
that was altered to quartz-haematite, the uppermost part 

and iron oxide minerals, and bismite and bismutite. This 
uppermost (quartz-haematite) zone of the lode is in contact 
with country rocks showing chloritic alteration. In contrast, 
Whittle (1966) reported that the quartz-magnetite body is 
in contact with essentially unaltered sedimentary rocks, 
although at depth, the host rocks are chloritised. In the upper 
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separate the lode from the chloritically altered host rocks. 
At greater depth, chloritic alteration gives way to a zone 
of talc-anthophyllite alteration the inner part of which is 
extensively brecciated. Carbonate veins are present within 
the chloritic zone. At still greater depth, late pneumatolytic 
alteration resulted in tourmaline and pyrite in part replacing 
previously chlorite-, and talc-anthophyllite-altered rocks.

The West Peko orebody (Figure 9.27) is situated about 
2 km west of the Peko. According to Skirrow and Walshe 
(2002), West Peko contains several hundred thousand tons 
of Au-Cu-Bi ore, and includes drilling intersections with 

described by Skirrow and Walshe (2002) as a reduced end-
member copper-gold deposit, and the following details are 
summarised from their paper. In common with the Peko 
orebody, West Peko is hosted by Warramunga Formation 
sedimentary rocks, including minor haematite shale, which 
have relatively high magnetic susceptibility. Deformed 
and chloritised porphyry occurs about 50 m below the two 
east-trending, steeply north-dipping to essentially vertical 
West Peko ironstone bodies. These bodies are each of the 

with a stratiform quartz-feldspar porphyry lower in the 
succession, and the former is interpreted to predate D1 and 
the mineralisation. 

Skirrow and Walshe (2002) reported that the magnetite 

minor haematite is present in jasperoidal bands as an 
early-formed phase, although it is now largely replaced by 
magnetite. The central parts of the ironstones contain zones 

with magnetite, pyrrhotite and chlorite, and with zones 

stilpnomelane or magnetite-quartz-minnesotaite, and a 
narrow zone of magnetite-stilpnomelane-chlorite-pyrite 
proximal to the contact between ironstone and chloritised 

are associated with magnetite and quartz in the lower parts 
of the ironstones. Skirrow and Walshe (2002) described four 
discrete stages of chlorite formation in West Peko.

Golden Forty

Golden Forty is about 6 km northeast of the Nobles Nob 
mine, and is situated on the intervening limb between the 

described the Golden Forty deposit and the following is 
summarised from his thesis. The deposit comprises a pipe-
like, east-trending ironstone body about 200 m long and 
plunging 45° to the west. The pipe has a circular section 
at the top, but an ellipsoidal section at the base. It is one 
of a number of en echelon ironstone bodies trending east-
southeast at an angle to the east-trending regional cleavage. 
The trend of these ironstones crosses the Peko syncline 
obliquely and the bodies are therefore interpreted to postdate 
the syncline. Pontifex (1964) reported that from Golden 
Forty to Great Eastern, ironstone bodies are localised 
along vertical east-trending fold axial planes and pitch 

from massive magnetite with minor quartz to the converse 
and extended to the surface, where the top of the body had 

been eroded away. A chlorite-magnetite zone constituted 
the main mineralised zone, although some mineralisation 
extended into the overlying quartz-magnetite ironstone 
body. Mineralisation comprised bismuthinite, chalcopyrite 
and pyrite, together with native gold, the latter extending 
into the underlying stringer zone. The chlorite in this zone 
is intensively foliated, and there are irregular lenses of talc-
chlorite-magnetite rock in the southern part of the zone. 
The stringer zone comprises (muscovite-bearing) chlorite-
magnetite veins within the cleavage planes of the host rock. 

system, with iron and copper predating gold, bismuth and 
selenium. Pontifex (1964) described that the ironstone 
bodies from Golden Forty to Great Eastern are blue-
black, as a result of martitisation, and that minor quartz is 
associated with the magnetite, although a later generation of 

reported the occurrence of pyrrhotite, specularite, bornite, 
chalcocite and marcasite among the primary and secondary 
ore minerals and graphite among the gangue minerals.

mineralised bodies at Golden Forty, plunging at 45° to 

comparable with those described from Juno. Reveleigh 
described chloritised sedimentary rocks, including a zone 
of black chloritised rocks that represented the initial stage 
of alteration, which gives way to a more completely altered, 

chlorite in the metasedimentary rocks hosting the Tennant 
Creek orebodies is generally Mg-rich. He also reported that, 
although Mg-rich chlorite was found in the Golden Forty 
orebody, Fe-rich chlorite is common in the upper portion 
of the chlorite-magnetite zone and in the quartz-haematite 

with chlorite, talc, magnetite, haematite, quartz and 

within the talc-magnetite zone. The zone of talc-magnetite 
alteration extends vertically below and down-pitch from 
the dolomite zone, below which is a quartz-magnetite zone 
and then the mineralised zone, which contains chlorite-

that minettes in the vicinity of Golden Forty include those 

and postdate the mineralisation. Reveleigh reported that 
haematite-shale at Golden Forty is purple-grey and contains 
0.2% carbon.

( ). Emmerson Resources Ltd (ASX announcement 

Northern Star

Northern Star is located about 25 km almost due north of 
Tennant Creek. This orebody was described by Edwards 

summarised. Figures compiled by Ferenczi (1996) indicate 
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that about 810 kg Au was produced from Northern Star 
from 115 000 t of ore (see ).

ironstone bodies arranged en echelon on the southern limb 
of an east-trending F1 anticline. These ironstone bodies 

1 fold axial planes. There 
is a well-developed S1 slaty cleavage that is axial planar 
to second-order open to isoclinal and generally upright 
to slightly overturned folds developed on this limb of 
the regional anticline. A second deformational event has 
resulted in a number of east-striking and moderately to 
steeply north-dipping reverse faults (or thrusts), including 
the uranium-mineralised Higgins thrust, and there is a 
weakly-developed S2 crenulation cleavage. The country 
rocks are a silty facies, with a generally low magnetic 
response, of the turbiditic Warramunga Formation and 
include haematite shale.

anhedral or colloform haematite pseudomorphing 

second generation of late-stage specular or micaceous 
haematite. The centre of the ironstone body that was 

been largely altered to clay. Chlorite forming the matrix 

also associated with vertical shears at the margins of the 
ironstone is iron-rich. The ironstone body was brecciated, 
and its northwesterly dip (in contrast to the northerly dip 
of the other proximal ironstone bodies) was also attributed 
to the effects of D2 
in magnesian-chlorite and quartz invading the ironstone, 

This mineral assemblage carried the chalcopyrite, pyrite 
and gold mineralisation.

quartz-chlorite (ironstone) zone is a talc-chlorite-haematite 
zone. Above the level of oxidation, this zone was converted to 
haematite, goethite, clay (after talc and chlorite) and quartz, 

talc-chlorite-haematite zone was a dolomite-haematite zone 
with dolomite veins to 10 cm wide cutting massive haematite. 
Near the surface dolomite and vugs in the haematite were 

jasper-haematite rock. In both these assemblages, chalcocite 
and gold were concentrated by supergene processes.

Fe-rich chlorite with veinlets of Mg-rich chlorite, quartz, 

stringer haematite zone approximately parallels the strike of 
the (haematitic) ironstone bodies. Chloritised sedimentary 
rock forms an outer halo with up to 80% Fe-rich chlorite, 

Very low-grade chalcopyrite and gold grades are associated 
with dolomite veins subparallel to the S1 cleavage within this 
halo. These veins have quartz selvedges. Leached, chlorite- 
and haematite-free sedimentary rocks occur directly below 

The Northern Star haematite body is anomalous with 
respect to uranium (ca 20 ppm), and ore-grade uranium (up 
to 0.6% uraninite) is associated with chloritic schists, which 
also carry haematite, apatite and pyrite along the Higgins 
thrust zone (and a lower tenor of uranium also occurs in 
a similar context along the Nilsens and McFarland faults).

Argo

The Argo deposit was described by Meade (1986) as an 

axial plane of an anticline, dipping north at about 65° 
and pitching steeply to the southeast. Foliation within the 
orebody parallels the axial plane cleavage of the anticline, 
suggesting that ironstone formation was pre- or syn-D1. 
The ironstone is a massive magnetite body comprising 

together with minor haematite. It also contains up to 25% 

fracture veins and cavities. At deeper levels, pyrite rims 
magnetite and may, in turn, be rimmed by banded dolomite. 
Replacement pyrite veins and grey-white dolomite veins 
also occur. A magnetite-carbonate zone contains pink 
dolomite, postdating this veining and crosscutting clasts, 
and is associated with chlorite and minor pyrite. 

A massive pyrite body, with up to 90% pyrite and 10% 

the hangingwall side of the ironstone. Both the ironstone 
and the pyrite body are surrounded by a carbonate zone 
comprising dolomite, jasper, chlorite, magnetite and ore 
minerals. According to Meade (1986), this carbonate zone 
includes a number of subzones: (1) a foliated magnetite-

(5) lath-carbonate-bearing subzones. The carbonate zone 
is, in turn, surrounded by chloritised sediments. 

Mineralisation (Au, Cu and Bi) is largely restricted to 
the massive magnetite body and the hangingwall pyrite 
zone. There is no distinct zonation. Gold and bismuth are 
associated, but apparently occur in randomly distributed 
pods, including some high-grade pods in the footwall 
dolomite zone. Chalcopyrite is the only copper mineral 
present and replaced magnetite and pyrite in the magnetite 
zone. Traces of scheelite were reported from the deeper-
levels of the Argo deposit by Meade (1986).

Ahmad et al (2009, table 5) reported that 2050 kg of 
gold were produced from Argo from 0.29 Mt of ore with an 

also produced from this deposit (see ).

Orlando

Tennant Creek, and the associated magnetic anomaly was 

et al 2009, table 5, 
see ).
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The deposit was described by Whittle (1966) and is a 

with a steep southerly dip parallel to the Orlando shear, and 
parallel to bedding and cleavage in the country rocks. A 
wide zone of brecciation on the hangingwall side dips at a 

bearing ore shoot is associated with dolomitic and talcose 
rocks within the hangingwall breccia. Below the level of 
oxidation (and brecciation), the main orebody comprised 
sheet-like veins parallel to the cleavage in chloritic schists. 
Veins varied from simple pyrite or magnetite to magnetite, 
pyrite, chalcopyrite and bismuthinite, together with minor 
haematite and gold. Dolomite, quartz and coarse chlorite 
constituted the gangue and coarse magnetite and chlorite 

the host rocks) were replacive, whereas pyrite is associated 
with more talcose intervals of the shear zone. Chalcopyrite, 
bismuthinite and gold postdated magnetite, pyrite, chlorite 
and talc. Chalcopyrite and bismuthinite replaced chlorite and 
the chalcopyrite carried gold.

Ivanhoe

vertically dipping and steeply east-plunging structurally 
controlled orebody, located along a continuation of the Mary 

).
Whittle (1966) noted that the wall rocks to the hypogene 

ore zone are unaltered chloritic slate and tuffaceous sandstone 
with a vertical cleavage and a steeply-plunging lineation, 

ore and gangue were recognised in the primary ore zone: 

1. Rhythmically banded (parallel to bedding and cleavage 
in host rocks) magnetite (haematite) and pyrite, with 
incipient chalcopyrite mineralisation in interstitial 
chlorite around magnetite, but resulting in little or no 
replacement of magnetite or pyrite. 

2. 
replaced by chalcopyrite. The host rock slate is almost 

fractures in the slates are remnant. 

magnetite and quartz, together with galena and sphalerite, 

veinlets of chalcopyrite, gold-bearing specularite and 
subordinate pyrrhotite, pyrite, bismuthinite, galena, 

veins in a pyrite- or magnetite-dominated lode.

Chariot

The following description is summarised from Giants 
Reef Mining (2005). Chariot was discovered by Normandy 
Mining Ltd in 1998 and the nearby Malbec West by Giants 
Reef Mining Ltd in 2004 (see www.emmersonresources.
com.au/History-Emmerson-Resources.htm). The ironstone 
at Chariot comprises two east-striking (80°), steeply 

north-dipping zones. The ironstones are tabular in plan 

sinistral strike-slip line as the TC8, Argo and Peko mines. 
The more northerly zone, which hosted the recovered gold 
(plus minor copper-bismuth) mineralisation, was associated 
with a low-amplitude magnetic anomaly located to the east 
of a 500 nT magnetic anomaly (Explorer 11, Malbec West). 

of primary haematite in the magnetite-haematite-chlorite 
ironstone body. There is a chloritic alteration envelope 
on both the footwall and hangingwall side, and a locally 

and trace bismuthinite, and chalcopyrite and may form a 
weak zone external to the main ore zone. The gold is hosted 

A pervasive S1 foliation parallels D1 shear zone(s) and is 
axial planar to F1 folds. There is a weak, localised shallowly-
dipping S2
of the shear(s), which resulted in open space and ironstone 
formation. Ironstone formation in turn predates north-over-
south shearing associated with the gold mineralising event, 
which was also associated with haematite and chlorite 
alteration.

The combined gold production from Chariot and Malbec 

2005 (Ammad et al 2009, table 5, see ).

Creek and is partially within TENNANT CREEK, GREEN 
SWAMP WELL, LANDER RIVER and BONNEY WELL. 

and early 1980s, but ceased in 1982, when the area became 
Aboriginal Freehold Land. During this phase of exploration, 
Geopeko Ltd conducted a low-level aeromagnetic survey 

a number of magnetic anomalies comparable with those 

at the Rover 1 prospect (Westgold Resources Ltd ASX 

A new phase of exploration was started in the Rover 
et al 2009). Drilling by Westgold 

that copper and gold mineralisation is associated with 
magnetite-haematite and haematite-jasper-dolomite 
ironstone bodies, and is hosted in intensely chloritically 
altered sedimentary rocks. Adelaide Resources has 

AGES 2010 presentation, ASX broker presentation 20 
May 2010). Adelaide Resources has also noted that the 
copper-mineralised zone at Rover 4 is partially hosted 
by a magnetite-dominated ironstone that, together with 
the presence of gold, bismuth and cobalt, indicates that 
the mineralisation is of the Tennant Creek-style (ASX 
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straddles the boundary between tenements held by 
Adelaide Resources and Westgold Resources. Westgold 
Resources is also exploring Rover 1, as well as other former 
Geopeko prospects at Explorer 142 and Explorer 108, and 

coincident intense magnetic and gravity anomaly. It is 
hosted in a chlorite-rich brecciated 'stringer zone', with 
copper mineralisation also extending into magnetite-
rich ironstone. Bismuth and cobalt are associated metals. 
Westgold Resources (ASX Release 9 June 2009) likened 
the mineralisation (and also that at Explorer 142) to 
typical Tennant Creek-style, iron-oxide copper-gold 
mineralisation. This company started drilling at Rover 1 
in 2008 (Westgold Resources ASX announcement 26 

about 500 m, including some bonanza grade intervals 
(Westgold Resources ASX announcements 4 June 2008, 
29 August 2008, 10 September 2009). The company has 

(gold equivalent) for Rover 1 (Westgold Resouces ASX 

Age of mineralisation

can either be considered relative to the phases of 
deformation in Warramunga Formation, or from the 
perspective of isotopic dating. As noted above, the 

1) 
in the Warramunga Formation, and shears parallel to this 
cleavage approximately coincide with the axial orientations 
of moderate to tight (F1) folds, and are important controls 
on the distribution of many ironstone bodies. The 
ironstones have undergone brittle-ductile deformation 
and are associated with foliated chloritic alteration, 
characteristics that are consistent with their emplacement 

1) 
in the Warramunga Formation. Chlorite and muscovite, 
closely associated with the Au (Cu-Bi) mineralisation, are 
typically non-foliated, suggesting that this mineralisation 
was late in, or postdated D1. Structural evidence, presented 

that the Au-Cu-Bi mineralisation accompanied D2. 
Skirrow and Walshe (2002) reached the same conclusion 
and they also agreed that D2 was a separate deformational 
event from D1
the basis of regional geological considerations, the Au-Cu-
Bi mineralising event may therefore have been in the time 
interval 

Rb-Sr isotopic ages for muscovite from the Juno, 
Warrego, Golden Forty and Nobles Nob mines indicated 

More recent 40 Ar isotopic analyses of hydrothermal 
muscovite from Peko, Argo, Nobles Nob and Juno 
indicated a minimum age for mineralisation between 

Conventionally determined Pb-isotopes in lead-rich gold 

Juno and Peko deposits) allowed Warren et al (1995) to 
determine model ages for these deposits. These authors 

between source end-member 'C' and either 'F' or 'E' 
204Pb)] values 

respectively (with individual age determinations having 

Warren et al (1995) considered that source E represents 
subcontinental lithospheric mantle. 

Fraser et al (2006) concluded that a combination of 
a revised age for the GA-1550 argon age standard (Spell 

40 Ar timescales (Kwon et al 2002) allowed a revision 
of Compston and McDougall's (1994) 40 Ar muscovite 
ages to ca 1850 Ma. 

McInnes et al (2008) reported a Re-Os whole-rock 
isochron (derived from seven samples of high-grade copper 

188Os 

authors therefore concluded that Tennant Creek Cu-Au-Bi 
mineralisation postdated the Tennant Event (and Tennant 
Creek Supersuite magmatism) by more than 100 my. This 
conclusion is markedly different from those based on the 
other isotopic systems and outlined above. 

Ironstone-associated copper-gold (IOCG) 

Tennant Creek style (Westgold Resources Ltd ASX Release 
9 June 2009, Adelaide Resources Ltd ASX Announcement 
24 August 2009). However, the host rocks are apparently 
younger than those of the Warramunga Formation, but see 
Maidment et al (in press) for further discussion of this. 

et al in press), which could be close to the true depositional 
age of the rock. Previously, Smith (2001) determined a 

for a volcaniclastic rock from the Explorer 142 DDH 4 

be a similar, Tennant Creek-style, IOCG deposit type to 

March 2010). Smith described that the rock represented 

they have pyramidal terminations, are euhedral and 
prismatic, and have euhedral oscillatory growth zones. 
Admixed, variably abraded, broken and anhedral zircons 
that are also present in the rock were interpreted as locally 
derived and incorporated in the rock during deposition or 
redeposition.

gold-copper-bismuth ore bodies remains a subject of debate. 
Skirrow (2000) considered that the Tennant Creek deposits 
are characterised by their association with epigenetic 
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occurrence in the 1860 Ma Warramunga Formation). The 
association with ironstone bodies was considered by some 
previous workers (eg Ferenczi 1994), to be a feature that 
made these deposits unique. However, ironstone-associated 
gold mineralisation was included in the iron-oxide copper-
gold (IOCG) deposit type of Hitzman et al (1992), and the 
Tennant Creek ironstone-associated gold-copper orebodies 
were included in a rather broad class of 'Proterozoic Cu-Au 
deposits' by Davidson and Large (1998), a class that also 
includes Olympic Dam (South Australia) and Ernest Henry 
(Queensland). Olympic Dam is three orders of magnitude 
larger in tonnage, and has approximately thirty times more 
contained gold than Nobles Nob, whereas conversely, the 
gold grade at Nobles Nob was approximately thirty times 
that of Olympic Dam. Skirrow (2000) considered that 
the Tennant Creek deposits are distinctive in that they 
are among the highest-grade deposits of the global IOCG 
association.

Critical aspects of the debate on the genesis of Tennant 
Creek Au-(Cu-Bi) mineralisation have focused on: (1) the 
timing of ironstone and gold mineralisation (single and 

chemical triggers for the precipitation of ironstone and 
economic gold-copper mineralisation.

The earliest theories concerning the genesis of the 
ironstone-related Au (Cu-Bi) mineralisation at Tennant 
Creek suggested that both the iron oxides and the metals 
(ie Au, Cu and Bi) were magmatic in origin and probably 
derived from granitic and felsic porphyry intrusive rocks 

Oldershaw 1965). In contrast, Pontifex (1964), Whittle 

from a series of blind intrusions that were also associated 

results from preliminary Sm-Nd isotopic studies at West 
Peko indicate an input to the Cu-Au-Bi mineralised zone 
from a relatively primitive source. Large (1991) attributed 
the Proterozoic Cu-Au-iron oxide deposits to the products 
of oxidised, saline, high-temperature magmatically derived 

chloride complexes in a variety of magmatic and exhalative 
environments. Wyborn et al (1998) suggested felsic rocks 

of gold, copper and bismuth together with a wide range of 
other minor rare metals, including Se, Co, W, Sn and Mo. 
Contact metamorphism of the Warrego Au-Cu-Bi deposit 
by the Warrego Granite (Wedekind and Love 1990) means 
that, as noted by Wyborn et al (1998), this granite could 
not be responsible for the mineralisation, contrary to the 
suggestion of Stolz and Morrison (1994). 

In contrast with the magmatic models, Elliston (1966) 
proposed that the ore-forming metalliferous brines were 
derived from dewatering and remobilisation during 

derived from connate water released from argillaceous 

sediments in the vicinity of granitic and porphyritic 
intrusive rocks. 

Norris (1980), who suggested that the mineralised ironstones 
may represent remobilised, sediment-hosted massive oxide 
deposits that were originally formed at, or close to the 

et al (1990) and 

of ironstone formation. Wedekind et al (1989), Nguyen 
et al (1989), Wall and Valenta (1990) and Skirrow and 

in mineralisation. These are: (a) ironstone formation 
from connate brines, followed by (b) the introduction of 

two-stage model, several theories on the nature and source 

In their studies of the Gecko and White Devil deposits, 
Huston et al
(1) syndeformational ironstone formation from low-
temperature (250o

oC) 

previously been recognised at Peko by Wright (1965) and at 
Argo by Meade (1986).

Fluid inclusion and stable isotope studies have been 
undertaken by several workers on a number of the more 
important Tennant Creek orebodies in an attempt to 

sources (Table 9.7, Figures 9.28, 9.29

have been undertaken on Eldorado (Horvath 1988, Khin 
et al  (Nguyen 

et al 1989, Huston et al et al
et al

et al 1994). Fluid inclusion studies 

ie ca 20 wt% NaCl equivalent. Temperature estimates for 

(ca 250°C, eg Huston et al
et al 1989, Skirrow and Walshe 

Author 
[deposit] Oxide stage

Horvath (1988)
[Eldorado]

ca 220°C
ca 18 wt% NaCl eq ca 40 wt% NaCl eq

Nguyen et al (1989)
[White Devil] 22 wt% NaCl eq 5 wt% NaCl eq

Huston et al 
[White Devil, Gecko]

ca 250°C
ca 20 wt% NaCl eq

Skirrow and Walshe 
(1994)
[West Peko]

et al (1994) 
[Juno, TC8, Eldorado, 
Gecko, White Devil]

ca 22 wt% NaCl eq

Table 9.7

[after Donnellan et al (1999, table 6), compiled by PA Ferenczi 
(formerly NTGS)].
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1994) determinations for these oxide-stage (ironstone-

that quartz-magnetite oxygen-isotope geothermometry 
indicates it is necessary to apply a substantial pressure 

. In contrast, Huston 
et al
correction (of 850 bars) was necessary for the oxide-

et al estimated their 
pressure correction from quartz-magnetite oxygen-isotope 
geothermometry studies of barren ironstones, ie lacking 

considered that it is therefore possible that the disparate 

potentially be reconciled.

stage has exacerbated the problem of characterising 

2 
and CH4 2 being present in vapour-rich inclusions). 
However, Nguyen et al (1989) and Skirrow and Walshe 

whereas all other workers have reported that they had 
high salinities (up to ~40 wt% NaCl equivalent). Skirrow 

for the Au-Cu-Bi mineralisation (although they may have 
introduced minor uranium-mineralisation). Skirrow and 
Walshe (2002) suggested that there was mixing between a 

together with phase separation in the latter, resulted in 
2-NaCl-bearing inclusions 

and vapour-phase N2-CH4-rich inclusions at, for example, 

Devil and Gecko K44) were attributed to fractionation 
during the reduction of SO4 by Huston et al
(1991) suggested variable mixing between connate SO4 
and magmatic H2

oxidised basinal brines, and the reduced Au-Cu-bearing 

was an effective trigger for precipitating the Au-Cu-Bi 
mineralisation, and could result in a spectrum of gold-

reduced deposits. Skirrow considered that C depletion 
of carbonate associated with the mineralisation, together 
with N2 and CH4 

evolved from single-stage magmatic (eg Crohn and 
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to essentially two-stage models with ironstone formation 

et al 1989). However, Large (1991) still favoured a single-
stage model for the development of both oxide and 

et al
that the recognition of three stages in the development 

assemblages does not necessarily imply any time break 
between stages. Skirrow and Walshe (2002) interpreted 
that the ironstones formed during D1
low sulfur activity and ƒO2
magnetite buffer. Skirrow and Walshe attributed the 
variable 'primary' oxidation state of the ironstones 
associated with gold-copper-bismuth mineralisation to 

interaction with the earlier-formed ironstone.
The timing of ironstone formation, contemporaneous 

with that of deformation and low-grade metamorphism of 

Tennant Event, is well-substantiated. However, many 
important aspects of ore genesis at Tennant Creek 
remain unresolved. These include: (1) the time interval 
between ironstone formation and gold-copper-bismuth 

chemical triggers for mineralisation. 

Gold-bearing vein quartz deposits in the Tennant Creek 

There are only three known Au-bearing vein quartz deposits 
in TENNANT CREEK. The Last Hope mine has produced 
12.9 kg Au derived from bedding-parallel quartz veins, 
located at the contact between metasedimentary rocks of 
the Wundirgi Formation and a dolerite sill (Ivanac 1954). 
The Bull Pup
veins in faulted sandstone of the Wundirgi Formation (Tapp 
1966). At the Dolomite mine (also known as Pinnacles 
Extended
and dolomite veins in a fractured felsic porphyry intrusive.

Placer gold deposits

Small-scale eluvial and alluvial mining has been undertaken 
adjacent to gold-bearing vein quartz deposits in the Last 
Hope, Bull Pup and Dolomite mine areas. In the Last Hope 
mine area (also known as the Moonlight Rockhole area), gold 

eluvials and alluvials near the hard-rock workings (Ivanac 

years (Balfour 1989). Gold slugs and nuggets have also be 
extracted from eluvials adjacent to the Dolomite mine.

The amount of placer gold derived from ironstone-
related Au (Cu-Bi) deposits is very minor. Mines with some 
recorded placer gold production include: Mascot (8.2 kg), 

Lady Pearl Mary Ann (684 g), Little Ben Mary Lane 
Havelock

Northern Territory Mines and Energy mineral production 
records.

in the vicinity of the Kurundi anticline (near Kurundi 
homestead), around the abandoned Kurinelli Outstation, 

was discovered in the Kurundi area in 1898 by Professor 
A Davidson who led an expedition on behalf of the Central 
Australian Exploration Syndicate, and in the Kurinelli area 
in 1925 by G Masters who recovered about half a kilogram 
of alluvial gold from the area. Roarty also records that in the 
same year (1925) W Garnet discovered gold at the Power of 
Wealth mine and the Prima Donna prospect in the Kurundi 

and Dempseys Choice mines ( ). Production 

recorded production during that time from the Kurinelli 
area was about 12.4 kg from reefs with an additional 1.2 kg 

et al 1986). Ahmad 
et al
indicate that about 25 kg of gold was produced from the 

state that discussions with the local miners and prospectors 

small scale eluvial and hard rock mining of auriferous 
quartz veins in the Kurinelli area, Ahmad et al noted that 

using metal detectors over about a twenty year period.
Ahmad et al (1999) record that the gold-bearing quartz 

veins are widely scattered, with most of them occupying 

dolerite contact zones or within sedimentary and volcanic 
rocks of the Ooradidgee Group. The tabular veins are 

hundred) reefs the gold is irregularly and unpredictably 

. Old Kurinelli battery near Dempseys Choice mine 
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distributed and the veins are of low overall grade. Further, 
et al (1999) reported that 

drilling and sampling of the previously worked Power 
of Wealth, Cairns and Great Davenport mines indicated 
that they had little economic potential. Ahmad et al noted 
that exploration of the prospects in the Kurundi area has 
been mainly by costeaning and chip sampling (Cullen 

indicated that these deposits are unsuitable for 'large-
scale' mining.

Ahmad et al (1999) noted that within the auriferous 
veins gossanous boxworks after pyrite, and brecciation 

themselves very irregular. These authors also stated that 
the origin of the auriferous veins is uncertain but suggested 
that they were most likely derived from fractionated 
granitic intrusive rocks at depth. However, Blake et al 
(1986) noted the close association between the auriferous 
veins and dolerite and gabbro in both the Kurinelli and 
Hatches Creek areas and suggested that the gold may 

Ooradidgee Group rocks in the Kurinelli area has yielded 

et al 2006, Claoué-Long et al 2008). Gold mineralisation 
hosted in quartz veins that cross-cut dolerite in the 
Kurinelli area is therefore 1811 Ma or younger in age. In 

coarse grained native gold is erratically distributed and 
sometimes associated with chalcopyrite and pyrite. Blake 
et al (1986) considered that the gold-bearing quartz veins 
may have been related to the main episode of folding and 
metamorphism that affected the Ooradidgee and Hatches 
Creek groups (ie Davenport Event). The age of this event 

et al 

40 Ar 
ages for muscovite associated with mineralisation at the 

Green Diamond, Copper Show and Bonanza prospects in 

Auriferous quartz veins at the contact between dolerite 
sills and Wundirgi Formation at Last Hope northwest of 
Tennant Creek are described above under 'Gold-bearing 

mineralisation and associated alluvial and eluvial gold may 

The following descriptive details of the gold-bearing 
et al 

(1999). In the Kurundi area, gold is present in bedding-

long. These veins are hosted in a variety of lithologies 
including quartz sandstone and shale of the Kurinelli 
Sandstone (Great Davenport, Power of Wealth, Aztec 
and 

feldspar porphyry (Davidsons). In the Kurinelli area, 
Ahmad et al recorded that gold is generally located in 

dolerite or gabbro, lithic sandstone (Rooneys Formation) 

veins are subparallel to bedding, are 0.2 to 2 m wide and 
can be traced up to 200 m along strike. At the Crystal 
mine, in the Hatches Creek area, en-echelon gold-bearing 
quartz veins trend northeast and dip 50° to the southeast 
and can be traced discontinuously for about 400 m parallel 
to the bedding in altered volcanilithic sandstone (of the 

this deposit, however, local prospectors have obtained 
about a thousand ounces of gold using metal detectors 
(pers comm to P Ferenczi, by R Hall 1996, as reported in 
Ahmad et al 1999). At the Crystal mine gold-rich sections 
of the narrow iron oxide-bearing quartz veins contain up 

Arafura Resources Ltd (http://www.arafuraresources.
com.au) have recently undertaken exploration in the 

programs undertaken by Arafura Resources Ltd from 

that awaits drill testing. 

Uranium

The Munadgee uranium prospect ( 456250mE 
OORADIDGEE was discovered by Bill 

Cairns, a local prospector, in 1955. The host rock is cleaved 
quartz-feldspar porphyry and this is altered, sheared and 
brecciated in the lode zone. The porphyry was interpreted 
to be a felsic volcanic rock by Lord (1955) and Newton 

by Stewart and Blake (1986). Proximal to the porphyry 

this to be a sedimentary quartzite. However, he described 
that it forms discontinuous lenses of variable width and 

haematitisation that, together with minor associated 
copper and gold, suggest that it may be at least partially 
of hydrothermal origin. Newton reported that three phases 
of folding have affected the quartzite. The country rock is 
cross-cut by quartz veinlets and the lode by quartz veins. 

Stewart and Blake (1986) recorded that the 
mineralisation comprises secondary uranium minerals, 

interpreted that intersecting north-northeast and east-
northeast joints, that dip east and south respectively, 

these are the major control on the mineralisation. Ahmad 

and plunges at 65° to 165°, and that it is up to 14 m long and 

Exploration NL in a cross-cut at the base (40 m) of Shaft 
No2 returned 0.82% U O8 over 1.2 m (Australian Financial 

Granite-associated tungsten vein systems

Mineralisation in the Hatches Creek and Mosquito Creek 

bearing, quartz vein systems, respectively. In the Hatches 
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within Palaeoproterozoic metasedimentary and igneous 

b), Ryan (1961), Stewart and Blake 1986, Blake et al
and Ferenczi and Ahmad (1996) provided descriptive 

here are based on these sources.
A wide range of metals is associated with the Hatches 

Creek W-mineralisation (Cu, Bi, Mo, Co, and minor 
U and Sn) and Wyborn et al (1998) noted that a wide 
variety of metals (Bi, Mo, Se, Pb, Co, and minor W and 
Sn) is also associated with ironstone-associated copper-
gold mineralisation in the Warramunga Province. They 

may provide a genetic link between these two deposit types. 
Budd et al (2002) contrasted the polymetallic (W-Cu-
Bi-Mo-Au-Sn) style of tungsten mineralisation that is 
associated with Treasure Suite granites in the Warramunga 
Province with W-Sn mineralisation that is related to Devils 

the Juggler mine, both of which are described in Davenport 
Province

et al 2006) Hill 
of Leaders Granite of the Tennant Creek Supersuite, but, 
as discussed below, it is possible that the mineralisation 

Suite granite. Granite is not exposed in the Hatches Creek 
et al

related to granite emplacement, possibly during a region-

1988). The Elkedra Granite that hosts the Juggler mine has 

(Blake and Page 1988). It is therefore possible that both 

Devils Suite magmatism.

Ferenczi and Ahmad (1996) reported that mining activity 

), 

. 
The main metallic minerals are wolframite and scheelite, 
but tungstite and probable cupro-tungstite also occur. 
Molybdenite is a less important ore mineral and native 
bismuth, bismuthinite, bismutite, bismite, chalcopyrite (and 
a wide variety of copper minerals in the oxidised zone), 
molybdenite, wulfenite, galena and pyrite all occur. Ryan 
(1961) remarked on the paucity of cassiterite. Ryan also 
reported that minor gold at the Crystal Gold gold mine is 
hosted in quartz veins associated with blocks of Kurinelli 
Sandstone within the Pedlar Gabbro.

The mineralised quartz veins are ca 40 cm wide, and are 
subvertical, parallel or en echelon. Ore shoots vary from 

northeast, subparallel to bedding, and in the south of the 

High-grade ore shoots occur in dilatational jogs and erratic 

of dislodged wallrock blocks and in low-angle off-shoots 
from the main veins (Ryan 1961). North-trending lodes are 
generally better mineralised than those trending east (Ryan 
1961).

the Treasure Volcanics, but also by the Taragan Sandstone, 
and include the Hit or Miss and Treasure Gully groups 

Wolfram Hill 
group of deposits are hosted by the Kurinelli Sandstone 
(and particularly by the Warnes Creek Member), and in 
the Pioneer group, the veins are hosted within the Pedlar 
gabbro or are within blocks of Kurinelli Sandstone within 
the gabbro.

but lacking scheelite, which is typically associated with 

in the Treasure Volcanics and the Kurinelli Sandstone. 
Ferenczi and Ahmad (1996) noted that narrow, 1 cm-
wide, coarse-grained muscovite and biotite commonly 
form discontinuous selvedges on one or both walls of the 
veins. They also suggested that other gangue minerals 
reported by Ryan (1961), including K-feldspar, sericite, 

greisenisation and potassium silicate alteration associated 
with vein emplacement. Probable topaz was also reported as 
a gangue mineral by Hoatson and Cruikshank (1985). Ryan 
(1961) had previously concluded that the only evidence for 
hydrothermal alteration was sericitisation and kaolinisation 
at the Green Diamond mine. The mineralisation is thought 
to have been derived from a highly fractionated two-
mica granite, which is anomalous in W (12 ppm) and Sn 
(20 ppm), and which is only very locally exposed some 

Mia Mia Volcanics in the Mia Mia Dome (Ryan 1961, Blake 
et al

Ferenczi and Ahmad (1996) reported that assessments of 

 
 

at a number of mines. Thor Mining (ASX Announcement 

about 2 km2, and is situated about 22 km north of Kurundi 
homestead. The mineralisation comprises scheelite and 
wolfram and was discovered in the early 1940s. The 

in length and some have thin (60 mm-wide) selvedges of 
quartz, tourmaline, muscovite greisen. The lodes occupy 
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shear zones, trend north to northwest, dip east to northeast 
and contain irregular patches of coarse-grained scheelite, 
together with minor wolframite. These ore minerals are also 
often present in minor amounts in the greisenous margins 
to the veins. 

WO
came from the Hill of Leaders mine (MacDonalds/Falcon 
Lease), and was recovered from a northwest-trending, 
northeast-dipping lode with an average width of 20 cm over 
a 200 m strike length. Falcon Gold Mines (1952) estimated 

WO , remains at depth in the main mineralised vein at Hill of 

WO . The mineralised veins are hosted in The Hill of Leaders 
Granite, which is a porphyritic-plagioclase, two-mica 

a subcircular gravity low, more or less coincident with, but 

Devils Suite granites in the Tennant Region. A lamprophyre 

(Maidment et al 2006). It is possible that the mineralisation 
is associated with a poorly or non-exposed granite of about 
this age that locally intruded the more areally extensive, and 

et al 2006) Hill of 
Leaders Granite in this area. However, there are not only 
greisenous selvedges to the tungsten-mineralised veins, but 
greisen is also quite widely developed in the Hill of Leaders 
Granite. This suggests that greisenisation resulted from late-

Leaders Granite, rather than being superimposed at the time 

that the mineralisation most probably relates to the Hill of 
Leaders Granite. 

Woodenjerrie mine

Blake et al (1986) reported that there was minor wolframite 
production from the Woodenjerrie mine (

with haematite and pyrite as additional gangue minerals, 
hosted in greywacke and siltstone of the Woodenjerrie beds.

Base metals

Explorer 108

Westgold Resources Ltd has reported polymetallic base 

intersections at Explorer 108 in the Rover Field, and a 
'Maiden' Resource Statement in an ASX announcement 
on 19 March 2008. The company has recorded that this 
mineralisation occupies wide mineralised zones, containing 

within an even wider zone of hydrothermal alteration, in 
a succession of felsic volcanic and sedimentary rocks that 
are folded into an approximately north-northeast-trending 
anticline. According to Westgold Resources, the high-
grade mineralisation is located at the basal contact between 
brecciated carbonate ('dolomite') and the underlying 
volcanic rocks, and is also below this contact within the 
sheared volcanics.

Whistleduck area

reported in the Edmirringee Volcanics, about 20 km 
southeast of Kurundi homestead. The mineralisation in 
the northern part of the area ('Unnamed' at 

minerals (chalcocite, bornite, chrysocolla and covellite) 
occurring in discrete concentrically zoned nodules up 

andesite and basalt (Pontifex 1965). 
The southern part of the area contains several mineralised 

quartz veins which were investigated by Geopeko Ltd. This 
company reported the following assay data (Wright 1965): 
(1) at the Whistleduck prospect, a vertical, northwest-

100 m in length, returned a chip sample assay of 5% Cu and 
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minor monzodioritic sills that intrude the Ooradidgee and 
Tomkinson Creek groups, predominantly in the Warramunga 
and Tonkinson provinces, but locally also in the Davenport 

and Whittington Range Member in the Davenport and 
Tomkinson provinces are interpreted to be contemporaneous 
with 1811 Ma1 et al 1987, 
Claoué-Long et al 2008b). The Murchison Event resulted 

Chapter 10: DAVENPORT PROVINCE N Donnellan

INTRODUCTION

Figure 10.1, 
and 

2 in the 
Murchison and Davenport ranges, mapped collaboratively 

2000 km2

the Davenport and Murchison ranges mark the boundary 
between the Davenport Province and the Warramunga 

Tennant Region is presented in 
Davenport Province geology are shown in Figure 10.3

in Figure 10.4

Tomkinson 
, b. 

and intrusive igneous units are given in Tables 10.1, , 
and 10.3

et al 

et al et al 

details and palaeoenvironmental interpretations are mainly 
et al

Warramunga Province) provides a geological 
link between the Davenport and Warramunga provinces. 

the Davenport Province, where it outcrops locally in the 

Figure 10.4) are attributed to the Davenport Event 

to have been largely extensional in the Tennant Region. It is 

that resulted in ca 1821 and 1811 Ma dolerite, gabbro and 
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Creek groups. Locally, the relationship between Ooradidgee 

et al 2008b). The 

Claoué-Long et al 
available geochronological data also permit alternative 

Claoué-Long et al

this correlation still holds.

PALAEOPROTEROZOIC 

Statherian

1850–1810 Ma stratigraphic succession

Ooradidgee Group

Warramunga Province and, particularly in the central 

anticlines and the Murray Downs and Mia Mia domes. 

succession) is described in Warramunga Province. 

Table 10.1

the latter is very much thinner than in the Warramunga 

southeastern Davenport Province. 

central-western Davenport Province, and extend into the 

et al

et al
metapelitic schists, metamorphosed pyroclastic rocks and 

et al concluded that a direct correlation 

was not possible, particularly given the interdigitating 

Figure 10.4
Figure 10.1

17.5°

22°

21.5°

19°

18.5°

18°

19.5°

134° 134.5°

21°

20.5°

20°

17°
133.5°133° 135° 135.5° 136° 136.5°

A10-331.ai

0 50 100 km

Warramunga
Province

Davenport
Province

Tomkinson
Province

South Nicholson
Basin

Aileron
Province

Tennant

Region

  
HATCHES 

CREEK REGION.



Davenport Province

 Unit Thickness 
(m)

 Lithology  Stratigraphic relationships Depositional    
environment

Correlatives 
(Tennant Region)

Age

Ooradidgee Gp

Mia Mia 2000+

rare volcaniclastic sst. unnamed granite.

predominantly 

centre.

Dacite, rhyolite 
and rare trachyte. 
Probably at least 
in part a lateral 

rather than lava.

Treasure Weakly metamorphosed porphyritic dacitic 
to rhyolitic lava and ignimbrite, and 

agglomerate is particularly well-developed 

Recessive basaltic and tephritic lava with Intruded by granophyre and 

record an upward 

to shoreline and 

sedimentation.

1814 ± 3 Ma, 
ignimbrite 

Davenport Pr 

et al 2005, 
2008a).

Recessive variably micaceous sltst; sst; 
minor calcareous beds.

recognised vertically 
and laterally: alluvial 

Edmirringee 

are abundant in other centres. Probable sills 
in Murray Downs Dome succession.

volcanic centres in 
Davenport Pr and 

in Warramunga 
Pr. Predominantly 
subaerial, but possible 
pillow lavas locally 
in KURUNDI REGION. 
Interdigitates with 

probably marine near 
base.

0-1000+
and Edmirringee volcs, and 
on Rooneys Fm; overlain 

granophyre.

underlying Rooneys 
Fm) interpreted as delta 

represents continued 
delta progradation; with 
shallow-water braided 
river deposits with local 

areas.

Mbr
1837 ± 7 Ma 

age).

Endurance 

sst.

Possibly 
represents tongue 

Rooneys Fm

subarkose.

granophyre and unnamed 
granite.

Deltaic sedimentation, 
including delta-

deposition and high-

sedimentation including 
storm deposits.

Table 10.1
et al 

 next page).
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 Unit Thickness 
(m)

 Lithology  Stratigraphic relationships Depositional    
environment

Correlatives 
(Tennant Region)

Age

Epenarra 
lava and eutaxitic-textured ignimbrite; 

Rooneys Fm, Edmirringee 

porphyry and unnamed granite; 
intruded by granophyre.

Predominantly subaerial 
volcs and shallow water 
sediments deposited on 
irregular topographic 

beds. Ooradidgee 

volcanic units, probably 
deposited rapidly and 
contemporaneously 

environment.

1840 ± 4 Ma, 

Ooradidgee known and metamorphosed pyroclastic rocks, 

elsewhere in both the Davenport and Warramunga 
provinces, making them lithologically similar to both the 

phyllitic or schistose in the HATCHES CREEK REGION. 

KURUNDI REGION

similar to the Lander Rock Formation. The Rooneys 
Formation is similarly locally schistose in southeastern 

HATCHES CREEK REGION, 

southwestern Davenport Province, particularly in the 

et al

described in detail in Warramunga Province. Only the 

particularly relevant to the Davenport Province. 

Epenarra Volcanics

succession in the Warramunga Province, but occurs locally 

DEVILS MARBLES REGION. In the HATCHES CREEK REGION, 

the upper sandstone succession is lithologically identical to the 

some lava, in the DEVILS MARBLES REGION et al 
ELKEDRA 

REGION in the southeastern Davenport Ranges.

They extends throughout the southernmost Warramunga 

Warramunga Province succession. 

these two lithostratigraphic units apparently interdigitate. 

Edmirringee Volcanics

and andesitic lava; and volcaniclastic sandstone and 
siltstone. Felsic lava, including rare, porphyritic andesine-

et al

in age. Flow-margin breccia, and probable basaltic pillows 
KURUNDI REGION 

Table 10.1 previous page).
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Murray Downs Dome, are in the Davenport Province. 

Figure 10.5a

Figure 10.5b; 
see Warramunga Province

the generally poorly outcropping Murray Downs Dome 
succession.

anticlines in the Davenport Province, and at the type section 

The unit is about the same thickness, although much more 

the DEVILS MARBLES REGION, where they are interlayered in 
et al 1987).

) and underlies 

et al 1987).

Rooneys Formation

southeastern Warramunga and Davenport provinces, 
although the two areas where it is exposed are localised and 

is variably micaceous and locally schistose, thinly bedded 

Figure 10.5 a

b

a

b

a
b

a b
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interpreted as shallow-water deltaic and sedimentation was 

HATCHES 
CREEK REGION,

ELKEDRA REGION, 

1200 m in the Warramunga Province and may be slightly 
thinner in the southeastern Davenport Province, although 
its base is not exposed there.

Kurinelli Sandstone

Rooneys Formation and may represent the more proximal 
et al 1987). The two units 

interdigitate in the southeastern Davenport Province, and 
et al

deposits, whereas the Rooneys Formation probably has a 

in the KURUNDI REGION have been interpreted as probable 
saline lake deposits. 

et al Endurance Sandstone 
Member and Warnes Sandstone Member, which are 

also outcrops in the Murray Downs Dome in the Davenport 

et al

slightly thinner in the Murray Downs Dome in the Davenport 

this province. In the type section in the Warramunga Province, 

, b

intruded by dolerite, gabbro, granophyre and granite.

Taragan Sandstone

in the HATCHES CREEK REGION); pebbly sandstone; 

et al

Figure 10.7a

in the Davenport Province are also assigned to the upper 
Figure 10.7b

KURUNDI 
REGION

considered that it is probable that in this more distal context, 

1000 m in the southernmost Warramunga Province. It is 

Figure 10.7 a b

ba
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probably generally much thinner in the Davenport Province, 
although it is again up to about 1000 m-thick in the Murray 

Treasure and Mia Mia volcanics

Downs Dome in the central Davenport Province comprises a 

Figure 10.8a, b). Ignimbrite is associated 

Figure 10.8c, d et al 1987). 

et al 

Dome in the central Davenport Province, although the latter 
Figure 10.8e, f), 

Figure 10.8 a
b c

 d e) Mia 

 f
 

a

c

b

d

e f
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et al
ten mappable sandstone members locally in the Treasure 

et al

et al, the 

et al

), it 

locally and possibly more regionally, in this area. The Mia 

southeastern Davenport Province has yielded an igneous 
et al

Murray Downs Dome, also has an igneous crystallisation 
et al

Hatches Creek Group

et al

Donnellan et al
et al 

group. Respecting precedence, the name Ooradidgee was 

ca 1810 Ma largely extensional Murchison Event in the 
Tennant Region. 

) and laterally 

This succession extends throughout the Murchison and 

a partially correlated succession in the Osborne and 

et al

et al

these authors attributed the latter relationship to syn-

These lithostratigraphic relationships are attributed 

extensional ca 1810 Ma Murchison Event. This event was 

et al

geographically widespread, predominantly layer-cake 

rocks. The group has been interpreted as a succession 

and has been correlated with the Whittington Range 
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Davenport Province

a

This is immediately underlain by 

coloured ridge in distance, and recessive 
valley between the two strike-ridges in 
middle distance. These latter two ridges, 

they are mapped as sandstone intervals 
b

continuous ridge in middle distance 

Unimbra Sandstone

Unimbra Sandstone

Treasure Volcanics

Treasure Volcanics

Unimbra Sandstone

A10-302.ai

Yeeradgi Sandstone

Unimbra Sandstone
(north limb of syncline) 

Unimbra Sandstone
(south limb of syncline) Pioneer mine 

headframe 

A11-134.ai

a

b

Davenport Province.

Wauchope Subgroup

Table ) is divided into 

the Murchison and Davenport ranges, together with a 
ranges.

extend throughout the Davenport Province, although 
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 Unit Thickness 
(m)

 Lithology  Stratigraphic relationships Depositional    
environment

Correlatives 
(Tomkinson 
Province)

Age

Hatches Creek Group
Hanlon Subgroup
Yaddanilla 

on some bedding planes. Fm. part).

Fm
800

and micaceous sst.
Probably marine.

Canulgerra 
lithic sst; pebbly sst locally, and rare mainly intertidal.

Deagan Mbr in 
part).

Lennee 
Creek Fm sst, mst and clst. Fine-grained rock types 

are variably micaceous; calcareous beds 
and chert concretions locally.

Morphett Creek 
1854 ± 6 Ma 

age).

Creek Fm. Creek Fm.

1200+ subtidal deposits.

Creek Fm.

1819 ± 23 Ma 
and 1816 ± 9 
Ma
ages).

Wauchope Subgroup
Davenport Ranges succession

shoshonite and potassic trachybasalt 
lava; commonly amygdaloidal, rarely 
porphyritic; commonly lateritised; 

trachyte lava with orthoclase phenocrysts 

volcaniclastic sst and sltst, chert.

Whittington 

Creek Fm.

Interpreted to 
be contempor-
aneous with 
emplacement 

gabbro sills at 
1811 ± 5 Ma.

Frew River 
Fm sometimes with carbonate matrix, sltst 

ELKEDRA REGION.

environment). Creek Fm.

1000+

by Frew River Fm, and by 

intrusive dolerite, but could be 

Province-wide shallow-
marine environment 

Meerie and 

Fm.

1809 ± 6 Ma 

age).

ashstone; ignimbrite probably represented 

Fm.

, 
1814 ± 3 Ma.

Porphyritic dacitic and rhyolitic ignimbrite 

Fm.

Fluvial, abrupt 

immediately underlying 

volcanic detritus.

Fm.

et al

 next page).
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they do show some regional variations in thickness. In 

et al

and to its dramatic topographic expression in the Murchison 
and Davenport ranges.

et al

substantial variations in thickness within individual units; 

et al

Davenport and Murchison ranges.

Unimbra and Gwynne sandstones

LKEDRA REGION 
Figure 10.10a

The sandstone is typically medium to coarse grained 
and variably poorly to moderately well sorted, and the 
grains are subrounded to subangular. Conglomeratic 
intervals are present in the KURUNDI REGION, HATCHES 
CREEK REGION and DEVILS MARBLES REGION, as are 

 Unit Thickness 
(m)

 Lithology  Stratigraphic relationships Depositional    
environment

Correlatives 
(Tennant Region)

Age

rocks. on Epenarra, Edmirringee, 
Treasure and Mia Mia  

Warramunga Pr boundary) 

gabbro, unnamed granophyre 

shallow-marine, 

regression. Lower 

comprises continuation 

contemporaneous with 

Warramunga 

Creek Mbr and 
Manga Mauda 

Fm in Tomkinson 
Pr.

1858 ± 6 Ma, 
max dep age 

statistically 
coherent group 

  21) 

et al 2008a).

Osborne/Crawford ranges succession

Osborne Range.
leucogranite.

Fluvial or high-energy 
shallow-marine.

Predominantly 

contemporaneous or 
penecontemporaneous 
volcanism.

Dacitic to rhyolitic ignimbrite, lava and 

by unnamed granophyre 

granite.

Lithostratigraphic 
correlation 

volcs, but it is 
possible that 
1805 +6/-3 Ma 

postdate the 
1814 ± 3 Ma 

, 
but distribution 
is markedly 
skewed and 
median is

1805 +6/-3 
Ma. Possibly 
younger than 

volcs. 

pebbly sst.
Fluvial and shallow 
marine.

. Palaeoproterozoic stratigraphic succession previous page).
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and volcanic rocks. In the KURUNDI REGION, mudstone, 

Figure 10.10b
rhyolitic volcanic rocks.

Figure 10.10c, d).

Figure 10.10b). 

and siltstone pellets on bedding planes, ripple marks and 

et al

has structureless very thick beds that probably represent 

ELKEDRA REGION. 
It varies in thickness up to about 1200 m in the KURUNDI 
REGION DEVILS 
MARBLES REGION et al

sandstones) indicate a north-trending central high in the 
Davenport Province encompassing the Murray Downs 

et al

et al 1987). Wyche 
et al

DEVILS MARBLES 
REGION

Figure 10.10 a
b

c
d

a b

c d
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together with pebbly sandstone and siltstone interbeds, 

et al

eeradgi and Tin sh sandstones

et al 

rock types are mudstone, shale and ashstone, together with 

biotite orthoschist which is interpreted as metavolcanic 

succession in the HATCHES CREEK REGION.

the central high within the original Davenport Province 

DEVILS MARBLES REGION. The 

in the HATCHES CREEK REGION and DEVILS MARBLES 
REGION

in the western KURUNDI REGION. In the ELKEDRA REGION, 

KURUNDI REGION

ELKEDRA 
REGION

HATCHES CREEK REGION.

et al 1991)

Newlands, Arabulja and Strzeleckie volcanics

Figure 10.11a

sandstone, and thus include analogous rock types to those 

ashstone and agglomerate and both volcanic successions 

volcanic centres in the Elkedra and Murray Downs domes 
et al

which was probably in the northwestern Osborne Range, 
et al

approximately the same stratigraphic position, ie between 
Figures 10.11b, 

ELKEDRA REGION, 
with very localised outcrop extending into the HATCHES 
CREEK REGION,

et al

et al 



Davenport Province

Long et al

Event, penecontemporaneous with the predominantly 
extensional Murchison Event in the Davenport Province. 

the Davenport Province was probably deposited in the time 

volcanic units. Thus, the age data may be consistent with 

ELKEDRA 
REGION KURUNDI REGION. 

et al

These volcanic units were all probably predominantly 

et al

Coulters and Illoquara sandstones

, b, 10.13
medium- to coarse-grained, predominantly well sorted and 

medium-grained sandstone between the lower and upper 

Figure 10.11 a

b

valley comprises pyroclastic rocks, 

a

Coulters Sandstone
Unimbra Sandstone

Arabulja Volacanics

A10-303.ai

b
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small component in some sandstone intervals, which are 
accordingly subarkosic or sublithic sandstones. Lithic clasts 

approximately 100 m thick in the ELKEDRA REGION, may 

is generally minor to rare; pebbles are predominantly vein 

HATCHES CREEK REGION and 
ELKEDRA REGION

et al

and altered probable basic lava are present in the ELKEDRA 
REGION succession.

and is commonly cross-bedded and ripple marked; ripple 

the ELKEDRA REGION. The unit is interpreted to have been 
KURUNDI 

REGION,

about 200 m in the northern DEVILS MARBLES REGION to 
ELKEDRA REGION, KURUNDI REGION 

and HATCHES CREEK REGION
HATCHES CREEK REGION 

A10-327.ai

b

a

Errolola Sandstone

Kudinga Basalt

Coulters Sandstone

Coulters Sandstone

Coulters Sandstone

Arabulja Volcanics

Colluvium

a

underlying, topographically lower ridges 

b
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KURUNDI REGION

southeastern ELKEDRA REGION. 

et al

environment, and the sandstone and siltstone on a shallow-

Frew River Formation

it is similarly associated in both successions with evaporites 
and stromatolites, and is immediately overlain by a thin but 

The Frew River Formation comprises thinly bedded 

sandstone; micaceous, cherty and calcareous siltstone, 

carbonates occur in the ELKEDRA REGION (
) and in the HATCHES CREEK REGION,

and Conophyton

unit in the KURUNDI REGION. 

HATCHES CREEK REGION. 

This is probably at about the same stratigraphic level as an 

Donnellan et al
Constituent sandstones are cross-bedded and ripple 

marked, with mudstone pellets on some bedding planes. 
Climbing ripple marks have been recognised to the south 

ELKEDRA REGION 

KURUNDI REGION and HATCHES CREEK REGION

et al

DEVILS MARBLES REGION. It varies up to a maximum 

section in the HATCHES CREEK REGION.

Kudinga Basalt

and pillowed basalts have been recognised at two 
localities in the KURUNDI REGION

micaceous component, rare volcaniclastic siltstone and 

lateritised.

et al

Errolola Sandstone

Kudinga Basalt

Coulters Sandstone

A10-301.ai

Figure 10.13
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and this is overlain by sandstone that is divided into two by 
et al

Figure 10.14

et al 1987). This interpretation is consistent with 
its relationship to the Frew River Formation and Errolola 

Range Member. The latter unit includes an association 

Hanlon Subgroup

) is predominantly 

minor calcareous intervals are recognised within the 
subgroup, but it is generally much less calcareous than the 
correlative succession in the Tomkinson Province.

et al

Figure 10.13). The region-wide distribution and ridge-

ridges, but which has a very limited outcrop distribution 

in the extreme eastern HATCHES CREEK REGION. 
Intervening units are, in ascending stratigraphic order, the 

Figure 10.15

distribution. It is typically exposed immediately proximal 

is interpreted to represent deeper-water sediments than the 

et al

ANLON. The subgroup is 

A10-300.ai

Errolola Sandstone

Kudinga Basalt

Colluvium, Frew River Formation

Figure 10.14

Figure 10.15

Ranges.
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Errolola Sandstone

sandstone; it is generally medium grained and well sorted, 
but becomes coarse grained and poorly sorted towards the 

KURUNDI REGION
DEVILS 

MARBLES REGION. The sandstone is typically cross-
bedded and less commonly ripple marked. The unit varies 

HATCHES CREEK REGION

et al

assigned to a probable beach deposit, and the poorly sorted 

Upper interval of Hanlon Subgroup

lithologies, including siltstone, mudstone and claystone. 

intervals are variably micaceous and calcareous. 

to medium bedded. The Alinjabon Sandstone
thick) and Canulgerra Sandstone
commonly cross-bedded and ripple marked, and have 
been interpreted to be predominantly shallow marine to 

et al 1987). 

poorly sorted sandstone, and recessive micaceous siltstone 
and mudstone are interbedded with the predominant 

the Lennee Creek Formation

deposits, with some possible turbiditic sediments. 

eastern HATCHES CREEK REGION, where it underlies the 
 

Vaddingilla Formation  is a predominantly 

the Yaddanilla Sandstone

Treasure Suite intrusive rocks

magmatic suites recognised by Wyborn et al

and intrusive porphyry, diorite, monzodiorite, dolerite, 
Table 10.3). It outcrops 

predominantly in the Warramunga Province; however, 

also occurs in the Murray Downs Dome and in the 

et al 1987). There is also a small exposure 

described in the relevant stratigraphic sections above.

Devils Suite

et al 1998) comprises highly 

associated with minor tungsten- and tin-bearing vein 
mineralisation. This suite includes the Elkedra and Devils 

Table 10.3), 

unnanmed granite in the Warramunga Province. Wyborn 
et al

et al

et al

Region, no extrusive rocks are known to be associated 

et al
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Stratigraphic unit Rock types Relationships Igneous crystallisation age

Devils Suite ca 1720-1710 Ma

megacrystic biotite-granite. Muscovite 
is patchilly developed and intimately 
associated with biotite, it is probably in 

locally wiborgitic or seriate porphyritic.

1707  4 Ma.

Pink, medium- to coarse-grained two-
mica granite with phenocrystic microcline 

associated with greisenisation in Yeeradgi 

Medium- to coarse-grained, 

megacrystic leuco-monzogranite. Includes 

locally gneissose biotite granite. Quartz-

are associated with the monzogranite that 

in extreme southeastern Davenport 
Province. The granite is interpreted to be 
penecontemporaneous with the Davenport 

Intrudes granophyre that is interpreted to 
be contemporaneous with the 1814 ± 3 Ma 

, but a single 
concordant zircon with an age 

 was obtained 
in the analysis.

Treasure Suite

in Tennant Region is 
not represented in the 
Davenport province

saussauritised or uralitised; locally tends 

monzodiorite in Warramunga Province].

in the Murray Downs Dome. Foliated dolerite 

and Warramunga provinces.

1811 ± 5 Ma
area in Warramunga Province 
and  interpreted to be 

Quartz dolerite intruding 

grade into dacitic granophyre. 
Quartz-monzogabbro occurs 
in the Murray Downs Dome 

Warramunga Province).

Dacitic to rhyolitic granophyre and minor 

oxides) and is generally darker in colour 
than the rhyolitic granophyre. Typically 
porphyritic but locally non-porphyritic. 
Micrographic-textured groundmass 
contrasts porphyritic granophyre with 

Forms concordant sills and lenses up to 

particularly in the Murray Downs Dome but 
also in the southeastern Davenport Province 
where it also intrudes Rooneys Formation and 

granophyre are interpreted to be comagmatic 

respectively. These high-level subvolcanic 
intrusive rocks have sharp contacts, with 

rocks and have chilled margins with 

Murray Downs Dome) indicate probable 

margins associated with some porphyries in 
Warramunga Province). Localised, narrow 

Postdates lower Wauchope 

and the  Elkedra 

within Wundirgi Formation in 
Warramunga Province].

Pink medium- to coarse-grained, 

phenocrysts intrudes Rooneys Formation 
and may be related to intrusive dacitic 
granophyre. Minor outcropping 
leucocratic microgranite is cut by a 
medium-grained leucogranitic phase 

Table 10.3
indicated); those in regular type but underlined  those in italic type et al bold 
italic type  et al
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et al
described the Elkedra Granite as a medium- to coarse-

leucocratic microgranite, outcropping locally in the vicinity 

et al
et al

the granodiorite may be related to dacitic granophyre they 

Tosca

granite was nonetheless penecontemporaneous with the 

et al

strained, suggesting that the granite may have been emplaced 

biotite, and accessory apatite and zircon. The granite has 

100 m wide.

the Devils Marbles Granite ) is, according to 
Wyche et al

et al

Kaidwalla granite in the 
Table 10.3) is an alkali-

granite. Plagioclase is interstitial, and muscovite is 
patchily developed, but is intimately associated with 
biotite and tentatively interpreted to be, at least in part, 

in the granite having a pink, red or black appearance in 
exposures. The granite has a well developed east-striking 

the granite.

et al

METAMORPHISM

regionally metamorphosed at predominantly greenschist 

Figure 10.17a, b et al

pumpellyite-bearing assemblages. These authors similarly 

and hornblende, biotite, actinolite, chlorite, and sericite, 
together with albite, epidote and iron oxide, may variably 

processes that are comparable with those seen in diorites 
and monzodiorites intruding the Warramunga Formation. 

et al



Davenport Province

lavas and ignimbrites. 
et al

STRUCTURE

et al
et al

Figures 10.3, 10.18, et al
recognised that the northwest-trending synclines in the 

and Osborne ranges are proximal to the boundary between 

Province trends northwesterly and more northerly.

et al

et al 1991). 

Figure 10.18). Less-competent units above the Errolola 

to the succession bounded by these two sandstones. 
et al

et al
reported that the shorter-wavelength anticlines that are 

probably represent original volcanic centres, and acted as 

et al 1987) in the 

southernmost Warramunga Province. The east-northeast-

et al

Figure 10.17 a

These two cleavages are interpreted to be associated with the 

b) Cleavage pencil structure in 

a

b
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Warramunga Province).

is currently no precise lower age constraint on this group. 

et al

database), although a single concordant zircon analysis at 

northwestern Murray Downs Dome and may be syntectonic 
with respect to the Davenport Event. This granite is 

et al

et al

MINERAL RESOURCES 

The boundary between the Warramunga and Davenport 
Warramunga Province). 

which is associated with bismuth, copper, lead and silver, in 

Unimbra
Sandstone

Coulters
Sandstone

Coulters Sandstone

Errolola Sandstone

A10-304.ai

Kurinelli S
andsto

ne

Unimbra Sandstone

A10-305.ai

Figure 10.18

central Davenport Province, looking 
approximately east-northeast. This 

with east-northeast-trending concentric 

unnamed syncline in southeastern 

concentric upright style as regional-

Coulters and Errolola sandstones in 
Figure 10.18), 

but anticline is tighter and tends to 
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discussed in Warramunga Province. The latter polymetallic 

Davenport Province. 

Granite-associated tungsten vein systems 

Wauchope tungsten eld

2

et al

tungsten, was probably related to the granite and it is likely 
that the main mineralisation is carried in greisen veins that 
are similarly related to granite.

occurs in massive patches and as disseminated, coarse 

the high-grade ore broadly coincided with hydrothermally 
altered, kaolinised country rock. The mineralised veins 

to the south, and apparently stratigraphically below the 

2 
. 

Other minor occurrences

columbite mineralisation occurs at the Juggler Prospect and 

The veins are up to 20 mm wide, and contain radiating 

et al 1988). This prospect 

Trew

2O .

metal-associated mineralisation

Silver-lead-zinc

The Silver Valley

et al 

Chablo prospect 

Prospect D

this has exsolved pentlandite, which is intergrown with 

were intergrown with, and partially replaced pentlandite-

and in the country rocks. The mineralisation comprises 

Minor occurrences

hosted by sheared amphibolite within the Ooradidgee 



Davenport Province

Comet Bore
et al
the Osborne Range, and is situated near the contact with 

copper mineralisation in sheared amphibolites and schists 
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Tanami Region

Chapter 11: TANAMI REGION M Ahmad, LC Vandenberg and AS Wygralak

INTRODUCTION

The Tanami Region (previously 'The Granites-Tanami 
Block' or ‘Granites-Tanami Complex’) represents an area of 
lower greenschist- to amphibolite-facies Palaeoproterozoic 
metasedimentary and volcanic rocks overlying Archaean 

border and are unconformably overlain by the Birrindudu 
Basin to the north, Wiso Basin to the east and Canning 
Basin to the west (Figure 11.1

corresponding to the Willowra Gravity Ridge (Figure 11.2), 
with similar-aged geology of the Aileron Province of the 

is marked by east-trending faults that separate greenschist-
facies metasedimentary rocks in the north from upper 
amphibolite- to granulite-facies rocks of the northwestern 
Aileron Province, The boundary also corresponds to a 

Arunta transition, that predated deposition of the Tanami 

Current as of January 2011

Group (Goleby et al

Province was affected by multiple tectonic and magmatic 

metamorphosed at upper amphibolite- to granulite-facies 
metamorphic grades, whereas most deformation in the 

The Tanami Region also has a distinctive structural style, 
with major apparently domical structures occurring around 

water Dead Bullock Formation, which is absent in the 

the two regions may in part be related to the differences in 

First Edition 1:250 000-scale geological mapping of 

accompanying commentaries were subsequently produced by 
et al et al 
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that mapping and compiled a 1:500 000-scale map synthesis of 

publications discussing the geology of the Tanami Region were 
et al

the Tanami Region, and produced a report and interpretative 
1and 

GRANITES, PARGEE, INNINGARRA, MCFARLANE, TANAMI, 
PTILOTUS, FRANKENIA and WILSON CREEK (Hendricks 
et al et al 2001a, b, Crispe et al 2002, 

et al 

structural and mineral system studies, combined with 

Crispe et al

Comprehensive reports on the gold deposits of the region 

have been compiled by Ahmad et al
et al 

(2001) reported on the geochemistry and petrology of the 

GA geochronology project and is presented in more detail in 
et al 
et al

Figure 11.2
this survey were to investigate the crustal architecture of 
the Tanami Region and identify the geological features and 

collected 400 m-spaced gravity data along each of the 

in detail in Goleby et al
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ARCHAEAN

Billabong complex in the De Bavay Hills has been given a 
et al Archaean

the southern margin of the Browns Range Dome, gneiss, 
schist and granite that were previously considered to be 
Archaean in age have been subsequently interpreted to be 

PALAEOPROTEROZOIC

The generalised geology of the Tanami Region is given in 
Figure 11.3 and a stratigraphic summary is provided in 
Table 11.1
Region by Blake et al et al (2000b) 

et al

schemes is given in Figure 11.4  (in 
prep) have divided the Palaeoproterozoic strata of the Tanami 

Dead Bullock and Killi Killi formations) and Ware Group 

deformation (Tanami Event) followed the deposition of the 
Tanami Group and a further deformation event followed 

part coeval with felsic volcanism and sedimentation within 

Browns Range Metamorphics

southern and western margins of Browns Range Dome and 
includes quartzofeldspathic gneiss and muscovite schist, 

arkosic sandstone (Blake et al
contains possible relict low-angle cross-beds, indicating 

and Crispe 

et al

protolith, which underwent high-grade metamorphism at 

since shown that the interpreted Archaean ages from the 
leucogranite are from zircons that have morphological 
characteristics more consistent with inheritance from a 

Unit/thickness Lithology Depositional environment

UNASSIGNED TO GROUP

Mount Charles Formation
<3000 m

Fine-grained turbiditic sedimentary rocks with basal quartzic sandstone; 
interbedded basalt setting

WARE GROUP

Wilson Formation
ca 1000 m

Greywacke, quartz wacke and siltstone Deeper marine 

Century Formation 
ca 1200 m and lacustrine 

Nanny Goat Volcanics Predominantly subaerial

Mount Winnecke Formation Coarse-grained quartz sandstone and granular conglomerate
structures

Granite intrusions

TANAMI GROUP

Dolerite sills <200 m Fine- to coarse-grained metadolerite and amphibolite

Killi Killi Formation
<4000 m

Turbiditic sandstone and siltstone Turbiditic, deep-marine proximal to mid-
fan setting

Dead Bullock Formation 
<1000 m

Quiet marine conditions below storm-
wave base, with increasingly deep-water 

Stubbins Formation
carbonaceous shale, chert, pillow basalt, dolerite sills, rare rhyolite

Turbiditic to quiet marine conditions

UNASSIGNED TO GROUP

Browns Range Metamorphics
<3000 m pegmatite, and metamorphosed arkosic sandstone

ARCHAEAN

Billabong Complex Granite and gneiss

Table 11.1
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inherited sedimentary components, rather than newly grown 

Tanami Group

et al 
the name Tanami Group, but later changed it to Tanami 
Complex (Blake et al 
data available at that time to determine the constituent 

to embody a conformable lower succession of quartzite 
overlain by iron-rich pelitic and semi-pelitic schist, and 

et al

unconformably overlies the Archaean Billabong Complex 

(2005) considered that the quartzite is unlikely to be of 
sedimentary origin and probably represents thickened, 
sheared quartz veining at the contact between Archaean 

Peak Group) was proposed by Hendrickx et al (2000b) to 

sedimentary rocks previously assigned to this unit are 
now incorporated within the Dead Bullock and Killi Killi 

Wilson Formation

Century Formation
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Group has been interpreted to be the Stubbins Formation, 
which has been mapped in the Bald Hill area (Bagas et al 

turbiditic sandstone, siltstone, shale and dolerite sills, 
which is conformably overlain by an upper 200 m-thick 

shale, carbonaceous shale, chert, pillow basalt, dolerite 

crystallisation age (Bagas et al
known unit in the Tanami Group, but it has not been mapped 

et al
et al 2008, Worden et al

from a number of samples of the Dead Bullock and Killi 
Killi formations from widely separated localities have 

of the Dead Bullock Formation has provided a reliable age 

rock have morphological features consistent with derivation 
from a single igneous source rock and are likely to have 
been deposited contemporaneously with sediments of the 

This older age for the granite places uncertainty on the 

et al
A sample of the informally named 'Coora dolerite' 

or abraded inherited zircon grains, with no magmatic 

body intruding the Killi Killi Formation east of The 

Data from the 2005 Tanami seismic program 
(Figure 11.2), along traverse 05GA-T1 (along Tanami 
Road), suggests that the group is thickest in the northwest, 

succession thins gradually southward to a point south of 
The Granites mine, after which it thins rapidly to a depth 

Dead Bullock Formation
et al 
et al 

et al 
Group and Twigg Formation of Hendrickx et al 

Ferdies Member 
comprises arkosic conglomerate and sandstone interbedded 

Callie 
Member comprises siltstone, chert (including nodular 
chert), iron-rich siltstone, banded ironstone, carbonaceous 

Hendrickx et al (2000b)

? ? ? ? ? ?

? ? ? ? ? ?
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rare volcaniclastic rocks (Figure 11.5

from mine pits indicate that the upper contact with the Killi 
et al

Formation is intruded by dolerite dykes and sills, and by 

The sediments were deposited in quiet marine 
environments below storm wave base, with increasingly 
deep water deposition towards the top of the formation 

et al et al

surfaces, and surrounding carbonaceous siltstone probably 
formed in a deepwater, sediment-starved distal fan 

Thickness estimates of the Dead Bullock Formation, 
using geophysical modelling of regional magnetic and 

is complicated by folding and faulting (Goleby et al

The Dead Bullock Formation is the host to several major 

The formation is poorly exposed and the best outcrops 
are in mine workings at The Granites and Dead Bullock 

et al 
et al 

is discussed in Mineral resources
area, in the lower part of the formation, metamorphic-grade 

biotite-albite ± quartz ± almandine schist, andalusite-
biotite ± almandine schist, hornblende-cummingtonite 
schist and hornblende-almandine schist with calc-silicate 

grained graphitic aluminosilicates and ferromagnesian 
schist, grading upwards into quartz-biotite schist and 

rare chert intervals and banded ironstone (Figure 11.6

Killi Killi Formation
The Killi Killi Formation (formerly Killi Killi Beds: Blake 
et al 
greywacke, quartz greywacke, lithic greywacke, quartz 
sandstone and lithic sandstone, interbedded with siltstone 
(in part carbonaceous) and mudstone, and occasional thin 
chert beds (Figure 11.7
graded bedding and cross-bedding, and incomplete Bouma 

subrounded grains of vein quartz with varying amounts 
of plagioclase, K-feldspar, muscovite and tourmaline, 

to greenschist facies, although the metamorphic grades 

Formation is considered to be a stratigraphic correlative of 

the northern and western Aileron Province, suggesting 

Figure 11.5
Formation forming raft in poorly exposed granite (not shown) 

INNINGARRA

Figure 11.6
INNINGARRA: 52K 

Figure 11.7
siltstone and occasional chert layers (MCFARLANE: 52K 
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that it is part of a much more widespread turbiditic 

The informal 'Jasper chert member' comprises contorted, 
thinly bedded jasper chert (Figure 11.8), subcropping over 

is probably a result of alteration and the surface weathering 

The informal 'Upper sandstone member' consists of 
interbedded, thin, medium-grained grey sandstone and red 

the Killi Killi Formation and has limited exposures centered 

Thickness calculations are imperfect due to a paucity of 
continuous outcrop, folding and a lack of exposure of the 

et al

Ware Group

The Ware Group is dominated by felsic volcanic rocks and 
coarse lithic clastic rocks, but also contains minor siltstone 

and Ware groups is not exposed and is inferred to be 
unconformable on the basis of different structural histories 

The age of the Ware Group is constrained to the range 

et al 2001, Cross and 
et al

Formation, a rhyolite has yielded a magmatic crystallisation 

et al

Formation and therefore provides a minimum age constraint 

et al 
sedimentary rocks of the Wilson Formation have yielded 

et al 2001) 

of ages and rock types indicates that sedimentation was 
contemporaneous with the volcanic activity, and this is 
also supported by the presence of volcanic clasts within the 

Environments of deposition for much of the Ware 
Group sedimentary succession were most likely to have 

the Wilson Formation consists of interbedded, laterally 
continuous, graded greywacke and siltstone indicating 
deposition in a probable deeper-marine environment 

was essentially subaerial, as is indicated by densely welded 

Mount Winnecke Formation

and the former 'Helena Creek beds' of Blake et al
Three lithological subunits of Blake et al
sandstone, acid lava and tuffaceous sandstone), have been 

formation is intruded by the Winnecke Granophyre, but the 
contact metamorphism effects of this intrusion generally 

metamorphism is characterised by the development of a 

lithofacies comprise granule conglomerate interbedded 

granule conglomerate is characterised by coarse-grained, 
poorly sorted, thick to very thick tabular beds and shows 

and cobble-rich intervals are common and clasts comprise 
quartzite, milky quartz, jasper, chert, phyllite, sandstone, 

framework in a matrix of rounded-to-subangular granules 

sandstone lithofacies comprises cross- to planar-bedded, 

rocks range from quartz lithic to lithic sandstone and contain 
clasts of quartz, lithic fragments and minor feldspar and 

Figure 11.8

(MCFARLANE
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rhyolite, siliciclastic granule conglomerate, cross- to 
planar-bedded quartz-lithic sandstone, interbedded 
and rippled medium to coarse sandstone and mudstone, 
medium-bedded medium sandstone, thinly bedded to 

Nanny Goat Volcanics
et al 2000b) 

comprises ignimbrite, rhyolitic lava, basalt and 

now assigned to the Wilson Formation were originally 

Blake et al
the Tanami Group and are in turn unconformably overlain 

mappable units: quartz-rich feldspar ignimbrite, feldspar-
rich ignimbrite, rhyolitic lava, basalt, and volcaniclastic 
sandstone (Crispe et al

The quartz-rich feldspar ignimbrite is relatively 

bipyramidal phenocrysts and broken crystals up to 2 mm 

generally less than 1 cm in diameter and are probably of 

amorphous material, and has a well developed eutaxitic 

The moderately porphyritic feldspar-rich ignimbrite 
has sericitised feldspar phenocrysts (<2 mm in diameter) 

and less abundant small phenocrysts of quartz (<1 mm in 

range 1:10, distinguishes this unit from the quartz-rich 

rhyolitic lava 

Basalt
Relatively unweathered basalt samples from drillhole 

microlites, magnetite and occasional small relict 
phenocrysts that may have been clinopyroxene, but are 

of a few unweathered samples show a variably evolved 

A number of isolated outcrops of siliciclastic and 
sedimentary rocks are included in the volcaniclastic 
sandstone
rocks are similar to quartz sandstone in the overlying 
Birrindudu Group, but have been included in the Ware 
Group, due to their more complex structural evolution, 
including steeply plunging folds with steep-to-overturned 

Century Formation
The Century Formation comprises quartz sandstone, 

pebble conglomerate that outcrop adjacent to the Pargee 
Fault in northern MCFARLANE

formations along the Pargee Fault and is interpreted to 

The formation includes parts of the exposures that were 

north-central MCFARLANE (Blake et al
et al et al

of quartz sandstone from the formation has yielded a 

Wilson Formation 
The Wilson Formation includes parts of the sedimentary 

and Killi Killi Beds by Blake et al
succession of lithic greywacke, quartz greywacke, minor 
siltstone and granule sandstone containing a high proportion 
of angular volcanic quartz grains and felsic volcanic 
lithic grains (Figure 11.9
weathered and leached to a pink or buff colour, is capped 
by ferricrete and is locally metamorphosed to phyllite 

geochronology on a sample of quartz greywacke from 52K 

et alFigure 11.9
lithic sandstone and siltstone (WILSON CREEK:
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Unassigned to group 

Mount Charles Formation

et al 

coarse-grained clastic sedimentary rocks, exposed in the 

(Figure 11.10

sedimentary and three basaltic lithofacies and includes 
intercalated sandstone (greywacke), siltstone, carbonaceous 
mudstone, intraclast conglomerate, massive extrusive 

are common and are interpreted to be the product of 

abundant (Figure 11.11
generally equigranular and consists of albitised plagioclase 

pyroxene phenocrysts and a weak porphyritic texture are 

grained chlorite and epidote, resulting from regional 

The relationship with the Dead Bullock Formation 
is not certain and it is inferred, from airborne magnetic, 

Charles Formation either rests unconformably on the Dead 
Bullock Formation, or has a faulted contact (Crispe et al 

the Birrindudu Group and by basalt of the Antrim Plateau 

from interbedded arkose has yielded mostly early Archaean 

whereas the youngest zircon populations give maximum 

and pitted, and therefore, were probably not derived 

Complex (Page et al Archaean

preserved crystal faces and show no signs of sedimentary 

be inherited and, therefore, provides no reliable information 

The detrital zircon age distributions suggest a provenance 

may be from similarly aged rocks to the west in the Pilbara 

et al

The immature nature of the sedimentary rocks and pristine 

et al

Charles Formation lacks the D1, D2, or D  fold structures that 

derived from a restricted catchment that eroded rocks of the 

basement containing Archaean-aged zircon (Cross and 

Figure 11.10
(FRANKENIA

Figure 11.11
TANAMI: 52K 
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et al

Pargee Sandstone 

Killi Killi Formation and is unconformably overlain by 

unconformable contact has been folded and is well exposed 

Granitoid intrusions

distinct gravity lows and are associated with domical 

et al
of seismic data has suggested that the granites form 
relatively thin sheet-like bodies (<2 km; Goleby et al 

unconformably overlain by components of the Birrindudu 

provided in a number of previous studies (Blake et al 

A large number of individual plutons have been mapped 
and named (Figure 11.12
three suites, the Birthday, Frederick and Grimwade suites, 

Frankenia, Coomarie and Browns Range domes, are well 

Browns Range batholiths there are domains of contrasting 
magnetic intensity, consistent with the presence of multiple 

At The Granites mine, granite cuts and therefore 
postdates deformed Tanami Group sedimentary rocks 

are foliated and lineated, and so may have predated or 

volcaniclastic succession is intruded by granophyre and 

taken from a variety of granitic bodies have yielded 

represent a variety of granite bodies with different 
geophysical characteristics, including highly and weakly 

A leucogranite from the Browns Range Dome has 
yielded an interpreted magmatic crystallisation age of 

et al

ages to be inherited components from a meta-sedimentary 

et al 

2

most samples have been altered to some degree, major 

2 suggests that aluminium enrichment resulted 
from fractionation, rather than from alteration, which is 
consistent with the presence of magmatic hornblende in 
the metaluminous samples and magmatic muscovite in the 

diagrams, the Tanami granites plot in the monzogranite and 

plot as granite and granodiorite, and there is no evidence of 

2

2 , 
P2 5 2 2

to moderately steep REE patterns, with a broad range of 

with precise REE measurements, 11 have large negative 
Eu anomalies, where all values have been normalised to 

characteristics and magnetic response, the Tanami granites 

et al 

geochemical study of various granites from the region 

(Figure 11.12
is given in Table 11.2
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(in prep) and descriptions on individual granites are taken 

Birthday Suite

includes the Winnecke Granophyre and coeval felsic volcanic 

inherited zircon grains have been obtained from the suite 

The Winnecke Granophyre is commonly porphyritic 
and features quartz, alkali feldspar, plagioclase and 
brown biotite in a quartz and alkali feldspar groundmass 
(Blake et al 
within the unit, granophyre, quartz-feldspar porphyry 

intrusive components include medium- to coarse-
grained monzogranite and granodiorite, commonly with 

2-
rich granite in the suite contains minor green hornblende 

and plagioclase are concentrically zoned and plagioclase 

2 content 

2 2 2

2 5

Frederick Suite

distinctive moderate to highly magnetic character, but a 

named granitic bodies and also the magnetic parts of the 

2-
rich samples and accessory minerals include titanite, 

commonly concentrically zoned and cores may be clouded 

Buccaneer gold 

generally peraluminous, except for the sample with the 
2

2 2 
2 2

2 5

Grimwade Suite

include The Granites, Slatey Creek and Lewis granites, parts 
of the Browns Range, Frankenia and Coomarie domes, and 

suite comprises monzogranite to syenogranite and forms 

2-rich samples contain hornblende, but otherwise, 

is commonly concentrically zoned and cores may be 

2 range and is 

2 2 2 2

2 5

changes due to typical magmatic differentiation (Green in 

Blake et al (1979) Tunks (1996) Dean (2001) Vandenberg and Crispe (in prep)

Winnecke Granophyre Mount Winnecke Suite Winnecke Suite Birthday Suite
Winnecke Granophyre
Felsic volcanics of Ware Group

The Granites Granite Gregory Suite Frederick Suite Frederick Suite

COOMARIE SUPERSUITE
Coomarie Suite
The Granites Suite
Inningarra Suite

Grimwade Suite
Coomarie Granite*
Browns Range Granite*
Frankenia Granite*

The Granites Granite

Table 11.2
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METAMORPHISM AND DEFORMATION

A number of studies have been undertaken on metamorphism 
and deformation in the Tanami Region, but most were 

et al et al 

et al
include Blake et al 

et al 
studies have been aimed at deciphering the crustal structure 

et al 
et al et al

et al 

these studies and have divided the structural evolution 
of the Tanami Region into eight stages, with at least two 

Pre-D1 1

et al
it was suggested that rocks exposures on the southern 
margin of the Browns Range Dome underwent high-

Re-examination of the zircon mounts of Page et al 

has been metamorphosed to upper-amphibolite facies and 
has a northwest-dipping gneissosity; this deformation is 
interpreted to predate deposition of the Tanami Group and 
is designated pre-D1 1

Tanami Event (D1 1)

Tanami Group was the Tanami Event (D1), which resulted 
in asymmetric, disharmonic F1 folds and an axial planar 

1

1, greenschist- to amphibolite-facies, high-T, low-P 

region, with the highest mid-amphibolite facies in the 
1 conditions at 

cordierite-garnet-biotite ± andalusite or gedrite, with local 

are characterised by quartz-biotite-albite ± almandine and 

The age of the Tanami Event is constrained by the 

the F1

D2 3 folding

D2 structures are represented by local, open, angular, 
northeast- to north-northeast-striking F2 1 1 

2 crenulation; 
2 mineralogically differentiated crenulation 

2 deformation is correlated with the 

et al
D  structures are open, angular, northwest- to north-

striking F 1 
fabric is generally only developed in F  hinge regions and 

D1 1  is commonly a spaced crenulation cleavage 

 structures are 

constraint for D
The most dominant structures within sedimentary 

to north-northwest-trending, open to tight, angular upright 
folds (regional D

D2

that regional-scale northeast-trending folds (their F1) and 
northwest-trending fold structures (their F2) affect dome 
and basin-style fold interference patterns through the 

Post-D3 rifting

D  was followed by uplift and erosion of the Tanami and Ware 

in open-cuts of the Tanami mine corridor show that the 

D1-, D2-, or D -generation fold structures that affected the 
et al 2001, Tunks 

intruded by aplite dykes and was contact metamorphosed by 

related extension is interpreted to have occurred sometime 
 (Crispe et al 

D4 folding

D4 fold structures are characterized by east-northeast-
trending, steeply south-southeast-dipping angular F4 
chevron folds, and by crenulations and kink-bands within 
the Tanami and Ware groups (D
et al 4 structures also locally trend east, and 
within micaceous greenschist-facies slate and metasiltstone, 
F4 4 crenulations of earlier 

4 
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4 

limited, mapping indicates that D4 fold structures tend 
to be developed (or best preserved) around the margins 
of granitic intrusions and probably resulted from north-
northwest-directed D4
evidence, with respect to contact metamorphic minerals 
and D4 folding, also indicates that north-northwest-directed 
D4 shortening may have closely followed the emplacement 

inferred to postdate localised rifting and deposition of the 

At this stage, it is not possible to resolve whether the 
development of D4 structures is linked to the operation of 
large D5 fault and shear zone structures imaged in regional 

5 generation 
structures, southeast-dipping thrust systems are similarly 
inferred to have formed under northwest-directed regional 

D5 faults

D5 structures are shear zones, thrusts and oblique-slip 

structures contribute to the dominant northwest structural 

prevailing fault systems affect probable Archaean 
basement, Tanami Group, Ware Group, granite bodies 

et al
et al

predominantly southeast-, east- to northeast-, and west- 

the relative timing of these fault systems has yet to 

collectively assigned them to a D5

reactivation of these structures during D  has also caused 

5 involved more than one phase of 

D5

between felsic dykes associated with the Frankenia 

that mineralisation was broadly synchronous with 
et al 

et al
auriferous quartz veins from the Callie deposit in the 

emplaced during D5

et al 5 
faulting and gold mineralisation most likely occurred at 

et al

D6+ faults

This deformation is represented by thrusts, and by oblique 

age of the structures is not well constrained, but is likely 

region and Kimberly Craton (Blake et al 2000), or the 
et al

Major faults

The Tanami Fault is the most prominent fault structure, 
which can be traced from Western Australia, through the 
Tanami Region to the northern Arunta Region (Figures 11.2, 
11.3  structure that has 
undergone a series of reactivations, and has locally affected 

Pargee Fault separates the Century 

poorly constrained, but postdates the D2 
The Bluebush Fault is a major geophysical feature and is 

5 
structure, and is cut by D  faults to the west of Frankenia 

Black Peak Fault is a regional D5 structure that 
is cut by D
the Black Peak Fault is attributed to D

The Supplejack Shear Zone is represented by a series 

western extent of Ware Group volcanic rocks in eastern 

an east-dipping D5 structure (Goleby et al
et al

trending structures that probably relate to D

Granite domes

The Tanami Region is characterised by large granite-cored 

been named the Frankenia, Coomarie and Browns Range 

partially or completely encircled by gentle- to moderate 

the Frankenia and Coomarie domes are elongated in more 

et al (2002) indicated that the granite cores 
may be connected at depth; however, this is not supported 
by regional seismic data (Goleby et al
et al

by faults and anticlinoria, which are interpreted as thrust 

data also show that the granite bodies overlie regional faults 

around which older sedimentary and volcanic material have 

expressed in the structural form of the overlying Birrindudu 
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D
systems, and continued isostatic adjustment of the granite 

MINERAL RESOURCES

The Tanami Region is recognised as the largest 

Territory (Ahmad et al et al

gold occurrences, including the Coyote deposit, are known 

made to explore for commodities other than gold in the 
last decade, but there has been a surge in exploration for 

Gold

Gold was discovered in the Tanami Region by Alan Davidson 

the region were related to the evaluation of gold discoveries 

 et al 

in an area southwest of the Tanami mine commenced in 

Currently, gold is the only mineral commodity known 

the border in Western Australia and comprises the Coyote 
mine and Baldhill deposits (Bagas et al
studies have been carried out on the gold deposits of the 
Tanami Region in the past decade, including: Dead Bullock 

et al et al 
et al 

et al 

et al (2005) completed 

various deposits in the Tanami Region and summarised 

et al et al

eposit classi cation

deposit types:

in sub-parallel, sheeted quartz veins within a structural 

± carbonate veins in banded ironstone and chert, eg West 

formed in iron-rich cherty metasedimentary rocks of 

tonnages and higher grades than those of the Tanami 

discordant veins within metamorphosed sedimentary 

veins and stockworks within lower greenschist-facies 

vesicular, has pillow structures and has undergone 

Figures 11.2, 11.3

Miscellaneous deposits

ead Bullock Soak BS  gold eld

Although several, small shallow open cuts were dug in this 
area, probably early in the twentieth century, there is no 

discovered gold mineralisation at Triumph Hill and Dead 
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Bullock Ridge in 1989, and at Callie in 1991. The DBS 
Figures 11.13, 11.14); 

Table 11.3, Figure 11.13).
The 'Callie formation'

'Lower Blake beds'

'Madigan beds'
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The 'Callie laminated beds'

'Magpie schist' 

'End it all dolerite'
'Callie boudin chert'. 

'Pip 
schist'

'Upper Blake beds' 

'Davidson beds' 

'Orac formation'
'Lower' and 'Middle Orac chert'

'Middle' and 'Upper Orac schist'

The 'Schist hill formation'

'Dead bullock 
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Schist hill iron member'

'Colgate schist'   
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 'Seldom seen 
schist', 

The 'Coora dolerite'

Callie

Villa

Dead
Bullock 
Ridge

Triumph Hill
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b
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Figure 11.14 a

b
et al 2009).
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Lamprophyric dykes

Figure 11.13). 

et al 

Figure 11.2

et al 2009).

Callie

Figure 11.14

Figure 11.15a, b

et al 
at Callie:

1. 1

2. 

.
6

6+

REGIONAL SUCCESSION INFORMAL MINE SUCCESSION

Killi Killi Formation

Dead Bullock Formation

Table 11.3
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Figure 11.16
et al

along the edge of the auriferous quartz veins, but is absent 

are found in well laminated graphite-free rocks, where the 

The alteration assemblage in the auriferous veins 
consists of aluminium-rich amphibole, chlorite, sericite 

is characterised by the presence of calcite, chlorite, silica 

epidote and pyrrhotite occur (Wygralak et al 
Alteration assemblages of non-auriferous veins have not 

Auriferous veins are concentrated in the D5 'structural 

Figure 11.15
is within the 'Callie laminated beds', but all other units 
within the 'vein corridor', except for the dolerite, are 

mineralisation extends 1500 m along strike towards the 
et al 

occur (Figure 11.16)

Post-mineralisation D  faults divide the mineralisation 

Callie mineralisation is controlled by a combination of 
structural, stratigraphic and geochemical factors (Wygralak 
et al 2005, Huston et al 

D5
a high-angle intersection between quartz veins and 
bedding planes in anticlinal and synclinal hinges
coarser-grained sedimentary rocks with increased 
porosity and permeability ('Callie laminated beds', 

chlorite and chlorite-biotite alteration that envelops the 
bulk of mineralisation, but diminishes in the biotite-
amphibole zone
decarbonisation of sedimentary rocks, visible as a 

Villa

quartz veins are known; these include D1 bedding-parallel 
quartz veins, D5 sheeted quartz veins and D  veins of buck 

of quartz veins, but ore-grade mineralisation is restricted 

diagenetic pyrite

is the main gold-bearing stage, where gold is closely 

associated with amphibole-rich rocks; and (c) rarely in 

Dead Bullock Ridge and Triumph Hill

most are late buck quartz veins that postdate mineralisation 
(Wygralak et al 
of chlorite that have a distinct grey-green colour and are 

Although mineralisation at Triumph Hill is controlled 
by the succession, some high-grade zones crosscut the 
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a poor correlation with the succession at the ore-shoot 

rocks containing abundant pyrite ± arsenopyrite and shows 

Other deposits

Fumarole

The Fumarole orebody is restricted to two chert intervals 

are located in east-plunging dilatant anticlinal and synclinal 
et al Colliwobble deposit is 

Ghan orebody is a near-surface extension of the Callie 
Avon and Sleepy Hollow 

The Granites gold eld

out a detailed regional reconnaissance of the Tanami Region 

quartz haematite lodes at 

the Dead Bullock Formation, which in this area, comprises 
laminated to bedded chert, banded ironstone, siltstone, 

granitic body and appears to be coincident with a shear 
zone that is parallel to and cross-cuts tightly folded, steeply 

et al
et al
lithologies is the 'Host unit', while adjacent lithologies are 
informally known as the 'Footwall schist' and 'Hangingwall 
schist' 

The 'Footwall schist' is more than 125 m thick and 
consists of interbedded and lensoidal schist, intruded by The 

et al 
albite ± quartz ± almandine schist, and andalusite-biotite 

hornblende and anthophyllite, with lesser cummingtonite, 

'Footwall schist' contains quartz and calc-silicate veins that 

the footwall lode at the East Bullakitchie deposit, where 

a hornblende-cummingtonite-gedrite-albite ± quartz 

The sheared 'Host unit'

Figure 11.17

studies indicate the term 'host unit' is a misnomer, as it is 

2002, Adams et al et al

(sheared) and interleaved lithologies, consistent with 

unit' may still apply: silicate facies, 
facies, carbonate facies and oxide facies

cummingtonite schist interbedded with hornblende-

and include, in decreasing order of abundance: pyrrhotite, 
pyrite, arsenopyrite and minor chalcopyrite, pentlandite, 

of particles along bedding planes within the amphibolite 

consists principally of calcite with lesser dolomite and 
ferroan-carbonate minerals, quartz, diopside and grossular 
garnet, interbedded with cummingtonite-hornblende 

carbonate minerals are considered to be syngenetic or 

schist is interbedded with chert, apatite-quartz layers and 

regionally anomalous in gold and has occasional high-

'Hangingwall schist' are 
correlated with those in the 'Colgate schist' in the Dead 

graphitic aluminosilicates and ferromagnesian schist that 
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arsenopyrite is also present locally. Numerous dolerite 
intrusions with irregular outlines are present within the 
'Hangingwall schist'. These intrusions are generally massive 
and non-foliated. Porphyritic andesite dykes, generally less 
than 3 m thick, have been intersected in drillholes.

Bunkers Hill, 
Central Bullakitchie, East Bullakitchie, West Bullakitchie, 
Quorn and Shoe

at least 250 m and are open at depth. Average grades range 

carbonate facies being markedly better mineralised then the 
silicate or oxide facies. Some gold has been remobilised into 
dilatant structures, formed during one or more episodes of 

et al

a micron to several millimetres. It is of high purity and has 

the footwall and hangingwall, when compared to lithologies 
within the sheared 'Host unit', are characterised by higher 

to andesitic origin. By analogy and taking into consideration 

with some input of iron oxides and silicates by exhalative 

'Host unit' a lack of enrichment in siderophile elements 

15% suggests the protoliths of rocks susceptible to gold 

mineralisation may have been chemically precipitated iron-
et al 

et al et al
et al

et al 

with D5 veining, but all the above types contain at least 
some gold. These veins have a weak alteration selvage of 
up to 10 mm and the relationship with gold mineralisation 
is ambiguous.

Pyrrhotite, arsenopyrite and loellingite are the main 

are several generations of arsenopyrite, pyrrhotite and 

parallel schistosity.

Bullakitchie
East Bullakitchie is the largest and highest-grade deposit 

Figure 11.18
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Early ptygmatic quartz veins associated with D1

quartz veins (main ore stage), associated with D5 (D  of 

Cross-cutting quartz-calcite veins, related to post-D5 
deformation (D4

quartz, quartz-calcite, calc-silicate and calcite veins 
associated with D1 , but Wygralak et al (2005) considered 
that the main controls on mineralisation are D5 shear zones 

veins carry only part of the mineralisation; however, no 

enveloping layer-parallel calcite veins: (i) an outer zone 
characterised by the breakdown of biotite and formation 
of cummingtonite, with excess quartz and plagioclase; 
(ii) a middle zone of cummingtonite, quartz, plagioclase, 
almandine and hornblende; and (iii) a proximal zone, where 
cummingtonite is consumed to produce hornblende, epidote 

The West Bullakitchie deposit does not contain abundant 
calcite veins and has a considerably lower grade than East 

Central Bullakitchie deposit, which connects East and West 
Bullakitchie, has yielded only a minor tonnage from the 

Shoe

This deposit was mined by open-cut and underground 

averages 10%, with higher concentrations in amphibole-

oxide content is low (2%), with magnetite more abundant 

Quorn

lodes are thinner and more dispersed, reaching an average 

sheared 'Host unit' (A, B and C), as well as portions of 

2001) cross-cuts the 'footwall schist' and dominant early 

pyrrhotite, arsenopyrite, loellingite, pyrite and minor 

being dominantly composed of pyrite and pyrrhotite, with 

Bunkers Hill

sheared 'Host unit' and are abruptly truncated at the 

Tanami gold eld

Government Geologist, visited the property and provided 
a brief description of the geology and gold deposits (Brown 

Reward 
Claim

commenced shortly afterwards, but the battery was closed 

evaluation program that estimated proved and probable 
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(Wygralak et al 

alternating succession of basalt and mudstone, with rare 

and Frankenia domes (Figures 11.3, 11.19

Gold occurs within clusters of quartz-carbonate veins, 

northeast-trending 'Tanami mine corridor' (Figure 11.19
The deposits are grouped in three clusters, concentrated 

Formation is informally divided into footwall, mine 
and hangingwall sequences (Figures 11.20, 11.21
footwall sequence is about 400 m thick and comprises basalt 
and interbedded sedimentary rocks of the 'Footwall basalt 
complex' mine sequence

'Harleys sediment' 'Redback basalt complex' 

'Hurricane sediment', composed of interbedded dark grey 

locally known as the 'Pale sediment' (Figure 11.10
'Bouncer 

basalt'

hangingwall sequence is at least 180 m thick and comprises 
interbedded siltstone and sandstone, locally known as the 
'Hanging wall sediment'

Gold is associated with a complex array of D5 strike-

in these faults are complex and resulted from repeated 

(1) grey quartz ± sericite ± pyrite veins, with chlorite, 
arsenopyrite, sphalerite and gold, which generally occurs 
as inclusions in pyrite and rarely within quartz; (2) ankerite 

the center of the quartz-sericite-pyrite veins and therefore 

within basalt and they either become much narrower or are 
et al 

(2005) considered that the role of 'Pale sediment' (one of 
the carbonaceous mudstone interbeds) was mainly that of 

et al 
several varieties of quartz within these veins that can be 

grey to white and textures include crustiform banding, comb 

of shallow epizonal mineralisation (Figure 11.22
examples of a lattice-bladed replacement texture have 
been observed in drill core, as well as ghost spheres and 

The host basalt shows widespread propylitic alteration, 

2

(ankerite and siderite), and minor chalcopyrite, arsenopyrite 

indicate that this alteration has resulted in the addition of 

There are 58 closely spaced gold occurrences in the 
Figure 11.19) and 40 of these have been 

summarised from Wygralak et al 

Hurricane-Repulse

produced just under half of the total production, amounting 
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Repulse, Gap and Hurricane (Figures 11.23, 11.24
The southernmost Hurricane orebody is within siltstone 

and consists of three mineralised lodes, controlled by the 
intersection of a shallow east-southeast-dipping fault 

The Gap orebody is located in the middle of the open cut 
and forms a cigar-shaped shoot at the intersection between 
steeply east-dipping D5 quartz veins and the northwest-

The north-plunging Repulse shoot is associated with 
two subparallel, steeply north-northeast-dipping D5 faults, 
localised almost entirely within brecciated 'Bouncer 

trending D

Southern

of Hurricane-Repulse and the host succession is similar 

controlled by a northeast-trending, east-dipping D5

Past production from this deposit has been included with 
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Redback SE and SW

southwest of the Hurricane-Repulse mine, within 
interbedded siltstone and sandstone (locally known as the 
'Harleys sediment') and pillow basalt of the 'Footwall basalt 

is basalt, although some mineralisation is associated with 

Quartz lode and quartz stockwork mineralisation are 

quartz breccia, enveloped by pervasive haematite-chlorite 
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11:28

irregular quartz-haematite veins at approximately 1 m 

Past production from these two deposits has been 

Carbine

of 'Redback basalt complex' and overlying 'Hurricane 

the north, the 'Redback basalt complex' is unconformably 

is 14 m thick and follows a reverse D5

D5?) subsidiary faults, which segregate the orebody into 

The highest grades are at the intersection of the main 

end of the open cut, the main fault has a reverse sinistral 

Gold occurs as inclusions mainly in pyrite and minor 

minerals are quartz, sericite, chlorite, iron oxides and 

Legs

basalt but also extends into the 'Hurricane sediment' in the 

5 faults that extend for 

there is a zone of dilatation associated with the convergence 

against a crosscutting D  movement has also led 
to displacement of the main orebody at the contact between 

Dogbolter

'Harleys sediment' and is associated with a major D5 shear 

mineralisation also occurs in wallrocks adjacent to the main 

host rocks, gold occurs in selectively mineralised, steeply 

Dogbolter contains a larger proportion of free gold than other 

Jims Find
Jims Find is located about 20 km southwest of Hurricane-
Repulse and comprises three open cuts (Jims Central, Jims 

trending, doubly-plunging domical structure developed as 
a result of interference between tight, northwest-trending 
D5 folds and a later, broad, west-southwest-trending D

5, north-trending, 
 

faulting has disrupted the original structure and created 

the southern end of the open cut, the mineralised zone is A11-026.ai
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Miscellaneous deposits

A number of gold deposits are located outside the three 

The Groundrush mine is located 100 km north-

The deposit was mined by open-cut methods between 

foliated dolerite sill intruding metagreywacke of the 
Figure 11.25

Figure 11.22 et al a
b c d e) 
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occurs as free metal, or is associated with arsenopyrite and, 

The Bonsai, Beaver Creek and Banjo deposits are 
located along the southwestern margin of Coomarie Dome, 

with superimposed amphibolite-facies metamorphism 

is associated with pyrite within steeply west-dipping 

Twin Bonanza Gold Camp area (Figures 11.3, 
11.4 Buccaneer 
gold porphyry prospect and described it as an intrusive 

 
Old 

Pirate
and contains multiple high-grade gold-bearing quartz veins 

The Crusade and Tregony prospects are located 
respectively about 80 and 100 km northeast of Hurricane-

dacite host rocks are steeply dipping, and are extensively 

northward and is composed of some 20 quartz veins, 

The Crusade prospect contains an inferred resource of 
 Tregony prospect 

The mineralised assemblage includes quartz ± chlorite 

Titania is located 40 km to the northwest of The 

Oberon deposit 

is within lower greenschist-facies pebbly greywacke and 

graphite and pyrite, and beds of boudinaged chert up to 2 m 

The host sediments are intruded by dolerite, which may be 
strongly foliated and altered to sericite, chlorite, carbonate 

carbonate veins (D5) containing pyrite in the vein and 

mineralisation is spatially associated with decarbonisation 

Coarse native gold forms clusters of grains associated 
with D1 and D5 veins, and is also present as inclusions in 

The Minotaur deposit is located in the Windy Hill area, 

Figure 11.23
Hurricane-Repulse open cut, looking 

A = ‘Hurricane sediment’; B = ‘Bouncer 
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for The Granites, the mineralized zone, a probable shear zone, 
has been referred to as a 'formation' (the 'Taurus formation') 

quartz-, cummingtonite ± almandine-, clinopyroxene-, 
biotite-, plagioclase- and chlorite-bearing schists with cherty 

sheared and mineralised lithologies is possibly mixed silicate-

arsenopyrite, lesser amounts of pyrrhotite and pyrite, and 

chloritic fractures and veinlets, but is also associated with 

in turn, probably overlain by greywacke of the Killi Killi 

felsic bodies including granodiorite, tonalite and pegmatite 

but mineral assemblages indicate lower amphibolite-facies 

Genetic constraints

inclusion and stable isotope characteristics of the ore and 

et al (2005) to constrain the physicochemical character 

through syn- to post-mineralisation stages, as well as their 

Fluid inclusions
Wygralak et al 

groups: 

2 2

CH4 2

4 ± 2 2
CH4

4 ± 2 ± 2
These inclusions can be distinguished from Type A 
inclusions by their CH4 2-rich nature

2
most common type

2

interpreted as primary inclusions, it would appear that a 
2 ±CH4 ± 2 ± 2-

2 occurs in inclusions from the Tanami 

2, H2 , CH4 2-bearing 

2-, H2 , CH4

Temperature, salinity and estimated depths for the 
various deposits are plotted in Figure 11.26

inclusion study at the Callie mine demonstrated that both 
2-

Estimated depths of formation of these veins, as deduced 

2

et al 2005) 
demonstrated that inclusions in ore-stage samples from 

2

50 m 

0 50 m 

W E
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2 was typically the most abundant gas, 
2

and minor CH4
phases noted included CaCl2 and, in one case, calcite and 

2 2 2 2 2 12H2

2 8H2 2 2 population is also 
et al 

Mineral geothermometry
Wygralak et al (2005) used the chlorite geothermometer of 

The arsenopyrite geothermometer of Kretschmar and 
et al (2005) to estimate 

the formation temperature of arsenopyrite in deposits that 

Oxygen and hydrogen isotopes

water and oxygen isotopes on silicate minerals (Wygralak 
et al 18

18 D values of waters responsible 
for the deposition of quartz veins in various deposits from 
the Tanami Region, along with meteoric, magmatic and 

metamorphic waters, are plotted in Figure 11.27

2-H2
a subordinate component of evolved meteoric water, or 
basinal brine can account for the moderate depletion in 
18

18

from exchanged meteoric water, with a possible component 

data and textural studies, which indicate that the Tanami 

2

2
quartz from Callie exhibits narrow overlapping ranges of C 

(Wygralak et al

The 2 from The Granites 

which has a 
C in carbonaceous siltstone hosting Callie mineralisation 

 
2 

organic carbon, provided equilibrium is maintained and all 

Sulfur isotopes
 

Figure 11.28
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Figure 11.26
in Tanami Region gold deposits, including Coyote in Western 
Australia, showing temperature, salinity and estimated depths for 
various deposits (after Ahmad et al

Figure 11.27
et al
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associated with gold mineralisation at Callie show a narrow 

the usually accepted sulfur isotopes values of magmatic 

Lead isotopes

separates from adjacent granites were analysed by Wygralak 
et al (2005) to investigate a possible link between the 

et al (2005) discussed the evolution of lead 
isotopes for various deposits and concluded that the lead in 

surrounding rocks and that this resulted in changes in the 

Additional data from galena that paragenetically 
brackets the gold event at Callie and from galena that is 
intimately associated with gold at Coyote plots much closer 

than the lead from granitoid K-feldspar (Huston et al

Ar-Ar geochronology

selected gold occurrences have been subjected to the 
40 Ar thermo-geochronological technique (Wygralak 

 
record the time at which mineralization-related mica 

with vein quartz and gold has yielded cooling ages of 

sericite from the Titania and Galifrey deposits has yielded 

(2002) performed further 40 Ar dating on biotite from 
gold-bearing veins at the Callie mine and on biotite from 

from ore-stage auriferous quartz veins at Callie returned 

biotite from the granites that core the Coomarie and 
Frankenia domes have exhibited cooling ages in the 

Additional 40 Ar data on sericite from a variety of 
vein types from the Aileron Province (Wygralak and 

the White Range gold deposit (located in the Arunta 

These observations testify to the sensitivity of the 40 Ar 
thermo-geochronological method to thermal resetting and 

Xenotime dating

4
Cross et al 

green crystals; none was observed outside of the quartz 

concordant and near-concordant analyses combine to 
give a weighted mean 

Cross et al (2005b) to closely represent the age of the 
host Au-bearing quartz vein and, by inference, the age of 
mineralisation at Callie, but is approximately 100 million 

40 Ar studies of mineralisation-related hydrothermal 

zircon ages of granites from the Tanami Region (see 
Granitoid intrusions

Physicochemical modelling
Fluid inclusion data on chemical composition (salinity, 

2, CH4) homogenisation temperatures, wall rock 
alteration and ore mineral assemblages have been used by 
Wygralak et al (2005) to constrain the physicochemical 

2, and total 

2 4

2- can be as 

include reduction, loss of sulfur, a decrease in temperature 

Wygralak et al (2005) carried out thermodynamic 
modelling that involved the interaction of low- and high-

found in the Tanami Region and concluded that boiling 

which generally leads to gold precipitation, depending 
2

Sedimentary
Mixed magmatic
and sedimentary

Magmatic
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et al
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Greater quantities of gold may be precipitated when 

carbon-free rocks produces mineral assemblages more 
closely resembling the observed vein and alteration 

Genesis of Tanami Region gold deposits
Parameters used to constrain the ore depositional 
environment in the Tanami Region are listed in Table 11.4

have had a magmatic origin, it may also have been leached 

while a link with granitic intrusives appears evident 
from spatial relationships, stable isotopes and xenotime 
geochronology, recent studies cast doubts on the role of 

2001, Wygralak et al 2005, Huston et al 

et al 
was precipitated by hydrothermal solutions channelled 

of gold during deformation events probably upgraded the 
ore and mobilised it into low-pressure areas, such as fold 

For gold mineralization at Callie, Wygralak et al 

upward along D5 structures and reacted with carbon-

2, which pervasively altered the 

that the contact between the 'Callie laminated beds' and 

multistage mechanism may have produced the exceptional 

Considering various evidence presented in Table 11.4 
and discussed in the preceding sections, it is likely 

was deposited either by reaction with the host rock, 

decarbonisation of carbonaceous sedimentary rocks has 

and precipitation of gold (Wygralak et al 

for gold precipitation may have involved reaction with 

partition of H2

Uranium and Rare Earth Elements (REE)

PARAMETER OBSERVATIONS/RESULTS REMARKS

Spatial association Genetic link with granites is possible

Fluid inclusion composition 2-CH4 

Possible igneous link

Possibly metamorphic

Hydrogen and oxygen isotopes
metamorphic range and close to meteoric water 

Possibly evolved meteoric water

Possibly magmatic or metamorphic

Sulfur isotopes Possible magmatic source

Lead isotopes

Tanami
40Ar/39Ar dating of micas Can be linked to granitic ages

SHRIMP U-Pb dating of 
xenotime

Can be linked to granite intrusive rocks

Table 11.4
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Tomich et al 

surge in the uranium prices resulted in several companies 

targets include recent sediments, as well as structurally 
controlled mineralisation associated with graphitic and 

The Tanami Region has similarities with the Pine Creek 

Archaean basement, which is unconformably overlain 
by Palaeoproterozoic orogenic strata which is, in turn, 
unconformably overlain by basinal sandstone (Kombolgie 

of uranium are noted along the unconformable contact 

The Don uranium-gold occurrence is located in 

in altered Killi Killi Formation, beneath the unconformity 

8 and 

graphitic shale within a broad chloritic alteration halo in 
8 

airborne radiometric survey at 100 m line spacing has 
indicated a uranium response along the unconformity 

other small uranium-REE prospects occur in the Killi 
Killi Hills

et al

adjacent regions of WA in the Browns Range area have 
also highlighted the potential of the region for xenotime 

Copper and other base metals

Although there are strong geological similarities between the 

minerals (malachite and azurite) have been reported from 

chalcopyrite were observed in black shale beneath a gossan 
in the Black Hills (Blake et al

interpreted to cross-cut gold-bearing veins in the Hurricane 
ore body (Wygralak et al 2005, Huston et al
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et al et al

et al

et al 2006).
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et al
et al 2000). 
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et al considered that the 
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derived granites is the Ngadarunga Granite

et al

a MAGMATISM
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Cross et al

et al 2005a). Unnamed orthogneiss 

et al 

(Close et al et al 2008).
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et al 1991).
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Figure 12.30.
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The Alice Springs Granite

Jessie Gap Gneiss

The Mount Tietkins Granite Complex et al
et al

et al et al

et al

et al

et al 
Mount Dobbie Granite (Shergold 

granite.
2, 

Atula granite

The Bruna Granitic Gneiss

Figure 12.32

et al 1988, 
et al

 
Figure 12.32



12:37

Aileron Province

1752 ± 15 Ma (Mortimer et al 1987), and at 1745 ± 9 Ma 
(Cooper et al 1988), giving a pooled age of 1747 ± 2 Ma 
(Cooper et al 1988). LA-ICPMS U-Pb zircon dating of the 
Bruna Granitic Gneiss has yielded an emplacement age of 
1747 ± 11 Ma (Hollis et al 2010). The high-strain fabrics 
along the margins of the Bruna Granitic Gneiss formed during 
south-directed transport of the Harts Range Metamorphic 
Complex over the Entia Gneiss Complex at around 450 Ma 
(Mawby et al 1999). A large megaboudin east of Huckitta 
Bore preserves undeformed fragments of a bimodal igneous 
complex, composed of gabbroic, anorthositic, troctolitic, 
doleritic and charnockitic rocks that have been interpreted 
to have originated from the differentiation of a tholeiitic 

and fractionated potassic, two-pyroxene mangeritic-
charnockitic melts (Foden et al 1995). The geochemistry 
and structural setting of this igneous complex is consistent 
with a genetic relationship with the Bruna Granitic Gneiss 
(J Whelan, NTGS, pers comm 2008), and a hypersthene 
granite from the complex has a LA-ICPMS U-Pb zircon age 
of 1756 ± 3 Ma (Hollis et al 2010).

A number of highly deformed Palaeoproterozoic granites 
that are structurally interleaved with the Harts Range 
Metamorphic Complex (Irindina Province) have a similar 
age to the Bruna Granitic Gneiss. Megacrystic gneiss within 
an area mapped as Irindina Gneiss in the northern Harts 
Range near Atitjere community and similar granitic gneiss 
near Rockhole Dam in the southeastern Harts Range have 
SHRIMP U-Pb zircon ages of 1745 ± 6 Ma and 1746 ± 6 Ma, 
respectively (Maidment 2005). These megacrystic gneisses 
both contain K-feldspar, quartz, plagioclase, biotite and 
minor garnet, with coarse K-feldspar phenocrysts preserved 
in low-strain domains. These granites are distinguished 
from the Bruna Granitic Gneiss by the presence of garnet 
and absence of hornblende (Maidment 2005). In addition, 
a foliated megacrystic garnet-hornblende biotite granite 
from the eastern end of the Alooarjara Range and a 
quartzofeldspathic orthogneiss in the Alooarjara Range 
have SHRIMP U-Pb zircon ages of 1752 ± 6 Ma and 
1760 ± 5 Ma, respectively (Maidment 2005, Worden et al 
2008). An unexposed foliated porphyritic biotite granite 
intersected in drillhole HKD6, beneath the Simpson Desert 
130 km southeast of the Entia Dome, has a SHRIMP U-Pb 
zircon age of 1744 ± 4 Ma (Carson et al 2011).

The Atneequa Suite (Whelan et al 2011; formerly the 
Atneequa Granitic Complex of Zhao and Bennett 1995) 

Albarta Metamorphics, south of the Illogwa Shear Zone, 
The suite includes porphyritic biotite granite with lesser 

gabbro and gabbro. SHRIMP U-Pb dating of the Atneequa 
Suite yielded an age of 1743 ± 4 Ma (Whelan et al 2011, 
Kositcin et al 2011).

STRANGWAYS EVENT ( a)

The term Strangways Event (or Orogeny) was originally 
applied to all deformation and metamorphism in the interval 

Strangways events by Collins and Shaw (1995). Scrimgeour 
(2003) renamed the Early and Late Strangways events 

the Yambah and Strangways events, respectively. The 

multiple structural events and stages of metamorphism 
(see below). It resulted in granulite-facies metamorphism 
throughout the Strangways Range, and amphibolite-facies 
metamorphism south of the Harry Creek and Illogwa Shear 
Zones. North of the Delny Shear Zone, the Strangways 

to granulite-facies high-T, low-P metamorphism that 

of geochronological data, interpreted amphibolite and 
granulite metamorphism, and magmatism associated with 
the Strangways Event is shown in Figure 12.33. This 
highlights the localisation of the Strangways Event to the 
eastern and southeastern Aileron Province. 

Deformation and metamorphism

Strangways Range area

Early studies of the structural and metamorphic evolution 
of the Strangways Metamorphic Complex and related rocks 
in the southeastern Aileron Province were undertaken by 
Woodford et al (1975), Shaw et al (1979), Allen and Stubbs 
(1982) and Shaw et al (1984b). Warren (1983) undertook 

Range region and calculated peak metamorphism for 
the Yambah Granulite at Mount Milton (8 ± 1 kbar, 

et al (1988) estimated P-T estimates of 
metamorphism associated with northeast-trending folding 
in the southeastern Cadney Metamorphics near Paradise 

The most detailed published studies of the structural and 
metamorphic evolution of the Strangways Metamorphic 

1992a, b, c, Diener et al 2008), the Ongeva Granulite and 
‘Anamarra Granite domain’ (Norman and Clarke 1990) and 
the Wuluma Hills (Collins et al 1989, Lafrance et al 1995, 
Sawyer et al 1999). These studies all found two cycles 
of high-grade metamorphism (D1/M1 and D2/M2). D1 1 

parallel migmatitic layering, with no evidence of deviatoric 
strain (Goscombe et al 1992c). Peak M1 metamorphic P-T 

et al
(Diener et al 2008). Goscombe (1992b) proposed an anti-
clockwise P-T path with isobaric cooling, whereas Diener 
et al (2008) proposed a clockwise P-T path, with minor 
decompression prior to cooling. In the Ongeva Granulite, 
M1
apparent near-isobaric cooling (Norman and Clarke 1990).

The second metamorphic cycle (Proterozoic Reworking 
of Goscombe 1992b, c) was associated with non-coaxial 

this reworking event (M , Goscombe et al 1992b) 

compression, with west- to southwest-directed deformation 
(Goscombe 1992c). Goscombe (1992b) estimated peak P-T 

and an anticlockwise P-T path. However, more recent 
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Figure 12.41
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et al 2006). 
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et al 2006). 
The Utnalanama

et al
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et al

et al

et al 2006).
The Harry Creek 

et al
et al 

et al

et al

et al 2006).
The Coles Hill Red Rock 

Bore

et al

Oonagalabi-type base metals deposits

et al 2006). 
The Oonagalabi deposit et al 2006) is hosted 

et al

Figure 12.44). 

Figure 12.44

et al 2006).
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et al

et al 2006).

Johnnies-type copper–gold-base metals deposits

Johnnies-type deposits et al

et al

et al 2006). 
The Johnnies Reward

et al

et al 

et al

holes over the prospect and another hole at the Mark Hill 

Jervois Cu-Pb-Zn prospect 
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Other copper and copper-gold occurrences in the eastern 
Aileron Province

Arthur Popes 

et al

The Pinnacles copper district

et al
et al

Harding Springs and Hale 
River

et al 2009). 

The Perenti
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Kongo

Copper Queen, 
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Copper (-gold-silver-lead-zinc) within Lander Rock 
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The Home of Bullion 

at 
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The Clark
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Gold

Lode gold in the Lander Rock Formation

Abrolhos

Waldrons Hill, near the 

Kroda

The Tekapo

Dodger

Falchion and Sabre prospects are 

Black Knight 
Troutbeck

Lander 1, Aileron Gold Reef and Pine Hill. The 
et al 

Gold in Palaeozoic basement-cover duplexes

Arltunga gold eld

Figures 
12.42, 12.47

et al

et al et al 

et al 1999). The White Range vein camp 
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The Claraville vein camp

et al
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et al

et al
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Nickel

Prospect D

(Figure 12.41

et al
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Anningie pegmatite eld

Reward
2

et al

 cassiterite 
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described the host rock as a tourmaline-muscovite-feldspar-
quartz pegmatite that intruded parallel to the foliation of 
the muscovite-biotite gneiss country rock. Some of the 
mineralisation contains bismuth and is weakly radioactive 
(Daly and Dyson 1963). Old workings occur in two areas 
approximately 1.8 km apart, referred to as Utopia 1 and 
Utopia 3. Utopia 1 is the most southern and the smaller of 
the two workings, and contains minor tantalite and quartz, 
with rare native bismuth and bismutite, and no evidence of 
radioactivity (Daly and Dyson 1963). Utopia 3 is the main 
prospect in the area and is 1.8 km northwest of Utopia 1. 
Although there is no record of production, several pits 
and costeans in eluvial deposits and two open-cuts in the 
outcrop indicate small-scale mining prior to 1949 (Daly 
and Dyson 1963). Utopia 3 consists of numerous pegmatite 
outcrops, varying from veins to dykes of considerable 
size, with two small open-cuts in a northwest-trending 
pegmatite dyke. Tantalite, biotite, tourmaline, magnetite, 
beryl and bismuth minerals have been recorded from this 
prospect (Daly and Dyson 1963, Shaw 1968). The workings 
terminate where the pegmatite passes under sand cover to 
the north. However, a pegmatite with associated greisen and 
vein quartz reappears 400 m to the north (Utopia North), 
where it is exposed over a 200 m strike length and a width of 
40 m. Recent geochemistry suggests that Utopia 3 contains 
elevated Ta (eg 300 and 390 ppm) and Nb (550 and 80 ppm) 

2005). Small amounts of tantalite were also produced from 
greisenised pegmatite at a prospect known as Spotted 
Wonder, 5 km northwest of Delmore Downs homestead 

with anomalous levels of uranium (Daly and Dyson 1963).

Rare Earth Elements

accumulations of rare earth elements (REE), with the most 

hosted deposit. Most deposits in the Aileron Province 
are related to REE-bearing pegmatites and hydrothermal 
systems. Despite the presence of carbonatite and alkaline 
intrusions in the Strangways Range region, these do not 

mineralisation and prospectivity in the Arunta Region is in 
Hussey (2003).

Nolans Bore

by gneissic granite. The prospect area, which is located in 
the southeastern part of the Reynolds Range, is dominated 

gneissic granites, which have been correlated with the 

prospect is covered by alluvial sand and gravel, which can 

consists mostly of a series of north-northeast-trending and 

or dykes that are emplaced in strongly kaolinitised rock with 
a granitic gneiss protolith. The veins vary in thickness from 
0.3 to 25 m and are concentrated in two zones, the Northern 
and Southern zones (Figure 12.48; previously eastern and 

has a JORC-compliant resource of 30.3 Mt at 2.8% REO, 

A
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Figure 12.48
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12.9% P2O5 and 0.02% U3O8 (Arafura Resources NL, 
ASX announcement, 11 November 2008). This includes a 
Measured Resource of 5.1 Mt at 3.2% REO, 13.5% P2O5 
and 0.03% U3O8 in the Central North zone (Figure 12.47) 
The style of mineralisation within the Nolans Bore deposit 
clearly indicates that it is a structurally controlled, energetic 

milling in a chamber, with forceful emplacement of the 
brecciated mineralisation into country rock (Hussey 2008).

with emplacement in dilatant zones during the development 

Four styles of REE mineralisation have been recognised at 

grade stockwork zones in gneiss and kaolinitised rock, 
adjacent to the veins and mylonite zones (Goulevitch 2004). 
The main difference between the ore types is the REE/P ratio, 

the apatite has been brecciated, with coarse clasts (to 15 mm) 
Figure 12.49). Mineralogically, 

apatite (Goulevitch 2004). A detailed description of the 

the Nolans Bore deposit is in Hussey (2008).
Arafura Resources commenced a bankable feasibility 

study on the Nolans Bore deposit in 2008 and indicated a 

NL, ASX Announcement, 28 October 2009).

Other REE prospects

The Entia pegmatite eld (Hussey 2003) comprises swarms 

et al 

has been recorded at the Lone Pine mica mine. These 
et al 

1996a, b, Hand et al 1999a, b, Buick et al 2008). Hussey 
(2003) considered the pegmatites to be analogous to the 

considered to be prime candidates for REE mineralisation. 

An assessment by Hussey (2003) of PNC’s geochemical data 

alkaline pegmatites. Some prospects are enriched in U>Th, 
Ti, Nb>Ta and Y, with relative enrichment in HREE, and 
a second group are typically enriched in Th>U, LREE, P, 

whereas thorium contents are typically much higher than 

At Blueys Folly, south of Arltunga, allanite occurs as 
a primary igneous mineral in a pegmatite swarm, which 

metamorphic rocks (Murrell 1988). Murrell indicated that 
allanite also occurs as a metamorphic mineral in some 
amphibolite and marble units adjacent to these pegmatites. 
This prospect outcrops over an area of about 4 km2 that 
consists predominantly of pegmatite and is estimated 
to contain several million tonnes grading in access of 

Alice Springs and Ruby Gap. The REE potential of these 

eastern Arunta, a number of Protero oic REE-rich, allanite-
bearing granites and pegmatites occur in the Arunta 
Region. Hussey (2003) considered the Ennugan Mountains 

A08-269.ai

apatite clast

apatite matrix

kaolin clast
smectite
alteration

Figure 12.49

Hussey 2008).
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deposits. The Quart  Hill

2 
et al 

et al

Palaeozoic.

Molybdenum-tungsten

The Molyhil deposit

2

2 2

et al

et al

et al 2006).

et al

Bonya Hills

(2000).
Wolfram Hill (Mount Doreen wolfram eld) on 

et al 1995a). The prospect also contains 

Ringer prospect and at Wilsons Find 
et al

Ballaces Mine
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et al
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INTRODUCTION

The Warumpi Province is an east–west-trending terrane that 
extends along the southern margin of the Arunta Region, 
west of Alice Springs (Figures 13.1, 13.2

distinct protolith ages and isotopic characteristics from the 
remainder of the Arunta Region (Scrimgeour 2003, Close 
et al 2003, 2004, 2005, Scrimgeour et al 2005a). The area 

et al

with a protolith age in the range 1700–1600 Ma, including 

and 1640–1600 Ma, and magmatic suites at 1680–1660, 

as an exotic terrane that accreted to the North Australian 
Craton at ca 1640 Ma (Scrimgeour et al

et al

Chapter 13: WARUMPI PROVINCE IR Scrimgeour

800000mE 900000mE600000mE 700000mE

7400000mN

7500000mN

Alice Springs

Tanami Road

Highway

0 50 100 km

Stuart 

LAKE MACKAY

MOUNT RENNIE MOUNT LIEBIG

ALCOOTA

HERMANNSBURG

ALCOOTA
MOUNT DOREEN

NAPPERBY

ALICE
SPRINGS

Kintore Road

Kintore Road

Kintore

Haasts Bluff

Papunya

Hermannsburg

granite/gneiss

PalaeoproterozoicMesoproterozoic

Madderns Yard, Yaya and Iwupataka Metamorphic complexes

mafic volcanic rocks
250k mapsheet

felsic volcanic rocks

mafic intrusive rocks

granite/gneiss

A09-012.ai

A M A D E U S  B A S I N

A I L E R O N  P R O V I N C E

W
A

N
T

Figure 13.2
Location shown in Figure 13.1. 

Figure 13.1
Figure 13.2.

W
A

N
T

0 100 200 km

Warramunga
Province

Georgina
Basin

Eromanga Basin
Amadeus Basin

Ngalia Basin

Murraba
Basin

Murraba
Basin

Canning
Basin

Davenport
Province

Irinidina
Province

Aileron Province

Aileron Province

Wiso Basin
TANAMI

REGION

REGION

REGION

TENNANT

ARUNTA

20°

21°

22°

23°

24°

129° 130° 131° 132° 133° 134° 135° 136° 137° 138°

Neoproterozoic–Palaeozoic Warumpi ProvinceMesozoic–Cenozoic
Palaeo–Mesoproterozoic
orogens ArchaeanPalaeo–Mesoproterozoic

basins

early Cambrian
Kalkarindji Province

A12-002.ai

Current as of August 2011



13:2

 Warumpi Province

end of the outcropping Warumpi Province near Alice 

metamorphic grades (Close et al 2003, Scrimgeour et al 
2005a, Figure 13.3 Haasts Bluff 
Domain dominates the eastern and southern Warumpi 
Province, extending west from near Alice Springs over 

cover succession.
The Yaya Domain

It is 

metamorphism in the east, 

facies metamorphism in the far west.
The Kintore Domain forms the westernmost part of the 

et al

supracrustal succession that includes felsic, intermediate 

HAASTS BLUFF DOMAIN

that have intrusive ages in the range 1690–1660 Ma, with 

of the North Australian Craton at the time (Close et al 2005).

Madderns Yard Metamorphic Complex

The Madderns Yard Metamorphic Complex (Warren and 

unit in the Madderns Yard Metamorphic Complex is 
the Glen Helen Metamorphics (Warren and Shaw 1995, 
Scrimgeour et al 2005a), which comprises migmatitic felsic 

Figure 13.4

of the migmatite has a granitic precursor. In places, the 

(Scrimgeour et al 2005a). The metamorphic grade of the 

the Belt Range (Scrimgeour et al

within the metamorphics. The precursors to the felsic 

during the 1690–1660 Ma

1688 ± 16 Ma (Scrimgeour et al

prismatic overgrowths at 1661 ± 8 Ma, which are interpreted 

et al

An unnamed migmatite (unit LPmo of Warren and 
Shaw 1995) from north of the Chewings Range in the 

unnamed granitic gneiss
1995) comprises migmatitic leucogranite with small rafts 

Boggy 
Hole Gneiss 
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and the presence of garnet suggest that it may be genetically 
distinct from other units in the complex.

Peculiar Complex

The Peculiar Complex (Scrimgeour et al 2005a) comprises 
felsic volcanics, associated shallow-level leucogranites and 
minor intercalated metasedimentary rocks that outcrop 
west of Mount Palmer and north of Mount Peculiar and 
Mount Putardi. Scrimgeour et al (2005a) divided the unit 
into three sub-units: rhyolite, banded metasedimentary 
rocks and leucogranite. 

The rhyolite unit in the Peculiar Complex is dominated 

quartz-muscovite schist. The rhyolite comprises grey, very 

minor muscovite and disseminated Fe-oxides, with swirly 

surfaces (Figure 13.5). The rhyolite is typically aphyric, 
with less abundant porphyritic rhyolite. In zones of higher 
strain, the rhyolite is recrystallised to quartz-muscovite 
schist and in its northern outcrops, the rock is very quartz-
rich, with localised muscovite quartzite suggesting possible 
clastic input. The felsic volcanic succession appears to be 

imbrication or possible composite emplacement due to the 
degree of deformation and discontinuity of outcrop. Flow 

banding occurs at all levels and there are some features 

a thick single ‘event’ interval is present, the most likely 
interpretation is that it is a rheoignimbrite or long lava 

et al
dating of zircon from a sample of rhyolite from near the 
type locality gives an age of 1680 ± 4 Ma (Cross et al 2005), 

grained leucogranite occur in the Peculiar Complex and 
are interpreted to be shallow-level intrusions that are 
genetically related to the extrusive rhyolites (Scrimgeour 
et al 2005a). Metasedimentary rocks occur within the 
rhyolite and are best preserved in a succession of laminated 
sediments, ca 30 m thick, that is bounded on either side by 

laminated iron- and manganese-rich sediments that are 
locally interlayered with thin (<5 cm-thick), structureless, 
immature quartz-rich sandstone layers containing lithic 
clasts. The laminated sediments include banded haematite-
quartz and manganiferous piemontite-andradite-quartz 

1690–1660 Ma intrusive rocks

The Talipata Granite (Scrimgeour et al 2005a) comprises 
coarse-grained porphyritic biotite and biotite-hornblende 
granite that outcrops in the valley between Berry Pass and 

elongated in a well-developed fabric that is locally gneissic. 

of hornblende, and minor titanite. Zircons from the Talipata 

(Cross et al 2005). The Udor Granite (Scrimgeour et al 2005a) 
is a texturally variable but geochemically and geophysically 
homogenous granite that extends across a large area of the 
western Haasts Bluff Domain. The extent of the granite 

typically equigranular to weakly porphyritic and is relatively 

is distinctive for the common, but not ubiquitous presence of 

and biotite-muscovite leucogranite and granite, with less 
common foliated muscovite granite, muscovite leucogranite 

evidence of recrystallisation or Pb-loss at about 1590 Ma 
(Cross et al 2005). 

unnamed granites 
occur throughout the western Haasts Bluff Domain, most of 
which are biotite-bearing and geochemically distinct from 

et al 2005a). 
These biotite granites are variably porphyritic, commonly 

Figure 13.4. Glen Helen Metamorphics: felsic migmatite showing 
leucosome parallel to, and cross-cutting foliation. South of Belt 

1, precise location unknown.

Figure 13.5

 

1

.
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Domain (Scrimgeour et al 2005a).

Belt Range. All of these units are undated. The Dashwood 
Gabbro Complex (Warren and Shaw 1995) consists of 

Cumming 
Leucogabbro

et al
grained dolerite, 5–20 m wide and 500 m long, intrudes 

Putardi Quartzite

et al 2005a) occurs over 
 

Zone, Scrimgeour et al
repeated and interleaved with granite, with little or no 

Figure 13.6).

ages in the range 1915–1745 Ma, with a mode at 1770 Ma, 
and give a maximum deposition age of 1752 ± 11 Ma 
(Cross et al
apparent ages in the range 1705–1560 Ma, and some of 

) 
and 1641 ± 18 Ma (
deposition age (Cross et al 2005). Furthermore, there is 

et al (1962) stated that the 
et al 

Iwupataka Metamorphic Complex (1630–1610 Ma)

Complex and other 1690–1660 Ma granites and volcanic 

et al (2005a) considered 

Gneiss, although maximum deposition ages of 1670–1650 Ma 

Figure 13.6

7399647mN).
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Chasm is the Simpsons Gap Metasediments, which 

comprises conglomerate and grit conglomerate that grades 

Rungitjurba 
Gneiss, which outcrops in the Simpsons Gap area, comprises 

of 1615 ± 11 Ma (Zhao and Bennett 1995). The relationship 

and isotopic grounds (Zhao and McCulloch 1995).
The Ryans Gap Metamorphics (Warren and Shaw 

Simpsons Gap Metasediments. Warren and Shaw (1995) 

Lovely Hill Schist (Warren and Shaw 1995) 
outcrops north of the Chewings Range and is a succession 

The Chewings Range Quartzite (Stewart et al 1980) 
forms the prominent Chewings Range, and comprises 

a dominant population in the range 1800–1660 Ma, with 

an interpreted maximum deposition age of 1669 ± 13 Ma 
(Cross et al 2005).

The Ikuntji Metamorphics (Scrimgeour et al 2005a) 

prospects contain outcrops of mineralised tremolite schist, 

a dominant population in the range 1780–1640 Ma, 
together with a small late Archaean population. The 

1656 ± 17 Ma (t ), which is the maximum deposition age 
for the succession (Cross et al

Metamorphics.
A succession of metapelitic schist and metapsammitic 

Lizard Schist (Scrimgeour 
et al

Figure 13.7

Figure 13.7

7417261mN).
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(2540–2435 Ma; Cross et al 2005). A maximum deposition 
age of 1657 ± 28 Ma (t

The Nguman Metamorphics (Close et al in prep) is a 

Figure 13.8). This unit 

Small outcrops of tremolite-chlorite schist that occur 
within the metamorphics are interpreted to have had an 

a maximum deposition age of 1630 ± 15 Ma (Cross et al 
2005) and are interpreted to correlate with other schistose 

Complex.

1610–1600 Ma granites

(1995) included these granites within the latter unit. 
The Ormiston Pound Granite (Warren and Shaw 1995) 
comprises foliated granite, leucogranite and pegmatite, 

et al 1995). The 
Burt Bluff Gneiss
granite (Figure 13.9
of 1603 ± 7 Ma (Zhao and Bennett 1995). The Brinkley 
Bluff Gneiss
within and along the north side of the Chewings Range. 
The Ellery Granitic Complex (Warren and Shaw 1995) 

Suite of Zhao and McCulloch 1995, including felsic 

distinct from other granites in the Warumpi Province, 

model ages of 1.83–1.72 Ga and epsilon Nd values of +0.9 
to +2.5 (Zhao and McCulloch 1995).

YAYA DOMAIN

Yaya Metamorphic Complex (1660–1650 Ma)

et al 

the Speares Metamorphics (Warren and Shaw 1995), 

et al 2005a), and the Liesler Metamorphics (Close et al in 

(Warren and Shaw 1995) are also now included within 

Complex was metamorphosed to granulite facies during 

deformation, magmatism and metamorphism, no relative 

Inyalinga Granulite

The Inyalinga Granulite (Scrimgeour et al 2005a) is a 

Figure 13.8

Figure 13.9
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A succession of 
metapelitic rock 1 of Scrimgeour 2005a) occurs 

quartzite and calc-silicate 
2) outcrops north of Mount Larrie and is dominated 

repetition (Scrimgeour et al

other samples from the Warumpi Province, with a maximum 
deposition age of 1760 ± 8 Ma (2
rims on these detrital cores give an age of 1636 ± 6 Ma for 
high-grade metamorphism (Cross et al 2005). 

A succession of massive cordierite-rich pelitic rock 
3

Scrimgeour et al

(Figure 13.10

of ages from 1880–1640 Ma, with a calculated maximum 

et al
1638 ± 8 Ma for high-grade metamorphism.

undivided Inyalinga Granulite outcrop in the area south of 

that were mapped as Bunghara Metamorphics and Speares 

Alkipi Metamorphics

The Alkipi Metamorphics (Scrimgeour et al 2005a) 

granite and felsic migmatite are common throughout 

et al 
2005a).The pelitic unit

Mount Larrie copper prospect and is interpreted to represent 
narrow metamorphosed intrusions. The quartzose unit 
has similarities and gradational contacts with the pelitic-

ages from 2520–2420 Ma and 1770–1670 Ma; these have 

Figure 13.10
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Speares Metamorphics

The Speares Metamorphics (Warren and Shaw 1995, 
Biermeier et al
massif and in outcrops extending to the western margin 

Metamorphics and other units to the east, the Speares 

Liesler Metamorphics

The Liesler Metamorphics (Close et al in prep) includes 
metapelitic migmatites that form low rounded outcrops 

oriented leucosome and cordierite-rich melanosome that are 
Figure 13.11). The melanosome 

are exposed.

Undivided Yaya Metamorphic Complex

A heterogeneous unit of felsic migmatites and strained 

north of the Belt Range (Scrimgeour et al 2005a) and 

2

et al 2005a, Close et al in 

3, Close et al

1640–1630 Ma intrusive rocks

Waluwiya Suite

et al 2005a) is an extensive 

homogeneous, despite textural and mineralogical variations 

2 2 content, K2

2 
and P2 5
to magmatic differentiation. Relative to upper continental 

enriched in Ti. 
The Larrie Granodiorite

forming prominent hills, including Mount Larrie, as well 

Figure 13.11
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The Kakalyi Gneiss (Scrimgeour et al 2005a) is a 

ilmenite, and rare garnet. In places, the migmatite grades 

(Figure 13.12
age of 1644 ± 5 Ma, with metamorphic rims that give an 
age of 1571 ± 5 Ma. In comparison, a migmatite from east 

Figure 13.13), 
has metamorphic rims that give an age of 1149 ± 3 Ma 
(Scrimgeour et al

The Talyi-Talyi Charnockite (Scrimgeour et al 

(Cross et al
Tjungkuba Granodiorite 

The Russell Charnockite (Close et al in prep) forms 

Figure 13.14). It is most 

Figure 13.12

Figure 13.13

Figure 13.14
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Illili Suite

to the Illili Suite (Scrimgeour et al 2005a) outcrops as 

2 that show minor depletion in Y, 
Ba and Sr. The Warumpi Granite forms prominent hills 
north of Mount Larrie, as well as a large hill (Warumpi) 

has undergone local partial melting. The Warumpi Granite 

contacts (with no clear timing relationships) with the 
Larrie Granodiorite. Two samples of Warumpi Granite 

1639 ± 3 Ma (Cross et al 2005). The Ehrenberg Granite 
(Close et al

Range. The Gunbarrel Granite (Close et al in prep) is a 

Figure 13.15).

Papunya Igneous Complex

et al 2005a) 

2 content, 

Other intrusive rocks

The Ulambaura Granodiorite (Scrimgeour et al 2005a) 

epidote that are metamorphic in origin. K-feldspar is rare 

Zr and Cu anomalies, positive Sr and Ba anomalies, and has 
et al 2005a)

Belt Granite (Scrimgeour et al 

Lyell Brown Granite 
(Close et al

twinned to more rounded and ellipsoidal. 

granulite-facies metamorphism.
An unnamed granite in the Tjungkuba Hills is 

Figure 13.15
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unnamed charnockite

(Scrimgeour et al 2005a). It also occurs as veins that intrude 

deformed at granulite-facies conditions, it is interpreted to 
have intruded during high-grade metamorphism. Igneous 

of 1637 ± 2 Ma, with metamorphic rims that have an 
et al 

et al

et al 2005a).

Ilpilli Dolerite

The Ilpilli Dolerite is a swarm of north-trending dolerite 

Andrew Young Igneous Complex in the Aileron Province 
et al 2005). 

KINTORE DOMAIN

1690 Ma granites

granites that intruded at ca 1690 Ma. The Tinki Granite 
(Close et al

of 1691 ± 4 Ma (Cross et al 2005). The Ininti Granite (Close 
et al

et al

Sandy Blight Quartzite

et al in prep) forms a 
series of isolated hills and ridges that extend west from 

Figure 13.16). Metamorphic grade appears 

deposition age of 1680 ± 3 Ma (Worden et al 2006).

Walungurru Volcanics

et al in prep) outcrop in 

Figure 13.16

7434318mN).
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2

2) are present in 

(2002) interpreted deposition in a terrestrial environment. 

Figure 13.17). 

(Figure 13.18

magmatism’ or ‘orogenic andesites’); (ii) contamination 

mixing of asthenospheric magma with a partial melt from 

2, the prevalence 

related to the Ilpilli Dolerite. No direct dating exists of 

et al

LIEBIG OROGENY (1640–1630 Ma)

et al
tectonothermal event that affected the Warumpi Province at 

Australian Craton (Scrimgeour et al et al 

in the apparent polar wander path for northern Australia 
at the time. The localisation of 1690–1635 Ma magmatism 
within the Warumpi Province rather than the Aileron 
Province to the north is consistent with south-dipping 

et al 2005a), a 

et al 2007). In the period 

occurred in some parts of the Warumpi Province, while 
other parts of the province underwent extension or remained 

et al 2005).

Deformation and metamorphism

Yaya Domain

Figure 13.17

7423357mN).

Figure 13.18
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southwest-plunging mineral lineations. Granulite-facies 

and have a well-developed stretching lineation that plunges 
towards ca 

The highest grades of metamorphism associated with 

et al

textures occur (Figure 13.19) that are consistent with a 

800 C (Scrimgeour et al

et al 

metamorphism of the Liesler Metamorphics near the 

of 1638 ± 8 Ma (Scrimgeour et al
(Cross et al 2005). Furthermore, the 1637 ± 2 Ma unnamed 

(Cross et al

1644 ± 13 Ma (Biermeier et al 2003a).

Haasts Bluff Domain

The migmatitic S1

ages in the range 1640–1530 Ma (Scrimgeour et al

temperatures of 700–750 C (Scrimgeour et al
Around Mount Palmer, there is a dramatic change in 

Bluff Domain. To the west, there is no clear evidence of 

et al 2005a).

CHEWINGS OROGENY (1590–1560 Ma)

et al 
1988) that was considered to have occurred in the interval 
1610–1600 Ma (Collins et al 1995, Collins and Shaw 1995). 

grade metamorphic event throughout large areas of the 
et al 2001, 

Aileron Province). In the Warumpi Province, metamorphic 

associated with south-southwest-directed non-coaxial strain.

Yaya Domain

lineations that plunge towards 000–030° and rare 

Figure 13.19. Photomicrograph of sapphirine granulite of the 
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et al
Two samples of the 1640 Ma Warumpi Granite near 

et al 

et al

decrease to the west.

Haasts Bluff Domain

et al 2005a).

north- to northeast-plunging mineral lineation (Scrimgeour 
et al

(Scrimgeour et al 2005a). 

south (south-directed) sense of movement (Scrimgeour 
et al

north- and south-dipping orientations. The P-T conditions 

 
et al

(Cross et al

 1600 Ma (Cross et al 2005).

et al (1988), 
who documented evidence for north-directed thrusting and 
isoclinal folding in the Chewings Range region to the east. 

et al

rotated into a north-dipping orientation. The north-

c-axis measurements. 
et al

apparent north-directed thrusting remains unclear, given 
the evidence for south- to southwest-directed deformation 

Range. Metamorphic grade in the Chewings Range region 

Shaw 1983, Warren and Shaw 1995). Although Collins et al 

(Collins et al 1995). 

Redbank Thrust

structure that forms the northern margin of the eastern 
Warumpi Province and continues east into the Aileron 

et al et al 1992, 
Biermeier et al

et al

Kintore Domain

In the Kintore Domain, metamorphic grade during the 

folded around east-trending upright fold axes.

TEAPOT EVENT (1150–1130 Ma)

Deformation and metamorphism

event at 1150–1130 Ma that affected the southern half of the 



13:16

 Warumpi Province

and associated magmatism in the Musgrave Province. In 

and Shaw 1995), as well as localised migmatisation and 

of granitic lithologies suggesting temperatures in excess 
of ca 

Temperatures throughout much of the Warumpi Province 

of 500ºC, given the regional resetting of 40 39Ar and 

Warumpi Province at this time (Shaw et al 1992, Biermeier 
et al et al

suggests that a localised heat source, such as an 1150 Ma 

Gneiss that have an age of 1149 ± 3 Ma. This is consistent 

metamorphism in the Speares Metamorphics (Biermeier 
et al

Magmatism

The Teapot Granite Complex comprises an extensive area 

migmatitic felsic gneiss. The granite intrudes the Glen 

thermal event that resulted in intense migmatisation of the 

(Scrimgeour et al

STUART PASS DOLERITE

normative, high-Mg tholeiites, with a geochemical signature 

and McCulloch 1993a). The Stuart Pass Dolerite has an 
Sm-Nd mineral isochron age of 1076 ± 33 Ma (Zhao and 

Dolerite in the Musgrave Province (Zhao and McCulloch 
et al

(Zhao and McCulloch 1993a).

UNNAMED ULTRAMAFIC INTRUSIONS

et al

regional-scale aeromagnetic images. These are interpreted 

ALICE SPRINGS OROGENY (450–300 Ma)

compressional event that affected large regions of central 
Australia from 450 to 300 Ma (Shaw et al 1992, Dunlap 

et al 2001). Low-grade north-

crosscut and dissect the Warumpi Province, and interleave 

offset of the Moho (Korsch et al 1998; Figure 13.20). Most 
Warumpi 

stretching lineations that plunge towards 010–040°. Structural 
interleaving of Amadeus Basin units with Warumpi Province 

occurs within the Bitter Springs Formation with thin-

deformation and apparent degree of shortening decreases 
to the west.
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Scrimgeour et al

 to the north, with a north to 
north-northeast (010–030 ) plunging muscovite lineation. 

 70–80 ) to the north. 
The Amunurunga Thrust Complex comprises a series of 

The Amunurunga Thrust Complex is interpreted to have 
formed during progressive south-directed deformation, 

(Scrimgeour et al 2005a). The metamorphic grade of the 

Range is middle to lower greenschist facies with localised 

et al 1997). The metamorphic 
40 39Ar data 

et al 2009). 
Constraints on the timing of deformation in the 

40 39 et al (2009). Two 

40 39

gas age of 403 ± 2 Ma (McLaren et al 2009). There is no 

in parts of the Aileron Province. McLaren et al (2009) 

in the Devonian to a higher geothermal gradient event in 
a more restricted area of the Aileron Province during the 

et al 1999, Dunlap and 
et al

consistent with 40 39

et al 2003a), where 

MINERAL RESOURCES

gold (Close et al 2004). The eastern half of the Warumpi 

2001). Lead isotope studies have shown that the source 

et al 2003).
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Base metals

prospects occur in the Warumpi Province. The Stokes 
Yard 

et al

60 x 10 m (Figure 13.21

rhodonite are common gangue minerals, occurring in 

Frater (in prep) suggests that the immediate mineralisation 

The Ulpuruta 
Scrimgeour et al

(-muscovite) schist. Besides shallow auger drilling, there 

(Figure 13.22

The Mount Larrie copper prospect occurs in metapelitic 

et al 2005a). The 
mineralisation is restricted to malachite-stained, garnet-

selvages (Figure 13.23). It comprises numerous small 

Figure 13.21
Figure 13.22

7405643mN).
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Copper-gold

Haasts Bluff 
Scrimgeour et al 2005a). In 1956, BMR reported 
malachite and cuprite associated with Fe-oxides and 

(Barraclough 1975). Large representative samples from 

mineralised outcrop was uneconomic to mine. At the 

mineralisation is associated with magnetite (+ haematite), 

 et al
and are considered to have moderate potential for Ni-Cu-Co 

et al

Uranium and rare earth elements

3 8, 
3 8 from 186 

3 8 (Crossland 

is also postulated as the source for rare earth elements 

on alluvial and eluvial plains to the north (Charley Creek 
prospect; see Cenozoic geology and regolith).
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Other Palaeoproterozoic inliers

(Figure 14.3). Concordant quartz veins are common and 

et al

oxide and minor muscovite (Sweet et al 1974).

Figure 14.2

et al 2002a).
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Scrutton Inlier

et al
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McArthur Basin

INTRODUCTION

The Palaeo- to Mesoproterozoic McArthur Basin is exposed 
over an area of about 180 000 km2 in the northeastern NT. It 
unconformably overlies Palaeoproterozoic metamorphosed 
and deformed rocks of the Pine Creek Orogen (PCO) to 
the west, the Murphy Province to south and the Arnhem 
Province to the northeast (Figure 15.1). To the southeast, the 
McArthur Basin succession extends to the Isa Superbasin 
in Queensland. The Murphy Inlier of the Murphy Province 
was probably a palaeogeographical high separating the 
McArthur Basin from the South Nicholson Basin and Lawn 
Hill Platform (Plumb and Wellman 1987, Wygralak et al 
1988). Phanerozoic strata of the Georgina, Carpentaria and 
Arafura basins unconformably overlie the McArthur Basin 
succession. McArthur Basin strata apparently continue 
beneath the Georgina and onshore Carpentaria basins 
and are probably continuous with that of the Tomkinson 
Province of the Tennant Region.

The basin has been modelled as several north-trending 
asymmetric rifts or grabens separated by northwest-
trending faults and transverse ridges. Previous workers 
(Plumb and Derrick 1975, Plumb et al 1980, 1990, Plumb 
and Wellman 1987) identi ed two north-trending troughs 
(Walker and Batten troughs), separated by the east-trending 
Urapunga Tectonic Ridge (Figure 15.1). Tectonically 
stable  shelves to the east and west anked these troughs. 
The Caledon Shelf was located to the east and the Arnhem 
Shelf to the west of the Walker Trough, whereas the Batten 
Trough was anked by the Wearyan Shelf to the east and 
Bauhinia Shelf to the west. However, more recent studies 
(Rawlings et al 1997, Rawlings 1999, Rawlings et al 2004) 
have presented evidence suggesting that the 'troughs' 
represent zones of faulting rather than depositional features 
and accordingly have renamed these the Walker Fault 
Zone (WFZ) and Batten Fault Zone (BFZ). The Urapunga 
Tectonic Ridge has similarly been reinterpreted as a major 
fault zone. Pietsch et al (1991) proposed that McArthur 

Chapter 15: McARTHUR BASIN M Ahmad, JN Dunster and TJ Munson
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Group succession in the Batten Fault Zone was thicker as 
the result of differential uplift along the margins of the fault 
zones, but Rawlings et al (2004) presented outcomes of a 
deep seismic re ection survey that showed that the entire 
succession is essentially horizontal and about 8 km thick 
(Figure 15.2). There was no evidence in the seismic data 
for the Batten 'Trough' to be a separate depocentre, with 
the sedimentary succession appearing to continue in both 
directions away from the implied boundaries of the 'trough'.

This seismic data argues against dividing the McArthur 
Basin into depositional 'troughs' and 'shelves' and the 
traditional 'shelf ' names are therefore here abandoned. For 
descriptive purposes, these terranes are instead referred 
to according to their geographic position within the 
basin; thus, the former Arnhem, Caledon, Bauhinia and 
Wearyan shelves equate to the northwestern, northeastern, 
southwestern and southeastern McArthur Basin, 
respectively. Areas north and south of the Urapunga Fault 
Zone are referred to herein as the northern and southern 
McArthur Basin (Figure 15.1).

PALAEOPROTEROZOIC

The McArthur Basin contains an unmetamorphosed 
and relatively undeformed succession of sedimentary 
and minor volcanic rocks with a preserved thickness of 
up to 10 km (Plumb and Wellman 1987). In the southern 
McArthur Basin, this succession has been subdivided, in 
ascending stratigraphic order, into the Tawallah, McArthur, 
Nathan and Roper groups. In the northern McArthur 
Basin, the succession comprises, in ascending order, the 
Groote Eylandt, Katherine River, Donydji, Parsons Range, 
Habgood, Balma, Mount Rigg, Nathan and Roper groups. In 
both areas, groups are separated by regional unconformities.

There have been two broad approaches to subdividing 
the successions of the McArthur Basin and correlative 
terranes (Isa Superbasin, Lawn Hill Platform, Murphy 
Province) and a comparison of the previous terminology 
is given in Figure 15.3. Using sequence stratigraphy, 

Jackson et al (1999, 2000) and Southgate et al (2000) 
subdivided the Palaeoproterozoic of the region into four 

rst-order sequences, the Leichhardt, Calvert, Isa and 
Roper superbasins, most of which have been subdivided 
into formally de ned and named second- and third-order 
sequences. An alternative scheme subdivided the entire 
McArthur Basin succession into ve basin-wide, non-genetic 
units, originally referred to as 'supersequences' (Rawlings 
et al 1997), but later renamed 'packages' (Rawlings 
1999). These depositional packages are disconformity 
or unconformity bounded and each is characterised by 
similarities in age, stratigraphic position, lithofacies 
composition, style and composition of volcanism, and 

Figure 15.2. Interpreted seismic data for McArthur Basin deep seismic line 02GA-BT1 (after Rawlings et al 2004: gure 9). Position of 
line shown in Figure 15.1.
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Figure 15.5. Spatial distribution of stratigraphic packages across McArthur Basin (slightly modi ed after Rawlings 1999).

basin- ll geometry, as shown in Figure 15.4. Figure 15.5 
shows their spatial distribution across the McArthur Basin.

Both the package and sequence stratigraphic approaches 
support the superbasin concept in the sense of Walter et al 
(1995). This concept proposes that large-scale stratigraphic 
packages were once continuous or contiguous with 
other Proterozoic depocentres. To date, all authors agree 
that cyclicity in the McArthur succession was driven 
predominantly by episodic tectonism.

Redbank Package

The Redbank Package (Rawlings 1999, 2007) or 
Supersequence 1 (Rawlings et al 1997) represents the 
basal succession of the McArthur Basin, and includes the 
Donydji, lower Spencer Creek and Groote Eylandt groups in 
the northeast, the Katherine River Group in the northwest, 
and the Tawallah Group in the southeast. It is correlated 
with the basal sandstone successions of the Tomkinson 
Province (Tennant Region) and Birrindudu Basin, and 
corresponds to the LP5–LP6 subdivisions of Ahmad (2000). 
Together with the overlying Goyder Package, the Redbank 
Package is equivalent to the Calvert Superbasin succession 
(Southgate et al 2000, Jackson et al 2000). It is characterised 
by shallow-marine to uvial sandstone, and lesser volcanic 
rocks and shale, and is up to 6 km thick.

The oldest (1815 Ma) Bustard Subgroup of the Groote 
Eylandt Group in the southern and central parts of the 
northeastern McArthur Basin (Pietsch et al 1997) is likely 

to be older than the rest of the Redbank Package, and 
includes possible correlatives of the Edith River/El Sherana 
groups in the Pine Creek Orogen.

The lower two-thirds of the Redbank Package is 
represented by a marginally younger, 2–4 km-thick, 
monotonous succession of uvial to intertidal sandstone, 
with an intervening, regionally extensive, ood basalt 
unit, and an upper shallow-marine shale-carbonate unit. Its 
components include the lower to middle Katherine River and 
Tawallah groups, and the Alyangula Subgroup of the Groote 
Eylandt Group. It is apparently absent on the southern and 
central parts of the northeastern McArthur Basin.

The topmost succession represents an assemblage of 
sandstone, basalt, rhyolite, conglomerate, dolostone and 
shale. It includes the upper Katherine River and Tawallah 
groups, the 2 km-thick sandstone-shale-bimodal volcanic 
Ritarango Formation and Fagan Volcanics (Donydji Group), 
and igneous units of the Spencer Creek Group. Comagmatic 
subvolcanic plutons (eg Latram Granite) and numerous thin 
dykes of microgranite are associated with the volcanics in 
several parts of the basin (Rawlings et al 1997).

The Donydji, Spencer Creek, Katherine River and 
Tawallah groups all have well de ned minimum ages of 
1710 Ma, but poorly constrained maximum ages.

Groote Eylandt Group

Outcrops of the Groote Eylandt Group, Table 15.1) in the 
northeastern McArthur Basin comprise at-lying to gently 
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dipping sandstone and conglomerate interbedded with 
felsic and ma c volcanic rocks. The preserved thickness 
is extremely variable, from a few tens of metres on some 
islands, to in excess of 1 km on southern Groote Eylandt.

The Bustard Subgroup is separated from the overlying 
Alyangula Subgroup by an erosive disconformable contact 
(Rawlings et al 1997). It comprises uvial sandstone, 
conglomerates and subaerial felsic volcanic rocks. The 
basal Erringkarri Rhyolite is mainly cryptocrystalline and 
porphyritic, but in places may be aphanitic. It was emplaced 
as large domes and coulées in a dry terrestrial environment. 
A short period of weathering and erosion preceded 
deposition of the overlying Abarungkwa Sandstone, 
a uvial sandstone-conglomerate unit estimated to be 
100–150 m thick. This is overlain by the Bickerton Rhyolite 
(Figure 15.6), which consists of porphyritic rhyolite to 
rhyodacite, and which has yielded a U-Pb SHRIMP zircon 
age of 1814 ± 8 Ma (Pietsch et al 1997). This unit is likely to 

be a correlative of the Edith River Group in the Pine Creek 
Orogen. The overlying Milyakburra Formation comprises 
cobble and boulder conglomerate, locally interbedded 
with granule conglomerate and coarse-grained lithic 
sandstone (Figure 15.7). This formation is interpreted to 
be the product of deposition in a high-energy uvial and 
alluvial fan environment, with sediments sourced from 
elevated areas to the west and north (Rawlings et al 1997). 
It is correlated with the Milyema Formation in the Groote 
Eylandt region, which also represents a succession of uvial 
conglomerate and coarse-grained pebbly sandstone (Pietsch 
et al 1997).

The Alyangula Subgroup comprises uvial sandstone, 
conglomerates and basaltic volcanic rocks and forms most 
of Groote Eylandt, Connexion Island and the southeastern 
part of Bickerton Island. On Groote Eylandt, the Alyinga 
Sandstone comprises about 300 m of uvial to marginal-
marine cobbly sandstone and conglomerate, containing 

Unit, thickness, age Lithology Depositional environment Stratigraphic relationships

ALYANGULA SUBGROUP

Dalumbu Sandstone 
500–1000 m exposed on Groote 
Eylandt

Sandstone, white, coarse-grained, cross-
bedded, pebbly (mainly quartz), granule 
lenses, quartz-rich; sandstone, white to 
pink, medium-grained, cross-bedded, 
quartz-rich; Basalt, very weathered and 
ferruginised.

Mostly braided uvial, with 
minor marine incursion. 
Subaerial basalt lava ow.

Conformably overlies 
Bartalumba Basalt. 
Unconformably overlain by 
Cretaceous rocks and Cenozoic 
sediments.

Bartalumba Basalt 
200–400 m in northern part of 
Groote Eylandt

Basalt and microdolerite, massive to 
amygdaloidal.

Subaerial lava ows. Lower contact not exposed, but 
no evidence of disconformity. 
Upper contact concordant with 
Dalumbu Sandstone.

Alyinga Sandstone 
Approximately 300 m in type area

Sandstone, medium- to coarse- grained, 
very large trough cross-beds in lower 
part. Basal polymict granule to boulder 
conglomerate and pebbly and cobbly 
sandstone.

Mostly high-energy braided 
uvial, with minor marginal 

marine.

Apparently disconformable on 
Milyema Formation Interpreted 
lateral equivalent of Woodah 
Sandstone.

Woodah Sandstone 
Maximum thickness 50–60 m 
exposed at type section

Medium to coarse grained sandstone, 
cobble to boulder conglomerate, mudstone.

Braided uvial. Unconformably overlies Grindall 
Formation and Bukudal Granite. 
Interpreted lateral equivalent of 
Alyinga Sandstone.

BUSTARD SUBGROUP

Milyema Formation
50 m 

Basal granular to boulder conglomerate; 
pebbly lithic sandstone, cross-bedded

High energy, braided, uviatile, 
shallow marine in the upper part

Correlated laterally with the 
Milykaburra Formation to the 
east.

Milyakburra Formation 
Maximum of 40 m in incomplete 
sections

Cobble and boulder conglomerate, matrix- 
to clast-supported, polymict, coarse sand 
to granule matrix, massive to cross-
bedded; locally interbedded with granule 
conglomerate and medium- to very coarse-
grained lithic sandstone.

High-energy uvial and alluvial 
fan. 

Erosional contact with Bickerton 
Volcanics. Unconformable 
on Abarungkwa Sandstone. 
Laterally correlated with 
Milyema Formation.

Bickerton Rhyolite 
Maximum estimated thickness 
150–250 m
1814 ± 8 Ma

Rhyolite, red, porphyritic (K-feldspar). Large subaerial lava domes and 
coulées.

Intrudes and lies conformably on 
Abarungkwa Sandstone. Contact 
with overlying Milyakburra 
Formation is erosional.

Abarungkwa Sandstone 
Most complete section estimated 
to be 100–150 m

Sandstone, white, coarse- to very coarse-
grained, cross-bedded, pebbly, quartz-rich 
(lithic at base); granule conglomerate, 
quartz-rich; pebble and cobble 
conglomerate, polymict; minor medium-
grained quartz sandstone.

High-energy braided uvial. Overlies Erringkarri Rhyolite 
with an erosional contact 
and unconformably overlies 
Grindall Formation. Overlain 
conformably by Bickerton 
Rhyolite or unconformably by 
Milyakburra Formation.

Erringkarri Rhyolite 
+20 m

Rhyolite, dark red, variably porphyritic 
(K-feldspar).

Large subaerial lava domes and 
coulées.

Inferred to unconformably 
overlie Grindall Formation 
and granite. Overlain by 
Abarungkwa Sandstone with 
erosional contact.

Table 15.1. Stratigraphic succession of the Groote Eylandt Group modi ed from Pietsch et al (1997) and Haines et al (1999).
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clasts from the underlying sandstone units. It de nes the 
base of the Alyangula Subgroup. Elsewhere, the Woodah 
Sandstone, comprising a 50–60 m-thick succession of 

uvial conglomerate, sandstone and mudstone, represents 
the base of the succession (Figure 15.8). These two 
units are interpreted to be laterally equivalent (Pietsch 
et al 1997). The Bartalumba Basalt overlies the Alyinga 
Sandstone and consists of up to 400 m of deeply weathered, 
red and black, subaerial vesicular and amygdaloidal 
basalt, and microdolerite. The Dalumbu Sandstone 
conformably overlies the Bartalumba Basalt and comprises 
a 500–1000 m-thick uvial succession of pebbly sandstone 
with minor interbeds of ner-grained non-pebbly sandstone. 
It also includes a thin unit of weathered basalt.

Donydji Group

The Donydji Group is a succession of dominantly uviatile 
to shallow-water, coarse-grained, siliciclastic sedimentary 
rocks and felsic and ma c igneous rocks outcropping in the 
southern Walker Fault Zone (Table 15.2). It is inferred to 
unconformably overlie the Mirarrmina Complex and is in turn 
conformably overlain by the Parsons Range Group. Outcrop 
is restricted to the Mitchell Ranges. Structural repetition 
of some formations has complicated the calculation of total 
thickness, which is probably in the order of 2000–3000 m. 
The age is constrained by concordant igneous units at the 
top of the group (Maidjunga and Dhupuwamirri members), 

dated at 1710 Ma. The succession is divided into three 
formations, the Dhunganda and Ritarango formations and 
Fagan Volcanics (Rawlings et al 1997).

Ductile and brittle deformation has greatly modi ed 
the original fabrics of many rocks in the Donydji 
Group, imposing foliations, fracture cleavages, jointing, 
silici cation and quartz veining on the rocks. This 
deformation resulted from a localised episode of wrench 
faulting and thrusting.

The Dhunganda Formation is a succession of strongly 
deformed sandstone, and lesser felsic and ma c igneous 
rocks, volcaniclastic rocks and mudstone. The lower half of 
the formation comprises mainly lithic sandstone, deposited 
in a uvial or possibly deltaic environment. It is locally 
pebbly, particularly near the base, and the succession 
tends to ne upwards. The upper half of the formation 
comprises white, ne- to medium-grained quartzic and lithic 
sandstone, felsic (rhyolite) and ma c igneous rocks (dolerite 
and microdolerite), volcaniclastic rocks, mudstone/ ne-
grained ferruginous sandstone, and undifferentiated sheared 
rocks, deposited in moderately deep-water to shallow and 
emergent environments (Rawlings et al 1997). The Ritarango 
Formation is a succession of mildly deformed coarse-grained 
(partly conglomeratic) uvial lithic sandstone with minor 
mudstone and volcaniclastic rocks. It is intruded by a large 
number of rhyolite and basalt dykes and sills. The Fagan 
Volcanics conformably overlie the Ritarango Formation and 
comprise a 1000–1200 m-thick succession of felsic and ma c 
igneous rocks, sandstone, mudstone and minor conglomeratic 
and volcaniclastic rocks. The bottom and top parts of the 
Fagan Volcanics have been dated using U-Pb zircon SHRIMP 
geochronological methods at 1707 ± 12 and 1706 ± 10 Ma, 
respectively (Page et al 2000). Rawlings et al (1997) divided 
this unit into three members; these are, in ascending order, the 
igneous-dominated Maidjunga Member (mainly rhyolitic), 
the exclusively sedimentary Sheridan Member (mainly a 
sandstone-mudstone succession), and the mixed sedimentary-
igneous Dhupuwamirri Member (Figure 15.9).

Katherine River Group

The Katherine River Group outcrops extensively in 
the northeastern McArthur Basin (Figure 15.1) and Figure 15.6. Jointed rhyolite outcrops of Bickerton Rhyolite, South 

Bay, Bickerton Island (53L 529000mE 8473000mN, after Haines 
et al 1999: plate 2).

Figure 15.7. Boulder conglomerate of Milyakburra Formation, 
southern Bickerton Island (53L 530500mE 8470500mN, after 
Haines et al 1999: plate 4).

Figure 15.8. Outcrops of Woodah Sandstone unconformably 
overlying Bukudal Granite (bench in foreground) at its type locality 
on Morgan Island (53L 618300mE 8510000mN, after Haines et al 
1999: plate 5).
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Unit, thickness, age Lithology Depositional environment Stratigraphic relationships

Gadabara Volcanics
50 m

Felsic igneous rock; volcanic sandstone 
and breccia.

Lavas and talus deposited 
into shallow-water to 
emergent environment.

Intrude and disconformably overlie 
Woodah Sandstone. Unconformably 
overlain by Coast Range Sandstone.

DONYDJI GROUP
2000–3000 m 

Fagan Volcanics 
1000–1200 m

Dhupuwamirri Member 
450–550 m
1706 ± 10 Ma

Rhyolite; volcaniclastic mudstone, 
sandstone and breccia; dolerite, basalt and 
hybrid igneous rocks.

Sediments are shallow 
water low-energy. Igneous 
rocks are extrusive and 
high-level intrusive.

Conformable over Sheridan Member 
and is conformably overlain by 
Mattamurta Sandstone.

Sheridan Member)
250–400 m

Sandstone, interbedded with mudstone; 
local volcaniclastic breccia, conglomerate 
and sandstone

Shallow water, low– to 
moderate-energy setting 
(lacustrine or fan-delta).

Conformable over Maidjunga 
Member. Overlain conformably by 
Dhupuwamirri Member.

Maidjunga Member 
150–250 m, locally removed
1707 ± 12 Ma

Rhyolite; minor volcaniclastic sandstone 
and mudstone; locally foliated and 
sheared.

Sediments are shallow-
water low-energy. Igneous 
rocks are extrusive and 
high-level intrusive

Lies with conformity or mild 
disconformity on the Ritarango 
Formation. Overlain conformably by 
Sheridan Member. 

Ritarango Formation 
500–1500 m

Sandstone; minor volcaniclastic 
sandstone; minor mudstone; locally 
foliated and sheared.

Mostly shallow-water high-
energy uvial and lesser 
low-energy deltaic.

Possibly unconformably overlies 
Dhunganda Formation and is 
conformably to disconformably 
overlain by Fagan Volcanics.

Dhunganda Formation 
>500 m

Sandstone, mudstone, felsic-ma c-hybrid 
igneous rocks, volcaniclastic rocks.

Lower part uvial to 
shallow-water deltaic. 
Upper part ranges from 
alluvial to moderately 
deep-water lacustrine.

Overlies Mirarrmina Complex with 
apparent angular unconformity. 
Possibly unconformably overlain by 
Ritarango Formation.

Table 15.2. Stratigraphic succession of the Donydji Group and Gadabara Volcanics after Rawlings et al (1997).

comprises sandstone with volcanic intervals in the lower 
part. It is lithostratigraphically equivalent to the Tawallah 
and Donydji groups. Walpole (1958) originally recognised 
two formations, the Edith River Volcanics and Kombolgie 
Formation, but the former has since been raised to 
group status within the underlying Pine Creek Orogen 
succession. Ruker (1959) and Randal (1963) subdivided 
the Katherine River Group into several units. Walpole 
et al (1968) revised these units and identi ed several 
formations. Carson et al (1999) subsequently identi ed 
three sandstone formations and volcanic members 
within the Kombolgie Formation and revised the name 
to Kombolgie Subgroup. The stratigraphic succession is 
given in Table 15.3.

The Kombolgie Subgroup comprises a succession of 
essentially uvial sandstone (Mamadawerre Sandstone, 
Gumarrirnbang Sandstone, Marlgowa Sandstone 

and McKay Sandstone) and extrusive volcanic units 
(Nungbalgarri Volcanics and Gilruth Volcanic Member). It 
forms the spectacular escarpment country of the Arnhem 
Land Plateau (Figure 15.10). The age of the Kombolgie 
Subgroup is constrained by the underlying 1830–1820 Ma 
Edith River Group and the younger Oenpelli Dolerite 
(1729 Ma), which intrudes the subgroup. The lowermost 
unit, the Mamadawerre Sandstone, is essentially a ne- 
to coarse-grained, medium to thickly bedded, white to 
grey quartz sandstone. Trough cross-bedding dominates 
the lower part of the succession, with large-scale trough 
beds at the base. Palaeocurrent directions indicate a 
westerly or southwesterly source (Carson et al 1999). 
The Nungbalgarri Volcanics is a recessive formation 
that conformably separates the Mamadawerre and 
Gumarrirnbang sandstones. It is estimated to be 60 m 
thick and is dominantly a ne-grained equigranular 

Figure 15.9. Contorted ow banding in rhyolite of Dhupuwamirri 
Member of Fagan Volcanics, south of Koolatong River (53L 
543000mE 8551000mN, after Haines et al 1999, plate 8).

Figure 15.10. Kombolgie Subgroup escarpment in Kakadu National 
Park, near Mount Brockman (53L 273000mE 8610000mN).
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basalt. The basalt is largely subaerial, but some pillow 
structures suggest localised subaqueous extrusions. The 
Gumarrirnbang Sandstone is predominantly a ne-to 
medium-grained, medium to thickly bedded, pink-grey to 
white quartz sandstone, deposited in a uvial, braided river 
environment. Palaeocurrent directions indicate a source 
area to the south, which contrasts with a westerly source 
for the Mamadawerre Sandstone. The Gilruth Volcanic 
Member is a 5 m-thick band of tuffaceous siltstone, tuff, 
banded quartz-jasper and amygdaloidal and vesicular 
basalt, assumed to be a subaerial in origin. It corresponds to 
a distinct, narrow, high uranium and thorium pattern on the 
radiometric image. The Marlgowa Sandstone conformably 
overlies the Gumarrirnbang Sandstone and comprises 
medium-grained to granular, thickly to very thickly bedded 

white-grey quartz sandstone, with some coarse-grained to 
pebbly bands and interbeds of ferruginous sandstone. This 
succession is interpreted to have been deposited under tidal 
in uences.

The upper Katherine River Group is divided into nine 
formations and mainly comprises sandstone, and minor 
dolostone and mudstone. The McKay Sandstone, at the 
base of this succession, could be a lateral equivalent of 
the ferruginous facies of the upper Marlgowa Sandstone. 
This unit conformably overlies the Marlgowa Sandstone 
and comprises ne- to medium-grained, white-grey 
quartz sandstone interbedded with red-brown to purple, 
recessive ferruginous sandstone with a clay matrix. It is 
considered to have been deposited in a shallow-marine tidal 
environment (Carson et al 1999). The Cottee Formation is 

Unit, thickness, age Lithology Depositional environment Stratigraphic relationships
KATHERINE RIVER GROUP
West Branch Volcanics
1500–2000 m
ca 1705 Ma

Vesicular and amygdaloidal basalt, dolerite, 
peperite; ne-grained sandstone; minor 
medium-grained and pebbly sandstone

Lacustrine sediments; intrusive 
and extrusive basalts

Conformable, or locally 
disconformable on Gundi 
Sandstone; overlain unconformably 
by Mount Rigg Group

Jimbu Microgranite
ca 1720 Ma

Pink-green, massive porphyritic microgranite; 
lesser aplite and pegmatite/granophyre veins 
and dykes

High-level granitic intrusive Intrudes Katherine River Group 
formations up to and including the 
Gundi Sandstone

Gundi Sandstone 
300 m

Feldspathic sandstone, local pebble to boulder 
conglomerate; minor mudstones; ferruginous 
ma c igneous rocks and porphyritic rhyolite

Shallow-marine, aeolian dune 
systems, uvial, and probable 
subaerial volcanic activity

Both upper and lower contacts are 
unconformities

Diamond Creek Volcanics
230 m

Vesicular and amygdaloidal ma c lava; minor 
tuff and volcaniclastic sandstone

Subaerial extrusive, uviatile

McCaw Formation
250–300 m

Feldspathic sandstone, medium- to thick-
bedded, massive, planar laminated and trough 
cross-bedded. Minor glauconitic horizons and 
mudstone

Shallow-marine shelf Contacts not observed. Lower 
contact probably conformable

Bonanza Creek Formation
85 m

Very ne- to ne-grained sandstone; glauconite 
common in some beds

Marine shoreface deposits Both lower and upper contacts 
sharp, but apparently conformable

Shadforth Sandstone
40 m

Medium- to coarse-grained quartz arenite, 
trough and tabular cross-bedded

Fluvial, to probable shallow-
marine conditions at the top

Lower contact probably 
unconformable 

Cottee Formation
300 m

Hemispherical stromatolitic bioherms, 
interbedded mudstone, dolostone, and ne- to 
medium-grained sandstone. 

Shallow-marine, often above 
wave base; bioherms grew in at 
least 6 m of water

Contacts are not observed. Lower 
contact conformable on Marlgowa 
Sandstone and McKay Sandstone

McKay Sandstone
340 m

Fine- to medium-grained, thin- to medium-
bedded, trough cross-bedded, quartz arenite, 
lithic and ferruginous sandstone

Shallow tidal marine Lower contact conformable and 
gradational. Probably laterally 
equivalent to ferruginous facies in 
the Marlgowa Sandstone

KOMBOLGIE SUBGROUP
Marlgowa Sandstone
360 m

Quartz arenite; ne- to medium-grained, thin- 
to medium-bedded and trough cross-bedded, 
ferruginous sandstone interbeds

Braided uvial and shallow tidal 
marine 

Probably conformable lower 
contact

Gilruth Volcanic Member
5 m

Basalt, tuffaceous siltstone, minor banded 
quartz-jasperite. 

Extrusive volcanism Probably conformable lower 
contact

Gumarrirnbang Sandstone
125 m

Fine- to very coarse-grained, medium- to 
thick-bedded quartz arenite, dominantly planar 
laminated, trough cross-bedded

Distal braided uvial system; 
aeolian environment at the top

Conformable lower contact

Nungbalgarri Volcanics
92 m

Vesicular and amygdaloidal basalt Extrusive volcanism Conformable lower contact

Oenpelli Dolerite
ca 1730–1720 Ma

Fine- to coarse-grained olivine dolerite, 
commonly porphyritic; quartz dolerite, 
granophyre

Intrusive sill Intrudes Marlgowa Sandstone

Mamadawerre Sandstone
>176 m

Fine- to coarse-grained, medium- to thick-
bedded quartz arenite, planar cross-bedded, 
trough cross-bedded and minor planar 
laminated

Distal braided uvial system; 
aeolian environment at the top

Unconformably overlies the 
Nimbuwah Complex

Table 15.3. Stratigraphic succession of the Katherine River Group modi ed after Carson et al (1999), Abbott et al (2001), Sweet et al 
(1999)  and Kruse et al (1994).
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a recessive unit with very poor outcrop. It is characterised 
by large hemispherical bioherms, and carbonate and 
siliciclastic sedimentary rocks deposited under shallow-
marine conditions. The Shadforth Sandstone is a ne- to 
medium-grained, medium to thickly bedded, grey-white 
to cream-orange quartz sandstone, with coarse-grained 
to granular bands. The depositional environment of the 
medium–coarse-grained quartz sandstone is interpreted 
as braided uvial, whereas the ne-grained sandstone is 
likely to be marine (Carson et al 1999). The Bonanza Creek 
Formation is gradational with the underlying Shadforth 
Sandstone, and its relationship with the overlying McCaw 
Formation is presumably conformable. It comprises ne- 
to medium-grained laminated quartz sandstone, cross-
bedded and massive in places, and medium to thickly 
bedded ne-grained sandstone with medium to coarse 
laminae. The McCaw Formation represents shallow-marine 
sandstone, commonly massive and cross-bedded, with 
minor glauconite horizons. The Diamond Creek Volcanics 
(Kruse et al 1994) are conformable on and inter nger with 
the McCaw Formation. They represent an up to 230 m-thick 
succession of subaerial ma c lavas, tuff, volcaniclastic 
sandstone and coarse-grained lithic sandstone. The Gundi 
Sandstone comprises medium-to coarse-grained, medium to 
thickly bedded, pink lithic and feldspathic sandstone with 
a mud matrix and ferruginous, maroon to red-brown ner-
grained units near the top. The latter are interpreted to be 
lava ows. Peperite and volcaniclastic rocks have also been 
recorded. The West Branch Volcanics lie with apparent 
conformity or slight disconformity on the Gundi Sandstone 
and comprises over 1000 m of mostly massive to vesicular 
basalt and ne-grained sandstone and mudstone, with local 
development of medium-grained to pebbly sandstone, ne- 
to medium-grained dolerite, and peperite. The volcanic units 
are interpreted as a series of semi-concordant sills that have 
intruded sediments at shallow depths prior to lithi cation and 
complete dewatering (Rawlings and Page 1999). SHRIMP 
U-Pb dating of zircons from felsic volcanic rocks in the upper 
part of the West Branch Volcanics yielded a well-constrained 
age of 1710 Ma. The maximum constraining age of 1720 Ma 
for the formation is provided by the Jimbu Microgranite, 
which was emplaced concurrent with sedimentation in the 
underlying Gundi Sandstone (Kruse et al 1994, Rawlings 
and Haines 1998, Rawlings and Page 1999.)

The Jimbu Microgranite is a small (10–50 km2) 
high-level microgranite pluton intruding the Kombolgie 
Subgroup. The dominant rock-type is pink-green, massive, 
porphyritic microgranite, with lesser aplite and pegmatite/
granophyre veins and dykes. The Jimbu Microgranite was 
emplaced during deposition of the upper Gundi Sandstone, 
therefore predating the West Branch Volcanics (Rawlings 
and Haines 1998, Rawlings and Page 1999). SHRIMP U-Pb 
zircon geochronology has yielded an emplacement age of 
1720 ± 7 Ma. On the basis of geochemical and petrological 
characteristics, this unit is interpreted to be an early-stage, 
but essentially comagmatic, high-level intrusive equivalent 
of the felsic part of the West Branch Volcanics.

Oenpelli Dolerite
The Oenpelli Dolerite was de ned by Needham et al (1975), 
and later formalised and described in detail by Smart et al 

(1974, 1975). Petrographic and geochemical studies were 
undertaken on the unit by Stuart-Smith and Ferguson 
(1978). It occurs as sills and lopoliths and was previously 
considered to be unconformably overlain by the Kombolgie 
Subgroup (Needham 1988). However, eld evidence shows 
an intrusive relationship with the Nimbuwah Complex and 
the Kombolgie Subgroup, and this relationship is supported 
by aeromagnetic data (Carson et al 1999). The contact 
relationship is usually sharp and shows occasional chilled 
margins (Rippert 1992).

Sills and lopoliths are zoned and are characterised by 
a central ophitic olivine dolerite grading outwards with 
a decrease in grain size to a porphyritic olivine dolerite, 
which sometimes has a microcrystalline olivine dolerite 
chilled margin. The olivine component decreases with 
increasing fractionation. Minor quartz and granophyric 
dolerite differentiates are usually described in the thicker 
intrusions towards the centres of the sills. The Oenpelli 
Dolerite represents a continental tholeiite and was probably 
generated as a result of partial melting of the upper mantle. 
Slow and/or intermittent rising of this melt fed fractionated 
bodies at shallow crustal levels (Stuart-Smith and Ferguson 
1978).

A Rb-Sr isotopic study of 16 samples in the Alligator 
River area determined the age of the Oenpelli Dolerite 
to be 1688 ± 13 Ma (Page et al 1980). More recent 
geochronological data shows that Oenpelli Dolerite intruded 
at 1725–1720 Ma (OZCHRON, Polito et al 2004).

Tawallah Group

The Tawallah Group (Table 15.4) is extensively exposed in 
the southeast and in the Batten Fault Zone. It unconformably 
overlies basement units of the Murphy Province and 
Scrutton Inlier (Ahmad and Wygralak 1989, Pietsch et al 
1991) and is unconformably overlain by the McArthur 
Group in the Batten Fault Zone and by the Nathan Group 
in the southeastern McArthur Basin. It comprises shallow-
marine and uvial sandstone, with lesser mudstone, 
dolostone and ma c and felsic volcanic rocks, and coeval 
and younger intrusive bodies. The group is correlated with, 
and is probably contiguous with the Katherine River Group 
in the subsurface of the northwestern and southwestern 
McArthur Basin. To the south, it may be contiguous with the 
Tomkinson Creek Group of the Tomkinson Creek Province 
and to the southeast, with the Haslingden Group of the Isa 
Superbasin (Plumb and Wellman 1987, Pietsch et al 1994). 
The succession is generally shallow dipping or at lying, 
except in the vicinity of major faults.

A number of SHRIMP U-Pb zircon dates are available 
for parts of the succession, including the Wollogorang 
Formation (ranging between 1730–1725 Ma), Hobblechain 
Rhyolite and Packsaddle Microgranite (both 1725 Ma), 
Tanumbirini Rhyolite (1715 Ma) and Nyanantu Formation 
(1708 Ma, maximum deposition age). Geochronological 
data are documented in Page et al (2000), Page and Sweet 
(1998) and Rawlings (2002).

In the southeastern McArthur Basin, the Westmoreland 
Conglomerate is the lowermost unit of the Tawallah Group 
and comprises a thick succession of mainly uvial sandstone 
and conglomerate (Figure 15.11). It unconformably 
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Unit, thickness. age Lithology Depositional environment Stratigraphic relationships

TAWALLAH GROUP

Echo Sandstone
(Formerly Masterton 
Sandstone)
265–365 m

Dolomitic-lithic sandstone, lithic 
sandstone and mudstone, pebbly lithic 
sandstone, lithic to quartzic sandstone 
and minor conglomerate 

Ephemeral restricted marine, braided 
uviatile

Disconformable on Gold Creek Volcanics; 
unconformably overlain by McArthur 
Group 

Burash Sandstone
(Formerly Masterton 
Sandstone) <370 m

Quartzic sandstone, with minor coarse 
or granular intervals near top

High-energy shallow-water Conformably overlies Nyanantu 
Formation; overlain by Roper Group

Nyanantu Formation
450 m

Lithic conglomeratic sandstone with 
numerous pebble- and cobble-rich 
intervals 

Fluvial and alluvial fans Conformably or disconformably overlies 
Warramana Sandstone. Overlain with 
probable disconformity by Masterton 
Sandstone (McArthur Group). 

Tanumbirini Rhyolite
1713 ± 7 Ma

Porphyritic rhyolite lava with 
phenocrysts of quartz and feldspar set in 
spherulitic groundmass

Subaerial lava ows and domes Overlies Warramana Sandstone. Overlain 
by and interbedded with Nyanantu 
Formation.

Warramana 
Sandstone
>250 m

Litharenite, ferruginous sandstone, 
mudstone, pisolitic ironstone and 
conglomerate, sublitharenite and 
quartzarenite

Mainly shallow-marine high-energy Conformably overlies Wollogorang 
Formation or Gold Creek Volcanics. 
Overlain conformably by Tanumbirini 
Rhyolite or disconformably by Nyanantu 
Formation.

Pungalina Member 
Undifferentiated 
<200  m

Cobble-boulder conglomerate, pebbly 
sandstone, minor siltstone, ferruginous-
lithic mudstone

Alluvial and debris ows, restricted 
marine or lacustrine

Conformable to disconformable on Gold 
Creek Volcanics; conformably overlain by 
Echo Sandstone 

Packsaddle 
Microgranite  

Red or pink, porphyritic (K-feldspar-
quartz), microgranophyric to spherulitic 
rhyolite and microgranite

High-level laccolith Intrusive contacts with Wollogorang 
Formation and Gold Creek Volcanics; 
contiguous and comagmatic with 
Hobblechain Rhyolite

Hobblechain Rhyolite
70–100 m
1752 ± 2 Ma

Rhyolite, pink, porphyritic (K-feldspar-
quartz), massive to ow-banded, 
spherulitic to microgranophyric 

Lava ow with talus-lined margin Disconformable on Gold Creek Volcanics 
conformably overlain by Pungalina 
Member

Gold Creek Volcanics 
15–230 m

Porphyritic basalt; dolomitic to quartzic 
sandstone, mudstone, peperite breccia, 
local autobreccia, local stratiform 
polymict breccia and massive sandstone 
bodies, local chlorite-bitumen alteration 
and sul des

Intertidal to supratidal hypersaline lake 
or restricted marine

Conformable on Wollogorang Formation 
conformably to disconformably overlain 
by Pungalina Member

Wollogorang 
Formation
>350 m
1730 ± 3 Ma
1729 ± 4 Ma
1723 ± 4 Ma

Mudstone, dolostone, carbonaceous 
shale, dolomitic siltstone, dolomitic 
sandstone, dolarenite and stromatolitic 
dolostone and chert, lithic sandstone, 
evaporitic carbonaceous shale

Lower part is shallow marine. Upper 
part is locally reworked uvial deposits 
in shoreface and intertidal channels.

Paraconformity between lower and 
upper parts; intrusive contact with 
Settlement Creek Dolerite below, which 
locally intrudes higher into formation; 
conformably overlain by Gold Creek 
Volcanics

Settlement Creek 
Dolerite  
20–200 m

Dolerite and lesser basalt; brecciated 
or ropy upper surface; local hornfelsed 
mudstone enclaves

High-level sill or laccolith intruded 
into evaporitic mudstone

Intrusive contacts with Aquarium 
Formation below and Wollogorang 
Formation above

Wununmantyala 
Sandstone
<800 m

Quartzarenite and sublitharenite, red-
brown to purple, haematitic, mainly 
medium grained

Storm-dominated subtidal marine to 
very shallow-marine, occasionally 
exposed

Gradational contact with Aquarium 
Formation

Aquarium Formation
>200 m

Siltstone, shale and ne sandstone: 
dolomitic, glauconitic and ferruginous, 
local evaporites

Shallow-marine storm-dominated shelf, 
shallowing upward into marginal-
marine or lacustrine saline

Conformable on Sly Creek Sandstone 

Sly Creek Sandstone
320 m

White, pink or grey massive medium-
grained quartzic sandstone, pebbly 
sandstone, conglomerate

Nearshore shallow-marine Conformably overlies McDermott 
Formation and gradually changes into 
glauconitic sandstone of Aquarium 
Formation

McDermott Formation
200 m

Dolostone, sandstone and siltstone Shallow-water marginal marine, 
subtidal to supratidal carbonate bank 
shoreline facies

Conformably overlies Seigal Volcanics 
and overlain by Sly Creek Sandstone

Seigal Volcanics
225–1100 m 

Amygdaloidal basalt ows 5–30 m 
thick; thin siltstone and tuffaceous 
interbeds in upper part. Includes 
Carolina Sandstone Member, a 
prominent sandstone bed.

Mostly subaerial lava Conformable on Westmoreland 
Conglomerate; overlain conformably by 
McDermott Formation 

Yiyintyi Sandstone
<4000 m

Quartzarenite, sublitharenite and 
litharenite

Fluvial to alluvial fans near base; 
shallow-marine above

Unconformable over Scrutton Volcanics. 
Sharp unconformable contact with Seigal 
Volcanics

Westmoreland 
Conglomerate
<1900 m

Conglomerate, coarse argillaceous 
sandstone with scattered pebbles

Fluvial to alluvial fans Unconformable on Cliffdale Volcanics; 
conformably overlain by Seigal Volcanics

Table 15.4. Stratigraphic succession of the Tawallah Group after Rawlings (2002, 2006), Haines et al (1993).
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overlies the Murphy Metamorphics, Nicholson Granite 
Complex and Cliffdale Volcanics (Robert et al 1963, Sweet 
et al 1981, Ahmad and Wygralak 1989). The sediments 
were derived from a northeastern source (Ahmad et al 
1984, Wygralak et al 1988). This formation is probably 
equivalent to the lower part of the Kombolgie Subgroup. 
The Westmoreland Conglomerate is conformably overlain 
by the Seigal Volcanics, comprising basaltic lavas of 
intra-plate tholeiitic af nities, minor tuff, and sandstone 
and siltstone beds (Darby 1986). Several feeder dykes 
to the Seigal Volcanics are known and a plug of volcanic 
breccia intrudes the volcanics about 1.5 km northwest of 
Cobar 2 uranium mine (Figure 15.12). The conformably 
overlying McDermott Formation (Jackson et al 1987) 
consists of alternating bands of shallow-marine dolostone 
and siltstone with sandstone at the base. The stratigraphic 
term Wununmantyala Sandstone as de ned by Pietsch et al 
(1991) replaces the previously de ned Sly Creek Sandstone. 
The latter term is now used for the succession overlying the 
Seigal Volcanics in the Batten Fault Zone and southwestern 
McArthur Basin (Rawlings 1999, Pietsch et al 1991). The 
Wununmantyala Sandstone conformably overlies the 
Aquarium Formation and comprises medium-grained 
laminated sandstone deposited in a nearshore environment, 

with the shoreline probably following the Murphy Inlier 
(Ahmad and Wygralak 1989). Its contact with the overlying 
Aquarium Formation is gradual and conformable. The 
latter formation mainly comprises glauconitic sandstone. 
Halite and anhydrite pseudomorphs are present in the 
upper part and are generally associated with disrupted ne 
lamination. The overlying unit was previously considered 
to be mainly volcanic ows, but it is now established that 
it represents composite dolerite sills. Therefore, Rawlings 
(2006) has rede ned the unit and renamed it the Settlement 
Creek Dolerite (previously Settlement Creek Volcanics). 
The unit represents a composite set of dolerite sheets, 
20–200 m thick, that are recognised throughout the 
southern McArthur Basin. It generally occurs between the 
Aquarium Formation and Wollogorang Formation, but some 
dolerite sheets and protrusions are also present higher up in 
the middle Wollogorang Formation. It has been suggested 
that the Settlement Creek Dolerite is a deeper-level 
intrusive equivalent of the uppermost Gold Creek Volcanics 
(Rawlings 2006). The overlying Wollogorang Formation 
is a mixed dolostone, mudstone and sandstone succession 
that is exposed throughout the southern McArthur Basin. 
This lower part of the formation is characterised by isolated 
large, domical-digitate stromatolite bioherms linked by 
stratiform or tabular-digitate microbial mats (Figure 15.13). 
It usually contains nodules of crystalline dolomite or chert 
that are commonly bituminous (Figure 15.14). The lower 

Figure 15.11. Cliff exposures of gritty sandstone facies of 
Westmoreland Conglomerate, near the El Hussen Au/U mine 
in southern McArthur Basin (53K 803000mE 8058000mN, see 
Figure 15.40, photo Andrew Wygralak, NTGS).

Figure 15.12. Plug of volcanic breccia within Seigal Volcanics, 1.5 km 
northwest of the Cobar 2 mine (53K 806000mE 8061200mN). 
Plug is composed mainly of brecciated amygdaloidal lava.

Figure 15.13. Lower Wollogorang Formation showing stacked, 
microbially bound ripples (lower) and tabular digitate stromatolites 
(upper). Hammer is 40 cm long (53K 713800mE 8147620mN).
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part is interpreted to have been deposited in shallow-marine 
conditions (Rawlings 2002). The upper part is considered to 
have been formed via the reworking of local uvial deposits 
and intraclastic dolomite by tide- and wave-generated 
currents in the shoreface and intertidal ats and channels 
(Rawlings 2002). U-Pb SHRIMP dating of zircons from 
the lower and upper parts of the formation have yielded 
1730 ± 3 Ma and 1723 ± 4 Ma, respectively (Jackson et al 
1997). The conformably overlying Gold Creek Volcanics 
comprise a mixed basalt-sedimentary succession of massive 
and vesicular basalt, ne-grained dolerite, sandstone and 
mudstone, conformably to disconformably overlain by 
the Pungalina Member of the Echo Sandstone, and locally 
disconformably, by the Hobblechain Rhyolite. The Gold 
Creek Volcanics have been interpreted as a product of the 
emplacement of shallow basaltic intrusions into bodies of 
unconsolidated water-saturated sediment (Rawlings 1993, 
2002). The Hobblechain Rhyolite is a semi-contiguous 
sheet of porphyritic rhyolite (Figure 15.15) that outcrops 
about 15 km north of Wollogorang Station. A SHRIMP 
U-Pb zircon age of 1725 ± 2 Ma has been determined by 
Page and Sweet (1998). The Packsaddle Microgranite 
is a small (70 km2 in outcrop area), elongate, northwest-
striking, high-level rhyolite intrusion located about 10 km 
north of Wollogorang Station. It intrudes the Wollogorang 
Formation and Gold Creek Volcanics, which dip radially 
outward from the outcrop belt at a shallow angle (Roberts 
et al 1963). This unit has yielded has a SHRIMP U-Pb 
zircon age of 1724 ± 4 Ma (Page et al 2000), suggesting that 
it is probably coeval with the Hobblechain Rhyolite.

The Echo Sandstone (formerly part of the Masterton 
Sandstone) comprises a succession of pink lithic to quartzic 
sandstone, pebbly sandstone, mudstone and conglomerate 
in the southeastern McArthur Basin and is partly equivalent 
to the lithologically-similar Warramana Sandstone in the 
Batten Fault Zone. The succession in the southeastern 
McArthur Basin was formerly assigned to the Masterton 
Sandstone of the lower McArthur Group by previous 
workers (Jackson et al 1987, Ahmad and Wygralak 1989). 
However, the Masterton Sandstone is now only recognised 
in the Batten Fault Zone, where it unconformably overlies 
the Warramana Sandstone and other Tawallah Group 

units (Rawlings 1999, 2002). The Pungalina Member of 
the Echo Sandstone represents a basal 0–120 m-thick 
mudstone, conglomerate and sandstone succession, 
resting conformably to disconformably on the Gold Creek 
Volcanics and, locally conformably, on the Hobblechain 
Rhyolite. It was interpreted by Rawlings (2002) as an 
evolving volcanic apron, recording the emplacement, 
denudation and nal burial of a relatively high-relief 
volcanic landscape. The upper Echo Sandstone comprises 
pink, lithic to quartzic sandstone, pebbly sandstone and 
minor conglomerate. Rawlings (2002) suggested that whole 
succession is essentially uvial, except the very base, which 
may represent an intertidal environment.

In the Batten Fault Zone and southwestern McArthur 
Basin, the lithological subdivision of the Tawallah Group 
is essentially similar to that in the southeastern McArthur 
Basin. The Yiyintyi Sandstone unconformably overlies the 
Scrutton Volcanics and is predominantly a medium to thickly 
bedded quartz sandstone, with coarse-grained sandstone and 
conglomerate beds. It is conformably overlain by the Seigal 
Volcanics, which are relatively thin (300–400 m), compared 
to 1500 m in the southeastern McArthur Basin. The Sly 
Creek Sandstone and Rosi Creek Sandstone Member are 
correlated with the upper part of the Seigal Volcanics and 
represent a succession, up to 900 m-thick, of shallow-marine 
sandstone (Rawlings 1999, Pietsch et al 1991). Outcrops 
previously mapped as the Aquarium Formation in this area 
are now included in the McDermott Formation (Rawlings 
1999), which comprises a succession of dolostone, with minor 
shale and siltstone. This is overlain by the Wunumantyala 
Sandstone, representing a thick succession of shallow-marine 
sandstone. The Settlement Creek Dolerite separates this 
unit from the overlying Wollogorang Formation, which is 
lithologically identical to that in the southeastern McArthur 
Basin. The Gold Creek Volcanics thins out in the Batten 
Fault Zone and is absent in the southwestern McArthur 
Basin. The conformably overlying Warramana Sandstone 
comprises medium- to coarse-grained feldspathic and lithic 
sandstone with minor conglomerate, deposited under uvial 
conditions. This interval is correlated with the Pungalina-
Hobblechain Rhyolite succession in the southeastern 
McArthur Basin (Rawlings 1999). The Tanumbirini Rhyolite 
represents a 100 m-thick succession of massive, pink-brown 
weathered porphyritic rhyolite (Pietsch et al (1991), which 

Figure 15.15. Hobblechain Rhyolite: polished slab of ow-banded 
rhyolite from base of formation (53K 802350mE 8131240mN, 
Camel Creek, after Rawlings 2006: gure 36).

Figure 15.14. Lower Wollogorang Formation: bituminous 
ovoid nodule in nely parallel laminated black shale (drillhole 
DD95RC128, approximately 4 km east-southeast of Stanton Co/
Ni/Cu prospect, after Rawlings 2006: gure 19).
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has yielded a U-Pb zircon age of 1713 ± 6 Ma (Page et al 
2000). The overlying Nyanantu Formation comprises 

uvial conglomerate and sandstone, and is correlated 
with the Echo Sandstone (formerly Masterton Sandstone) 
in the Redbank area. U-Pb SHRIMP dating of detrital 
zircon from the Nyanantu Formation has yielded an age 
of 1708 ± 4 Ma (Page et al 2000). Rawlings (1999) named 
a succession of ne- to medium-grained sandstone in 
eastern TANUMBIRINI1 as the Burash Sandstone. This 
conformably overlies the Tanumbirini Rhyolite.

Goyder Package

A regional unconformity separates the Redbank and Glyde 
packages throughout the McArthur Basin, except in the 
Walker Fault Zone, where the succession between the Donydji 

Group and Balma Group is continuous and conformable. This 
interval, which is represented by the Parsons Range Group, 
ranges in age from 1710 to 1670 Ma (Rawlings 1999) and is 
designated the Goyder Package. Possible equivalents in the 
northeastern McArthur Basin are the Rorruwuy Sandstone 
and Coast Range Sandstone. The Burash Sandstone and top 
of the Echo Sandstone in the southeastern McArthur Basin 
might also be possible correlatives. The Goyder Package 
corresponds to the LP6 –LP7 divisions of Ahmad (2000).

Parsons Range Group

The Parsons Range Group comprises a 5 to 6 km-thick 
succession of mainly quartz sandstone and siltstone in the 
southern Walker Fault Zone (Table 15.5). The succession 
is divided into four formations (Plumb and Roberts 1965, 
1992, Dunnet 1965). Its maximum age is well constrained 
by the age of the uppermost formation of the Donydji Group, 

Unit, thickness Lithology Depositional environment Stratigraphic relationships
Jalma Formation
70–130 m

Sandstone, brown to purple, medium-
grained, thinly- to medium-bedded, 
ferruginous; ne-grained, thinly-
bedded sandstone near base; local 
basal conglomerate; upper recessive 
laminated claystone unit

Shallow-marine Unconformable on Coast Range 
Sandstone and Grindall Formation. 
Overlain with probable unconformity by 
Balbirini Dolomite

Coast Range Sandstone 
20–40 m

Quartz sandstone, white, medium- 
to coarse-grained, thickly bedded, 
commonly pebbly; lenticular basal 
pebble or cobble conglomerate

High-energy transgressive 
coastal deposit, with some 

uvial facies

Unconformably overlies Grindall 
Formation, Bradshaw Complex, 
undifferentiated volcanics and felsic 
dykes. Apparently unconformably 
overlies Gadabara Volcanics and 
Woodah Sandstone. Unconformably 
overlain by Jalma Formation

PARSONS RANGE GROUP
5000–6000 m
Kurala Sandstone
>300 m

Medium-grained and minor ne- 
grained quartz arenite

Shallow-marine Lower contact not exposed; upper 
contact with Slippery Creek Siltstone is 
conformable

Fleming Sandstone 
50–200 m

Quartz sandstone, white to pink, ne- 
to medium-grained, thinly- to thickly 
bedded; local intraclast conglomerate 
and cauli ower chert

Shallow-marine: shoreline and 
tidal at

Conformable on Marura Siltstone; 
conformable and gradational contact 
with overlying Koolatong Siltstone

Marura Siltstone 
100–250 m

Mudstone and siltstone, laminated 
to massive, grey, green and purple; 
dololutite and sandstone interbeds; 
stromatolitic chert near base

Supratidal mud ats; sabkha Lower and upper contacts presumed 
conformable

Badalngarrmirri Formation 
1900–2800 m

Quartz sandstone, medium- to thickly 
bedded, ne- to coarse-grained; 
laminated mudstone, siltstone and ne 
sandstone; pyrit ic and ferruginous 
mudstone and sandstone; minor 
dolostone and chert

Storm-dominated shelf, from 
deep basinal to shoreline

Lower and upper contacts presumed 
conformable

Fairy Glen Sandstone 
Member 
0–100 m

Sandstone, thickly bedded, ne- 
to medium-grained, ferruginous 
(glauconitic?)

Offshore transition zone within 
a storm-dominated shelf

Lower and upper contacts presumed 
conformable

Gali Member 
0–360 m

Siltstone, laminated and wavy bedded; 
sandstone, thinly  to medium-bedded, 

ne-grained, clayey

Storm-dominated shelf to upper 
shoreface

Lower and upper contacts presumed 
conformable

Mount Fawcett Member 
0–240 m

Siltstone, olive-green and grey, 
laminated to thinly bedded; sandstone, 
thickly bedded, glauconitic, coarse-
grained; stromatolitic dolostone at base

Shelf to marginal marine Lower contact locally disconformable; 
upper contact presumed conformable

Mattamurta Sandstone 
2700–3000 m

Quartz sandstone, ne- to coarse-
grained; scattered granule and pebble 
layers; shallow sills of porphyritic 
rhyolite near base

Shallow-marine and possibly 
braided uvial

Conformable on Dhupuwamirri 
Member of Fagan Volcanics; overlain 
conformably (or locally erosionally) by 
Mount Fawcett Member

Table 15.5. Stratigraphic succession of the Parsons Range Group, Coast Range Sandstone and Jalma Formation after Rawlings et al 
(1997) and Haines et al (1999).

1 Names of 1:250 000 mapsheets are in large capital letters eg TANUMBIRINI.
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the Fagan Volcanics, at 1710 Ma (Pietsch et al 1994). Its 
minimum age is poorly constrained, but must be greater 
than the 1621 Ma Yarrawirrie Formation in the overlying 
Balma Group, and the 1640 Ma Barney Creek Formation in 
the southern McArthur Basin (Pietsch et al 1994).

The Mattamurta Sandstone is an up to 3 km-thick 
succession of mainly coarse-grained to pebbly quartz 
sandstone, deposited under uvial to nearshore conditions. 
Palaeocurrents are predominantly to the northeast. The 
contact with the underlying Fagan Volcanics was interpreted 
as an unconformity by Plumb and Roberts (1992), but 
Haines et al (1999) considered that the formations are 
concordant. Bodies of crystal-rich felsic porphyry, similar 
to the porphyritic rhyolite of the Fagan Volcanics, occur 
in the lowermost 200 m of Mattamurta Sandstone. The 
contact with the overlying Badalngarrmirri Formation 
is concordant and is presumed to be conformable, or to 
indicate minor lithi cation and erosion before deposition 
of the basal Badalngarrmirri Formation (Haines et al 
1999). The Badalngarrmirri Formation represents an up 
to 3 km-thick succession of quartz sandstone, mudstone, 
ferruginous (glauconitic-pyritic) sandstone, and minor 
chert and dolostone. The formation was deposited in a 
storm-dominated, marine shelf environment and comprises 
alternating coarse- and ne-grained siliciclastic rocks, which 
have been used to divide it into thirteen members, three of 
which have been formally named (Table 15.5, Haines et al 
1999). The Marura Siltstone is a 100–2500 m-thick unit, 
ranging in composition from siltstone to claystone, with 
minor sandstone, dolostone and chert (Figure 15.16). The 
chert occurs as a single unit near the base, but sandstone is 
present throughout. The overlying Fleming Sandstone is an 
up to 200 m-thick succession of quartz sandstone.

Other possible stratigraphic equivalents
The Coast Range Sandstone comprises uvial to shallow-
marine sandstone and minor conglomerate, exposed in the 
central part of the northeastern McArthur Basin. Plumb and 
Roberts (1965) originally mapped most of these outcrops as 
part of the Groote Eylandt beds (now Groote Eylandt Group). 
More recent studies indicate that the Coast Range Sandstone is 
signi cantly younger than the Groote Eylandt Group and has 
been separated as an ungrouped formation (Haines et al 1999).

The Kurala Sandstone is a prominent ridge-forming 
unit of white quartz sandstone and quartzite that outcrops 
in a south- southwest-trending belt along the northeastern 

ank of the Walker Fault Zone. It was originally included 
in the Habgood Group (Dunnet 1965, Plumb and Roberts 
1992), but was latter placed in the Parsons Range Group by 
Haines (1994). The Kurala Sandstone was deposited in a 
high-energy very shallow-water environment.

The Rorruwuy Sandstone (Rawlings et al 1997) 
was previously mapped as part of the Mount Bonner 
Sandstone. The formation comprises white to pink, mature, 
silici ed, ne- to medium-grained quartzic sandstone. The 
depositional environment is envisaged to have been shallow 
water, possibly fan-delta or intertidal.

Glyde Package

The Glyde Package mainly comprises an up to 5 km-thick 
succession of evaporitic carbonate, mudstone and sandstone, 
and is con ned to the Batten and Walker fault zones and 
nearby areas. The depositional environment is interpreted 
as shallow- to moderately deep water and locally emergent. 
This package includes the Balma and Habgood groups in 
the northern and the McArthur and Vizard groups in the 
southern McArthur Basin. Evidence of syndepositional 
fault movement is common and may be responsible for the 
generation of local and regional hiatuses within the package. 
Tuffaceous rocks are commonly present and ages of 1640 
to 1600 Ma have been obtained from the medial and upper 
parts of the Glyde Package (Haines et al 1999, Rawlings et al 
1997, Rawlings 1999). Possible stratigraphic equivalents in 
the northeastern McArthur Basin are the Jalma Formation, 
Mount Bonner Sandstone and Durabudboi beds, whereas 
in the Urapunga Fault Zone, the Vizard Group is a possible 
equivalent of the upper McArthur Group. The Glyde package 
corresponds to the LP7 subdivision of Ahmad (2000).

Previous interpretations of deposition in a rift setting 
(eg Plumb et al 1990) are not supported by subsequent 
interpretation of seismic data (Rawlings et al 2004, see 
Introduction).

The age of the Glyde Package is constrained by U-Pb 
SHRIMP zircon ages ranging from 1640 Ma to 1600 Ma. 
The maximum age is constrained only by the 1710 Ma 
minimum age of the volcanics at the top of the Redbank 
Package (Rawlings 1999).

McArthur Group

In contrast to the predominantly arenaceous Tawallah 
Group, the late Palaeoproterozoic (Statherian) McArthur 
Group is an up to 5 km-thick succession (Figure 15.17) of 
platformal stromatolitic dolostone and clastic sedimentary 
rocks with local pyritic carbonaceous siltstone units 
(Wine eld 1999). Exposures of the McArthur Group 
(Table 15.6) are con ned to the Batten Fault Zone, where 
it unconformably overlies the Tawallah Group, although 
seismic data indicates that it continues at depth beyond the 
inferred extents of the fault zone (Rawlings et al 2004).

The McArthur Group is subdivided into the Umbolooga 
and Batten subgroups, separated by a possible unconformity 
between the Reward Dolostone and Lynott Formation. 

Figure 15.16. Silici ed dolostone bed near base of Marura Siltstone 
showing selective silici cation of small columnar stromatolites 
(53L 550000mE 8552430mN, after Haines et al 1999: plate 18).
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Unit, thickness, age Lithology Depositional
environment

Stratigraphic relationships

BATTEN SUBGROUP

Amos Formation
<70 m
1614 ± 4 Ma

Upper- Massive karstic-weathering dark-grey to yellow-grey 
recrystallised dolostone
Lower- Red siltstone, ne sandstone, sandy dolarenite and 
dolostone

Upper 30 m probably 
represent calcrete and the 
lower part of the formation 
represents a classic redbed 
environment. The middle 
part may be deposited under 
shallow-marine conditions

Disconformable lower contact. 
Unconformable upper contact 
with Nathan Group.

Looking Glass 
Formation
 30–70 m

Silici ed, commonly stromatolitic dolostone; dolarenite and 
sandy dolarenite

Peritidal–shallow-marine Conformable lower contact. 
Upper contact with Amos 
Formation may be erosional

Stretton Sandstone
<5–270 m
1625 ± 2 Ma

Fine- to medium-grained, thinly bedded quartzarenite; 
distinctive wavy bedding, small ripples, toolmarks, mudclast 
casts, desiccation cracks and convolute bedding

Shallow-marine to sub-wave 
base

Conformable upper and lower 
contacts

Yalco Formation 
<50–250 m

Ridge-forming; thinly interbedded stromatolitic dololutite, 
silty dololutite, dolarenite and minor sandstone with abundant 
chert nodules and laminae; abundant small domal stromatolites 
and common desiccation cracks, tepee structures and gypsum 
pseudomorphs

Shallow-marine to emergent Conformable upper and lower 
contacts

Lynott Formation 
50–600 m

Donnegan Member 
0–134 m
1636 ± 4 Ma

Dolomitic siltstone, ne- to coarse-grained dolomitic sandstone 
and dolarenite; thinly to medium bedded, commonly rippled and 
cross-bedded; small botryoidal quartz nodules (cauli ower chert 
and enterolithic chert)

Peritidal, supratidal to 
sabkha on stable platform

Conformable upper and lower 
contacts

Hot Spring Member 
50–350 m

Thinly bedded dolomitic siltstone and silty dololutite with 
interbeds of ne-grained sandstone, cherti ed stromatolitic 
dolostone, dolarenite, sandy dolarenite and dolomitic 
sandstone; siltstone and dololutite commonly contain chert 
pods; sandstone, rippled and cross-bedded, stromatolite 
mainly stratiform and domical; common desiccation cracks, 
tepee structures and pseudomorphs after sulfate evaporites and 
halite

Intertidal to supratidal ats, 
sporadic brine logging

Gradational upper and lower 
contacts

Caranbirini Member 
0–400 m

Thinly bedded laminated dolomitic siltstone and shale, in part 
carbonaceous and pyritic; silty dololutite, dololutite; minor 

ne-grained dolarenite and lenses of slump breccia; uncommon 
ripples and evaporite mineral casts; small vertical fractures and 
fenestrae commonly lled with calcite and/or chert

Submarine grading upward 
to intertidal deposited in 
actively subsiding sub-
basins

Disconformable or 
unconformable over Reward 
Dolostone.

UMBOLOOGA SUBGROUP

Reward Dolostone 
30–350 m

Dololutite, stromatolitic dololutite, silty dololutite and dolarenite 
with lesser sandy dolarenite, dolorudite and sandstone; 
laminated, thinly to massive bedded, cross-bedded, brecciated 
and slumped; pseudomorphs after sulfate evaporites; onkoids, 
ooids, small silica spheroids; pseudomorphs after pyrite 
(pyritohedron)

Shallow-marine upward-
shallowing cycles, local 
high-energy to peritidal

Generally conformable but 
locally disconfromable upper 
and lower contacts

Barney Creek 
Formation 
10–900 m+
1640 ± 4 Ma

Thinly bedded to laminated, dolomitic, carbonaceous and pyritic 
shale and siltstone, dololutite, rare breccia and sandstone; 
occasional gypsum casts; talus slope breccia adjacent to Emu 
Fault

Basinal shale deposited 
in actively subsiding sub-
basins

Conformably overlies Teena 
Dolostone and is conformably 
overlain by Reward Dolostone

Teena Dolostone 

Coxco Dolostone 
Member
15–70 m

Grey crystalline dololutite with radiating, needle-like gypsum 
crystal pseudomorphs normal to bedding; rare conical 
stromatolites; uncommon thin intervals of dolomitic shale and 
siltstone

Sea oor cement associated 
with transgression and 
upwelling

Conformably and gradationally 
overlain by Barney Creek 
Formation

lower Teena 
Dolostone
 <60 m

Thinly bedded to laminated dololutite, silici ed in places; 
dolomitic shale and sandstone, intraclast breccia and 
conglomerate, and dolarenite

Marine, partly below wave 
base. Upward-shallowing 
cycles

Conformably overlies 
Emmerugga Dolostone

Emmerugga Dolostone
620 m

Mitchell Yard 
Dolostone Member

Massive, dark grey, karstic-weathering, crystalline dololutite; 
lacks obvious internal sedimentary structures

Possible deep marine Conformably overlain by 
Teena Dolostone

Mara Dolostone 
Member

Dololutite, stromatolitic dololutite, dolomitic siltstone, 
dolarenite and dolomitic breccia; columnar, domal and conical 
stromatolites, often forming bioherm series; common halite casts 
and quartz nodules after evaporites

Shallow-marine, peritidal 
and anking carbonate 
sabkha

Conformably overlies Myrtle 
Shale and in turn conformably 
overlain by Mitchell Yard 
Dolostone or Teena Dolostone.

Table 15.6. Stratigraphic succession of the McArthur Group modi ed from Pietsch et al (1991) and Wine eld (1999) (continued on next page).
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The basal unit of the Umbolooga Subgroup, the Masterton 
Sandstone (rede ned by Rawlings 1999) comprises a 
variably thick (40–650 m) succession of uvial to shallow-
marine, white, pink and red sandstone, minor mudstone 
and conglomerate. This unconformably overlies various 
formations of the Tawallah Group. The conformably overlying 
Mallapunyah Formation was deposited in a shallow-marine/
sabkha environment and comprises mudstone, siltstone, 
dolostone and sandstone with pseudomorphs after halite and 
gypsum, and well developed diagnostic botryoidal quartz 
nodules (cauli ower chert) after anhydrite (Muir 1979, Jackson 
et al 1987). The shallow-marine Amelia Dolostone comprises 
interbedded partly stromatolitic dolostone with local beds 
of dololutite containing diagenetic siderite. The Tatoola 
Sandstone comprises a lower, ne-grained, thinly bedded 
sandstone facies and an upper, medium to coarse-grained, 
more thickly bedded sandstone and dolostone facies. The 
lower part is interpreted to have been deposited in a subtidal, 
deeper-marine, storm-affected environment, followed by an 
agitated shallow-water to intermittently emergent environment 
for deposition of the upper coarse-grained sediments (Jackson 
et al 1987). The Tooganinie Formation is a thick succession of 
dolostone and interbedded dolomitic sandstone, siltstone and 
shale. Plumb and Brown (1973) distinguished two members at 

the top of the formation, the Leila Sandstone and Myrtle Shale, 
which Jackson et al (1987) elevated to formation status. The 
Tooganinie Formation is considered to have been deposited in 
shallow-water to emergent shoreline environments with local 
evaporitic overprints. The Emmerugga Dolostone comprises 
stromatolitic and brecciated dolostone with minor siltstone. Two 
members are identi ed within this unit. The Mara Dolostone 
Member comprises silici ed stromatolitic units alternating 
with silty or non-stromatolitic units. The Mitchell Yard 
Dolostone Member represents a non-stromatolitic, massive, 
grey featureless dolostone unit mapped in the southern Batten 
Fault Zone. The Emmerugga Dolostone is considered to have 
been deposited in a peritidal to deep marine environment on 
an extensive, relatively at, intracratonic carbonate platform. 
It consists of a series of upward-shallowing cycles that deepen 
and thicken up-section (Wine eld 1999).

The package from Myrtle Shale to Emmerugga 
Dolostone is a partly-laterally equivalent depositional 
succession. It represents a phase of increasing 
accommodation, during which carbonate platform 
lithofacies accumulated in a series of upward-shallowing 
cycles that thicken and deepen upsection (Wine eld 
1999). The deeper-water shale facies are partly laterally 
equivalent to the shallow-water carbonates.

Unit, thickness Lithology Depositional
environment

Stratigraphic relationships

Myrtle Shale 
40–60 m

Thinly bedded to laminated, commonly dolomitic siltstone, shale 
and ne-grained sandstone (halite casts common); dololutite (in 
places stromatolitic)

Lagoonal and/or low-
gradient alluvial plain

Conformable and gradational 
upper and lower contacts

Leila Sandstone 
<10–30 m

Dark grey-weathering dolomitic sandstone; ne- to coarse-
grained, poorly sorted, thinly to medium bedded, commonly 
cross-bedded and rippled; thin interbeds of sandy dolostone

Shallow marine Conformable and gradational 
upper and lower contacts

Tooganinie 
Formation
 ca 200 m

Dololutite, stromatolitic dololutite (stratiform, domal, columnar 
and conical forms), dolomitic shale and siltstone, ripple-marked 
and cross-bedded dolarenite and sandstone; common desiccation 
cracks and pseudomorphs after gypsum and halite; breccia beds 
and ooids in dolarenite

Peritidal marine to emergent 
shoreline, possibly 
deepening to the south

Conformable and gradational 
upper and lower contacts

Tatoola Sandstone 
80–350 m

Upper: ridge-forming, mainly medium-grained, thinly to 
medium bedded and rippled sandstone with shale clasts and 
evaporite mineral casts and moulds. 
Lower: aggy, thinly bedded, usually ne-grained sandstone; 
thinly bedded shale and siltstone (dolomitic in places) and very 

ne-grained sandstone at base; abundant small-scale cross-beds, 
pinch and swell, tool marks, ripples and mud clast impressions. 
Several recessive dolomitic units consisting of dololutite, 
dolomitic siltstone, stromatolitic dololutite and dolarenite
 

Changing up-sequence 
from clastice peritidal to 
mixed carbonate/siliciclastic 
subtidal beach to peritidal

Conformable and gradational 
upper and lower contacts

Amelia Dolostone
50–180 m

Recessive; stromatolitic dololutite (stratiform, domal, conical 
and columnar forms) and silty dololutite with interbeds of 
dolarenite and infrequent shale and rare ne-grained sandstone; 
ooid, brecciated and conglomeratic intervals common; localised 
development of diagenetic sideritic dololutite

Broad marginal marine, 
remobilised evaporites and 
brine ushing

Conformable upper and lower 
contacts

Mallapunyah 
Formation
100–ca 450 m

Mainly recessive; red to purple dolomitic, cross-bedded 
sandstone interbeds; stromatolitic dolostone, more prevalent 
in the upper part of the formation; common botryoidal quartz 
nodules (cauli ower chert), ripples, desiccation cracks and 
gypsum and halite casts and moulds

Continental and coastal 
sabkha

Lower contact conformable 
and gradational. Conformably 
overlain by Amelia Dolostone 

Masterton 
Sandstone
40–650 m

Ridge-forming; pink, brown and buff, ne- to medium-grained, 
moderately sorted quartzarenite; thinly to thickly bedded, cross-
beddded (planar and trough) and extensively rippled; very ne-
grained sandstone and siltstone form generally recessive minor 
units; distinctly ferruginous mottled sandstone with halite and 
gypsum casts and pseudomorphs mainly in uppermost beds; 
basal sandstone conglomerate

Alluvial fan and braided 
river base, the remainder 
very shallow-marine and 
intertidal to supratidal

Unconformable on various 
units of the Tawallah Group. 
Lower contact marked by 
basal conglomerate

Table 15.6. Stratigraphic succession of the McArthur Group modi ed from Pietsch et al (1991) and Wine eld (1999; continued from previous page).
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Figure 15.19. (a) Cyclic unit in Barney Creek Formation, McArthur 
River Zn-Pb-Ag deposit. Coarse breccia unit (bottom) grades up 
into sandy bed and shale (top). Figure courtesy Richard Keele 
[formerly ARC Centre of Excellence in Ore Deposits (CODES)]. 
(b) Thinly laminated, mineralised, HYC Pyritic Shale Member 
of Barney Creek Formation, 2 km north of McArthur River mine 
(53K  618000mE 8183000mN, after Pietsch et al 1999: plate 13).

b

a

Figure 15.18. Coxco Needles in Coxco Dolostone Member of 
Teena Dolostone (precise location unknown, J Dunster collection).

The lowermost Teena Dolostone was deposited 
during basin subsidence. This shallowed up to oolitic 
and oncolitic grainstone, imbricated at-plate breccias, 
ripple-marked mixed carbonate-siliciclastic rocks, nely 
laminated dololutite with thin interbeds of dolomitic shale, 
siltstone, dolarenite and rare thin beds of K-metasomatised 
mudstone. The upper Teena Dolostone is interpreted to have 
been in very shallow-water to emergent conditions. The 
Coxco Dolostone Member in the upper Teena Dolostone 
is mapped based on the presence of 'Coxco Needles' 
(Figure 15.18) within grey dololutite. These needles are 
radiating fans or layers of bottom-nucleated, acicular, 
near-vertical dolomite crystals, typically 6–10 cm long, 
that pseudomorph an earlier mineral. Such needles are 
apparently coeval with similar examples from the Saint 
Vidgeon Formation of the Vizard Group and from other 
Palaeoproterozoic north Australian basins. More extensive 
and thicker layers of radiating needles also characterise 
much younger Marinoan post-glacial cap carbonates world-
wide (http://www.snowballearth.org/week4.html; accessed 
January 2009). The Coxco Needles in the Teena Dolostone 
have been interpreted as pseudomorphs of sea oor gypsum 
(Walker et al 1977), sea oor aragonite (Brown et al 1978), 
lacustrine trona (Jackson et al 1987), and an abiogenic 
aragonite sea oor cement (Wine eld 1999). Wine eld 
(1999) postulated that these sea oor cements formed as a 
result of the upwelling of HCO3

- , Fe2+ and Mn2+ -rich anoxic 
bottom water coeval with rapid changes to the basin’s 
bathymetry. Riding (2008) has debated a possible biogenic 
in uence in their formation and concluded that Coxco 
Needles were an example of botryoidal abiogenic sparry 
crusts. They are an end member of a spectrum that includes 
microbial stromatolites. Given their presence in at least 
one other formation elsewhere in the McArthur Basin, it is 
debatable whether the Coxco Dolostone Member is a valid 
lithostratigraphic unit. 

The Teena Dolostone is overlain by the Barney Creek 
Formation. In some places, the transition is sharp and 
concordant. Elsewhere, Wine eld (1999) documented 
brecciation, fracturing and ssuring of the Coxco Dolostone 
Member just below the contact. The ssures were commonly 
in lled by internal sediments, multiple generations of marine 
cements and contained brecciated clasts of Coxco Needles 
rimmed with brous cements. These features were interpreted 
as neptunian dykes, formed as a result of localised extension 

or dilation within the carbonate platform during the onset of 
rapid differential subsidence.

The Barney Creek Formation is a largely recessive unit 
that comprises nely laminated to thinly bedded dolomitic, 
carbonaceous and pyritic siltstone, shale and dololutite, with 
locally abundant tuff beds and breccias (Figure 15.19a). 
Jackson et al (1987) de ned three members: the Cooley 
Dolostone Member, W Fold Shale Member and HYC Pyritic 
Shale Member. The W-Fold Shale Member consists of green 
and red dolomitic siltstone and shale, and green vitric tuff. 
Much of the siltstone appears to have undergone potassium 
metasomatism. The overlying HYC Pyritic Shale Member 
hosts the World-class McArthur River (formerly HYC) Zn-
Pb-Ag deposit and is a recessive, thinly bedded, laminated, 
carbonaceous, dolomitic pyritic siltstone (Figure 15.19b). 
The member also contains thin beds of tuffaceous mudstone 
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and zircons from three samples of these tuffaceous 
sediments have yielded SHRIMP dates of 1640 ± 4, 1639 ± 3 
and 1638 ± 7 Ma (Page and Sweet 1998, Page et al 2000). 
These dates are comparable to those from tuffaceous units 
in the Limbunya Group in the Birrindudu Basin (Cutovinos 
et al 2002). In contrast to some shallow-water or lacustrine 
models proposed previously (eg Jackson et al 1987), Bull 
(1998) and Wine eld (1999) interpreted the overall Barney 
Creek Formation as deeper-water shaly carbonates that 
were deposited during maximum ooding of a sea-level 
transgression. The carbonaceous pyritic shales were taken to 
be indicative of a quiet, anoxic, sub-wave base environment. 

An abrupt basinward shift at the top of the Emmerugga 
Dolostone marks the onset of tectonically-induced basin 
subsidence accompanied by the Barney Creek Depositional 
Cycle of Wine eld (1999). This cycle comprises the partly 
laterally equivalent Teena Dolstone, Barney Creek Formation 
and Reward Dolostone and is characterised by rapid lateral 
lithofacies variation and development of numerous small 
sub-basins adjacent to reactivated north–south-trending 
faults (eg Emu fault). The thickest shale-dominated facies 
were deposited and preserved adjacent to growth faults. 
These successions grade laterally into condensed sections 
developed adjacent to north-northeast–northeast-trending 
fault segments. Slope facies and abundant slope-related 
deformation include neptunian dykes, liqui cation breccias, 
megabreccias and soft-sediment slump folds (Wine eld 1999).

The Cooley Dolostone Member is one or more 
intraformational, locally-derived, fault-related chaotic 
breccias that inter nger with other units of the Barney 
Creek Formation in the Cooley area. The clasts, ranging 
from millimetres to several tens of metres, were largely 
derived from the Emmerugga and Teena dolostones 
(Pietsch et al 1991). Such breccias and megabreccias 
are also locally present at the upper contact of the 
Coxco Dolostone Member. These and other examples 
documented by Wine eld (1999) are not obviously related 
to faults. Although the Cooley Dolostone Member has been 
differentiated and mapped as a separate unit, it may have 
disparate origins and its status as a member is debatable.

The Reward Dolostone comprises dololutite, silty 
dololutite, minor dolarenite, shale and local dolostone 
breccia. The lower contact with the Barney Creek 
Formation is generally conformable and gradational, but a 
possible palaeo-regolith occurs locally (Haines et al 1993). 
The upper contact may be transitional from dolostone to 
siltstone and shale of the Caranbirini Member of the Lynott 
Formation, or disconformable where possible palaeo-
regolith is developed at the top of the Reward Dolostone 
(Haines et al 1993, Pietsch et al 1991). The depositional 
environment ranged from peritidal, shallow subtidal to 
shallow open sea.

The Batten Subgroup (Plumb and Brown 1973, Jackson 
et al 1987) overlies the Reward Dolostone. A palaeo-
regolith is locally observed on top of the Reward Dolostone, 
implying a disconformity (Haines et al 1993). The succession 
comprises dolostone, dololutite, quartz sandstone, dolomitic 
siltstone and shale, deposited in variety of depositional 
settings, ranging from supratidal sabkha to shallow marine.

The Lynott Formation is an evaporite-rich unit of mainly 
dolomitic siltstone, dolarenite, stromatolitic dolostone and 

lesser dolomitic sandstone. Three conformable members 
have been identi ed: the Caranbirini, Hot Spring and 
Donnegan members (Jackson et al 1987). The Caranbirini 
Member consists of thinly bedded, laminated ne-
grained mudstone, dolomitic mudstone, which is locally 
carbonaceous and/or pyritic, dololutite, intraclast breccia 
and pink tuffaceous mudstone. The overlying Hot Spring 
Member is typically stromatolitic and mostly comprises 
dolomitic siltstone, silty dololutite and sandstone, with 
ubiquitous evaporite pseudomorphs indicating deposition 
in intratidal to supratidal ats (Pietsch et al 1991). The 
Donnegan Member comprises red-brown to buff dolomitic 
siltstone and sandstone, with lesser dolarenite and thin to 
medium beds of cherti ed stromatolitic dolostone. This unit 
is characterised by abundant cauli ower and enterolithic 
chert, consistent with deposition in a supratidal to sabkha 
setting. A sample from near the top of the member returned 
a date of 1636 ± 4 Ma, which is within error of the Barney 
Creek Formation (Page et al 2000).

The Yalco Formation conformably overlies the 
Donnegan Member and includes silici ed, thinly bedded, 
stromatolitic dololutite, silty dololutite, dolarenite and 
dolomitic sandstone. These are usually thinly interbedded 
and stromatolitic, and contain abundant intraclast chert 
breccias, laminae and nodules. Other sedimentary features 
include ripple marks, desiccation cracks, tepee structures, 
and casts and moulds after evaporite minerals. The unit 
was deposited in a shallow-marine environment that was 
subjected to periodic emergence.

The Stretton Sandstone conformably overlies the Yalco 
Formation and comprises very ne- to medium-grained, 
green to grey-brown quartz sandstone and minor micaceous 
siltstone. The rocks are unusually aggy and have a 
distinctly wavy to parallel bedding. Sedimentary structures 
include small ripples, toolmarks, desiccation cracks and 
hummocky cross-strati cation. The presence of hummocky 
cross-strati cation indicates a sub-wave base depositional 
environment for part of the formation (Haines et al 1993).

The Looking Glass Formation comprises intensely 
silici ed stromatolitic dolostone, sandy dololutite and 
dolarenite, with thin intervals of intraclast conglomerate. 
This formation is considered to have been deposited 
in a shallow-marine or peritidal environment (Pietsch 
et al 1991). The Amos Formation comprises karstic-
weathering dolostone, siltstone, sandstone and sandy 
dolarenite. The lower part of this formation is a 
clastic red-bed succession, deposited under terrestrial 
conditions. The remainder was probably deposited in a 
shallow-marine setting (Pietsch et al 1991) The unit rests 
disconformably on the Stretton Sandstone or Looking 
Glass Formation, and is unconformably overlain by the 
Balbirini Dolostone.

On the basis of a statistical overlap between SHRIMP 
zircon ages of the lower part of the Balbirini Dolostone 
(1613 ± 4 Ma and 1609 ± 3 Ma) and the Amos Formation 
(1614 ± 4 Ma), Rawlings (1999) included the lower 
Balbirini Dolostone as a part of the Batten Subgroup. 
However, there is a distinct regional unconformity 
between the Nathan and McArthur groups. The Balbirini 
Dolostone is therefore described under the Nathan Group 
in the succeeding sections.
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Habgood Group

The Habgood Group (Table 15.7) conformably overlies 
the Kurala Sandstone of the Parsons Range Group and 
essentially consists of ne-grained siliciclastic rocks and 
minor dolostone outcropping in the northern Walker Fault 
Zone. It was originally de ned by Dunnet (1965) and 
later rede ned by Plumb and Roberts (1992) and Haines 
(1994). The sediments were deposited in shallow- to 
marginal-marine settings, with evaporitic conditions and 
periodic exposure. Compared to the McArthur Group, it 
contains more siliciclastic than carbonate rocks. There is 
no geochronological data for the Habgood Group and a 
correlation with the McArthur Group (Haines et al 1999, 
Rawlings et al 1997, Rawlings 1999) should at best be 
considered as tentative.

The Slippery Creek Siltstone is the basal unit of the 
Habgood Group and rests with a sharp conformable 
contact on the Kurala Sandstone of the Parsons Range 
Group. It comprises predominantly laminated micaceous 
mudstone and minor ne-grained sandstone and muddy 
dololutite. Some beds are pyritic, most notably near the 
base. The Slippery Creek Siltstone appears to be largely 
of subtidal origin and was mostly deposited below wave 
base. The overlying Yarawoi Formation consists of 
mudstone, sandstone and dolostone, deposited under 
shallow-water to subtidal environments. Neither the upper 
nor lower contact is exposed. The overlying Darwarunga 
Sandstone has been informally divided into two units: 
a lower very resistant sandstone-dominated succession 
with chert and relict stromatolitic layers, and an upper 

more recessive unit of interbedded sandstone, dolomitic 
mudstone and minor dolostone. It is interpreted to have 
been deposited in shallow water with periodic evaporitic 
conditions and exposure (Rawlings et al 1997). The 
Ulunourwi Formation possibly conformably overlies the 
Darwarunga Sandstone and is disconformably overlain by 
the Gwakura Formation. It comprises a thick succession 
of mudstone with lesser sandstone and carbonate rocks. 
Halite pseudomorphs have been observed in ne-grained 
sandstone interbeds. Ovoid nodules, 2–10 cm in size, are 
common and are composed of quartz, carbonate (dolomite 
and ankerite), chlorite and sometimes barite. Cauli ower 
chert nodules, after sulfate evaporites (anhydrite or 
gypsum), are locally common. The Ulunourwi Formation 
is considered to have been deposited under very shallow, 
periodically emergent conditions, with evidence of 
deepening to a subtidal, storm-dominated setting near 
the top of the succession (Rawlings et al 1997, Haines 
1994). The Gwakura Formation comprises a basal 
conglomerate succeeded by interbedded sandstone, 
mudstone, dolomitic mudstone, dolarenite, tuffaceous 
mudstone and stromatolitic chert after dolostone. This 
formation was probably deposited in a storm-dominated, 
marine shelf setting.

Balma Group

Haines (1994) used the term Balma Group (Table 15.8) 
for formations originally mapped in the southern 
Walker Fault Zone as the McArthur Group (Plumb and 
Roberts 1965). Haines et al (1999) de ned the group and 

Unit, thickness Lithology Depositional environment Stratigraphic relationships

HABGOOD GROUP 

Gwakura Formation
 ca 600 m exposed

Sandstone, grey to red, mostly ne-
grained, often dolomitic; siltstone, 
dolomitic; chert (silici ed carbonate), 
microbial-laminated; tuffaceous 
mudstone; basal conglomerate or pebbly 
lithic sandstone, polymict.
?disconformity.

Marine? shelf; mostly storm- 
dominated subtidal

Lower contact with Ulunourwi Formation 
is erosional and possible disconformable; 
top not exposed

Ulunourwi Formation 
Thickness unknown

Mudstone, red, purple and green, 
dolomitic in part, laminated, desiccation 
cracks, evaporite nodules; sandstone, 

ne- to medium-grained; silty dololutite 
and dolostone, rarely stroma tolitic

Very shallow-water low- 
energy with periodic exposure 
and evaporitic conditions; 
subtidal storm-dominated 
near top

Lower contact sharp though con formable; 
upper contact with Gwakura Formation is 
erosional and possibly disconformable

Darwarunga Sandstone 
ca 350 m

Lower part: sandstone, white to pale 
grey and pink, ne- to medium-grained, 
mostly medium bedded, blocky; minor 
stromatolitic chert (silici ed carbonate) 
and cauli ower chert nodules. 
Upper part: interbedded ne- to medium-
grained sandstone, dolomitic siltstone 
and silty dolostone, sparse stromatolites.

Shallow-water with periodic 
exposure and evaporitic con-
ditions; some high-energy 
facies

Lower contact not exposed; upper contact 
sharp but conformable

Yarawoi Formation 
650–700 m

Mudstone, red, grey and green, variably 
dolom itic; dololutite and silty dololutite; 
sandstone, ne- to medium-grained; 
chert (silici ed carbon ate), stromatolitic

Very shallow-water subtidal Contacts not exposed

Slippery Creek Siltstone 
Thickness unknown

Mudstone, red, purple and dark 
green, distinctive graded silt laminae, 
weathered outcrop is ferru ginised; 
minor ne-grained sandstone and silty 
dololutite; large concretions common in 
places

Largely subtidal and below 
wave-base

Sharp though conformable contact with 
underlying Kurala Sandstone (Parsons 
Range Group). Upper contact not exposed.

Table 15.7. Stratigraphic succession of the Habgood Group (after Rawlings 1997).
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preferred a correlation with the nearby Habgood Group 
of the northern Walker Fault Zone, rather than with the 
McArthur Group.

The Balma Group conformably overlies the Fleming 
Sandstone of the Parsons Range Group and is in turn 
overlain by the Balbirini Dolostone of the Nathan Group 
with a possible unconformity. In the central northeastern 
McArthur Basin, the Balbirini Dolostone unconformably 
overlies the Jalma Formation.

The Balma Group is composed of a thick (up to about 
4.5 km) succession of mainly mudstone, carbonate and 
sandstone, of shallow-water and locally evaporitic origin, 

with minor tuffaceous components in some formations. 
In comparison to the McArthur Group, the Balma Group 
contains a greater proportion of siliciclastic components 
and lesser carbonate sediments.

Haines (1994) identi ed two hiatuses within the 
Balma Group, and proposed tentative correlations with 
the McArthur and Habgood groups, based on a sequence 
stratigraphic approach. The rst hiatus is associated with 
extensive silici cation and lies between the Strawbridge 
Breccia and Vaughton Siltstone. The second lies at the base 
of the Yarrawirrie Formation, where erosion has locally 
cut down to the level of the upper Vaughton Siltstone.

Unit, thickness, age Lithology Depositional environment Stratigraphic relationships
BALMA GROUP
Bath Range Formation 
ca 600 m
1599 ± 11 Ma

 

Sandstone, ne- to coarse-grained, lithic 
(chert clasts), commonly dolomitic; 
chert (silici ed carbonate), relict peloidal 
and stromatolitic textures; tuffaceous 
mudstone, white, rarely greenish or pink, 
thinly to thickly bedded

Shallow-water (marine?), 
varying from subtidal storm- 
dominated to very shallow- 
water high-energy

Conformable; overlain by Nathan Group but 
contact not exposed

Baiguridji Formation 
ca 400 m

Sandstone, commonly dolomitic, ne-
grained, thinly bedded, more thickly 
bedded in west, aggy; mudstone, grey 
to black, dolomitic in part; tuffaceous 
mudstone, white, thinly bedded; rock types 
are interbedded

Subtidal, storm-in uenced in 
part; shallowing at top

Sharp conformable lower contact with 
Yarrawirrie Formation; upper contact 
?conformable

Yarrawirrie Formation 
ca 600 m
1621 ± 21 Ma

Dololutite and dolarenite, commonly 
microbially laminated, stromatolitic, 
nodular, intraclastic; silty dololutite; 
dolomitic sandstone, mudstone, commonly 
dolomitic

Very shallow-water (marine?) 
or lacustrine; periodic 
exposure and evaporitic 
conditions

Base conformable or disconforma ble in the 
west, top sharp but conformable

Ngilipitji Conglomerate 
Member
0–100 m

Conglomerate; polymict with dominantly 
sand stone clasts, pebble- to cobble-size, 
friable lithic sandstone matrix

High-energy transgressive 
marginal ?marine/ uviatile

Base unconformable gradational contact 
with upper Yarrawirrie Formation 

Zamia Creek Siltstone
Max ca 300 m

Mudstone, grey, laminated commonly 
dolomitic; dolostone, brown to grey, 
microbial laminations, often leached and 
silici ed; minor sandstone; cauli ower 
chert nodules

Subtidal to very shallow 
evaporitic conditions

Base is probably conformable; overlain by 
Yarrawirrie Formation 

Conway Formation
ca 50–100 m

Upper: chert bands (silici ed carbonate), 
grey to white, massive to weakly 
stromatolitic, interbedded lithology very 
recessive

Lower: cherty to dolomitic siltstone, 
laminated, thinly to medium bedded, 
black to grey when fresh; sandstone, ne-
grained, dolomitic; interbedded khaki 
green mudstone

Upward-shallowing from 
subtidal to intertidal

Gradational lower contact with 
Vaughton Siltstone , locally unconformably 
overlain by Ngilipitji Conglomerate Member

Vaughton Siltstone 
ca 600–1000 m

Mudstone, khaki green to black, partly 
carbonaceous, generally massive; minor 
sandstone and dolostone interbeds; 
common siderite nodules; basal 
conglomerate with friable sandstone 
matrix; very recessive

Mostly deep subtidal below 
wave base; marginal ?marine 
transgressive/ uvial unit at 
base

Basal contact with Strawbridge Breccia 
is disconformable; upper contact with 
Conway Formation gradational; locally 
unconformably overlain by Yarrawirrie 
Formation 

Strawbridge Breccia 
<100 m

Chert breccia, relict microbial laminations, 
stromatolites, intraclastic conglomerate, 
ooids; locally ferruginous and 
manganiferous

Shallow intertidal Base not seen, but probably conformable; 
upper contact with  Vaughton Siltstone 
disconformable

Koolatong Siltstone
>500 m

Mudstone, khaki green to red, sometimes 
dolomitic, evaporite pseudomorphs and 
desiccation cracks locally; sandstone, 

ne- grained, thinly bedded, interbedded 
with mudstone; dolostone and limestone 
cycles, grey to buff, microbial-laminated, 
stromatolitic, intraclastic, ooids

Shallow-water low-energy, 
locally emergent or evaporitic, 
some high-energy storm-
in uenced facies

Conformably and gradationally overlies 
Parsons Range Group (Fleming Sandstone); 
upper contact with Strawbridge Breccia not 
exposed

Table 15.8. Stratigraphic succession of the Balma Group (after Rawlings et al 1997 and Haines et al 1999).
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The age of the Balma Group is constrained by SHRIMP 
zircon ages of tuffaceous sediments at 1620 ± 21 Ma and 
1599 ± 11 Ma (Haines et al 1999). Constraints on maximum 
and minimum ages are provided by the underlying Donydji 
Group at 1710 Ma (Rawlings et al 1997) and the overlying 
Balbirini Dolostone, which yielded SHRIMP zircon ages of 
1613 ±  4 Ma and 1609 ± 3 Ma on a tuff bed near the base 
(Page et al 2000, Jackson and Southgate 2000).

The Koolatong Siltstone is the lowermost formation 
of the Balma Group and comprises a thick succession 
of mudstone, sandstone and minor carbonate and local 
stromatolitic chert (Figure 15.20). The basal contact with 
the Fleming Sandstone is gradational (Haines et al 1999). 
Depositional environments were generally shallow and 
reducing, with periodic exposure. Evaporitic conditions 
prevailed during the deposition of the lower half of the unit. 
Haines (1994) interpreted the Fleming Sandstone–Koolatong 
Siltstone contact as a parasequence boundary correlative 
of the Masterton Sandstone–Mallapunyah Formation and 
Kurala Sandstone–Slippery Creek Siltstone contacts of the 
McArthur and Habgood groups, respectively. Subsequently, 
Haines et al (1999) suggested that the Koolatong Siltstone 
correlates with most of the Umbolooga Subgroup of the 
McArthur Group.

The Strawbridge Breccia is a resistant ridge-forming unit 
of chert breccia after stromatolitic carbonate rocks, deposited 
in a shallow-water, probably intertidal setting. Haines (1994) 
interpreted an unconformity above the Strawbridge Breccia 
and suggested that it is a tectonic-related sequence boundary 
that may extend to the southern McArthur Basin, possibly 
represented there by an inferred hiatus between the Mitchell 
Yard and Teena Dolostone members.

The Vaughton Siltstone comprises a succession of 
mudstone, minor sandstone, black shale and dolostone 
interbeds, deposited mostly in a subtidal environment with 
a uvial unit at the base. Black carbonaceous shale with 
up to 10% pyrite is also present in the lower parts of the 
formation and it might correlate with the economically 
important Barney Creek Formation of the McArthur Group 
(Plumb and Derrick 1975).

The Conway Formation is a relatively thin, resistant, 
ridge-forming unit, consisting of dolomitic siltstone, 
sandstone and mudstone, followed in the upper part by 
several prominent chert beds. Geochronological data 

on the Yarrawirrie Formation shows that the Conway 
Formation correlates with the Hot Springs Member of the 
Lynott Formation, with which it shares many lithological 
similarities (Haines et al 1999).

The Zamia Creek Siltstone is a recessive unit, comprising 
mudstone, laminated dolostone and minor sandstone, 
deposited under subtidal to very shallow evaporitic settings. 
Haines (1994) correlated the Zamia Creek Siltstone with 
the Umbolooga Subgroup of the McArthur Group (Reward 
Dolostone). However, geochronological data from the 
Yarrawirrie Formation suggest that it as a possible correlative 
of the upper Lynott and Yalco formations (Haines et al 1999).

The Yarrawirrie Formation comprises uvial to shallow-
marine polymictic conglomerate (Ngilipitji Conglomerate 
Member) near the base, followed by stromatolitic dololutite, 
silty dolostone and dolarenite; these were deposited in a 
shallow-marine to lacustrine environment. Pietsch et al (1994) 
reported a SHRIMP U-Pb single zircon age of 1621 ± 21 Ma 
from tuffaceous rock in the Yarrawirrie Formation, suggesting 
a correlation with the Batten Subgroup, possibly the Stretton 
Sandstone (Haines et al 1999).

The Baiguridji Formation comprises mainly ne-
grained sandstone, mudstone and dolostone, deposited in 
subtidal, partly storm-in uenced environment. It has also 
been correlated with the Stretton Sandstone of the Batten 
Subgroup (Haines 1994, Haines et al 1999).

The Bath Range Formation is the most widely 
outcropping formation of the Balma Group. It is dominantly 
arenaceous, with subordinate carbonate rocks and tuffaceous 
beds. The latter are more common near the base and have 
yielded a SHRIMP U-Pb zircon age of 1599 ± 11 Ma 
(Pietsch et al 1994). This date overlaps with a SHRIMP 
date of 1589 ± 3 Ma for the upper Balbirini Dolostone. 
Depositional environments for the basal part were subtidal 
and storm dominated. Coarser-grained sandstone higher in 
the succession was deposited in very shallow, higher-energy, 
intertidal conditions (Haines et al 1999).

Vizard Group

Units assigned to the Vizard Group (Abbott et al 2001) 
were previously included in the Vizard Formation of the 
McArthur Group (Dunn (1963c). The Group is exposed 
over an area of 100 km2, about 50 km southeast of Roper 
Bar. Its distribution is partly controlled by the Urapunga 
Fault Zone, which Rawlings (1999) attributed to structural 
imbrication during post Roper Group inversion. The 
Vizard Group is about 300 m thick and is divided into 
a lower unit, the Saint Vidgeon Formation, consisting 
predominantly of stromatolitic carbonates, and an upper 
unit, the Nagi Formation, consisting mostly of ne-grained 
siliciclastic rocks (Table 15.9). The Mount Birch Sandstone 
(Nathan Group) overlies the Vizard Group with a regional 
unconformity. SHRIMP U-Pb zircon dates from tuffaceous 
beds in the Vizard Group (Page et al 2000, see below) 
provide a rmer basis for a correlation with the Umbolooga 
Subgroup of the McArthur Group.

The Saint Vidgeon Formation comprises a succession 
of dolostone, dolomitic and tuffaceous siltstone, potassium-
metasomatised sedimentary rocks and chert. Coxco 
Needles, acicular gypsum pseudomorphs and stromatolites 

Figure 15.20. Domical stromatolites in dolostone bed within 
upper Koolatong Siltstone (53L 568700mE 8553000mN, after 
Haines et al 1999: plate 21).
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are evident in places. The uppermost part of the formation 
consists of thinly bedded silty dololutite and ne dolomitic 
sandstone, pyritic black shale, and rare interbeds of 
medium-grained dolomitic sandstone. A silici ed unit that 
locally preserves conical stromatolites commonly caps 
the formation. By analogy with Wine eld’s (1999) Barney 
Creek depositional cycle, the entire unit is marine. SHRIMP 
U-Pb zircon dating of a tuff bed, about 30 m above the base 
of the formation, has yielded an age of 1640 ± 4 Ma; this 
is indistinguishable from age determinations of the Barney 
Creek Formation (Page et al 2000).

The Nagi Formation is a succession of ne-grained 
arkose and shale, dolomitic sandstone and siltstone, 
K-metasomatised sedimentary rocks and tuff, and chert. 
This unit was deposited under uvial to shallow-marine 
environments. It was formerly mapped as part of the Vizard 
Formation (Dunn 1963c). The Mount Birch Sandstone 
(Nathan Group) overlies the Nagi Formation with a regional 
unconformity. Zircons from a tuff bed near the base of the 
formation have yielded a SHRIMP U-Pb age of 1634 ± 4 Ma 
(Page et al 2000). Thus, the Nagi Formation correlates 
with the upper McArthur Group (cf Lynott Formation: 
1636 ± 4 Ma).

Other units of the Glyde Package
Outside the Batten, Walker and Urapunga Fault zones, the 
Glyde package rarely outcrops and is locally absent. Possible 
stratigraphic equivalents in the northeastern McArthur 
Basin are the Jalma Formation, Mount Bonner Sandstone 
and Durabudboi beds.

The Jalma Formation is a succession of sandstone, 
mudstone and minor carbonate, restricted to the central 
northeastern McArthur Basin. It unconformably overlies 
the Coast Range Sandstone and locally, the Grindall 
Formation, and is overlain with a probable unconformity 
by the Balbirini Dolostone. Based on stratigraphic position, 
the Jalma Formation may correlate with part of the Parsons 
Range Group or the Balma Group (Haines et al 1999).

The Mount Bonner Sandstone comprises uvial 
conglomerate and sandstone, exposed on the northern part 
of the northeastern McArthur Basin. It rests unconformably 
on most units of the Spencer Creek Group and is, in turn, 
unconformably overlain by conglomerate, sandstone and 
dolostone of the Balbirini Dolostone (Nathan Group). 
On the basis of lithofacies similarities and stratigraphic 
position, Rawlings et al (1997) correlated the Mount Bonner 
Sandstone with the Jalma Formation and proposed that these 
two formations represent greatly attenuated lateral facies 
variants of the Parsons Range, Habgood and Balma groups.

The Durabudboi beds comprise mainly laminated 
mudstone and minor dolomitic rocks, poorly exposed in the 

northern part of the northeastern McArthur Basin. These 
were previously assigned to the Cretaceous succession. The 
Durabudboi beds lie beneath the Roper Group and may be 
a part of the lower Roper Group, but correlation with the 
Habgood Group (or perhaps an attenuated equivalent of 
part of that succession) is favoured (Rawlings et al 1997, 
Rawlings 1999).

MESOPROTEROZOIC

Favenc Package

The Favenc Package comprises a regionally extensive 50 
to 1600 m-thick succession of stromatolitic dolostone–
sandstone, deposited in a shallow-water, marginal-marine, 
peritidal-shelf and/or continental-sabkha environment 
(Rawlings 1999). Ma c volcanics are also known in the 
Urapunga area (Abbott et al 2001). The package includes 
the widespread Nathan Group, deposited over most of the 
McArthur Basin, and the Mount Rigg Group in the northeast. 
Sediments of the Favenc Package unconformably overlie the 
Glyde Package successions and are in turn unconformably 
overlain by Wilton Package strata. The Favenc Package 
corresponds to the LP8 interal of Ahmad (2000).

The age of Favenc Package is constrained by SHRIMP 
zircon dating of the lower and upper Balbirini Dolostone 
from the type section within the Batten Fault Zone, at 
1613 ± 4 Ma and 1589 ± 3 Ma, respectively (Page et al 2000). 
The signi cant difference between these dates suggests a 
major break in the Nathan Group at this stratigraphic level. 
Rawlings (2000) indicated that the lower part of the Balbirini 
Dolostone may be actually part of the McArthur Group and 
that a major unconformity might occur within the Nathan 
Group. Further work is needed to clarify this situation.

Nathan Group

Jackson et al (1987) recognised a regional unconformity 
within the upper part of the McArthur Group, as revised 
by Plumb and Brown (1973). They erected the Nathan 
Group to encompass those formations above this hiatus, 
but older than the unconformably overlying Roper Group. 
The Nathan Group includes a relatively thin and lenticular 
basal siliciclastic and often conglomeratic unit, overlain by 
thicker carbonate and siliciclastic rocks.

In the Batten Fault Zone, the Nathan Group is divided 
into three formations (Table 15.10) and attains a thickness 
of about 1600 m. The basal Smythe Sandstone comprises a 
250 m-thick succession of uvial conglomerate, sandstone 
and minor sandy dolarenite. Conglomerate clasts were 
derived from the underlying McArthur Group. The Balbirini 

Unit  and thickness Lithology Depositional environment Stratigraphic relations
VIZARD GROUP
Nagi Formation
220 m

Arkose, shale, dolomitic sandstone and 
siltstone, K-metasomatised sedimentary 
rocks and tuff, chert

Unit 1: Fluvial oodplain to peritidal; 
Unit 2: storm-dominated shelf;  
Unit 3: peritidal carbonate

Disconformably overlies Saint 
Vidgeon Formation; overlain 
unconformably by Mount Birch 
Sandstone

Saint Vidgeon Formation
110 m

Dolostone, dolomitic and tuffaceous 
siltstone, tuff, chert

Upward- ning and -deepening 
succession, from shallow-marine into 
locally anoxic shale facies

Base not seen; overlain 
disconformably by Nagi Formation

Table 15.9. Stratigraphic succession of the Vizard Group after Abbott et al (2001).
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Dolostone gradationally overlies the Smythe Sandstone and 
comprises mainly dolarenite, stromatolitic dololutite, silty 
dololutite, dolomitic shale and K-metasomatised mudstone 
(Figure 15.21). This succession was deposited in a shallow-
marine to continental-sabkha environment. The overlying 
Dungaminnie Formation is a succession of siltstone and 

ne-grained sandstone followed by stromatolitic dolostone. 
This unit is restricted to a syncline around the top of the 
Abner Range. The lower part of the formation was deposited 
in slightly deeper-water conditions in comparison to the 

upper part, which is considered to have been deposited 
under conditions similar to those of the Balbirini Dolostone.

In the southeastern McArthur Basin, the Nathan Group 
(Table 15.10) is represented by the Karns Dolostone, which 
is up to about 700 m thick and comprises a succession of 

uvial to shallow-marine stromatolitic and evaporitic 
carbonate rocks, with lesser sandstone, mudstone and 
conglomerate near the base. It unconformably overlies 
various units of the Tawallah Group and is unconformably 
overlain by the Roper Group. It was interpreted by Roberts 

Unit, thickness and age Lithology Depositional environment Stratigraphic relations

URAPUNGA FAULT ZONE (NATHAN GROUP)

Walmudga Formation 
250 m

Oolitic, banded and stromatolitic chert 
(silici ed carbonate rocks), quartz sandstone, 
siltstone and shale

Peritidal carbonate ramp 
and subtidal high-energy 
sand at

Lower contact is conformable; upper 
contact is regional unconformity 
marked by pronounced palaeoregolith

Yalwarra Volcanics 
80–115 m

Basalt, peperite, volcanigenic sandstone and 
conglomerate; minor siltstone and chert

Lacustrine or marine 
shoreline setting within 
lava-dominated terrane

Sharp, but not obviously 
unconformable lower contact; 
gradational conformable upper contact

Knuckey Formation
150 m?

Dolomicrostone, dolomitic siltstone and 
sandstone, stromatolitic dolostone, mudstone 
and chert

Peritidal, from subtidal to 
supratidal

Lower and upper contacts are both 
conformable

Mount Birch Sandstone
ca 5–100 m

Dolomitic and quartz sandstone; conglomerate 
near base

Fluvial, braided stream Unconformable on Vizard Group and 
on Urapunga Granite/Mount Reid 
Rhyolite; upper contact gradational 
and conformable

SOUTHERN McARTHUR BASIN (NATHAN GROUP)

Dungaminnie 
Formation 
 <240 m

Upper: Laminated sandy dolarenite and 
dololutite; stromatolitic, intraclasts, ooids and 
ripples
Lower: Thinly bedded ne sandstone and 
siltstone with rare conglomerate lenses

Shallow-water to emergent; 
terrestrial mainly uvial

Conformably overlies Balbirini 
Dolostone and unconformably 
overlain by Roper Group

Balbirini Dolostone 
<1500 m
1613 ± 4 Ma
1609 ± 3 Ma

Dololutite, dolomitic siltstone and shale, 
silty dololutite more common in lower part 
of unit and frequently containing evaporite 
pseudomorphs and in places cauli ower cherts; 
conical, large columnar, stratiform and domal 
stromatolites; diagnostic ooid dolostone beds; 
rare thin sandstone beds

Shallow-marine to emergent 
(continental playa or sabkha)

Unconformably overlies Batten 
Subgroup and unconformably overlain 
by Roper Group

Smythe Sandstone
<100–250 m

Massive, coarse polymict conglomerate, pebbly 
lithic (chert) sandstone, typically poorly sorted 
and prominently cross-bedded; sandstone, 
minor sandy dolarenite

Terrestrial - mainly uvial 
(alluvial fan and debris ow)

Unconformably overlies Batten 
Subgroup and unconformably overlain 
by Roper Group

Karns Dolostone
<700 m 

Quartz arenite and dolarenite with cross-beds 
and ripples; gypsum and halite casts, cauli ower 
chert pebble beds and chert clasts common; 
stromatolitic dolostone with thin interbeds of 
dolarenite and quartzarenite (ooids and intraclast 
breccia)

Shallow-marine to emergent; 
terrestrial mainly uvial

Unconformable on Tawallah/
McArthur groups and unconformably 
overlain by Roper Group or Bukalara 
Sandstone

NORTHWEST McARTHUR BASIN (MOUNT RIGG GROUP)

Dook Creek Formation 
< 220 m

Stromatolitic and intraclastic dolostone, 
mudstone and siltstone; laminated very ne 
sandstone and coarse siltstone

Peritidal, from shallow-
subtidal to supratidal; storm-
dominated marine shelf in 
upper part

Lower contact conformable; upper 
contact inferred to be disconformable 
or conformable

Jamberline Sandstone 
Member 
200+ m

Medium to coarse and pebbly quartz sandstone, 
chert-clast conglomeratic sandstone; minor 
dolomitic siltstone

Proximal uvial and 
shallow-marine

Sharp, probably erosive base; upper 
contact conformable

Bone Creek Sandstone
20–30 m

Medium to coarse quartz sandstone; scattered 
granules and pebbles of quartz, jasper and chert

Probably shallow-marine Conformable on Margaret Hill 
Conglomerate, or unconformable 
on West Branch Volcanics/Gundi 
Sandstone/McCaw Formation

Margaret Hill 
Conglomerate
0–300 m

Thickly to very thickly bedded polymictic 
pebble, cobble and boulder conglomerate; 
purple lithic sandstone and granule 
conglomerate

High-energy alluvial fan or 
proximal braided stream

Unconformable on West Branch 
Volcanics; conformable overlain by 
Bone Creek Sandstone

Table 15.10. Stratigraphic succession of the Nathan Group and equivalents across the McArthur Basin constructed after Abbott et al (2001), 
Pietsch et al 1991, Kruse et al (1994) and Rawlings et al (1997).
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et al (1963) to be a shelf equivalent of the McArthur Group 
in the Batten Fault Zone, whereas Jackson et al (1987) and 
Pietsch et al (1991) correlated it with the Nathan Group.

In the Urapunga Fault Zone, the Favenc Package 
is represented by a succession of dolostone, chert, and 
dolomitic sandstone, siltstone, sandstone, conglomerate, and 
ma c volcanic rocks. It unconformably overlies the Vizard 
Group and locally rests directly on the Mount Reid Rhyolite 
and Urapunga Granite (see Other Palaeoproterozoic 
inliers). The whole succession was previously assigned to 
the Balbirini Dolostone of the Nathan Group (Jackson et al 
1987) but has been subsequently subdivided by Abbott et al 
(2001) into four named units. The Mount Birch Sandstone 
comprises a succession of dolomitic and quartz sandstone 
with a lenticular basal conglomerate. It is interpreted to be of 

uvial origin and is probably a braided stream deposit. The 
unit is correlated with the Smythe Sandstone in the Batten 
Fault Zone and with the Bone Creek Sandstone of the Mount 
Rigg Group in the northwestern McArthur Basin. The 
Knuckey Formation [lower part of the former Kookaburra 
Creek Formation of Dunn (1963c)] is a succession of 
dololutite, dolomitic siltstone and sandstone, stromatolitic 
dolostone, shale, mudstone and chert, deposited in subtidal 
to supratidal environments. The Knuckey Formation 
conformably overlies the Mount Birch Sandstone and 
is overlain conformably by the Yalwarra Volcanics. It is 
correlated with the lower Balbirini Dolostone and lower 
Dook Creek Formation. The Yalwarra Volcanics comprises 
a succession of basalt and peperite that alternates with 
prominent ridges of volcanigenic sandstone. Oolitic chert is 
interbedded with the uppermost sandstone of the Yalwarra 
Volcanics and indicates a gradation into the overlying 
Walmudga Formation. Basaltic volcanism of this age is not 
known elsewhere in the McArthur Basin and the Yalwarra 
Volcanics may re ect a local extensional event and associated 
tectonic uplift across the crest of the Urapunga Fault Zone 
(Abbott et al 2001). The Walmudga Formation conformably 
overlies the Yalwarra Volcanics and comprises oolitic, 
laminated, and stromatolitic chert (silici ed carbonate rock), 

ne- to medium-grained quartz and feldspathic sandstone, 
dolomitic siltstone, and purple-brown mudstone and shale. 
Lithic arkose and granule conglomerate are present locally. 
This succession corresponds to the former Kookaburra 

Creek Formation above the Yalwarra Volcanics. The 
depositional environments include peritidal carbonate-
ramp, and tidal sand at.

In the northeastern McArthur Basin and in the Walker 
Fault Zone, rocks formally assigned to the 'Kookaburra Creek 
Formation' and Blue Mud Bay Beds by Plumb and Roberts 
(1965) are now mostly assigned to the Balbirini Dolostone 
(Haines et al 1999). Most outcrops in this area are silici ed 
and are dominated by white to grey chert, commonly 
displaying relict textures after shallow-water carbonates, with 
scattered interbedded sandstone. The primary lithologies 
are interpreted to consist of interbedded ooidal, intraclastic, 
stromatolitic and evaporitic dolostone interbedded with minor 
sandstone. On the basis of lithological similarities and the 
presence of ooid-rich dolostone, Haines et al (1999) suggested 
that the succession in this area probably only represents the 
upper part of the Balbirini Dolostone, as de ned at the type 
section in the Abner Range area (Jackson et al 1987).

Mount Rigg Group

The Mount Rigg Group (Table 15.10) is a succession of 
dolomitic and siliciclastic rocks, unconformably overlying 
the Katherine River Group and separated from the overlying 
Roper Group with a well de ned regional unconformity. It 
consists of three formations: the Margaret Hill Conglomerate, 
Bone Creek Sandstone and Dook Creek Formation. These 
formations are exposed in a 30 km-wide, northeast-trending 
belt in the northwestern McArthur Basin and are estimated 
to be about 600–800 m thick (Sweet et al 1999). Plum and 
Derrick (1975) correlated the Mount Rig Group with the 
McArthur Group, but on the basis of lithology and diagnostic 
columnar stromatolites, it was subsequently correlated with 
the Nathan Group (Plumb 1985, Jackson et al 1987, Walter 
et al 1988, Sweet et al 1999).

A succession of poorly sorted conglomerate, sandstone and 
polymictic pebble to cobble conglomerate, deposited as alluvial 
fan or proximal braided stream systems in the upper reaches 
of Waterhouse River north of Beswick, has been de ned as 
the Margaret Hill Conglomerate by Kruse et al (1994). Similar 
conglomerate, forming the base of the Bone Creek Formation 
further north, was described by Sweet et al (1999).

The Bone Creek Sandstone (previously Bone Creek 
Formation) is dominated by shallow-marine, white to pale 
yellow, thickly bedded, medium- to coarse-grained quartzic 
sandstone (locally glauconitic), with local debris ow or talus 
conglomerate and breccia at the base.

The Dook Creek Formation makes up the bulk of the 
Mount Rigg Group and comprises dololutite, dolomitic 
siltstone and sandstone, stromatolitic and oolitic dolostone, 
siltstone, and quartz sandstone, deposited in peritidal to 
shallow-marine settings (Figure 15.22). It overlies the Bone 
Creek Sandstone with a conformable, gradational contact 
and is overlain, with a regional unconformity, by the Limmen 
Sandstone of the Roper Group; a palaeoregolith is developed 
below the Roper Group unconformity.

Wilton Package

The Wilton Package (Roper Superbasin of Jackson 
et al 2000) comprises the regionally extensive Roper 

Figure 15.21. Conical stromatolites (transverse sections) in 
lower Balbirini Dolostone (53L 585200mE 8509000mN, after 
Haines et al 1999: plate 21).



McArthur Basin

15:26

Group (aerial extent 145 000 km2), which is widespread 
throughout the McArthur Basin. It corresponds to the LP9 
interval of Ahmad (2000) and is correlated with other 
Mesoproterozoic successions of northern Australia, eg 
the South Nicholson Group (South Nicholson Basin) and 
the Renner Group (Tomkinson Province). The widespread 
distribution of these correlated strata may justify separate 
basin or sub-basin (incorporating the Beetaloo Sub-basin) 
status. The Roper Group comprises a upward-coarsening 
cyclic succession of mainly marine mudstone alternating 
with sandstone (Table 15.11). Minor lithologies include 
pedogenic sedimentary breccia, uvial sandstone, micritic 
and intraclastic limestone, and ooidal ironstone. Sequence 
stratigraphical observations have been used to identify six 
large-scale upward-coarsening cycles (Jackson et al 1988, 
Abbott and Sweet 2000). Post-depositional ma c sills and 
dykes were emplaced during a regional extensional event. 
The rocks of the Roper Group are essentially at lying and 
the preserved thickness ranges from 1500 m over most areas 
to greater than 3 km further south in the Beetaloo Sub-
basin (Silverman et al 2007). This thickening is con rmed 
by the southern McArthur Basin seismic transect (Rawlings 
et al 2004). Individual formations show remarkable lateral 
continuity and can be traced over most of the McArthur 
Basin. Abbott et al (2001) gave a thickness of 1.8 km for the 
succession in the Urapunga area.

Plumb and Wellman (1987) suggested that the 
Roper Group was deposited during a sag phase of basin 
development with a depocentre in the Beetaloo Sub-basin. 
Jackson et al (1987) considered that the Roper Group 
represents an epicontinental basin succession, distinct from 
the McArthur Basin. Jackson et al (1999) proposed the term 
Roper Superbasin and included the South Nicholson Basin 
as a part of it.

The Beetaloo Sub-basin is centered about 300 km 
southeast of Katherine and extends over an area of 
15 000 km2 (Figure 15.1, 15.23). It represents a thick 
succession of the Roper Group and is de ned by a 
pronounced gravity low, seismic pro les, drilling 
and magnetotelluric data (Plumb and Wellman 1987, 
Lanigan et al 1994). The sub-basin is a largely at-lying 
depocentre with uplifted erosional margins, consisting 
of three sandstone to mudstone successions. The lower 
two successions are assigned to the Roper Group and are 

unconformably overlain by the informally named 'Jamison 
sandstone' and 'Hay eld mudstone'. These units may be as 
young as Neoproterozoic (Lanigan et al 1994), in which 
case they would not form part of the McArthur Basin 
(sensu stricto). This succession is successively overlain 
by volcanic rocks of the Kalkarindji Province, and by 
Neoproterozoic–Palaeozoic Georgina Basin and Mesozoic 
Carpentaria Basin strata (Figure 15.24). For the purpose 
of this publication, the Beetaloo Sub-basin is considered 
to be part of the Roper Group succession of the McArthur 
Basin. This sub-basin has attracted signi cant petroleum 
exploration activity (see Petroleum).

The age of the Roper Group is constrained by a Rb-Sr 
determination of 1429 ± 31 Ma for diagenetic illite in the 
McMinn Formation (Kralik 1982) and a SHRIMP U-Pb zircon 
date of 1492 ± 4 Ma for a tuffaceous bed within the lower 
Mainoru Formation (Jackson et al 1999). A minimum age 
of 1324 ± 4 Ma comes from SHRIMP dating of baddeleyite 
from the Derim Derim Dolerite (Abbott et al 2001). The 
unconformity at the base of the Roper Group is considered to 
be related to the Isan Orogeny (1580–1560 Ma) and Jackson 
et al (1999) estimated a break in deposition of 80–90 My.

Dunn (1963c) assigned the upper part of the Roper Group 
to the Maiwok Subgroup, but the lower formations were not 
included in a subgroup. Abbott et al (2001) de ned the name 
Collara Subgroup to describe the formations from the base 
to the top of the Hodgson Sandstone (Figure 15.25). The 
Collara Subgroup is characterised by a high proportion of 
tidal-platform sandstone relative to the Maiwok Subgroup, 
which is mudstone dominated.

Collara Subgroup
Depending on location, the basal unit of the Collara Subgroup 
is the Phelp Sandstone, Mantungula Formation or Limmen 
Sandstone. The Phelp Sandstone consists of white quartz 
sandstone, siltstone and minor conglomerate, deposited 
under uvial conditions. The formation is best developed 
in the northwestern Roper River region in the northwestern 
McArthur Basin. The conformably overlying Mantungula 
Formation is a recessive unit of mudstone and siltstone, with 
a local basal conglomerate. The Limmen Sandstone comprises 

uvial to shallow-marine, quartz-rich to sublithic, ne- to 
coarse-grained sandstone, locally incorporating basal granule- 
to pebble-rich intervals. The Mainoru Formation includes red 
and green mudstone, glauconitic and micaceous siltstone and 
sandstone, glauconitic sandstone, limestone, and calcareous 
mudstone. Based on lithology, the formation was divided by 
Abbott et al (2001) into six formally named members, namely 
the Showell, Wooden Duck, Mountain Valley Limestone, 
Nullawun, Wadjeli, and Gibb members. The Mountain Valley 
Limestone Member is lithologically distinctive and comprises 
green laminated mudstone and limestone, deposited under 
shallow-marine to tidal- at environments. Other members 
represent mudstone separated by sandstone intervals. The 
Wadjeli Sandstone Member includes intervals of oolitic 
ironstone (Figure 15.26). Other members consist of mudstone 
and sandstone. The gradationally overlying Crawford 
Formation is a mostly ne-grained micaceous and glauconitic 
sandstone unit with subsidiary siltstone and mudstone.

The overlying Abner Sandstone in the Roper River 
Region was divided into four mappable members (Dunn 

Figure 15.22. Halite casts on bedding surface of ne sandstone 
of Dook Creek Formation. Roper River area; precise location 
unknown (after Abbott et al 2001: gure 10).
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Table 15.11. Stratigraphic succession of the Roper Group after Abbott et al (2001).

Unit, thickness and 
age

Lithology Depositional 
environment

Stratigraphic relations

Derim Derim Dolerite 
1324 ± 4 Ma

Medium to coarse dolerite Sills and some dykes intrude Roper Group

ROPER GROUP
MAIWOK SUBGROUP
Chambers River 
Formation
 <300 m

Thinly to medium bedded, laminated 
micaceous siltstone and mudstone; minor very 

ne sandstone

Storm-dominated shelf Probably conformable on Bukalorkmi Sandstone

Bukalorkmi 
Sandstone 10–20 m

Thinly to medium bedded, trough cross-
strati ed, well sorted, ne quartz sandstone

Coastal tidal platform Contact with Kyalla Formation is sharp and 
probably erosional (disconformable)

Kyalla Formation 
ca 250 m

Interbedded siltstone, sandstone and mudstone Storm-dominated shelf Gradational and conformable on Sherwin 
Formation

Sherwin Formation 
Up to 100 m

Interbedded sandstone, siltstone and 
mudstone; local pisolitic ironstone lenses

Fluvial to marginal 
marine

Gradational and conformable on Moroak 
Sandstone

Moroak Sandstone 
2.5–420 m

Thinly to medium bedded, medium to ne 
quartz sandstone; coarse-grained and quartz-
granule intervals

Coastal tidal platform Disconformable on Velkerri Formation

Velkerri Formation 
330 m

Grey and black mudstone and siltstone; minor 
ne glauconitic sandstone

Distal shelf Conformable on Bessie Creek Sandstone

Bessie Creek 
Sandstone ca 20–56 m

Fine to medium, locally coarse and granule-
rich quartz sandstone

Coastal tidal platform Disconformable on Corcoran Formation

Corcoran Formation 
ca 180–225 m

Laminated green-grey to black mudstone and 
siltstone; minor ne sandstone

Distal shelf, and storm-
dominated shelf

Grades up from Munyi Member

Munyi Member 
13–23 m

Red to brown ferruginous sandstone, siltstone, 
mudstone, conglomerate and pisolitic ironstone

Shallow-marine to uvial Disconformable to conformable on Hodgson 
Sandstone 

COLLARA SUBGROUP
Hodgson Sandstone
30–130 m

White to pink, ne to coarse, strongly trough 
cross-bedded quartz sandstone

Coastal tidal platform Overlies Jalboi Formation with gradational, or in 
some areas, erosive contact

Jalboi Formation 
117–230 m

Interbedded ne sandstone and siltstone, 
alternating with medium to thick beds of 
medium quartz sandstone

Storm-dominated shelf Disconformable on Crawford Formation

Arnold Sandstone 
0–123 m

White cross-bedded quartz sandstone Coastal tidal platform Overlies Crawford Formation with minor 
disconformity; overlain unconformably by 
Jalboi Formation

Crawford Formation 
0–235 m

Thickly bedded, ne micaceous and 
glauconitic sandstone; thinly interbedded 
sandstone, siltstone and mudstone; minor 
trough cross-bedded medium quartz sandstone

Storm-dominated shelf Conformable on Showell Member of Mainoru 
Formation; overlain by Arnold Sandstone with 
sharp, probably erosive contact, or by Jalboi 
Formation with disconformable contact 

Mainoru Formation 
1492 ± 4 Ma
1493 ± 4 Ma

Shale and siltstone, glauconitic and micaceous 
sandstone, micritic and intraclastic limestone, 
calcareous and non-calcareous mudstone

Showell Member 
40–155+ m

Laminated calcareous mudstone; scattered 
glauconite, sul des, and carbonate nodules; 
laminated limestone near base

Distal to storm-dominated 
shelf 

Conformable on Wooden Duck Member; 
overlain conformably by Crawford Formation or 
disconformably by Jalboi Formation

Wooden Duck Member 
55–350+ m

Greyish-green mudstone and ne micaceous 
glauconitic sandstone

Storm-dominated shelf Conformable on Mountain Valley Limestone 
Member; overlain conformably by Showell 
Member

Mountain Valley 
Limestone Member
55–80 m

Green laminated mudstone interbedded with 
intraclast limestone

Shallow-marine, tidal at Conformable on Nullawun Member; overlain 
conformably by Wooden Duck Member

Nullawun Member 
71.5 m

Massive red-brown mudstone and mudstone 
breccia

Non-marine mudstone, 
probably uvial oodplain 
deposits; brecciated during 
palaeosol formation

Apparently disconformable on Limmen 
Sandstone; conformably overlain by Mountain 
Valley Limestone Member

Wadjeli Sandstone 
Member 
15 m

Medium bedded, medium to ne sandstone; 
minor ironstone and ferruginous sandstone

Storm-dominated shelf to 
coastal tidal platform

Conformable on Gibb Member; overlain 
conformably by Nullawun Member

Gibb Member 
0–250 m

Dark grey and olive-black mudstone, ne 
sandstone

Storm-dominated marine Conformable between Limmen Sandstone and 
Wadjeli Sandstone Member 

Limmen Sandstone 
20–100 m

Fine to very coarse and granule-rich quartz 
sandstone; minor micaceous siltstone

Fluvial to shallow-marine 
shoreline sandstone

Erosive lower contact with Mantungula 
Formation, conformable upper contact with 
Gibb Member

Mantungula 
Formation 
<100–150 m

Mudstone, siltstone Storm-dominated marine 
shelf

Apparently conformable on Phelp Sandstone; 
contact with Limmen Sandstone appears to be 
erosive

Phelp Sandstone
<40–80 m

Quartz sandstone and siltstone; minor 
conglomerate and breccia

Fluvial and shallow-
marine

Overlies Nathan Group with regional 
unconformity; overlain conformably by 
Mantungula Formation
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1963a, b, c): the Arnold Sandstone, Jalboi, Hodgson 
Sandstone and Munyi members. Haines et al (1993) assigned 
the Munyi Member to the base of the Corcoran Formation, 
rather than to the top of the Abner Sandstone. Abbott et al 
(2001) raised the other three former members to formation 
rank. An unconformity separates the Jalboi Formation from 
the units beneath it. The use of the term Abner Sandstone 
is now restricted to an undifferentiated succession in the 
Abner Range, in the southern McArthur Basin.

The Arnold Sandstone is a thin unit of white, thickly 
bedded, mainly medium-grained quartz sandstone, which 
is strongly planar cross-bedded. The Jalboi Formation 
consists of mudstone, siltstone, and sandstone. It is locally 
disconformable on the Arnold Sandstone and/or the 
Crawford Formation.

The Hodgson Sandstone is a resistant unit dominated 
by quartz-rich sandstone. The lower contact is conformable 
and gradational with the Jalboi Formation. The upper 
contact, with the Munyi Member of the Corcoran 
Formation, was considered to be disconformable by 
Haines et al (1993).

Maiwok Subgroup
The term Maiwok Subgroup was assigned by Dunn 
(1963a, c) and Randal (1963) to include Roper Group strata 
above the Bessie Creek Sandstone. Walpole et al (1968) 
noted that the Maiwok Subgroup is distinguished by a 
greater proportion of ner-grained units than the lower 
Roper Group and by the presence of oolitic ironstone. 
Abbott et al (2001) rede ned the subgroup to include 
the Corcoran Formation and all younger units up to and 
including the Chambers River Formation. They noted that 
the ner-grained succession dominates from the top of the 
Hodgson Sandstone, rather than from the top of the Bessie 
Creek Sandstone.

The Corcoran Formation comprises a succession 
of laminated mudstone, siltstone and minor sandstone, 
deposited in a marine shelf environment. The basal Munyi 
Member is a succession of dark red- to brown-weathering, 
locally ferruginous sandstone, siltstone, mudstone, minor 
conglomerate and minor pisolitic ironstone.

The Bessie Creek Sandstone comprises ne- to 
medium-, locally coarse-grained and granule-rich quartz 
sandstone. The sandstone units are mainly thinly to 
medium bedded and are trough cross-strati ed. In a region 
of low dip in the Roper River Region, the formation caps 
mesas and buttes. The most spectacular such occurrence, 

colloquially named the 'Ruined City', is characterised by 
joint-bounded, karstically weathered towers up to 50 m 
high (Figure 15.27).

The Velkerri Formation comprises grey and black 
mudstone and siltstone, with calcite nodules and pyrite 
stringers, which was deposited in a distal shelf setting 
(Abbott et al 2001). In BMR drillhole Urapunga-4 
(nominated as the type section), the Velkerri Formation is 
330 m thick and it attains a thickness of 880 m to the south 
in the Beetaloo Sub-basin. 

The McMinn Formation consists of interbedded blocky 
quartz sandstone, tabular micaceous sandstone, siltstone 
and shale. It was originally subdivided into four members; 
these were, in ascending order, the Moroak Sandstone 
Member, Sherwin Ironstone Member, Kyalla Member and 
Bukalorkmi Sandstone Member (Dunn 1963 a, b, c). All of 
these are now assigned formation status and were de ned 
by Abbott et al (2001). The Moroak Sandstone consists of 
an upward-coarsening thinly to medium bedded, medium- 
to ne-grained quartz sandstone that contains coarse-
grained and quartz-granule-rich intervals up to 1 m thick 
near the base. As de ned by Dunn (1963c), it included an 
overlying succession of interbedded sandstone, siltstone, 
and mudstone. Abbott et al (2001) included this overlying 
succession as a part of the Sherwin Formation. The 
Sherwin Formation is characterised by the presence of 
oolitic ironstone, but is dominated volumetrically by 
interbedded sandstone, siltstone and mudstone. The upper 
boundary is de ned as the last occurrence of oolitic 
ironstone. Signi cant low-grade ironstone deposits are 
known from this formation and were drilled by BHP in the 
1950s (Cochrane 1955, Bennett and Heaton 1958, Salamy 
1958, Vivian 1962; see Mineral resources). The Kyalla 
Formation overlies the Sherwin Formation and comprises 
interbedded siltstone, sandstone and mudstone; the upper 
part is sandstone rich. The Bukalorkmi Sandstone is the 
youngest of the quartz sandstone formations in the Roper 
Group and is mapped in the Roper River region. Possible 
correlates may exist in the Beetaloo Sub-basin (Abbott 
et al 2001).

In the Roper River region, the Chambers River 
Formation is the youngest unit of the Roper Group. It 
is dominated by thinly to medium bedded, laminated 
micaceous siltstone and mudstone, and subordinate 
very ne-grained sandstone. This unit is not recognised 
elsewhere, but possible correlates occur in the Beetaloo 
Sub-basin (Abbott et al 2001).
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Derim Derim Dolerite
Dolerites intruding the Roper Group are quite uniform in 
composition and mineralogy, and have collectively been 
named the Derim Derim Dolerite (Abbott et al 2001). They 
have a strong magnetic response, due to high magnetite 
contents, and form prominent features on aeromagnetic 
images. The dolerites are ne- to coarse grained, and 
consist mainly of plagioclase, clinopyroxene and opaque 
minerals. The dolerite weathers to produce eluvial and 
colluvial heavy mineral concentrates rich in ilmenite and 
titanomagnetite.

U-Pb SHRIMP dating of baddeleyite from a sample of 
the Derim Derim Dolerite has yielded an age of 1324 ± 4 Ma 
(Abbott et al 2001). This provides the best estimate for the 
age of intrusion of the dolerite suite, and supersedes the 
previous minimum age of 1280 Ma by McDougall et al 
(1965). The SHRIMP date also provides a maximum age 
for post-Roper Group deformation, because the dolerites 
were deformed with the Roper Group and were clearly 
intruded before the deformation event (Abbott et al 2001). 

MINERAL RESOURCES

The McArthur Basin is one of the most signi cant base metal 
provinces of Australia and forms part of the Carpentaria 
Zinc Belt, extending from Mount Isa in the south to 
Milingimbi in the north. A number of world-class base 
metals deposits are known from this belt, including Mount 
Isa, Hilton, George Fisher and Century in Queensland and 
McArthur River (formerly HYC: 'Here's Your Chance') in 
the Northern Territory.

The McArthur Basin hosts over three hundred mineral 
occurrences, but signi cant mining activity has taken 
place only at McArthur River, Merlin and Redbank 
(Figure 15.28). Mineral commodities include base metals 
(lead, zinc, silver, copper), uranium, iron ore, manganese, 
barite and phosphate. Diamondiferous kimberlite pipes 
(Merlin, AB021 and E.Mu) intruded the succession during 
the Palaeozoic.

Deposit types include: (a) stratiform, sedimentary base-
metals deposits hosted in pyritic organic rich shale and 
siltstone eg McArthur River; (b) stratabound, discordant 
base-metals deposits, eg Coxco, Cooley and Ridge; (c) 
copper-bearing breccia pipes, eg Redbank; (d) copper 

in shear zones and veins; (e) uranium deposits within 
sandstone or volcanic rocks, eg Westmoreland deposits; (f) 
stratiform oolitic ironstone occurrences within the Sherwin 
Formation eg Roper River iron ore; (g) irregular manganese 
occurrences associated with the Karns Dolostone and 
Echo Sandstone, eg Calvert Hill deposits; (h) sedimentary 
phosphate occurrences within the Echo Sandstone/Karns 
Dolostone; and (i) hard-rock heavy-mineral concentrations 
in dolerites, and associated eluvial and colluvial deposits. 
The McArthur Basin and in particular, the Beetaloo Sub-
basin, is also prospective for petroleum and possibly for 
Century-style base metals deposits.

Stratiform Zn-Pb-Ag deposits

These deposits comprise ne-grained pyrite, galena and 
sphalerite, preferentially concentrated in pyritic bituminous 
shale. They are considered to have formed either 
synchronously with sedimentation at the sediment–water 
interface or by early diagenetic processes, involving low-
temperature hydrothermal uids.

The deposits are stratiform and stratabound. The HYC 
Pyritic Shale Member of the Barney Creek Formation hosts 
the only known economic occurrences. These deposits are 
similar to the Mount Isa deposit, but whereas the latter is 
weakly metamorphosed and the sul des are relatively coarse-
grained, the currently known deposits in the McArthur 
Basin are unmetamorphosed. Consequently the sul des are 
extremely ne-grained and seldom exceed 10 m.

McArthur River (HYC)

Traces of silver, lead and copper are reported to have 
been discovered on McArthur River Station as early as 
the mid 1880s. The gossan of the McArthur River deposit 
(Figure 15.29) was discovered in 1955 by Mount Isa Mines 
Ltd, but it was not until 1959, when the second round of 
drilling was undertaken, that the signi cance of this gossan 
was revealed. Metallurgical problems related to the extremely 

ne-grained nature of the ore prevented economic exploitation 
until 1995, when MIM Ltd started mining and processing ore 
from underground operations. In August 2005, McArthur 
River Mining (MRM) announced its intention to convert the 
McArthur River mine to an open-cut operation and this was 

Figure 15.26. Pisolitic ironstone from type section of Wadjeli 
Sandstone Member of Mainoru Formation (53L 481500mE 
8382600mN, after Abbott et al 2001: gure 18).

Figure 15.27. Sandstone karst topography of at-lying Bessie Creek 
Sandstone in headwaters of Mangkardanyiranga Creek, 55 km 
northeast of Ngukurr settlement (after Abbott et al 2001: gure 25).
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approved by the Northern Territory Government in October 
2006. In August 2006, the McArthur River Mine commenced 
operating a test open pit. This contributed ore for sampling 
and processing, as underground operations were reduced. 
The test pit was subsequently extended in April 2007, when 
underground mining ceased. Total production from the 
mining operation to June 2008 was recorded at 1.7 Mt Zn, 
0.42 Mt Pb and 16 Moz Ag. As of 30 June 2007, McArthur 
River had total resource of 144 Mt at 11.2% Zn, 4.8% Pb and 
48 g/t Ag; Total reserves were recorded as 46.3 Mt at 9.6% 
Zn, 4.2% Pb and 43 g/t Ag.

The relatively pristine state of the McArthur River 
deposit has made it a model for sediment-hosted stratiform 
base metal deposits, and a number of detailed studies are 
available (Croxford 1968, Croxford and Jephcott 1972, 
Lambert and Scott 1973, Croxford et al 1975, Murray 1975, 
Lambert 1976, Williams and Rye 1974, Walker et al 1977, 
Williams 1978a, b, 1979, 1990, Rye and Williams 1981, 
Logan 1979, Eldridge et al 1993, Hinman 1996, Large 
and McGoldrick 1998, Large et al 1998). The following 
discussion relies heavily on these studies.

The HYC Pyritic Shale Member of the Barney 
Creek Formation hosts the mineralisation at McArthur 
River (Figure 15.19b). The pyritic carbonaceous shale 
was probably deposited in an area of active subsidence 

associated with a growth fault. Other smaller sub-basins, 
which may or may not have had active faults, are shown in 
Figure 15.30. Metal precipitation resulted from reduction in 
anoxic, organic-rich sub-basins (Large et al 2002). Orebody 
layering suggests that the introduction of metalliferous 
brines into the basin was as a series of intermittent pulses. 
The HYC Pyritic Shale Member contains base metals with 
abundant sul des only within these sub-basins, and outside 
these, it is usually represented by a succession of thinly 
bedded, weakly pyritic, dolomitic bituminous shale. 

The generalised geology around the McArthur River 
deposit is shown in Figure 15.31 and a schematic cross-
section is given in Figure 15.32. The McArthur River 
mineralisation covers an area of a few square kilometres 
and ore is localised in the basal 80 m of the Barney 
Creek Formation. The ore succession is divided into eight 
orebodies separated by low-grade intervals of poorly 
bedded or fragmented pyritic and dolomitic shale interbeds, 
or dolomitic breccia (Figure 15.33).

The sul des are associated as ne-grained bands of 
sphalerite and galena within thinly laminated beds of 
dark bituminous and tuffaceous shale (Figure 15.34). 
The mineralisation consists predominantly of pyrite, 
galena and sphalerite, along with minor arsenopyrite 
and chalcopyrite. Two generations of pyrite have been 

Apollo

Caranbirini

 14°

 12°
132°

 16°

133.5° 135° 136.5°

 18°

Mineral prospect/deposit 

Devils Elbow

Banshee

Flying Ghost

Bulman

Galena 
Cliffs

Deposits B, C

Deposit R
Roper River iron
 ore deposits

Eastern Creek

Sly Creek

Mariner

Reward/Berjaya
Coxco

Running
Creek
Field

Thor

McArthur River (HYC)

Merlin Field

Mountain
Home

Redbank copper deposits
Westmoreland uranium deposits

Carpentaria Basin

Georgina Basin

Daly
Basin

Arafura
Basin

Pine Creek
Orogen

Murphy
Province

Money Shoal
Basin

Arnhem
Province

Carpentaria Basin

Archaean
Inlier

A
07

-3
51

.a
i

100 km0

Packsaddle Blackjack
Murphys

Deposit W

E.Mu

El Hussen
Eva

Myrtle

Darcys

ABN021 Masterton No 2

Squib/Turnbull

Great Scott

Johnstons Ridge
Cooley

Coppermine Creek

Arnhem
Province

Figure 15.28. Location of signi cant mineral occurrences in McArthur Basin area (from NTGS MODAT database).



15:33

McArthur Basin

identi ed. The earlier generation (Py1) is present as 
1–15 m-sized euhedral and spherical grains, and the later 
pyrite (Py2) occurs as overgrowths on Py1 or as in llings 
within it. Sphalerite occurs as monomineralic layers up to 
1 mm thick, as elongate bodies up to 0.2 mm in diameter, 
and as ne-grained disseminations. Galena is observed 
as monomineralic layers up to 0.05 mm thick, as streaks 
in sphalerite layers and as ne-grained disseminations. 
Chalcopyrite is present as minute elongate bodies in 
sphalerite. Mutual relationships suggest a paragenetic 
sequence, in which Py1 was followed by Py2, with galena 
and sphalerite forming later than Py2.

Isotopic studies
Conventional sulfur isotope analyses of sul de separates 
indicated that 34S values of pyrite (Py1 + Py2) increase from 
-3.9‰ at the footwall to 14.3‰ at the top of the mineralised 

Figure 15.29. Gossan at McArthur River deposit, consisting of 
silici ed inter-ore breccia, smithsonite and hemimorphite [1.5 km 
northeast of McArthur River airstrip (53K 617800mE 8182600mN)].
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Figure 15.31. Surface geology in vicinity of McArthur River deposit (after Hinman 1995).
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section, whereas those of galena and sphalerite are constant 
at -1.2 to 5.7‰ and 3.3 to 8.9‰, respectively. The galena-
sphalerite pair gave a temperature range of 100–260°C 
(Smith and Croxford 1973). Sulfur isotope compositions 
using SHRIMP ion microprobe analysis (Eldridge et al 
1993) of individual sul de grains indicated that both Py1 
and Py2 may be biogenic in origin, with 34S values ranging 
from –3 to +15‰ for Py1 and -5 to +45‰ for Py2. The lead, 
zinc and copper sul des have a relatively restricted isotopic 
range of –5 to +9‰. The sulfur isotope data thus suggest 
that neither of the two pyrite types are related to the lead 
zinc mineralisation and it seems unlikely that the early 
pyrite was the local source of sulfur for metal precipitation 
(Eldridge et al 1993).

The 13C values for the carbonaceous material ranges 
between -31.0 to -27.5‰ and may be good evidence of 
biological activity. The 13C and 18O values of carbonate 
rocks range from -3.8 to 0.3‰ and 17.7 to 24.6‰, 
respectively, and are typical for marine carbonates. These 

13C and 18O values show a collinear trend and suggest a 
temperature of 120–170oC (Rye and Williams 1981).

Large et al (2001) reported on an extensive halo of 
18O -enriched and 13C-depleted rocks surrounding the 
orebody and this corresponds to the lithogeochemical halo 
of elevated Fe, Mn, Zn, Pb and Tl (see below).

Alteration halos
Lithogeochemical studies of shale-hosted deposits in the 
Carpentaria Zinc Belt have resulted in the identi cations of 
well developed Fe-Mn halos around several deposits (Large 
and McGoldrick 1998). The McArthur River orebody is 
surrounded by well developed ankerite-ferroan dolomite 
and manganese carbonate halos.

The ankerite-ferroan dolomite halo is developed within 
the dolomitic sediments surrounding the deposit and can be 
traced for about 15 km along the favourable pyritic shale facies 
at the base. The most ankerite-rich compositions occur in the 
ore zone and along the base of the HYC Pyritic Shale Member. 
This ankerite ferroan dolomite halo is associated with Zn, 
Pb and Tl enrichment within the dolomitic sediments and is 
characterised by Zn >1000 ppm, Pb >100 ppm and Tl >4 ppm.

The manganese carbonate halo is represented by a narrow 
zone of manganese-rich ferroan dolomite surrounding the 
deposit and extends about 23 km west of the deposit. The 
manganese content of the dolomite increases systematically 
towards the deposit.

These halos are considered to be related to the release of 
cool Fe- and Mn-bearing brines into developing sedimentary 
basins, both prior to and subsequent to the Zn-Pb mineralising 
episode (Large and McGoldrick 1998).

Garven et al (2001) modelled the large-scale uid migration 
that produced the McArthur River deposit. They considered 
three scenarios: (1) topographically induced ow, when parts 
of the basin were exposed and elevated above the Batten Fault 
Zone, (2) density driven ows when the basin was mostly 
submarine, and (3) transient ows associated with fault 
rupture during periods of transpiration. Numerical modelling 
suggested that the Emu and Tawallah faults greatly controlled 
the ow of uid in the area. Fluid descended through the 
western edge via the Tawallah Fault, migrated laterally to the 
east through the clastic and volcanic succession of the upper 
Tawallah Group, leached metals from these successions and 
ascended up through the Emu Fault, then discharged onto the 
basin oor. 
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Chemical modelling
Chemical modelling (Large et al 2002, Cooke et al 2000) 
shows that a neutral to moderately alkaline, oxidised (SO4 
> H2S), low temperature (100–250oC) uid could have 
carried suf cient metals to form the McArthur River 
deposit. Precipitation would have been by reduction. 

Genesis
Earlier genetic models for the deposit emphasised syngenetic 
characteristics and postulated metal precipitation on the 
sea oor from metalliferous exhalations (Cotton 1965, 
Croxford 1968, Murray 1975). The contrasting behaviour 

of 34S values of pyrite and base metal sul des led Smith 
and Croxford (1973) to suggest a dual source for sulfur: 
one for pyrite and the other for galena and sphalerite. 
They suggested that pyrite formed diagenetically, whereas 
galena and sphalerite were precipitated elsewhere and 
accumulated syngenetically at the sites of diagenetic 
pyrite formation. Croxford et al (1975) modi ed this 
model by postulating that Py2 formed after Py1, galena and 
sphalerite by post-depositional reactions.

Williams (1978a, b) showed that Py2 formed before 
galena and sphalerite, and that the 34S values of galena, 
sphalerite and pyrite are in some way related. He proposed 
an epigenetic model, in which Py1 formed during early 
diagenesis. Later mineralising uids were introduced from 
the Western and/or Emu faults and precipitated Py2, galena 
and sphalerite through reduction of SO4

-2 in solution and 
oxidation of organic matter in the sediments. Williams 
(1990) modi ed the above model and suggested a two-

uid 'permeation model' in which two uids passed into 
and spread through the unconsolidated sediments beneath 
the McArthur River lake or lagoon. The uppermost iron-
rich, reduced uid deposited iron monosul des. The lower 

uid was rich in Pb and Zn, but poor in reduced sulfur, 
and dissolved iron monosul des to precipitate galena 
and sphalerite. Numerous studies have been undertaken 
to explain or experimentally reproduce the laminations 
present in the McArthur River ore and host rocks. These 
are reviewed in Bubela (1981). Eldridge et al (1993) carried 
out mineralogical and SHRIMP-based sulfur isotopic 
studies and reinforced the epigenetic model. 

Large et al (1998, 2002) carried out extensive, isotopic, 
sedimentological, mineralogical and hydrological 
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studies on the McArthur River deposit and surrounds. 
They favoured a synsedimentary model, with metals 
precipitating in intermittent pulses on the sea oor 
(Figure 15.35). They proposed that deep seismic events 
lead to the following ore cycles: fault movements; 
sediment breccia deposition sourced from faults; episodic 
release of hot metalliferous brines along faults; and metal 
sul de deposition in muds and turbidites adjacent to faults 
(Large et al 1998). Metals were transported in sulfate-rich 
oxidised brines at 150–250oC and deposition occurred 
due to thermochemical reduction by organic matter and 
diffusion of H2S from the anoxic water columns to the 
metalliferous brine layer. 

Symons (2007) carried out palaeomagnetic analysis 
of 273 specimens from the ore zones and host rocks at 
the McArthur River deposit. The characteristic remnant 
magnetisation in the ore zone is due to pyrrhotite and 
magnetite, and is 2–3 My younger than the primary age 
of the host rock; this supports an epigenetic origin for the 
ore zone sul des.

Yalco

During the 1980s, Yalco was explored by various JVs. 
In 1994, MIM Exploration drilled three diamond holes 
totalling 708.7 m at Yalco to test weak soil anomalies. No 
economic grades were intersected, but the drilling was 
not deep enough to intersect the Barney Creek Formation. 
The Yalco area was subsequently explored by an Anglo 
American Exploration Australia/North Ltd JV during 
2003–2005 (Kennedy et al 2005). Drilling intersected 
a bituminous pyritic shale interpreted as Caranbirini 
Formation, rather than the HYC Shale Member of the 
Barney Creek Formation. 

Sand re Resources NL drilled a broad EM anomaly 
at the Yalco prospect during 2007 (Figure 15.36). The 
hole intersected 50 m of carbonaceous pyritic shale 
of the HYC Shale Member, containing micro-veinlets 
of galena, but lacking any economic mineralisation 
(Sand re Resources NL, Quarterly report for the period 
ended 30 September 2007).
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Figure 15.35. Diagrammatic representation 
of three stages of ore formation at McArthur 
River deposit (after Large et al 1998): (1) 
Pelagic mud from anoxic water column; (2) 
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W-Fold

The W-Fold deposit (Murray 1952, Fricker 1962, Rawlins 
1967, Walker et al 1977) is located about 5 km west of 
McArthur River (Figure 15.30) and contains stratiform 
Pb-Zn concentrations in the HYC Pyritic Shale Member. 
Two deep diamond drillholes, 1 500 m apart, intersected 
some 200 m of HYC Pyritic Shale Member and 70 m of the 
W-Fold Shale Member. One hole intersected a 30 m-thick 
zone containing 3% Zn, including 2 m of 9% Zn. The second 
hole intersected some 40 m of 2.2% Zn, which includes a 
basal 3 m of 9.5% Zn (Murray 1975). Wickens Hill DDH1 
intersected a 7.46 m-thick ore zone, averaging 7.76% Zn, 
1.7% Pb and 5 g/t Ag.

The mineralisation is similar to the McArthur River 
deposit and consists of very ne-grained pyrite, sphalerite 
and galena, forming delicately laminated to massive bands, 
concordant with the shale bedding. Much of the sphalerite 
is present as up to 0.5 mm-thick pale straw-yellow laminae, 
interbedded with dolomitic shale. Coarse-grained red 
sphalerite with scattered galena crystals is present in a few 
thin beds, which may also host concretionary base metal 
sul des (Murray 1975). Inter-ore breccias like those found 
in the McArthur River deposit are not present in the W-Fold 
deposit.

Emu Plains

The Emu Plains Pb-Zn prospect is a subsurface deposit about 
3 km north of the McArthur River deposit (Figure 15.30). 
Two diamond drillhole intersections have returned assays 
averaging 2% Zn and 0.7% Pb over 50 m (Walker et al 
1977). Emu DDH12 intersected the HYC Pyritic Shale 
Member in the interval 54–140 m, recording assays of 1% 
Zn over 7 m (CEC 1977). The mineralisation is very similar 
in style to the McArthur River deposit and is at the same 
stratigraphic level.

Berjaya

The Berjaya Zn (Pb-Cu) prospect (Kneale et al 1979, 
Bornman 1982) is situated about 18 km west of the McArthur 
River deposit (Figure 15.28) and was discovered during 
a geophysical survey. Follow-up geological mapping, 
geochemical sampling (soil and rock), geophysical (IP) 
surveys and diamond drilling (5 holes totalling 586 m) 
delineated minor stratiform base metal mineralisation within 
laminated pyritic and carbonaceous shale of the Caranbirini 
Member. Pyrite is present as discrete, disseminated ne 
grains, forming 0.5 mm-thick laminae or occupying small 
fractures. Sphalerite is commonly located in dolomite 
veins and vugs within dolomitic breccias, as intersected by 
drillhole BJ1 (54.7–55.3 m), which assayed 4.63% in the 
interval 54.7–55.3 m, and averaged 0.87% Zn and 740 ppm 
Pb in the interval 16–27 m, including 1.77% Zn over 1 m.

Mitchell Yard

The Mitchell Yard Pb-Zn prospect (Fricker 1962) is 
situated in the vicinity of the informally named Mitchell 
Yard sub-basin (Figure 15.30), about 8 km southwest of 
the McArthur River deposit. Low-grade stratiform Pb-Zn 
mineralisation was intersected within pyritic shale of the 
Barney Creek Formation, which occupies the hinge area of 
an open to tight syncline, cut by a northeast-trending fault. 
Assays of 0.7–1.1% Zn have been recorded in drill core 
intersections, as well as visible galena within dolostones of 
the Mitchell Yard Member at the surface.

Myrtle

The Myrtle Zn-Pb prospect, located 19 km south-southwest 
of the McArthur River deposit (Figure 15.28), contains 
signi cant stratiform zinc-lead mineralization within 
the Barney Creek Formation in the Myrtle Sub-basin, at 
depths of up to 500 m. The prospect was rst identi ed by a 
regional geophysical survey (IP), conducted by Carpentaria 
Exploration Company Ltd in 1966, which located a 
signi cant anomaly (Shaw 1968). Follow-up work delineated 
a 1.7 km-long east–west-trending anomaly. Myrtle DDH1 
was subsequently drilled to test the anomaly, and intersected 
over 100 m of the Barney Creek Formation, containing 
a 35.7 m zone assaying 0.6% Zn, 0.09% Pb and 6.2 g/t 
Ag (Shaw 1968). Pyrite is the dominant sul de, typically 
forming laminae within carbonaceous shale. Sphalerite and 
galena are visible as monomineralic veinlets or as ne to 
medium grains within carbonate veins (Shannon et al 1980). 
More recent drilling by Rox Resources Ltd has identi ed 
signi cant lead-zinc mineralisation in multiple intervals. 
Rox has announced a JORC-compliant resource estimate of 
43.6 Mt at 4.09% Zn and 0.95% Pb, for 5.03% Zn + Pb at a 
cut-off grade of 3% Zn + Pb. At a higher cut-off grade of 5% 
Zn + Pb, the resource is 15.3 Mt at 5.45% Zn and 1.4% Pb, for 
6.84% Zn + Pb (Rox Resources Ltd, ASX Announcement, 
15 March 2010). The orebody remains open to the north and 
west. High-grade mineralisation occurs as sphalerite, galena 
and pyrite in a well bedded calcareous shale (Figure 15.37), 
interpreted to be the HYC Pyritic Shale, or an equivalent 
unit. Mineralisation is similar in style to that of the McArthur 

Figure 15.37. Banded sphalerite in drill core from Myrtle prospect 
(Rox Resources Ltd, drillhole MY16: 189.1 m, 53K 610080mE 
8167065mN).
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River deposit, but has a coarser grain size (Rox Resources 
Ltd, ASX Announcement, 28 August 2008).

Barney Creek Sub-basin

The Barney Creek Sub-basin is an east–west-elongated basin, 
located about 17 km southwest of the McArthur River deposit 
(Figure 15.30). A broad magnetic low with an associated 
resistivity low suggested an attractive exploration target 
(Rawlins 1967). Follow-up diamond drilling intersected low 
grade (0.42% Zn and 0.12% Pb over 10 m) stratiform base 
metal mineralisation within pyritic shale of the Barney Creek 
Formation.

Mountain Home (Glyde Sub-basin)

The Mountain Home prospect is located in the Glyde Sub-
basin, some 60 km south of the McArthur River deposit 
(Staples 1978, Wilkins 1980, Davidson and Dashlooty 
1993). The area lies between two bounding faults: the Emu 
and Cowdrey faults. An equivalent of the HYC Pyritic 
Shale Member has been intersected in several drillholes, 
and generally consists of black dolomitic and pyritic, 
carbonaceous shale, which ranges in thickness from 0–50 m. 
Pyrite is present as disseminated framboidal clumps and 
frequent thin massive bands and clots. Sphalerite often forms 
visible grains in dolomitic slump breccias and carbonate 
veins.

Century-style base metals deposits

The McArthur Basin has potential for Century-style base 
metals mineralisation. Century is located 250 km northwest 
of Mount Isa in Queensland and is a stratiform zinc-lead-
silver deposit hosted within turbiditic siliclastic black 
shale and siderite-rich siltstone of the middle Proterozoic 
Lawn Hill Formation, a succession of shale, siltstone and 
sandstone overlain by Cambrian limestone. This deposit is 
believed to have been formed via the in ux of an oxidised 
metal-bearing uid into a pre-existing, zoned hydrocarbon 
reservoir, leading to the deposition of base metals by 
thermochemical sulfate reduction (Broadbent et al (1988). 
Although no deposits of this type have yet been identi ed 
in the McArthur Basin, potential hydrocarbon-bearing 
host rocks are widespread within the McArthur Group (see 
Petroleum) and occur in areas that have been subjected to 
mineralised uid ows. Prospective strata include palaeo-
hydrocarbon reservoirs, such as intervals of the Barney 
Creek Formation and Coxco Dolostone Member that have 
been reported as containing extensive bitumen and other 
hydrocarbons (Thomas 1981).

Discordant Pb-Zn-Ag±Cu deposits

These deposits occur as open space- lling of coarse-grained 
pyrite, galena and sphalerite+chalcopyrite in brecciated 
dolostone, and were generated by low- to moderate-
temperature hydrothermal uids. A number of these are 
associated with karsti cation close to silici ed regolith, with 
the brecciation produced by hydraulic fracturing. Many are 
regarded as classic Mississippi Valley-style deposits. The 

Umbolooga Subgroup contains almost all of these deposits, 
with the majority occurring in the Reward or Emmerugga 
dolostones. Vein-style deposits are few, are generally 
con ned to the lower McArthur and Tawallah groups, and 
are usually chalcopyrite rich. They were probably produced 
by moderate-temperature hydrothermal uids. 

Cooley prospects (Cooley I, II and III)

These prospects are located immediately to the east of 
the McArthur River deposit (Figure 15.30). Outcropping 
mineralisation is present only at the Cooley I deposit; at 
the other two deposits, mineralisation has been intersected 
in drillholes. All are situated close to the Emu Fault in 
brecciated Emmerugga Dolostone (Walker et al 1977). 
Cooley II is closest to the Emu Fault and is primarily a 
copper deposit, with subordinate lead and zinc. Walker et al 
(1977) assigned the brecciated host carbonate to the Mara 
Dolostone Member of the Emmerugga Dolostone. Cooley I 
and III are mainly lead and zinc deposits. Williams (1978a) 
and Rye and Williams (1981) gave a detailed description of 
these deposits and the following summary is mainly based 
on their work.

The outcropping Emmerugga Dolostone succession at 
the Cooley I deposit strikes north–south, dips moderately to 
the west and consists of well bedded stromatolitic dolostone. 
Northwest-striking, steeply northeast-dipping and up to 1 m 
wide dolomite 'dykes' traverse the succession. These dykes 
carry galena-bearing sparry dolomite veins running parallel 
to the 'dyke' walls (Figure 15.38). Some crosscutting 
galena-dolomite stringers and pods are also present. In 
places, the Emmerugga Dolostone is brecciated and carries 
galena-sphalerite pods as breccia in ll. Williams (1978a) 
identi ed two types of breccias in the drill core samples. The 

rst generation breccia (Br1) consists of angular dolostone 
clasts, up to 1 m in size, in a dark matrix of dolomite grains, 
pyrite and carbonaceous material. The second generation 
breccia (Br2) consists of angular clasts of Br1 in a matrix 
of dolomite and sul des (veins or disseminations), with 
interlocking laths of barite, or dolomite pseudomorphs 
after barite and carbonaceous material. The Br1 breccias 
are interpreted to be due to movements on the Emu Fault/
Western Fault, debris slumping, or solution collapse. 

Figure 15.38. Mineralised dolomite dyke crosscutting Emmerugga 
Dolostone at Cooley 1 prospect. Galena is associated with sparry 
dolomite forming thin darker layers traversing from bottom to top of the 
photograph within yellow dolomite. (53K 619600mE 8182300mN).
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Exposed breccias at the Cooley I deposit probably belong 
to this phase of brecciation. The Br2 breccias are interpreted 
to be due to solution collapse following the introduction 
of mineralising solutions into porous Br1 breccias. The 
origin of the dolomite 'dykes' is not discussed, but they may 
represent channelways for the mineralising solutions, or 
may be neptunian dykes.

The sul des are relatively coarse grained and were 
deposited sequentially in the order of pyrite + marcasite 
+ barite + dolomite, then Cu sul des, galena + sphalerite, 
with Cu-bearing sul des occurring close to the Emu Fault, 
mostly at the Cooley II deposit.

Sulfur isotopic ratios of pyrite, sphalerite and galena 
show a range and behaviour similar to those of the McArthur 
River deposit, with pyrite having large variations, and 
galena and sphalerite nearly constant. The galena-sphalerite 
sulfur isotope geothermometer gives a temperature of 
290°C for the Cooley I deposit (and 275°C for the Cooley II 
deposit (Williams 1978a).

The 13C and 18O values of ore-stage dolomite de ne a 
linear trend and individual deposits yield distinctive values 
that become heavier away from the Emu Fault. Modelling 
of 13C and 18O data provides temperatures of 310°C for 
the Emu Fault zone, 300–290°C for the Cooley I deposit, 
275–250°C for the Cooley II deposit and 240–185°C for the 
Cooley III deposit.

Murray (1975) visualised the mineralisation originating 
as sul de mud in lagoons. Williams (1978a) and Rye 
and Williams (1981) considered the mineralisation to be 
epigenetic and suggested that the mineralising uids issued 
from the Emu Fault and owed westward. This would 
explain the observed decrease in Cu/Pb+Zn ratios and 
temperatures away from the Emu Fault.

Ridge deposits (Ridge I, Ridge II)

These subsurface prospects are located east of the McArthur 
River and Cooley deposits. At the Ridge I deposit, the 
mineralisation is within brecciated Cooley Dolostone 
Member, whereas at the Ridge II deposit, the upper half is 
within the HYC Pyritic Shale Member and the lower half 
is in brecciated Cooley Dolostone Member. Murray (1975), 
Williams (1978a), Logan (1979), and Rye and Williams 
(1981) have described the deposits and the following 
summary is largely based on these studies.

The sul des are coarse grained and occur in the breccia 
matrix as open-space in lls at Ridge I and the lower half 
of Ridge II. In the upper half of Ridge II, the sul des 
are ne grained and similar in texture to the McArthur 
River orebody. The main ore minerals are pyrite, galena, 
sphalerite and minor chalcopyrite, and the paragenetic 
sequence is similar to that in the Cooley deposits. As with 
the Cooley deposits, two types of breccias (Br1 and Br2) 
have been identi ed.

Stratiform mineralisation in the upper half of the 
Ridge II deposit is situated directly above the breccia- lled 
mineralisation and, like the McArthur River orebody, is 
within the basal part of the HYC Pyritic Shale Member.

The stable isotope variations and systematics of the 
Ridge deposits are similar to those in the Cooley deposits, 
but calculated temperatures are lower. A galena-sphalerite 

sulfur isotope geothermometer gave a range 120–180°C 
for the Ridge II deposit. Modelling of carbon and oxygen 
isotope data on ore-stage dolomite gave temperatures of 
175–190°C for the Ridge I deposit and 225–190°C for the 
Ridge II deposit (Rye and Williams 1981).

Coxco (Cox and Cooks)

The Coxco deposit is located some 10 km southeast of the 
McArthur River mine (Figure 15.28). The name Coxco 
is derived from two adjacent mines, Cox and Cooks, 
discovered in the late nineteenth century and worked for 
high-grade oxidised ore using a number of shallow shafts 
and pits. No production records are available. The deposit 
was extensively drilled by Carpentaria Exploration 
Company Pty Ltd (CEC), and reserves were quoted to 
be several million tonnes averaging 2.5% Zn and 0.5% 
Pb by Walker et al (1983), who also provided a detailed 
description of the deposit. Additional drilling and resource 
estimations have been carried out on the deposit by CEC 
and North Ltd, but not published.

The mineralisation is hosted by the Reward Dolostone, 
which is unconformably overlain by the Lynott Formation 
and unconformably underlain by the Mara Dolostone 
Member of the Emmerugga Dolostone. The Reward 
Dolostone–Lynott Formation contact is a siliceous zone, 
probably representing a palaeoweathering surface, and 
consists of quartz, void- lling chalcedony and goethite. 
Close to the Mara Dolostone Member–Reward Dolostone 
unconformity, the Mara Dolostone Member contains ne-
grained, laminated, discordant quartz-dolomite veins.

The Reward Dolostone and upper part of the Mara 
Dolostone Member contain lenses and dykes of breccia, 
consisting of angular pieces of host rock in a ne-grained 
matrix of dolomite, quartz, clay, organic matter, feldspar, 
chert, iron sul des, collophane, mica and dolomite 
pseudomorphs after barite. These breccia lenses have a 
sharp contact with the host rock and are interpreted as 
in lls of solution cavities developed during an episode 
of karsti cation. Another kind of breccia, interpreted as 
crackle breccia, is preferentially developed in the Reward 
Dolostone immediately below the silici ed zone. It is 
clast supported, with rounded to angular fragments, and 
there are no exotic rock lithologies. It originated by brittle 
deformation as a result of hydraulic fracturing (Walker 
et al 1983).

Two stages of Pb-Zn mineralisation have been identi ed 
(Figure 15.39): stage I comprises sphalerite, marcasite, 
pyrite and galena, and occurs as colloform and crystalline 
crusts and fragments within the karst breccia matrix; 
stage II comprises sphalerite, marcasite, pyrite and galena 
and occurs as veins and as matrix in the crackle breccia. 
Comb structures are common in stage II mineralisation, 
showing pyrite and marcasite near the base, followed by 
sphalerite, followed by galena. Stage II mineralisation 
crosscuts the Reward Dolostone, silici ed zone, void in lls, 
stage I mineralisation and the basal Lynott Formation, and 
was therefore formed after the lithi cation of the Lynott 
Formation.

Two-phase (water+vapour) primary uid inclusions 
in stage II sphalerite and dolomite have freezing 
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temperatures in the range -22.2 to -27.8°C, suggesting 
high-salinity brines. Homogenisation temperatures are in 
the range 100–169°C.

The galena-sphalerite sulfur isotope geothermometer 
gives a range of 128–191°C, which is consistent with the 

uid inclusion homogenisation temperatures.
Lead isotope ratios are similar to those of the McArthur 

River deposit and suggest ore- uid derivation from basinal 
brines, although some samples have a more radiogenic 
component, suggesting possible leaching of the McArthur 
Group sediments themselves.

Carbon and oxygen isotope data on bituminous matter 
and dolomite show that the former is mainly biogenic ( 13C 
-37.7 to -32.5‰). The host dolomite shows a wide spread 
in the 18O values of 19.8 to 24.7‰, but a narrow range of 

13C values (-3.0 to 0.1‰). Two samples of stage II dolomite 
gave 18O values of 18.2 and 20.4‰ and 13C values of 0.8 
and -1.3‰. These values are dissimilar to those of ore stage 
mineralisation in the Cooley and Ridge deposits.

The proposed genetic model (Walker et al 1983) suggests 
the formation of stage I mineralisation in karstic cavities by 
the mixing of metal-bearing brines with reduced sulfur-
bearing groundwaters. Stage II uids represent basinal 
brines at temperatures of 100–170oC; precipitation took 
place due to a biological sulfate reduction by hydrocarbons 
at the site of metal deposition. Most workers regard the 
Coxco deposit as a Mississippi Valley type.

Squib

This prospect is hosted by the brecciated Mara Dolostone 
Member and is situated about 4 km southeast of Coxco. 
Mineralisation, comprising malachite, azurite and 
chalcopyrite, is patchy and is exposed in four small pits 
within an area of 25 x 5 m. The prospect is situated 
alongside a branch of the Emu Fault, which separates the 
Mara Dolostone Member from the Yalco Formation. The 
faulted contact is silici ed and is composed of massive to 
brecciated chert resembling the silici ed zone at the Reward 
Dolostone–Lynott Formation contact in the Coxco deposit. 
This silici ed zone has an irregular contact with the Mara 
Dolostone Member, and may represent a regolith, but is not 
mineralised (Pietsch et al 1991, Ahmad and Ferenczi 1993).

Mineralisation is con ned to brecciated Mara Dolostone 
Member just below the silici ed zone. Unlike Coxco, 
secondary copper minerals are the dominant form of 
mineralisation. No information is available on the primary 
mineralisation, but presumably much of the secondary copper 
minerals are derived from the oxidation of chalcopyrite.

Turnbull

The geological setting of this prospect is similar to that of the 
Squib prospect. It is situated in brecciated Mara Dolostone 
Member, adjacent to the silici ed zone at the faulted Mara 
Dolostone Member–Yalco Formation contact. Minor  
production from a shallow shaft has taken place. Within the 
shaft, galena occurs as colloform concretions in the matrix-
supported breccia and minor malachite is also present as 
encrustations. The breccia–dolostone contact is irregular, 
but sharp. The breccia resembles the karstic breccia at 
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the Coxco deposit and the mineralisation is similar to the 
stage I mineralisation at the Coxco deposit (Ahmad and 
Ferenczi 1993).

Reward

The Reward prospect is located about 15 km west of the 
McArthur River mine (Figure 15.30) and was mined by 
underground methods, producing a few hundred tonnes 
of ore probably in late 1950s. Mineralisation is within 
the Reward Dolostone and underlies a silici ed zone 
consisting of massive to brecciated chert/jasper. The 
silici cation is pervasive and generally structureless. In 
places, some remnant bedding is present. The silici ed 
zone appears to be similar to that at the Coxco, Turnbull 
and Squib deposits and probably represents a regolith. 
Below the silici ed zone there is a yellow ochreous zone, 
about 2 m thick. The contact between these two zones is 
irregular, but sharp. The yellow ochreous zone is underlain 
by red-brown, ferruginous gossanous material, containing 
cerussite, pyromorphite and minor malachite.

In one of the costeans, there is a small outcrop of 
heavily fractured, unsilici ed Reward Dolostone. The 

Figure 15.39. Coxco prospect: relationship between cave breccias 
with stage I sul des and later stage II sul de breccias (after Walker 
et al 1983).
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fractures are lled by galena, dolomite and sphalerite. 
Galena and dolomite stringers are also seen at a few other 
places in the Reward Dolostone in close proximity to the 
mine (Ahmad and Ferenczi 1993).

Mariner

The Mariner lead prospect (Nenke 1977, 1979, Logan 
1980a, b, BHP 1982a, b) is located about 20 km northeast of 
Bauhinia Downs Station. Anomalous Pb geochemical results 
were also obtained, 4 km to the north (Mariner North). Both 
prospects are within chert breccia, stromatolitic dolostone 
and dolomitic mudstone of the Tooganinie Formation.

The mineralisation is located in a possible regolith 
directly under the Roper Group–McArthur Group 
unconformity (Logan 1980b). Surface mineralisation 
consists of cerussite within weathered cherty material, 
which assayed up to 11.9% Pb (Nenke 1979), while a 
laminated chert sample from Mariner North assayed 1.5% 
Pb (Nenke 1977). The best drilling intersection (Mariner 
RDH1) assayed 7.9% Pb over 16 m (14–30 m), including 
13% Pb over 7 m (Nenke 1979).

Great Scott

The Great Scott Pb-Zn-Cu prospect (Rawlins 1972, Nenke 
1979) is located about 14 km south-southeast of Mariner. 
This prospect lies within stromatolitic dolostone of the 
Tooganinie Formation. Galena is the principal ore mineral, 
found as coarse disseminations or in lling small fractures 
or vugs within dolostone over a 5 km strike length. In 
the central portion of the prospect, galena appears to be 
con ned to stromatolitic dolostone beds, 1–2 m thick. Chip 
samples have returned assays up to 3% Pb and 2.2% Zn 
(Nenke 1979).

Bald Hills (Bulburra)

The Bald Hills Pb-Zn prospect (Brown 1908, Fricker 
1962, Murray 1952) is located about 15 km west of the 
McArthur River deposit and was discovered in the early 
1900s. Exploration work, including drilling, has indicated 
that the bulk of the mineralisation is near the surface and 
very erratic. The old workings consist of a 3 m shaft and 
several shallow pits. Mineralisation consists of coarse-
grained galena and sphalerite with minor chalcopyrite, 
in lling fractures and vugs within brecciated dolostone of 
the Reward Dolostone. A chip sample assayed 11% Pb and 
20 g/t Ag, while subsurface drilling has intersected 10 m 
of 1.2% Pb and 6.5% Zn (AMS DDH2) and 5.5 m of 2% Pb 
and 7.8% Zn (AMS DDH1).

Barney Creek and Barneys

Barney Creek and Barneys are both carbonate-hosted 
lead prospects in the vicinity of the McArthur River 
deposit. Barney Creek was rst inspected and sampled 
by Brown (1908); a chip sample of secondary ore assayed 
53.3% Pb and a galena-rich sample assayed 83.3% Pb 
and 200 g/t Ag. The mineralisation at Barney Creek 
consists of coarse-grained galena in lling vugs within 

dolarenites of the Mara Dolostone Member. At Barneys, 
the mineralisation consists of coarse-grained galena 
in lling fractures and voids within brecciated dololutite 
of the Teena Dolostone.

Caranbirini

Caranbirini Zn-Pb-Ag prospect (Staples 1978, Wilkins and 
Staples 1979, Wilkins 1980) is located about 20 km north-
northwest of the McArthur River deposit (Figure 15.28). 
Mineralisation is subsurface and has been intersected in 
drillholes. It comprises medium- to ne-grained sphalerite, 
with minor galena and chalcopyrite in lling breccia 
voids and fractures within dolomite breccia of the Cooley 
Dolostone Member equivalent. Best intersections assayed 
7.25% Zn, 0.85% Pb and 9.5 g/t Ag over 3 m (DD83 CA3, 
663–666 m), and 0.5 m of 22.4% Zn and 2.5% Pb in DD82 
CA1 (Allnutt and Bubner 1986).

Buffalo Lagoon

Buffalo Lagoon lead prospect is situated about 15 km west 
of the McArthur River deposit It is a subsurface deposit, 
comprising coarse-grained galena within fractured 
dolostone of the Mitchell Yard Dolostone Member which 
assayed 3.22% Pb (Shaw 1968).

Apollo Prospect

The Apollo Prospect (Nenke 1977) is located some 
15 km southeast of the Eastern Creek prospect and is 
hosted within the Amelia Dolostone. Galena, cerussite 
and minor chalcopyrite are the primary ore minerals. 
Secondary ore minerals include pyromorphite and 
malachite. Mineralisation occurs as disseminations, blebs, 
veins, fracture in lls and occasional karst in lls within 
white cherti ed dolostone and carbonaceous mudstone. 
Mineralisation extends over >2500 m by 900 m, and is up 
to 40 m thick (Ward 1983). Surface samples contain up to 
37% Pb with subordinate copper. The best intersections 
were 15 m of 2.15% Pb, including 2 m of 8.4% Pb and 4 m 
of 3.35%Pb and 14g/t Ag (Nenke 1979).

Base metal sul des were probably precipitated from 
hydrothermal brines emanating along local fault zones. 
Carbonaceous material in the Amelia Dolostone probably 
acted as the reducing agent, providing a trap for these 
sul des (Haines et al 1993).

Eastern Creek

Eastern Creek Pb-Cu-Ba prospect (Muir et al 1985, Nenke 
1977) is located about 15 km south of Nathan River, within 

nely bedded organic-rich dolomitic and pyritic mudstone 
of the Balbirini Dolostone, at the unconformity surface 
with the overlying Roper Group (Figure 15.28). This area 
is characterised by an abundance of barite mineralisation, 
which extends northward along the Limmen Bight River 
to The Four Archers. Mineralisation comprises galena, 
and lesser chalcopyrite and malachite, occurring as coarse 
disseminations, veins and small pods of galena within an 
8 m-thick zone of solution collapse breccia over a strike length 
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of 1300 m (Johnston 1972, 1974). Best drillhole intersections 
were 8.3 m at 2.55% Pb, including 2 m at 4.5% Pb.

Johnston (1974) suggested an early diagenetic origin 
involving two stages: (a) deposition of galena and minor 
chalcopyrite and pyrite into open space fractures, vugs 
and pore spaces; followed by (b) precipitation of barite 
and minor base metals in the remaining spaces, together 
with partial remobilisation of galena. Simpson and Dennis 
(1982) suggested that mineralisation is related to the 
unconformity surface.

Muir et al (1985) carried out uid inclusion 
mineralogical and stable isotope studies. Fluid inclusion 
data on mostly secondary inclusions indicated a pressure-
corrected temperature for barite and vein dolomite in the 
ranges 95–138°C and 158–168°C, respectively. Sulfur 
isotopes for galena and minor chalcopyrite range from 
3.6 to 11.2‰, whereas for barite, they range from 18.4 
to 24.7‰. Muir et al (1985) proposed that the Eastern 
Creek mineralisation involved two distinct brines. The 

rst uid contained Fe and sulfate and formed in the void 
spaces at the top of the Balbirini Dolostone during vadose 
diagenesis and by the dissolution of evaporites. The 
second basinal brine, rich in Ba, Pb, Cu and H2S, came 
into contact with the lower temperature, stationary earlier 

uid, precipitating galena and chalcopyrite.
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Figure 15.40. Geology of the Bulman mineral eld.

The Bulman mineral eld (Figures 15.28, 15.40), 
comprising 10 recorded mineral occurrences, was 
discovered in early 1900 and worked intermittently until 
1925. Between 1908 and 1911, the deposits produced 10 t 
of high-grade lead ore before mining was abandoned 
owing to rapidly decreasing lead grades with depth 
(Patterson 1965). Minor production again took place in 
1925. A combined resource for seven of the deposits has 
been estimated as 1.2 Mt at 6.5% Pb and 0.93 Mt at 11% 
Zn (Nasca 1969). Admiralty Resources NL conducted a 
drilling program in June–July 2008, via its wholly owned 
subsidiary Bulman Resources Pty Ltd. The drillholes 
intersected shallow, at-lying localised zones of zinc-
lead mineralisation hosted by dolomitic and calcareous 
sediments above an intrusive dolerite contact. Drillhole 
BEL0001 intersected 3 m at 11.63% Zn and 5.02% Pb from 
15 m. Other intersections are highly variable and range 
from 3–11 m at 0.16% Zn to 8 m at 2.20% Zn and 3 m at 
0.49% Zn (Admiralty Resources NL, ASX Announcement, 
10 October 2008).

The mineralisation at Bulman is within at-lying or 
gently dipping, laminated stromatolitic dolostone, chert, 

ne-grained sandstone, and cherty breccia of the Dook 
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Creek Formation. Sills of Derim Derim Dolerite intrude 
the dolostone. The most prominent structural feature is the 
Bulman Fault, which can be traced over a distance of about 
300 km.

Almost all of the mineral occurrences are in carbonate 
rocks, which have been contact metamorphosed by a 
dolerite sill. The carbonate rocks within a 50 m-wide 
contact zone show extensive contact metamorphic 
effects ranging from slight recrystallisation to extensive 
development of serpentinite and talc (Nasca 1969). Minor 
ore minerals are also known from non-metamorphosed 
carbonate rocks.

Three types of mineral occurrences can be 
distinguished. The rst type, which is represented in the 
majority of the old workings, consists of small but rich 
pods of high-grade galena and sphalerite in cavities along 
bedding planes (Figure 15.41). The second type consists 
of a 0.3–0.6 m-thick surface crust of high-grade zinc ore, 
averaging 20% Zn and 3% Pb (Patterson 1965); ore minerals 
comprise cerussite, galena, hydrozincite, smithsonite and 
willemite. The third type forms the bulk of the base-metal 
resource in the Bulman mineral eld and appears to offer 
the most potential for further discoveries. It is represented 
by subsurface stratiform lead-zinc mineralisation at several 
levels (Figure 15.41). The average zinc to lead ratio is 3:1 
and silver content is usually less than 30 g/t (Nasca 1969).

Nasca (1969) proposed that the base metals were derived 
from an igneous source (dolerite) and were transported in 
silica-rich uid, to be precipitated as a result of falling 
temperature and pressure. This model appears unlikely, 
as a number of dolerite sills intrude the McArthur Basin 
succession and mineralisation does not occur along the 
contacts with theses sills. Sweet et al (1999) suggested 
that the Bulman occurrences could have formed from the 

modi cation and remobilisation of an extensive, but low-
grade syngenetic deposit as a result of dolerite intrusion.

Sulfur-isotope analyses on three galena samples (Sweet 
et al 1999, Muir et al 1985) indicated small 34S variations 
of +11.6 to +17.3‰. Muir et al (1985) considered these 
values to be consistent with a genetic model similar to that 
proposed for the Eastern Creek prospect.

Thor prospect

Thor prospect is located adjacent to the Calvert River 
crossing on the Borroloola–Wollogorang track and is within 
the Karns Dolostone. It was discovered during mapping and 
prospecting in 1979 and was subsequently drilled (Janecek 
1980, Dennis 1981, Barrett 1982). The mineralisation 
comprises coarse-grained galena and sphalerite veins and 
disseminations, closely associated with bitumen vugs. This 
is hosted in porous and cavernous dolostone and sandstone 
facies of the lower Karns Dolostone. Surface grab samples 
assayed up to 36% Zn, 17% Pb and 62 g/t Ag. However, 
drilling indicated only moderate grades at depth over narrow 
intervals. The best intersection was 13.4 m at 3.21% Zn and 
0.39% Pb (Janecek 1980).

Copper-bearing breccia pipes

Copper-bearing breccia pipes are known from the 
Redbank area (Figure 15.42) near the southern edge of 
the southeastern McArthur Basin (Orridge and Mason 
1975, Rod 1978, Knutson et al 1979, Ahmad and Wygralak 
1989, 1990, Wall and Heinrich 1990, Redbank Mines Ltd, 
ASX Announcements, 18 July 2007, 8 January 2008 and 
10 January 2008). Minor vein-type mineralisation is also 
present in the Redbank area. Both mineralisation types are 
closely associated and are possibly genetically related. Most 
pipes are within the Gold Creek Volcanics, but in an area 
close to Wollogorang Station, pipes are also known from 
within the Wollogorang Formation and Settlement Creek 
Dolerite. A volcanic plug piercing the Seigal Volcanics 
(Figure 15.12), about 2 km north of the Kings Ransom 
uranium prospect, possibly also belongs to this category 
(Ahmad and Wygralak 1989). Over 50 breccia pipes are 
known from the Redbank area and at least 10 of these 
contain copper mineralisation, with chalcopyrite as the main 
primary mineral. The most signi cant mineralisation is 
documented from the Bluff, Sandy Flat, Stanton, Redbank, 
Azurite, Prince and Punchbowl occurrences. The pipes 
comprise various proportions of microbreccia, dolomite, 
quartz, chlorite, celadonite, haematite, K-feldspar and 
apatite, with minor barite, rutile and galena. Pyrobitumen 
has been noted in some occurrences and is probably derived 
from the underlying sedimentary units. The distribution of 
mineral occurrences may be controlled by east-trending 
lineaments that are traversed by northeast- and northwest-
trending faults.

The breccia pipes are steeply plunging cylindrical 
structures, 4 to 75 m in diameter, with a vertical extent of 
at least 330 m. They appear as circular features on aerial 
photographs and are often covered by spinifex and devoid 
of large trees. Pipe boundaries are commonly represented 
by a complex of minor shears and narrow zones of 
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fracturing extend beyond the limits of the pipes (Orridge 
and Masson 1975). Rod (1978) considered the pipes to 
have crooked stems and mushroom-like caps, which have 
forced the overlying sediments and volcanics into dome-
like structures. In the Redbank eld, rocks within the pipes 
commonly dip inward and are generally collapsed to a level 
more than 100 m below their normal stratigraphic position.

Copper is normally the only commodity present 
in economic concentrations. However, anomalous Co 

concentrations are known from some occurrences, and the 
Stanton and Running Creek pipes, further to the north, 
contain signi cant Ni and Co, in addition to copper (Manzies 
et al 1996, Manzies and Morris 1996, Rawlings 2006).

The rst copper discovery in the Redbank area was at 
the China Girl prospect in ca 1900. Further copper was 
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discovered at Packsaddle and Bauhinia in1912. From 1916 
onward, WR Masterton discovered and delineated most of 
the prospects in the Redbank eld and mined these via a 
number of small open cuts. Total production by Masterton 
was more than 1220 t of ore from 1916 until 1957, largely 
from the Azurite, Redbank and Prince deposits. A number 
of exploration companies have subsequently examined 
the area. NEWAIM Pty Ltd, Harbourside Oil NL, Triako 
Mines NL and CRA Ltd conducted signi cant geological 
investigations, including drilling, resource estimation, 
geophysical surveys and geological mapping during the 
1970s. 

Knutson et al (1979) showed that the Redbank pipes 
contain both autochthonous and allochthonous breccias 
(Figure 15.43). The former is con ned to the outer part 
of the pipe and comprises very angular fragments of the 
local rocks, eg Gold Creek Volcanics (Figure 15.44). The 
allochthonous breccia is present in the axial zone of the 
pipe and comprises large, subrounded fragments of the 
underlying Wollogorang Formation and volcanic rocks. 
The matrix in both breccias is similar and comprises 
dolomite, calcite, quartz, K-feldspar, apatite, celadonite, 
haematite, rutile and clay minerals. Chalcopyrite is 

the predominant ore mineral but some pyrite, galena, 
sphalerite and covellite are also present. The mineralogy 
of the Sandy Flat pipe has been studied by McLaughlin 
et al (2000).

The oxidised zone extends to a depth of about 30 m 
and contains high-grade mineralisation, ranging from 1.7 
to 5.8% Cu. The main minerals in the oxidised zone are 
malachite, azurite, chalcocite and chrysocolla.

A JORC-compliant estimate of the total resources 
at Sandy Flat, Bluff, Redbank and Punchbowl 
is 6.24 Mt at 1.5% Cu for 95 900 t of contained 
metal. This includes an indicated resource of 
2.76 Mt at 1.6% Cu and an inferred resource of 
3.48 Mt at 1.5% Cu (Redbank Copper Ltd website:  
www.redbankcopper.com.au, accessed Oct 2010). 
There are a number of advanced targets located near 
the minesite area as well as regional targets, and it is 
possible that exploration will result in increased oxide 
and sul de resources. An open cut mining operation 
commenced in March 2006, and was suspended in 
September 2008. The company plans to recommence 
mining in 2013 and known resources are expected to 
support an initial 10-year operation.
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Figure 15.43. Sketches showing geological relationships and spatial distribution of breccia types in Redbank area. (a) Tom Springs and 
Eagles Nest, southwest of Redbank mines and (b) Redbank breccia pipes at Sandy Flat and Bluff (modi ed after Knutson et al 1979).
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Sandy Flat
The breccia pipe at Sandy Flat is concealed by soil and 
laterite. it was discovered by Harbourside Oil NL in 1969 
and detailed drilling was carried out by NEWAIM Pty Ltd in 
1971. The diameter of the pipe is about 60 m at the surface; 
it tapers down to a diameter of about 30 m near the Gold 
Creek Volcanics–Wollogorang Formation contact, at a depth 
of about 200 m. Drill intersections suggest that the breccia 
pipe continues well into the Wollogorang Formation.

A high-grade supergene zone, containing chalcocite and 
malachite, extends down to about 30 m below the surface. 
Chalcopyrite is the main primary mineral, occurring as 
disseminations, veinlets and fracture llings associated with 
strong chloritic alteration (Bell 1974). The interface between 
the Gold Creek Volcanics and Wollogorang Formation is 
mineralised and this mineralisation possibly extends beyond 
the pipe boundaries.

Bluff
The Bluff breccia pipe was discovered by NEWAIM Pty 
Ltd / Harbourside Oil NL in 1971 as a result of surface soil 
sampling. There is also a strong vegetation anomaly over a 
circular spinifex-covered depression, which represents the 
pipe. Weak surface mineralisation in brecciated trachyte can 
be traced for about 300 m, mainly as malachite stains on joints 
and fractures. The Bluff pipe has been extensively drilled. It 
is about 100 m in surface diameter and tapers down to about 
30 m at a depth of about 270 m, well into the Wollogorang 
Formation. The ore-grade mineralisation plunges 70° due 
north (Bell 1974), with high-grade mineralisation present 
as fracture llings and disseminations in brecciated rocks. 

Large unmineralised blocks of volcanic rocks are present 
within the centre of the pipe.

Knutson et al (1979) provided sulfur, carbon and oxygen 
isotope data, and proposed that the deposits were formed as 
a result of the explosive release of hydrothermal uids from 
potassic magma bodies at depth. Wall and Heinrich (1990) 
suggested a uid-mixing model, involving copper-rich 
basinal brines derived from above or lateral to the deposit 
and more-reduced hydrocarbon-bearing uids, sourced 
from the underlying Wollogorang Formation.

Punchbowl
The Punchbowl deposit was discovered by Triako Mines 
NL in 1974 by following up a Cu soil anomaly in a 
topographic depression. A kaolin-quartz-calcite alteration 
zone associated with ne-grained chalcopyrite extends for 
several hundred metres around a rhyolite intersected in 
drillholes. One of the early diamond holes returned 36.6 m 
at 1.0% Cu from 11.6 m (Triako Mines 1975).

The Stanton and Running Creek prospects are located some 
55 km northwest of Wollogorang Station and are hosted 
within the upper Gold Creek Volcanics (Figure 15.28). The 
Running Creek occurrence was probably discovered at the 
same time as the Redbank pipes and subsequently mined 
for a negligible tonnage from shallow workings. In the 
late 1970s, WJ Fisher identi ed eight anomalous circular 
features in this general area and carried out geochemical 
sampling. Subsequent exploration by CRA Exploration 
in 1990 lead to the discovery of seven discrete prospects 
(Palmer et al 1995, Menzies and Morris 1996, Menzies et al 
1996, Harvey 1997). The total indicated resource at Stanton 
is 800 000 t at 0.15% Co, 0.08% Ni and 0.15% Cu (Hydromet 
Corp Ltd, ASX Announcement, 2 February 2001). Stanton 
also has rare anomalous intersections of gold, including 
6 m at 0.2 g/t (Palmer and Fisher 1992). Pb and Zn are also 
locally anomalous, with the best intersection 8 m at 0.48% 
Zn at the nearby Felix prospect (Menzies et al 1996). No 
resource is estimated for Running Creek.

Ore minerals at Stanton are mainly of disseminated 
siegenite and chalcopyrite in the primary zone 
(Figure 15.45), and malachite, azurite, chalcocite, native 

Figure 15.44. Copper-stained breccia from Sandy Flat pipe, 
consisting of trachyte clasts in chalcopyrite-bearing pyrobitumen 
matrix (A Wygralak collection).

Figure 15.45. Large, euhedral, cubic siegenite crystals, partially 
enclosed by massive chalcopyrite at Stanton deposit (after 
Rawlings 2006: gure 76). Field of view about 1.5 mm wide. 
Drillhole DD94RC33, 129 m depth, 53K 793500mE 8148300mN.
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copper and asbilite (a manganese-base metal oxide) in 
the oxidised zone (Menzies et al 1996). Primary sul des 
occur as disseminations and in quartz-dolomite veins. 
Gangue minerals include chlorite, K-feldspar, pyrobitumen, 
celadonite, pyrite, haematite and siderite. Live oil shows 
and bleeds have been recorded from several drillholes 
(Menzies et al 1996).

The pipes have steep radial dips and stratigraphic 
juxtapositions that imply faulting and downward movement 
of the pipe interiors. Breccia ranges from monomictic to 
polymictic, and comprises clasts of sandstone, mudstone 
and basalt in a mud-sand matrix (Rawlings 2006). The 
breccia pipes apparently continue down-plunge, perhaps 
into the underlying Wollogorang Formation.

Breccia pipes in the Running Creek area are interpreted 
to be contemporaneous with: (i) folding of the Gold Creek 
Volcanics; (ii) the development of a disconformity at the 
base of the Pungalina Member and; (iii) emplacement of 
the Hobblechain Rhyolite and Packsaddle Microgranite 
(Rawlings 2002).

Rawlings (2006) considered that brecciation was 
localised within: (i) a transtensional jog associated with a 
north-northeast-trending, steeply northwest-dipping strike-
slip (wrench) fault or; (ii) a dilational boundary between two 
gravity-driven slide blocks. Furthermore deformation is 
attributed to emplacement of the Packsaddle Microgranite 
and its unexposed equivalents (Rawlings 1997). This 
structural model contrasts with earlier hypotheses that 
the breccia pipes at Redbank formed by hydrothermal and 
magmatic explosions, associated with the emplacement of 
postulated, deep-seated carbonatite magma bodies (Orridge 
and Mason 1975, Rod 1978, Knutson et al 1979).

Fluid inclusion studies (Menzies et al 1996, Morris 
et al 1996) have shown that the brines were relatively low 
temperature (110–120°C) and highly saline (>20 wt% NaCl 
equivalent). The data shows a tail of elevated homogenisation 
temperatures (120–350°C), and the presence of liquid oil in 
the uid inclusions favours the existence of a hot, reducing 

uid [D Rawlings, Toro Energy Ltd (formerly NTGS) 
unpublished data].

A two- uid model was considered by Rawlings (2006) 
for the genesis of Stanton and other prospects in the Running 
Creek area: an oxidised saline brine (generated in the Gold 
Creek Volcanics and carrying the metal constituents) and 
a reduced, hydrocarbon-bearing uid (originating in the 
underlying Wollogorang Formation). Metal precipitation 
was considered to be due to the reduction of metal-bearing 
oxidised waters.

Vein-type copper occurrences

As well as the copper-bearing breccia pipes in the 
southeastern McArthur Basin, there are a number of 
occurrences where copper minerals occur in veins and fault 
in lls. Production from theses veins has been insigni cant 
and there are no detailed studies on these vein-type 
occurrences.

At Johnstons mine (Figure 15.28), copper-lead 
mineralisation is hosted within a subvertical, north-
northeast-trending shear zone in the lower McArthur Group 
(Tooganinie Formation). The main mineralised shear is 

about 1 m wide and can be discontinuously traced for over 
150 m along strike. Several minor sub-parallel fractures are 
exposed in pits and costeans in the footwall. Malachite is the 
dominant ore mineral observed at the surface, staining and 
in lling fractures within brecciated shale and dolarenite. 
Chalcocite, azurite, chrysocolla, cerussite, pyromorphite 
and anglesite are also present. The primary ore consists of 
coarse-grained galena and pyrite, with minor chalcopyrite 
and arsenopyrite in lling fractures and voids between the 
brecciated dolomitic fragments (CEC 1977). A grab sample 
from the lead ore dump assayed 55.2% Pb and 214.6 g/t Ag 
(Marlow 1963) and 36.9% Pb and 600 g/t Ag (NTGS sample 
No 9740), whereas samples from the copper dump assayed 
37.9% Cu (Marlow 1963) and 32.7% Cu (NTGS sample 
No 9739). Johnstons DDH 1, drilled by CEC, intersected a 
1.5 m section that assayed 1.8% Pb, 1400 ppm Zn and 10 g/t 
Ag, including a 0.6 m section of 4% Pb (Marlow 1963).

The Coppermine Creek prospect (also known as Gordons, 
Mulhollands or Tawallah Prospect) is located some 2 km 
southeast of the Eastern Creek prospect and is hosted by a 
sideritic carbonate-mudstone interval within the Amelia 
Dolostone (Figure 15.28). Mineralisation is present as patchy 
disseminations, veins and blebs of pyrite and chalcopyrite, 
together with the secondary minerals chalcocite, malachite 
and azurite. Minor mineralisation also occurs as fracture- 
and breccia void-in lls within the adjacent east–west-
trending fault zone that separates the Amelia Dolostone from 
Mainoru Formation and Limmen Sandstone. CEC Pty Ltd 
(Marlow 1963) drilled a diamond hole to test the subsurface 
extent of mineralisation. The best intersection was 17 m of 
0.5% Cu, including a 30 cm interval of 8.25% Cu. Sand re 
Resources NL drilled an IP anomaly at this prospect and 
intersected veinlet chalcopyrite between 160 m and 175 m 
over a possible strike length of >1.5 km, (Sand re Resources 
NL, ASX Announcement, 1 November 2006).

The Sly Creek prospect (also known as the Casey R 
Claim) is hosted within an interval of diagenetic sideritic 
carbonate, assigned to the Amelia Dolostone (Figure 15.28). 
It was worked for a small unspeci ed tonnage in the late 
1950s. Copper mineralisation is in the form of blebs, veins 
and disseminations of chalcopyrite, bornite, chalcocite, 
malachite and azurite (Haines et al 1993). 

Darcys Copper prospect (Figure 15.28) is located 
about 5.6 km northwest of Mallapunyah homestead and 
was explored by CEC in 1966 (Rawlins 1967). It is hosted 
within dolomitic siltstone of the Reward Dolostone. 
Mineralisation comprises masses of chalcocite, cuprite, 
malachite and azurite. The cupriferous siltstone lies beneath 
an unconformity within the Reward Dolostone.

The Margoo copper prospect (Kneale et al 1979, AO 
Australia 1980) is located about 29 km west of Balbirini 
Station and is hosted within dolomitic siltstone assigned to 
the Mara Dolostone Member. It can be traced for over 70 m 
along strike. Malachite is the dominant ore mineral present, 
with minor amounts of cuprite and chalcocite.

The Tawallah Pocket copper prospect (Rawlins 
1972) was discovered by CEC during a regional stream 
sediment survey in 1969–1970. Drilling intersected minor 
chalcopyrite in calcite veins (0.03% Cu over 47 m) within 
recrystallised carbonaceous dolostone of the Amelia 
Dolostone (CEC 1977).
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At the Kilgour prospect, malachite, chalcocite, bornite 
and chalcopyrite are present as joint- and terra rossa-

lled cave breccias in the Amelia Dolostone, immediately 
below the unconformity with the Bukalara Sandstone. 
Mineralisation at the Yah Yah mine is also within the 
Amelia Dolostone, below the disconformity with the 
Tatoola Sandstone (Plumb et al 1990).

A number of small vein-type copper occurrences 
are also present within the Seigal Volcanics (Ahmad and 
Wygralak 1989). Judging from their surface expression 
and historic mining activities, the Dianne, Vulcan and St 
Barb prospects appear to be insigni cant. Mineralisation 
comprises secondary copper minerals lling fractures and 
shears within the Seigal Volcanics.

Uranium (±gold±PGE)

The McArthur Basin hosts a number of small uranium-
gold deposits in the region surrounding the Murphy Inlier 
of the Murphy Province. Most prospective occurrences 
of this group that have an established resource 
(Westmoreland uranium deposits) are in adjoining areas of 
Queensland. Almost all of the occurrences are in the lower 
Tawallah Group (Westmoreland Conglomerate and Seigal 
Volcanics) and in adjacent, unconformably underlying 
older rocks (Cliffdale Volcanics; see Murphy Province). 
Several occurrences of uranium (±gold±PGE) are also 
known within sandstone of the Kombolgie Subgroup on 
the western margin of the McArthur Basin, in western 
Arnhem Land.

The total inferred resources for deposits within the 
Westmoreland Conglomerate in Queensland have been 
estimated at 17 400 t averaging 1.2 kg/t U3O8 (Rheinberger 
et al 1998). The Eva deposit, hosted by the Cliffdale 
Volcanics in the Northern Territory, contains 54 500 t at 
0.62 % U3O8 (Lally and Bajwah 2006).

Occurrences in the lower Tawallah Group

Arthur Blackwell discovered a radioactivity anomaly near 
Pandanus Creek in 1955. He pegged the area as Cobar II 
(later Cobar 2) and put down a shaft and drive in the same 
year. Also in 1955, RT Norris discovered surface uranium 
minerals at several locations which he collectively called 
Pandanus Creek. Norris pegged several Authorities 
to Prospect and in June 1958, the Eva prospect was 
discovered by his niece, Eva Clarke. The Eva mining lease 
was pegged in 1958 and the North Broken Hill Propriety 
Company explored it under option from 1959 to 1960. 
The general area was further explored by both syndicates 
of small prospectors and the large mining companies. 
A Bureau of Mineral Resources airborne radiometric 
survey led to follow-up ground work by MIM Ltd and 
Northern Australian Uranium Corporation. Queensland 
Mines Ltd explored in this area from the late 1960s to 
the early 1970s (Taylor et al 1968, Hills 1970, Hills and 
Thakur 1975). From 1980 to the early 1990s, Kratos 
Uranium Ltd, Uranerz Australia Ltd, Urangesellschaft 
Australia Ltd, Queensland Mines Limited and CRA 
Exploration conducted further exploration. As a result 
of these efforts, some 35 uranium occurrences in the 

Northern Territory and 19 occurrences in Queensland 
were identi ed. Several or the more signi cant prospects 
were held by the Newcrest Coronation Hill JV while the 
Federal Government moratorium on new uranium mines 
was in place. A resurgence in uranium exploration in the 
mid-2000s rekindled interest in the region and future 
discoveries are possible.

Historical production from the region was limited to 
small-scale mining operations at Eva and Cobar 2 (also 
called Cobar II) in the Northern Territory, and totalled 
34.6 t U3O8. An association of uranium with gold had been 
known for sometime, but was only investigated from 1981 
onward, with the reporting of high-grade assays, ranging 
from 1–16 g/t, in the NE Westmoreland occurrence (Kratos 
Uranium NL 1981). Ahmad (1982) reported assays as high 
as 103 g/t Au and averaging at 15 g/t for mullock samples 
from the Eva Mine.

Ahmad (1987) classi ed uranium occurrences on both 
sides of the Northern Territory–Queensland border into ve 
types (A–E), based on their hydrological and geological 
settings (Figure 15.46). 

Type A
These deposits lie at the contact between the Westmoreland 
Conglomerate and the Cliffdale or Seigal Volcanics. In 
sub-type A1 occurrences, the contact between the Cliffdale 
Volcanics and Westmoreland Conglomerate is a reverse 
fault. In sub-type A2 deposits, the contact between the 
Westmoreland Conglomerate and Seigal Volcanics is 
conformable. The overlying volcanics, Westmoreland 
Conglomerate, or both units may be mineralised adjacent to 
the contact. Mineralisation is seldom more than a few metres 
in width, but anomalous radioactivity occurs for several 
tens of metres along the strike of the contact (Ahmad 1987). 
Examples of subtype A1 deposits are Redrock, Jackson Pit, Jim 
Beam, Jacques and Southern Comfort prospects. Examples 
of subtype A2 deposits are El Hussen and McGuinness.

Type B
In these deposits, mineralisation occurs as sub-horizontal 
and sub-vertical lenses in the Westmoreland Conglomerate, 
adjacent to highly altered, generally subvertical dolerite 
dykes (possibly coeval with the Seigal Volcanics) that 
may also be mineralised. Several of these dykes cut the 
Nicholson Granite and Cliffdale Volcanics, but no uranium 
mineralisation has been reported where they cut rock types 
other than the Westmoreland Conglomerate.

Uranium mineralisation is associated with three 
major northeast-trending lineaments, called the NE 
Westmoreland, Redtree and El Nashfa dyke zones. The 
last two are in Queensland and contain the largest known 
uranium resources in the region.

The NE Westmoreland dyke zone in the Northern 
Territory contains narrow and discontinuous mineralised 
zones with uranium averaging from 0.04 to 2.4 % U3O8 and 
gold grades from 1 to 16 g/t (Stewart 1990) at the Mageera, 
Intermediate and Oogoodoo prospects.

In Queensland, the Redtree dyke zone extends over a strike 
of 20 km, and hosts the Moongooma, Namalangi, Redtree, 
Junnagunna and Wanigarango prospects. Rheinberger 
et al (1998) provided descriptions of the main deposits. 
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The inferred resources for the three largest deposits are: 
Redtree – 10.2 Mt at 0.126 % U3O8, Junnagunna – 5400 t 
at 0.098 % U3O8, and Huarabagoo – 1.8 Mt at 0.169 % U3O8 
(Rheinberger et al 1998).

Mineralisation within the dyke zones is associated 
with a proximal alteration assemblage of quartz-sericite 
± kaolinite in sandstone, and haematite-quartz in dolerite. 
Mineralisation distal to dyke zones is associated with chlorite 
and minor haematite alteration. The primary ore consists 
mainly of uraninite, with varying amounts of autunite, 
ningyoite, bassetite and cof nite. Uranium minerals are 
either interstitial to sand grains or occur as fracture coatings 
in sandstone and within haematite-quartz veins in dolerite 
(Ahmad and Wygralak 1989, Rheinberger et al 1998). Gold 
is also present, but grades are generally erratic.

Type C
Type C deposits are hosted by intensely altered Cliffdale 
Volcanics close to the exhumed unconformity with the 
overlying Westmoreland Conglomerate. Eva (Pandanus 
Creek) is the only signi cant uranium deposit of this type 
in the region (Morgan 1965, Ahmad 1982); see Murphy 
Province.

Other Type C occurrences are Crippled Horse, which is 
associated with a subvertical quartz- lled fault zone, and 
Duccios, which has no apparent structural control.

Type D
Type D occurrences are related to fractures in the lower 
part of the Seigal Volcanics, up to 200 m above the contact 
with underlying Westmoreland Conglomerate. They include 
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Cobar 2, Old Parr and Kings Ransom. Other occurrences 
of this type are small zones of anomalous radioactivity 
that generally relate to secondary uranium minerals in 
vertical fractures. Newton and McGrath (1958) noted 
that mineralised fractures in this type of occurrence are 
generally intensely silici ed and include some haematite. 
Very little other information is available.

Type E
These uranium occurrences are hosted by the Murphy 
Metamorphics and are associated with faults and fractures. 
Drilling has indicated minor mineralisation at Anomalies 1, 3 
and 4901 (see Murphy Province).

Geochronology
U-Pb dating of uraninite from Cobar 2, Eva and Namalangi 
indicated two periods of uraninite deposition, at 820 Ma 
and 430 Ma (Hills and Richards 1972). Subsequent U-Pb 
dating of uraninite from Namalangi by Pidgeon (1985) 
indicated a single mineralisation event at 812 ± 55 Ma. 
The 820 Ma age of uraninite in the Westmoreland-Murphy 
region is consistent with similar dates for several deposits in 
the Alligator River uranium eld (AURF) in the Pine Creek 
Orogen. However, in the case of ARUF deposits, more 
recent dating of uraninite has yielded signi cantly older 
ages of mineralisation and it is therefore possible that the 
820 Ma date is part of a widespread remobilisation event, 
rather than the time of primary mineralisation.

Genesis
Newton and McGrath (1958) and Morgan (1960) proposed 
that uranium was deposited from hydrothermal uids 
related to the Nicholson Granite. It is now known that 
this granite is older and unconformably underlies the 
Westmoreland Conglomerate which is the host to most 
uranium occurrences. Hills and Thakur (1975) considered 
that deposits associated with the Redtree dyke zone were 
hypogene in origin. Schindlmayr and Beerbaum (1986) 
and Rheinberger et al (1998) proposed that hot oxidised 
uranium-bearing uid was derived from granite and 
volcanic rock. This uid ascended along major structures 
into the overlying Westmoreland Conglomerate. Uranium 
precipitation occurred there as a result of reduction at 
sandstone–volcanic or sandstone–dyke contacts, or 
from mixing with cooler descending groundwater, or at 
permeability barriers.

On the basis of thermoluminescence studies, Hochman 
and Ypma (1984) concluded that the original uranium content 
of the Westmoreland Conglomerate was about 10 ppm, 
compared to current concentrations of 4–6 ppm. Ahmad and 
Wygralak (1989) noted that uid within the Westmoreland 
Conglomerate was oxidised and capable of leaching 
uranium. They emphasised the hydrological setting of the 
uranium deposits and concluded that uranium was leached 
by groundwater and deposited at interfaces with reducing 
lithologies.

Polito et al (2005) carried out paragenetic, stable isotopes 
and geochronological studies at the Junnagunna deposit. 
They showed that oxygen and hydrogen isotopic ratios 
from syn-mineralisation illite are compatible with uranium 
deposition by a basinal brine with 18O uid and D uid 

values of 4 ± 3 and –33 ± 10‰ respectively. These values are 
consistent with evolved evaporated seawater, but not with hot 
oxidised uids derived from underlying uraniferous granites 
or volcanic rocks, as previously suggested. Illite crystal habits 
indicated that the uraninite-illite-haematite assemblage 
formed at 200 ± 50ºC. 40Ar/39Ar ages of illite and 207Pb/206Pb 
ages of uraninite indicate that mineralisation occurred 
between 1655 ± 83 Ma and 1606 ± 80 Ma, coincident with 
major tectonic events in northern Australia, and was later 
remobilised between ca 1150 and 850 Ma.

Occurrences in the lower Kombolgie Subgroup

Anomalous uranium, gold and PGE values have been obtained 
from rock chip samples and drillhole samples of units in the 
Kombolgie Subgroup at various prospects in western Arnhem 
Land (Figure 15.28). At Devils Elbow (Figure 15.47), 
assays up to 5.8% U3O8, 38.1 g/t Au and 28.02 g/t Pd were 
obtained from surface samples, in which mineralisation was 
related to fractures within altered amygdaloidal basalt of the 
Nungbalgarri Volcanics (Taylor 1990). However, the best 
intersection from drilling was 0.095% U3O8 over 5 m from 
116 m depth (Figure 15.48). At Flying Ghost and Casper/
Banshee, similar high uranium, gold and PGE values from 
surface samples were not repeated in drillhole samples. 
Uranium is associated with zones of intense fracturing lled 
with goethitic clays in the Gumarrirnbang Sandstone near its 
contact with the Gilruth Volcanics (Drever et al 1998).

Iron ore

Iron ore was rst discovered in the McArthur Basin in 
1911 at the Murphys prospect on the Roper River, west 
of Urapunga. At this prospect, a series of concordant 
siliceous lenses, up to 100 m long and 7 m thick, contain 
massive to disseminated haematite in arkosic sandstone 
of the Mount Birch Sandstone, at the unconformity with 
the Mount Reid Rhyolite. Bulk sampling by BHP Ltd 
indicated that sections of the deposit contain up to 54% Fe 
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Figure 15.47. Surface geology of Devils Elbow U-PGE occurrence. 
Dashed red line shows location of cross-section in Figure 15.42.
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over 5 m and 51% Fe over 11 m (Hickey 1987). This area 
is currently under application by Australian Ilmenite 
Resources Pty Ltd.

The Kipper Creek iron prospect was discovered 
11.5 km east-northeast of Murphys by Carpentaria 
Exploration Company Ltd in the early 1960s. An oolitic 
ironstone interval at the base of the Wadjeli Sandstone 
member occurs sporadically at surface over a 75 km strike 
length. Shallow diamond drilling was undertaken to test a 
10 km strike length. Two ironstone beds were intersected. 
The lower is oolitic haematite with interstitial siderite. It 
is an average of 0.8 m thick with an average of 40.4% Fe. 
The upper bed is 0.9 m thick, oolitic and pisolitic with 
siderite and calcite cement, and averages 31.0% Fe over the 
area drilled (Williams 1962). This area is currently under 
application by Australian Ilmenite Resources Pty Ltd.

Ironstone in Sherwin Formation

Between 1955 and 1961, BHP Ltd investigated 27 iron 
ore prospects in the Sherwin Formation to the southwest 
of Murphys prospect (Cochrane 1955, Bennett and Heaton 
1958, Salamy 1958, Cochrane and Edwards 1960, Vivian 
1962). The best of these prospects were given letter names 
(Figure 15.49). Interest in these deposits was brie y revived 
in early 1990s, when some of the occurrences were sampled 
and mapped (Orridge 1993, Ferenczi 1997), but it was not 
until recently that the potential of the Sherwin Formation 
iron ore was seriously considered and JORC-compliant 
resources have now been established for some of the 
deposits. The Sherwin Formation iron deposits are currently 
being explored in four project areas (Figure 15.49). 

The old BHP prospects A to P in the Sherwin Creek/
Mount Scott area are held by North Australian Iron Ore 
Pty Ltd, a wholly owned subsidiary of Sherwin Iron Ltd, 

but there has been only limited work in this area to date. 
At least four distinct ironstone beds and lenses have been 
identi ed. The upper three ironstone units (upper, middle 
and lower beds) consist of low-grade (average 38% Fe), 
ferruginous oolitic sandstone with a high silica content 
(average 42% SiO2). A soft, ochreous oolitic ironstone 
bed near the base of this succession has better economic 
potential than the harder, upper ironstone intervals, as it 
is higher in iron and contains less silica (Ferenczi 2001). 
BHP’s prospects Q, R. S and Z are under application by 
Australian Ilmenite Resources Pty Ltd. A schematic cross-
section, based on information from drillholes, by Ferenczi 
(2001) is reproduced in Figure 15.50.

The Hodgson Downs project area (Figure 15.49) 
contains the former BHP T to Y prospects. At W Deposit 
(Figure 15.51), Sherwin Iron has delineated a Mineral 
Resource of 100 Mt at 48% Fe using a 40% Fe cut-off and 
an SG of 2.7 (Sherwin Iron Ltd, ASX Announcement, 
19 October 2010). At the Hodgson Downs deposits generally, 
the Sherwin Formation forms a distinctive mappable unit 
up to 8 m thick that can be discontinuously traced for some 
25 km around the southern and eastern margins of a shallow 
northeast-plunging syncline. 

Southeast of the original BHP work, Western Desert 
Resources Ltd has established JORC-compliant resource 
estimates of 90.7 Mt, 12.3 Mt, 72 Mt and 14.2 Mt at their 
Roper Bar project areas D, E, E (South) and F (not to be 
confused with the original BHP prospects of the same name). 
The respective grades are 37.2%, 44.0%, 39% and 49.5% Fe 
(Western Desert Resources Ltd, ASX Announcements, 
15 October 2010, 23 November 2010). Western Desert 
Resources also has tenements over the Sherwin Formation 
in the Mountain Creek project area.

The Sherwin Formation ironstone typically comprises 
lenses of massive oolitic to pisolitic beds (Figure 15.52), 
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Figure 15.51. Deposit W at Hodgson Downs project area. (a) Plan and (b) cross-section along north–south-oriented drill line 1 through 
western end of deposit (after Sherwin Iron Ltd, ASX Announcement, 19 October 2010). 
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manganese mineralisation appears to be sur cial and is 
limited to an average thickness of 2–4 m, in lenses up to 
160 m long and averaging 10 m wide (Goulevitch 1990). 
Based on the limited data from these holes, an estimated, 
recoverable non-JORC compliant resource of 40 000 to 
50 000 t grading 50% manganese was calculated. Genesis 
Resources Ltd, who are currently exploring the area, have 
reported that fourteen highly selective surface magnocrete 
samples ranged from 15.65% to 53.1% Mn with relatively 
low Fe and P.

Phosphate

Massive to aggy phosphate beds with grades in the 
range 5–24% and stromatolitic phosphorite uniformly 
around 29–34% occur in the basal unconformity-bound 
Karns Dolostone the in the Selby area. Phosphate 
occurrences are also known from the underlying unit. 
The region was explored in the 1980s by ANZECO and 
an Arnhem Land Mining JV who followed up radiometric 
anomalies associated with the phosphate. Several aggy 
uraniferous phosphate beds up to 2 m thick were located. 
At the Camp prospect, a distinctive white pelloidal 
to massive phosphatic unit outcrops as lenses within 
the much more extensive aggy units. A phosphatic 
breccia is present locally. Values of up to 20% phosphate 
are associated with signi cant uranium grades. The 
Eastern prospect encompasses an exposed area of white 
phosphatic sandstone, with virtually no soil or vegetation 
cover. Analysis of this material returned phosphate 
values generally in the range 2.3% to 14.6% P205 with a 
maximum of 19% P205. The outcropping unit covers an 
area of about 11 ha. The unit is lensoidal, with a length 
of some 800 m and a width of 150 m, and is terminated in 
the east by a 3 m-wide shear zone (Davies 1981). Drilling 
showed that economic phosphate grades did not persist in 
the subsurface (Cardno 1983).

Argold Holdings re-evaluated the prospects in the 
early 1990s. They said that the most signi cant phosphate 
(Eastern) occurs as 1–2 m-thick bands of semi-massive 
and disseminated apatite, overlain by sandstone and shale 
carrying disseminated phosphate. They assigned the 
phosphate-bearing sandstone to the Masterton Sandstone, 
which underlies the Karns Dolostone, and con rmed that 
other occurrences in the Karns Dolostone (Camp) were 
stromatolitic (Girschik 1992).

During 2007, Legend International Holdings Inc 
explored Selby Camp and Eastern (Legend International 
Holdings, Toronto Stock Exchange Announcement, 27 July 
2007). Surface sampling and drilling were undertaken but 
the results have not yet been publicly released. 

Diamonds

A number of diamondiferous deposits are known from the 
McArthur Basin area, including the signi cant Merlin and 
E.Mu deposits. These diamond occurrences are not part of 
the McArthur Basin succession senso stricto and they are 
geologically younger, but are included here for the sake of 
completeness and because they are geographically within 
the McArthur Basin area.

interbedded with medium- to very coarse-grained 
ferruginous (chamosite-siderite at depth) sandstone, sandy 
mudstone and shale. Massive ironstone beds are typically 
1–4 m thick, but range up to 8 m, and are often exposed 
near the tops of cliff faces (Figure 15.53) and around the 
sides of mesas. A soft, ochreous oolitic ironstone bed near 
the base is of relatively higher grade and contains less 
silica. The ore comprises closely packed ooids (0.5–5 mm 
in diameter) of soft red haematite and goethite, and 
varying amounts of well rounded quartz grains. Below a 
depth of 20 m, the ore consists predominantly of haematite 
and greenalite ooids within haematitic cement.

Other occurrences
Several iron occurrences are known from the basal part of 
the Mallapunyah Formation in the Tawallah Pocket area. 
The largest reported occurrence is at the Tawallah Range 
prospect, where two haematite-rich lodes contain some 
12 Mt of iron ore averaging 37–40% Fe (Johnston 1974).

Manganese

Small manganese occurrences, hosted in chert and dolostone 
assigned to the Karns Dolostone of the Nathan Group, are 
known from the southeastern McArthur Basin (Figure 15.28). 
These include Masterton No2, Robinson River No1, Robinson 
River No2, Camp No1, Manganese 1, Manganese 2 and Photo 
(Ahmad and Wygralak 1989, Ferenczi 2001).

The largest of these occurrences is Masterton No2 
(also known as Calvert Hills Mn prospect No1), which 
is located about 14 km to the northeast of Calvert Hills 
homestead. Historically, this prospect was described as 
manganese ‘reefs’ meaning surface crusts and small pods, 
some of which were associated with fault-controlled 
joint-coatings that extend at least sporadically over a 
length of 1400 m, above and within the Karns Dolostone. 
The prospect was mapped and sampled by Enterprise 
Exploration Ltd (Murray 1953) and a sample from one 
of the outcrops assayed 63.32% Mn, 7.37% SiO2, 1.57% 
Fe, 0.43% P and 0.51% Al2O3. Shannon (1971) carried 
out additional sampling, which con rmed the existence of 
material containing 41–51% Mn. Subsequent RC drilling 
(3 successful holes totaling 160 m) has indicated that the 

Figure 15.53. Bench-forming massive oolitic ironstone bed 
exposed in Mountain Creek project area (photo courtesy of 
Graham Bubner, Western Desert Resources Ltd).
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The Australian Diamond Exploration Joint Venture 
(ADEJV) commenced diamond exploration in the southern 
McArthur Basin in 1982 and in 1986, the Coanjula 
microdiamond occurrence was discovered (Lee et al 
1994). CRA Exploration also explored in the McArthur 
Basin, where they discovered the E.Mu pipes in 1984 
(Atkinson et al 1990). Stockdale Prospecting discovered the 
Packsaddle 1 and Blackjack kimberlite dykes (Fried 1990).

In 1989, RM Biddlecombe, who held an EL covering 
two unresolved diamond indicator mineral anomalies 
in the McArthur Basin area, entered into an exploration 
agreement with ADEJV to undertake an extensive 
exploration program. This resulted in the discovery of a 
signi cant diamondiferous kimberlite pipe, at Excalibur in 
1993 (Figure 15.54). Subsequently, 12 kimberlite pipes and 
2 sandstone breccia pipes were discovered in the area and 
these are collectively known as the Merlin pipes (Lee et al 
1998). The locations of the twelve kimberlite pipes and the 
E.Mu pipes are given in Figure 15.54 and their dimensions 
are provided in Table 15.12.

Lee et al (1998), Reddicliffe (1999) and Mendelawitz 
(1997) described the petrography of the kimberlites 
(Figure 15.55). At Excalibur, the dominant minerals 
are serpentine, iron oxides, silica, calcite/Mg calcite, 
phlogopite, spinel and chlorite. Fresh olivine is rarely 
present. Two generations of pseudomorphed olivine are 
present; a population of anhedral to subhedral, subangular 
to well rounded grains up to 15 mm in size, and a second 
population of smaller (less than 1 mm in size) subhedral to 
euhedral phenocrysts. Two generations of mica are present; 
earlier clear cores have been overgrown by late-stage mica 
which poikilitically encloses ne spinel grains, similar to 
those in the groundmass. Groundmass minerals include 
mica, spinel, apatite, serpentine and carbonate minerals. 
Xenoliths include carbonate, quartzic and laminated ne-
grained sedimentary rocks, as well as igneous rocks such 
as granites and glimmerite. Mendelawitz (1997) considered 
the E.Mu pipes to be more altered and to contain high levels 
of carbonate minerals, serpentine and silica.

All Merlin pipes are diamondiferous, whereas diamonds 
are rare in the E.Mu pipes. Mendelawitz (1997) showed 
that there is no relationship between diamond grade and 
kimberlite mineralogy, but there is a clear relationship with 
the chrome spinel chemistry, which suggest that the Merlin 
kimberlites have come from a relatively deeper source than 
those at E.Mu. Diamond grades vary from trace amounts in 
the E.Mu pipes (see below) to 100 ct/100 t in the Ywain pipe, 
based on a cut-off size of >1.2 mm. There is a preponderance 
of diamonds in the size range >0.1–1.2 mm. The quality of 
commercial diamonds varies from industrial to high-value 
gemstones larger then 10 ct (Reddicliffe 1999).

Phlogopite from the Excalibur pipe has been dated by 
R-Sr method at 367 ± 4 Ma. The age of phlogopite from one 
of the E.Mu pipes has been determined by K-Ar methods at 
360 ± 4 Ma (Atkinson et al 1990). These data suggest that 
the pipes were intruded during the Carboniferous.

Merlin pipes

The Merlin eld (Reddicliffe 1999) is located about 50 km 
southeast of the McArthur River base metals deposit. The 

kimberlite pipes (Figure 15.56) intrude the Neoproterozoic 
Bukalara Sandstone, which unconformably overlies 
McArthur Group sedimentary rocks. On a regional scale, 
the pipes lie close to the intersection of the Emu and 
Calvert faults, at the edge of the Batten Fault Zone. On a 
local scale, many of the pipes are aligned along fractures 
that trend towards 015°. These fractures have been found to 
contain indicator minerals and possibly acted as conduits 
for the kimberlite pipes (Reddicliffe 1999). Concentric 
fracturing and marginal sandstone breccias have been 
observed around the pipes.

Following the valuation of diamonds obtained in 
bulk samples and a subsequent feasibility study, Ashton 
Mining NL commenced production from the Merlin eld 
in January 1999. Initial mining took place from eight pits. 
During 2000, mining concentrated on the southern cluster 
of pipes, with ore coming from the Excalibur, Sacramore, 
Launfal and Launfal North pipes. During 2000, a study of 
underground mining options was undertaken, but mining 
did not go ahead. In December 2000, Rio Tinto acquired 
Ashton Mining NL, but in early 2003, they suspended 
mining and commenced decommissioning of the Merlin 
operation, due to low grade recovery. However, subsequent 
studies by Taylor and Glass (2008) revealed that ca 20% 
of Merlin diamonds do not have an X-ray uorescence 
response, as is typical of most diamonds worldwide. 
X-ray uorescence machines are routinely used to recover 
diamonds during production and the earlier grades were 
low because of a failure to detect the non- uorescing 
diamonds. Total production during this earlier phase of 
mining, from 31 December 1999–June 2003, was 450 000 
ct and in January 2003, reserves/resources were estimated 
to be 11.7 Mt averaging 0.2 ct/t. In 2004, North Australian 
Diamonds Ltd (NADL) acquired the Merlin leases from 
Rio Tinto and by 2006, the mine had produced a further 
11 811 ct of diamonds. In 2010, NADL released a total 
JORC-compliant resource for the Merlin Field at 30 Mt 
averaging 24 ct/100 t for a contained 7.2 Mct of diamonds 
(NADL 2010). In late 2010, NADL were conducting 
pre-production trials and feasibility studies prior to 
recommencing commercial mining operations. 

The largest diamond ever found in Australia, the 
104.73 ct Jungiila Bunajina diamond, was recovered from 
the Merlin mine in 2002.

E.Mu pipes

The E.Mu pipes are much larger in size and have a clearer 
topographical expression than the Merlin Field pipes, which 
have no topographical expression and a poor magnetic 
response. All pipes are steep sided, generally cylindrical 
in shape and maintain their surface diameter to depths 
exceeding 100 m. Eight of the pipes are lled with bedded 
bioturbated sandstone or a combination of mudstone and 
sandstone to depths of up to 42 m (Lee et al 1998). Fossil 
evidence, based on the presence of the deep-water ammonite 
Australiceras indicates a Cretaceous age for the ll. These 
sedimentary rocks are devoid of kimberlite indicator 
minerals or diamonds, indicating that the kimberlite 
ejecta was eroded and removed prior to deposition of the 
sediments. Reddicliffe (1999) suggested that Cretaceous-
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Figure 15.54. Local geology of Merlin diamond eld (after Reddicliffe 1999).
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Figure 15.55. (a) Polished slab of weathered Merlin kimberlite, 
showing alteration haloes around a diverse range of rock fragments 
and megacrystic matrix (NTGS collection). (b) Unweathered 
olivine-rich megacrystic Merlin kimberlite, showing large spherical 
?lapilli (A Wygralak collection).

a

b

Bukalara Sandstone

Kimberlite

ferricrete (pisoliths)

Cretaceous

Kimberlite pipe

Bukalara Sandstone Bukalara Sandstone

Bukalara Sandstone

K
im

be
rli

te
 d

yk
e

A08-427.ai

b

a

c

Figure 15.56. Merlin kimberlite pipes. (a) Bukalara Sandstone 
overlying Octa Kimberlite pipe. (b) Ywain kimberlite pipe 
intruding Bukalara Sandstone and cap of Cretaceous strata. 
(c) Kimberlite dyke intruding Bukalara Sandstone, Excalibur pit.

Cluster Pipe Diametre 
(m)

Area (ha) Cluster area 
(ha)

1 E.Mu 1 250 4.5
6.3

E.Mu 2 100 1.8

2 Bedevere 40 0.13

2.81
Ector 125 1.2

Kay 125 1.2

Gareth 60 0.28

3 Ywain 25 0.05
0.25

Gawain 50 0.2

4 Excalibur 60 0.28

1.37

Launfal 50 0.2

Launfal North 30 0.07

Palomides 60 0.28

Sacramore 60 0.28

Tristram 50 0.2

Breccia Pipe 1 20 0.03

Breccia Pipe 2 20 0.03

Table 15.12. Dimensions of Merlin and E.Mu Kimberlite pipes after 
Reddicliffe (1999). 
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aged sedimentary rocks subsided into the pipes after the 
cessation of intrusive activity. This is supported by the 
sagged nature of the in ll sediments, upturned edges 
with associated slickensides, and the presence of a non-
kimberlitic basal conglomerate. The E.Mu pipes do not 
contain sandstone or mudstone, and are covered with a thin 
veneer of soil and sand. 

The grade of the E.Mu pipes is very low. Fifty-nine 
tonnes of material from the E.Mu 1 pipe gave three 
macrodiamonds and 29 microdiamonds. The largest stone 
was 0.0085 ct while ten tonnes of material from the E.Mu 2 
pipe yielded 33 macrodiamonds and 22 microdiamonds 
(Atkinson et al 1990, Smith et al 1990).

ABN021

The ABN021 pipe is in Abner Range, about 40 km 
southwest of the McArthur River base metals deposit 
(Figure 15.28). In January 2005, Gravity Diamonds 
Limited (Gravity) announced the discovery of the 
kimberlite pipe, after drilling an anomaly identi ed 
in a Falcon® airborne gravity gradiometry survey in an 
area where Ashton Mining Ltd had previously reported 
microdiamonds. The steeply dipping pipe is covered by 
lithi ed sediments 5–10 m thick and is weathered to at 
least 150 m subsurface (Gravity Diamonds Limited, ASX 
Announcement, 28 November 2005). It is estimated to 
cover an area of about 1.3 hectares and is associated with 
a separate satellite lobe of 0.3 hectares, both of which are 
diamond-bearing (Figure 15.57). Several macrodiamonds, 
the largest being 0.147 ct, and numerous microdiamonds 
have been recovered from drilling programs, but an 
economic diamond deposit is yet to be demonstrated. 
Almost all the ABN021 diamonds are whole, unresorbed, 
colourless stones with no or minimal inclusions. Bulk 
testing of ABN021 was carried out by Gravity in 2006, but 
the results remain con dential. In November 2006, Gravity 
were acquired by Mwana Africa PLC, an African-focused 
diamond explorer/producer. The area around ABN021 
remains prospective for diamonds and contains a number 
of EM, gravity and magnetic anomalies that constitute 
attractive targets for diamondiferous kimberlites. 

Packsaddle and Blackjack

The sub-economic Packsaddle 1 and Blackjack 1 
kimberlite dykes were discovered in the Roper River 
district (Figure 15.28) in 1989 after extensive stream and 
loam sampling, magnetic surveys and follow-up drilling 
by Stockdale Prospecting (Fried 1990).

Packsaddle 1 is located about 12.5 km to the west-
northwest of the abandoned Roper Valley homestead. 
Closely spaced (100 m) grid sampling of loam immediately 
west of a magnetic anomaly produced abundant kimberlitic 
garnet spinel and a single (0.00235 ct) diamond (Podolsky 
1989). A non-outcropping, sub-vertical, north-northwest-
trending kimberlite dyke was intersected in ve holes 
during a follow-up RAB/RC drilling program. This dyke 
is up to 2 m wide and at least 700 m in strike length. About 
117 kg of drill material was analysed and 46 diamonds 
weighing a total of 0.00096 ct were recovered. Petrographic 

analysis of highly weathered rock chips recovered from 
the drilling suggests that the Packsaddle 1 dyke can be 
classi ed as a phlogopite-olivine parakimberlite (Fried 
1990).

Blackjack 1 is located along the western edge of a 
plateau, about 5.5 km to the west of the abandoned Roper 
Valley homestead. Numerous kimberlitic chromites and 
occasional kimberlitic ilmenites were recovered from 
stream sediment samples. The north-northwest-trending, 
highly weathered and ferruginised kimberlite dyke is 
exposed over a 1 km strike length (Fried 1990), within the 
gently dipping Bukalorkmi Sandstone.

Heavy minerals

The McArthur Basin has potential for heavy mineral 
deposits occurring within the ilmenite-bearing Derim 
Derim Dolerite and associated regolith soils. Extensive 
lateritised outcrops and regolithic soils of the dolerite occur 
over ca l300 km2 of the Roper River region in the vicinity 
of the Roper Highway in URAPUNGA. The dolerite is 
60–70 m thick and has thick chilled margins. It was 
emplaced as sills at various stratigraphic intervals within 
the Roper Group and outcrops as low-relief, medium- to 
coarse-grained, variably altered and weathered rounded 
boulders, consisting of plagioclase (40%), clinopyroxene 
(40%), amphibole (7%), ilmenite and magnetite (5%) and 
clay (7%). Associated, mostly in situ, clay-rich or pisolitic 
regolith soils contain abundant liberated ilmenite and 
accessory titanomagnetite, magnetite and haematite. 
The soils are mineralised from the surface to a depth in 
excess of 2–3 m. Australian Ilmenite Resources Pty Ltd 
holds extensive tenements over the region for their Sill 80 
project, and have conducted an exploration program that 
included the drilling of 6000 auger holes and analysis of 
more than 20 000 samples. This company has announced 
a measured resource of over 300 000 t ilmenite, with a 
further 4 Mt either indicated or inferred. The ilmenite 
is very low in deleterious minerals such as Cr2O3, U and 
Th, and is suitable for the production of both synthetic 
rutile and titanium sponge. Work is continuing on the 
southern tenements, where it is believed that further 
ilmenite is present in the top 1 m of soils (Ian Johnstone, 
Australian Ilmenite Resources Pty Ltd, pers comm, 
28 October 2009, Australian Ilmenite Resources Pty 
Ltd website, www.ilmenite.com.au/projects.html, 
accessed October 2010).

Petroleum

The McArthur Basin has long been recognised as having 
potential for petroleum (eg Muir et al 1980) and both oil and 
gas are known to have owed from petroleum wells and 
mineral exploration drillholes. Small oil shows are locally 
abundant and extensive bitumen/pyrobitumen has been 
reported from numerous intervals within the succession, 
from overlying Palaeozoic rocks, and even from breccia 
pipes that penetrate the succession in the Redbank area 
(Knutson et al 1979, Figure 15.44). Thomas (1981) described 
a mineral exploration drillhole (GR9) which owed gas to 
such a rate that it had to be plugged with cement. 
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Figure 15.57. ABN021 kimberlite pipes 
(after Gravity Diamonds Ltd, ASX/AIM 
Announcement, 29 November 2006). 
(a) Aerial view showing outlines of 
kimberlite pipes, bulk sampling locations 
and drillholes. (b) Bulk sampling pit. 
(c) Weathered ABN021 kimberlite, 
showing a range of angular to sub-
rounded rock fragments in soft matrix.
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b c
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Despite the Proterozoic age of the succession, proven 
source rocks are present and large parts of the McArthur 
Basin are relatively undisturbed structurally and have 
not been subjected to signi cant heat/stress regimes, and 
hence are regarded as being prospective. The McArthur and 
Roper groups are recognised as having the most petroleum 
potential, with most interest focused on the Roper Group 
within the Beetaloo Sub-basin (eg Lanigan et al 1994, 
Silverman et al 2007).

The McArthur Basin has attracted intermittent 
exploration activity from a number of companies since 
the 1960s (Lanigan et al  1994), with exploration activity 
peaking between the 1980s and 1990s. Between 1981 
and 1984, work by a major joint venture between Amoco 
Australia Petroleum Company and Kennecott Copper 
Corporation [then owned by Standard Oil of Ohio 
(SOHIO)] included eld mapping, stratigraphic drilling 
and geophysical surveys. This was followed by another 
period of activity from the mid 1980s to the 1990s by CRA 
Exploration Pty Ltd and Paci c Oil and Gas that included 
aerial photography, eld mapping, ground geophysics and a 
substantial drilling program. In the mid 2000s, the Beetaloo 
Sub-basin was subjected to an exploration program by 
Sweetpea Petroleum Pty Ltd, a fully owned subsidiary of 
PetroHunter Energy Corporation, that included seismic 
acquisition and stratigraphic drilling. Falcon Oil & Gas Ltd 
has subsequently acquired a 75% working interest in the 
exploration program, and are the current operator. Falcon 
is targeting large unconventional, as well as conventional 
hydrocarbon resources within the sub-basin.

Source rocks

Crick et al  (1988) recognised ve potential source rocks in 
the McArthur Basin, de ned as having total organic carbon 
(TOC) greater than 0.5%. These include intervals within 
the Barney Creek, Lynott and Yalco formations of the 
McArthur Group, and the Velkerri and Kyalla formations of 
the Roper Group. Of these, the Barney Creek and Velkerri 
formations have the highest TOC values, ranging up to 
8% and 12%, respectively (Crick et al  1988, Lanigan et al 
1994, Falcon 2009). Maturation levels in the McArthur 
Group vary from marginally mature to overmature and 
hydrocarbon generation is considered to have occurred 
prior to deposition of the Roper Group (Crick et al 1988, 
Jackson et al 1988). Source potential is limited by the 
variable distribution of source rock facies, intrusions and 
by early hydrothermal uid movements, which may have 
made source rocks overmature at an early stage of burial 
(Jackson et al  1988). Roper Group source rocks vary in 
maturity from below to above the oil window (Crick et al 
1988, Summons et al 1988, George and Ahmed 2002), 
with hydrocarbon generation occurring during the late 
Mesoproterozoic (Dutkiewicz et al 2007) and possibly in 
the early Palaeozoic (Jackson et al 1988).

Within the greater McArthur Basin, the Barney Creek 
Formation is the oldest potential source rock. Thick sections 
greater than 500 m with good source rock characteristics occur 
within small fault-bounded sub-basins in the southern Batten 
Fault Zone, but away from these sub-basins, the formation 
is much thinner and lacks organic facies. The Caranbirini 

Member of the Lynott Formation contains organic-rich shale 
similar to that of the Barney Creek Formation, but limited 
data indicate that it has a generally lower TOC content 
(Dorrins and Womer 1983, Jackson et al 1988). The Yalco 
Formation contains thin organic shale intervals that have 
TOC values of up to 6%, but although there is potential to 
generate hydrocarbons from mature zones, thick and laterally 
extensive source beds are not likely to be present (Jackson 
et al 1988). Where they have been sampled in the central and 
northern Batten Fault Zone and in areas adjacent to major 
faults, all three formations and their stratigraphic equivalents 
are late mature to overmature (Crick et al 1988, Jackson et al 
1988), thus downgrading their petroleum potential. Based on 
studies of oil-bearing uid inclusions, the most likely source 
for oils in the Roper Group is the Velkerri Formation, with a 
possible component from the older Barney Creek Formation 
of the older McArthur Group (Dutkiewicz et al 2007).

In the Beetaloo Sub-basin (Figures 15.1, 15.23, 15.58), 
the Roper Group reaches a thickness of about 3000 m in the 
main depocentre, which is an approximately oval, broad 
gentle depression. Source-rock successions are in the oil 
window over large areas of the sub-basin and are probably 
gas mature in the main depocentre (Ambrose and Silverman 
2006). The oldest source rocks (Velkerri Formation) have an 
age of about 1.43 Ga (Lanigan et al 1994) and are up to 1150 m 
thick. Three organic-rich mudstones in the medial part of 
the formation are tens of metres thick and can be correlated 
over much of the drilled area of the basin. These source 
rock intervals have TOC values between 1 and 3%, with 
maximum recorded values of 8–12% (Jackson and Raiswell 
1991, Warren et al 1998, Falcon 2009). A second major 
source-rock interval is represented by the stratigraphically 
higher Kyalla Formation. This unit reaches a maximum 
thickness of about 730 m and is believed to be restricted to 
the heart of the Beetaloo Sub-basin. TOCs are generally less 
than 2%, but range up to about 9% (Jackson et al 1988). Oil 
and gas shows are common within both the Velkerri and 
Kyalla formations, with numerous reports of strong odours, 
and gas and oil ‘bleeds’ (Silverman et al 2007). 

Reservoirs

In the greater McArthur Basin, fair to good conventional 
reservoirs occur in the McArthur and Nathan groups, 
including both vuggy carbonate and porous clastic rocks 
(Jackson et al 1988). Dorrins and Womer (1983) considered 
the best potential reservoirs to include carbonate rocks of 
the Teena Dolostone exhibiting secondary vuggy porosity, 
and coarse breccia intervals within the Barney Creek 
Formation that have locally high primary and secondary 
porosity. In drillhole GR9 in the southern Batten Fault 
Zone, Thomas (1981) reported over 400 m of ‘dolomitic 
bituminous Barney Creek Formation’, including a 
10 m interval of ‘bedded and partly brecciated, porous 
bituminous dolomite’. The underlying Coxco Dolostone 
Member was described as being ‘very porous and fractured, 
often containing bitumen clots in open fractures’. This 
hole owed gas. Other potential reservoirs in the greater 
McArthur Basin include the Stretton Sandstone, which 
has locally good primary intergranular porosity, the Yalco 
and Looking Glass formations, which are characterised 
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by intervals of dolostone with secondary vuggy porosity 
(Jackson et al 1988) and possibly the Wollogorang 
Formation from the underlying Tawallah Group, the lower 
part of which commonly contains bitumen nodules in ne-
grained carbonate rocks (Jackson et al 1987, Figure 15.14). 
The distribution of all these potential reservoir rocks is 
highly variable and complex, increasing the dif culties 
and risks of exploration. Dorrins and Womer (1983) 
considered that unbreached oil-saturated reservoirs may 
have inhibited the formation of late-stage dolomite in pore 
spaces, thus preserving enhanced reservoir conditions.

At least seven good potential reservoir units have 
been identi ed in the Beetaloo Sub-basin (Falcon 2009). 
These occur within the succession from the Bessie Creek 
Sandstone to the Bukalara Sandstone (Figure 15.58). 
A ca 1280 Ma dolerite sill, which separates the Bessie 
Creek Sandstone and the Velkerri Formation in some 
drillholes, locally contains abundant inclusions of migrated 
oil (Dutkiewicz et al 2004) and may be another possible 
reservoir. The principle potential sandstone reservoirs 
are the Bessie Creek, Moroak, 'Jamison' and Bukalara 
sandstones, and thin sandstone intervals within the Velkerri 
Formation, Kyalla Formation and 'Hay eld mudstone' 
also have some reservoir potential where cumulative 

thicknesses are signi cant. The sandstone units are all 
quartz rich and texturally mature, and have grainsizes 
that vary considerably over short intervals. They would 
originally have had good to excellent conventional reservoir 
properties, but diagenesis, compaction and pressure solution 
have reduced primary porosities and secondary porosity is 
relatively minor (Lanigan et al 1994). Under conditions 
of low permeability, there is also signi cant potential for 
unconventional reservoirs, such as tight-gas sandstones, 
heavy oil, gas shale and other types of basin-centred gas 
accumulations. Intervals with signi cant potential for 
unconventional hydrocarbon reservoirs (Falcon 2009) 
include the Bessie Creek Sandstone, Velkerri Formation 
shale, Moroak Sandstone and lower Kyalla Formation shale 
(all for basin-centred gas), and the upper Kyalla Formation 
shale (unconventional oil). 

The Bessie Creek Sandstone forms a viable reservoir 
target immediately below the Velkerri Formation, which 
might have acted as both source rock and seal. This sandstone 
is over 400 m thick and exhibits variable porosity, ranging 
from poor to good. The presence of pore- lling bitumen in 
some intervals in drillholes in the greater McArthur Basin 
indicates that the sandstone retained good porosity, prior to 
and during the generation and migration of hydrocarbons, 
and that it received a good hydrocarbon charge (Silverman 
et al 2007). However, the unit is probably at depths of up 
to 3000 m over much of the Beetaloo Sub-basin, thereby 
reducing its attractiveness as a target, except where it 
reaches shallower depths near the sub-basin’s margins. 
The Moroak Sandstone occurs between two signi cant 
source units, the Velkerri Formation (below) and the Kyalla 
Formation (above); the latter unit also has potential to act 
as a regional seal. This sandstone is up to 300 m thick and 
occurs at average depths of 1500–1700 m across most of 
the sub-basin, but is truncated or absent towards the sub-
basin’s margins. The Moroak Sandstone also occurs in 
wells to the north in the greater McArthur Basin, where 
oil shows have been reported, demonstrating that it has 
received a hydrocarbon charge (Silverman et al 2007). The 
'Jamison sandstone' is unconformable on Kyalla Formation 
source rocks and is conformably succeeded by the 'Hay eld 
mudstone', which has potential as a regional seal. It is 
between 75 and 160 m thick in the Beetaloo Sub-basin and 
mostly occurs at depths of 500–900 m, but is within 200 m 
of the surface near the sub-basin’s margins (Lanigan et al 
1994, Falcon 2009). In Jamison-1, DSTs recovered gas-cut 
water and small ows of gas and oil (Silverman et al 2007), 
demonstrating that this interval constitutes an economic 
target. 

Migration and thermal maturity

Burial history and diagenetic studies (eg Powell et al 
1987) are suggestive of the early generation and migration 
of hydrocarbons in the McArthur Basin. Crick et al 
(1988) presented geochemical and petrological evidence 
that early migration occurred within the Barney Creek 
Formation prior to deposition of the Roper Group. 
Detailed work on solid bitumen and oil inclusions in 
the Roper Group, as summarised in Dutkiewicz et al 
(2007), indicate that there was extensive oil migration 

.
. . . . ...

. ...
..

X

X

XXXX

X XX
XXX

XX

. . .. ..... .. .
.. ...
.. ..... ...

.... .
.... .

.... .
.. ...

.. .. ...

.

.

.

.... . .... .
.... . .... .

.
.

X XXX
X XXXX

X XX

X

X

X

X

X

X
X

X

.... . .... . .... .

.. . .. .

.... . ... . .... . ... .

.... . .... . .

.... . .... . .

.... . .... . .

... ... .

-500 m

-1000 m

-1500 m

Top Springs Limestone

Antrim Plateau Volcanics

Bukalara Sandstone

'Hayfield mudstone'

'Jamison sandstone'

Kyalla Formation

Moroak Sandstone

Velkerri Formation

Bessie Creek Sandstone

Corcoran Formation

Abner Sandstone

1280–1100 Ma dolerite

Crawford Formation

Mainoru Formation

Limmen Sandstone

R
op

er
 G

ro
up

P
R

O
TE

R
O

ZO
IC

C
A

M
B

R
IA

N

R

R

R

R

R

SR

SR

A
06

-1
12

.a
i

.

.

O
IL

G
A

S
 (B

C
G

A
)

Figure 15.58. Stratigraphic column showing Roper Group and 
overlying Neoproterozoic to Cambrian units. R = conventional 
reservoir; SR = source rock and unconventional reservoir; BCGA 
= basin-centred gas accumulation (after Silverman et al 2007, 
Falcon 2009).



15:63

McArthur Basin

during the late Mesoproterozoic. Textural relationships, 
microthermometry and geochemical data suggest that 
the group experienced multiple episodes of oil and brine 
migration, involving hydrocarbons of different molecular 
compositions. The earliest of these took place during 
burial, when diagenetic quartz cement was just starting 
to form. Oil migration during a later stage of burial is 
indicated by solid bitumen occurring within secondary 
porosity and as coatings on minerals. Fracture bitumen 
in a vein within a 1280 Ma dolerite sill shows that oil 
also migrated during cooling of the sill (George et al 
1994). The most signi cant oil migration episode during 
the Proterozoic is interpreted to have probably occurred 
following extensive compaction, cementation, and contact 
metamorphism associated with the dolerite intrusion and 
vein in lling of the dolerite, probably before signi cant 
uplift, during structural inversion between 1300–1000 Ma 
(Dutkiewicz et al 2007).

There is also some evidence of later hydrocarbon 
migration while the Roper Group was buried beneath 
Palaeozoic cover (see Jackson et al 1988, RobSearch 1992, 
Ambrose and Silverman 2006). Wade (1924) reported the 
occurrence of ‘bitumen glance in (presumably Cambrian) 
basalt overlying sandstone’ in the McArthur Basin area, and 
primary bitumen has recently been discovered in an interval 
of sedimentary rocks within the Cambrian Antrim Plateau 
Volcanics (Kalkarindji Province) in the Sturt Plateau area 
to the southwest of Mataranka (Matthews 2008). The most 
likely source for this bitumen is underlying strata of the 
Roper Group.

Maturation levels in McArthur Group sedimentary rocks 
were studied by Crick et al (1988), who reported that they 
vary from marginally mature to overmature, with abrupt 
changes over short distances associated with faults. In the 
central and northern Batten Fault Zone, there is evidence 
that elevated heat ow was associated with major faults and 
adjacent sub-basins; some of this has been associated with 
base metals mineralisation (see above). In these areas, the 
Barney Creek Formation is late mature to overmature for oil 
generation, but away from major faults, maturity levels tend 
to be lower, in the mature zone. In the southern Batten Fault 
Zone, in the Glyde region, the Barney Creek Formation is 
marginally mature to mature for oil generation.

Jackson et al (1988) determined that the younger 
Roper Group was probably buried to a maximum depth 
of 2.5 km, shortly after deposition, and that the maximum 
burial temperature experienced by the Velkerri Formation 
was about 75ºC. However, higher burial temperatures 
of at least 80ºC were indicated by George and Ahmed 
(2002) and even higher palaeotemperatures of >105ºC 
were suggested by Duddy et al (2004), before Mesozoic 
cooling commenced. This suggests that either thermal 
maturity varies considerably laterally within the basin 
and/or maximum burial temperatures have previously 
been underestimated and that the Velkerri Formation has 
reached the oil window and above. Ambrose and Silverman 
(2006) reported that source rocks are in the oil window 
over large areas of the sub-basin, but are probably gas-
mature in the main depocentre of the Beetaloo Sub-basin 
and noted that the centre of the basin has probably passed 
through the gas window.

Prospectivity

The main caveat for successful exploration in the greater 
McArthur Basin and Beetaloo Sub-basin is the preservation 
of hydrocarbons over hundreds of millions of years. Any 
economic accumulations of Proterozoic petroleum would 
have been derived from some of the oldest-known viable 
source rocks. Although generally uncommon, there are 
a number of areas of the world that contain economic 
Proterozoic hydrocarbons, including Oman, the Siberian 
Platform in Russia and the Sichuan Basin in China (see 
Walter 1992, Schopf and Klein 1992). Oil and gas generation 
appears to have occurred in these basins at multiple times in 
the late Proterozoic and Phanerozoic, and hydrocarbons are 
hosted in reservoirs at various stratigraphic levels ranging 
from the Neoproterozoic to Mesozoic. Sub-economic gas 
has also been discovered in Neoproterozoic sandstone in the 
Amadeus Basin in central Australia (Dingo Field). However, 
all of these accumulations were derived from younger 
Neoproterozoic-aged successions, rather than from Palaeo- 
to Mesoproterozoic rocks, as in the McArthur Basin. 

In the case of the McArthur Basin, a late oil charge (or 
remigration) is more likely to survive, particularly with 
regards to seal integrity, destruction of petroleum in pore 
spaces by biodegradation, and/or water-washing and fault 
reactivation (see Duddy et al 2004). Although a major episode 
of migration probably occurred in the Late Mesoproterozoic 
(Dutkiewicz et al 2007), the occurrence of bitumen within 
the overlying Cambrian Antrim Plateau Volcanics (see above) 
indicates that hydrocarbons have been actively generated and 
expelled or remigrated, probably from Roper Group source 
rocks, at relatively young Palaeozoic or possibly even younger 
ages. Palaeozoic oil/gas pools in the younger Daly and 
Georgina basins to the west and southwest of the McArthur 
Basin might have a reasonably good chance of survival, 
although the successions in these basins are relatively thin and 
unstructured, reducing their petroleum potential.

Powell et al (1987) and Jackson et al (1988) listed four 
types of possible conventional traps that may be applicable to 
the Beetaloo Sub-basin and greater McArthur Basin. These 
included:

(1) structural and diagenetic traps in the Bessie Creek 
Sandstone within the Beetaloo Sub-basin, mainly sourced 
from the Velkerri Formation. 

(2) small structural traps, diagenetic traps and pinchouts 
relating to lapping of facies onto the ‘Urapunga 
Tectonic Ridge’ in the Roper River region. However, 
reinterpretation of the former ‘Urapunga Tectonic Ridge’ 
as a major fault zone (see Introduction above) negates 
these previous pinch-out models. 

(3) small structural and diagenetic traps in McArthur Group 
carbonate rocks in the Batten Fault Zone, sourced from 
the Barney Creek Formation.

(4) various types of traps in Palaeozoic strata to the south and 
west of the McArthur Basin, formed under conditions of 
late migration or remigration.

In addition, there is some possibility that suitable 
reservoir/seal pairs within McArthur Basin strata may occur 
offshore under Cretaceous strata of the western Carpentaria 
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Basin and these could be prospective for hydrocarbons, like 
their onshore equivalents.

In the above scenarios, diagenetic traps (Wilson 1977) refer 
to the early migration of hydrocarbons into a reservoir before 
signi cant cementation has taken place; the accumulation 
then inhibits further cementation. The possibility of this type 
of trap could indicate that current permeability/porosity data 
may not be an accurate refection of the true characteristics of 
unbreached reservoirs (Jackson et al 1988). 

As potential reservoirs in the Beetaloo Sub-basin 
often have relatively low permeability, current petroleum 
exploration is focused on unconventional (basin-centred 
gas and oil shale; see above), as well as on conventional 
hydrocarbons. 
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et al (2001) subsequently included rocks of the Flynn 
Subgroup within the correlative Ooradidgee Group, and 
rede ned the re ainder of the succession as the o kinson 

reek Group  he hurchills ead Group  was consequently 
ade redundant and this na e has therefore been abandoned  

onstituent units of the o kinson reek Group 
are (fro  the base up) the ayward reek and orphett 

reek for ations  the Short ange Sandstone  and the 
ttack reek, ootu and ar illy for ations  he group 

outcrops in northern   and southeastern 
 S GS, where it for s a or upstanding 

Chapter 16: TOMKINSON PROVINCE N Donnellan 

INTRODUCTION

he o kinson rovince ( lake et al 1 ) for s the 
northern part of the ennant egion, which also includes 
the arra unga and avenport provinces (Figure 16.1). 

he boundary between the o kinson and arra unga 
provinces is arked by the southern and eastern li its of 
the Short and hittington ranges in northern  

1. he o kinson rovince co prises: (1) the ate 
Orosirian Statherian o kinson reek Group, which is 
unconfor ably overlain by (2) the Statherian a erinni 
Group  and ( ) the esoprotero oic enner Group. he 

enner Group unconfor ably overlies both the o kinson 
reek and a erinni groups. one of these groups has 

been eta orphosed. 
 si pli ed geology ap of the ennant egion, 

including the o kinson rovince, is presented in 
Figure 16.2.  corresponding digital elevation i age for 
the ennant egion is presented in Davenport Province: 

, and a corresponding ap of total agnetic 
intensity ( ) and a reduced to pole rst vertical derivative 
(  1 ) i age are presented in Figure 16.3a, b).  ore 
detailed ap of the o kinson reek Group is presented in 
Figure 16.4 and a ore detailed ap of the a erinni and 

enner groups is in Figure 16.10.
he o kinson reek Group is correlated with the 

edbank ackage (eg onnellan et al 2001) of the c rthur 
asin, and with the atches reek Group of the avenport 
rovince ( lake 1 , onnellan et al 1 , onnellan 

and ohnstone 200 , Figure 16.5). ossible correlatives 
of the latter group and therefore, by inference, also of the 

o kinson reek Group are recognised in the runta 
egion ( ileron rovince) and ana i egion. hese 

correlatives include the Ongeva ackage ( laou ong 
et al 200 ), eynolds ange Group, edan Schist, topia 

uart ite and endip eta orphics in the runta egion, 
and the ount harles For ation and argee Sandstone in 
the ana i egion. n addition, laou ong et al (2008) 
noted that detrital ircon geochronological constraints also 
per it age equivalence between the eynolds ange and 

irrindudu groups ( irrindudu asin). he a erinni 
Group has been correlated with the c rthur Group, and 
the enner Group with the oper Group of the c rthur 

asin ( ard 1 8 , ones et al 1 6, ussey et al 2001).

LATE PALAEOPROTEROZOIC

Tomkinson Creek Group

his group was originally de ned as the o kinson reek 
eds  by andal and rown (1 6 ). t was in part rede ned as 

the o kinson reek Subgroup  by onnellan et al (1995), 
who co bined this subgroup with the underlying Flynn 
Subgroup to for  the hurchills ead Group. onnellan 
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ridges, alternating with recessive valleys. Sparse e posures 
and geophysical data indicate that the group e tends into 
northeastern G  S   and southeastern 
SO   OO S.

he group is do inated by thick siliciclastic units 
that alternate with i ed siliciclastic carbonate intervals 
(Figure 16.5). Four cycles of ridge for ing clastic 
sedi entary rocks, overlain by a recessive, i ed siliciclastic
carbonate succession are represented in the o kinson Creek 
Group: (1) ayward Creek For ation  (2) orphett Creek 
For ation  ( ) Short ange Sandstone and ttack Creek 
For ation  and ( ) ootu and Car illy for ations. hese 
cycles probably represent a or transgressive regressive 
episodes. ower order sea level changes are e pressed within 
so e of the constituent lithostratigraphic units of these four 

a or cycles.  su ary of the o kinson Creek Group 
succession and of interpreted depositional environ ents for 
constituent units of the group is presented in Table 16.1.

he o kinson Creek Group is esti ated to be about 
6500  thick in northern  C  and about 
10 000  in  S GS.

he age of the o kinson Creek Group is poorly 
constrained. t overlies the Orosirian (ca 1850 1810 a2) 
Ooradidgee Group and is unconfor ably overlain by the late 
Statherian (ca 1660 1610 a) a erinni Group.  nu ber of 
authors (eg vanac 195 , endu  and onkin 19 6, onnellan 
et al 1991, 1995) have reported that the relationship between 
the Ooradidgee Group and overlying o kinson Creek Group 
appears to be gradational, at least locally. n contrast, endu  
and onkin (19 6) concluded that there was a signi cant ti e 
break at the base of the o kinson Creek Group, during 
which ti e interval the arra unga For ation and lithi ed 
Ooradidgee Group rocks were e posed and subsequently 
eroded to provide detritus to the basal lanche Creek e ber 
of the ayward Creek For ation. unnet and arding (196 ) 
concluded that there is a (slight) tectonic unconfor ity at 
the base of the o kinson Creek Group, and Crohn and 
Oldershaw (1965) si ilarly concluded that the ap e pression 
of this contact appears to be unconfor able on a regional 
scale. he widespread, but patchy preserved distribution of the 
poly ictic lanche Creek e ber conglo erate is consistent 
with an unconfor able relationship. t is now interpreted 
that the onset of o kinson Creek Group sedi entation was 
conte poraneous with e tension during the ca 1815 1805 a 

urchison vent, and that the relationships outlined above 
are probably all valid, at least locally. 

he o kinson Creek Group is unconfor ably overlain 
by the a erinni and enner groups, and although the 
e pression of this unconfor ity is locally subtle, it is clearly 
evident regionally. his unconfor ity is probably associated 
with signi cant defor ation during the avenport vent 
and represents a substantial ti e break ( ussey et al 2001). 

he ate alaeoprotero oic avenport vent resulted in two 
phases of folding, and is recognised throughout the ennant 

egion. t is described in ore detail in Warramunga 
Province and Davenport Province.

he following lithostratigraphic descriptions are ainly 
based on onnellan et al (1995, 1999, 2001), and ussey 
et al (2001).

Figure 16.3. ap of (a) total agnetic intensity ( ) and 
(b) corresponding reduced to pole rst vertical derivative (  
1 ) for ennant egion. rea of apface sa e as in Figure 16.1.
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Hayward Creek Formation
he ayward Creek For ation is a succession of 
ediu  to coarse grained sandstone, granule  and 

pebble bearing sandstone and local pebble  and cobble
bearing conglo erate. Subordinate ne grained sandstone, 
siltstone and volcanic rocks have been recognised within 
the succession and, together with evaporite bearing and 

icrobially la inated carbonate rocks, they also constitute 
the hittington ange e ber at the top of the for ation.

idge for ing sandstone of the ayward Creek 
For ation is oderately to steeply dipping and locally 
overturned. he for ation is associated with e tensive 
upstanding ranges in the o kinson rovince, and ridges 
also de ne the a es of north  to northwest plunging faulted 
anticlines in southern  S GS.

he ayward Creek For ation is about 500  thick. 
t has been subdivided into ve e bers: in ascending 

stratigraphic order, the lanche Creek, anga auda, 
eerie, Coodna and hittington ange e bers. hree 

of these, the anga auda, eerie and Coodna e bers, 
can be distinguished on the basis of the sedi entological 
characteristics of their constituent sandstones. hese 
three e bers are interpreted to indicate a change fro  
predo inantly uviatile to intertidal and shallow arine, 
then back to uviatile sedi entation upward through the 
succession. oorly outcropping and deeply weathered 

a c sills, dykes and, particularly in the hittington 
ange e ber, volcanic rocks within the ayward Creek 

For ation are seen to be regionally widespread and of 
substantial volu e in airborne agnetic data. hey are 

ost abundant in the anga auda e ber, and less so in 
both the eerie and Coodna e bers.

he ayward Creek For ation includes lithic 
sandstone, sublithic sandstone, quart  sandstone and 
orthoquart ite  i ature wacke is an additional sandstone 
type in the anga auda e ber. uart  grains include 

onocrystalline quart  showing arked undulose 
e tinction  stress  or shock fractured and e bayed quart  of 
volcanic origin  and polycrystalline grains with sutured and 
castellated te tures, of probable eta orphic derivation. 

uart  grains are generally free of prior overgrowths, 
suggesting that these sandstones are rst cycle. ithic clasts 
are do inated by those of volcanic origin, and include 
partially welded volcanic clasts  quart  phenocrysts in 
a ne grained, devitri ed glassy atri  and cherty rock 
frag ents of less certain af nity, so e of which carry rutile 
needles and sericitised feldspar icrolites. race ircon and 
white ica are present, and ircon ay be ore abundant in 
well developed heavy ineral la inations that are co on, 
particularly near the base of the ayward Creek For ation.

A widespread, but localised, poorly sorted lithic 
sandstone and poly ictic orthoconglo erate up to 150  
thick at the base of the ayward Creek For ation, the 
Blanche Creek Member ( odson and Gardener 19 8), 
overlies the Ooradidgee Group with a slight angular 
unconfor ity. here the lanche Creek e ber 
is apparently absent, pebbly sandstone or pebble  or 
cobble bearing orthoconglo erate of the anga auda 

e ber directly overlies the ru breu For ation of 
the Ooradidgee Group. hese relationships suggest 
there ay have been signi cant topographic relief on 
the Ooradidgee Group, despite an apparent gradation 
in sandstone characteristics and co positions between 
the upper ost ru breu For ation and basal ayward 
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Unit, thickness Lithology Stratigraphic relationships Depositional 
environment

Carmilly 
Formation

ca 50  ( in)

a inated to thinly bedded silici ed dolostone, siltstone and 
udstone  thinly to ediu  bedded, ostly ne  to ediu

grained sandstone  stro atolites, evaporite pseudo orphs, 
enterolithic and nodular chert.

Confor ably overlies ootu 
For ation (sharp to transitional 
contact). Subdivided into infor al 
lower, iddle and upper lithofacies. 

nconfor ably overlain by undivided 
Cretaceous rocks. 

estricted shallow 
arine and peritidal, 

including intertidal 
and hypersaline  
possibly lacustrine in 
lower part.

Bootu Formation

ca 1800 2200 

hinly to very thickly bedded, ediu  to very coarse
grained sandstone and pebbly sandstone  inor thinly bedded 
siltstone and udstone  calcareous siltstone and sandstone  

inor carbonaceous shale and anganiferous sandstone, 
stro atolites and halite pseudo orphs.

isconfor ably to confor ably 
overlies Attack Creek For ation. 

nconfor ably overlain by Gleeson 
For ation and by undivided 
Cretaceous rocks.

rotected shallow 
arine (periodically 

supratidal), overlain 
successively by 
intertidal and subtidal 
open arine and 
shallow arine with 

inor uvial red beds.

Attack Creek 
Formation
ca 0 00 

assive to la inated dolostone and li estone( )  la inated 
to thinly bedded siltstone and udstone  chert  thinly bedded 
quart ose dolostone  icrobialite, thin to ediu  beds of 
intrafor ational conglo erate.

isconfor ably to confor ably 
overlies Short ange Sandstone 
(sharp to transitional contact). 

nconfor ably overlain by Gleeson 
For ation.

Shallow arine 
and open tidal ats, 
protected fro  
signi cant terrigenous 
input, and with 
periodic e posure.

Short Range 
Sandstone
650 1025 

hinly to very thickly bedded, ne  to coarse grained 
sandstone  inor thinly bedded icaceous ne grained 
sandstone and siltstone, and lesser la inated udstone  
so e pebbly sandstone and conglo erate lags  rare halite 
pseudo orphs.

isconfor ably to confor ably 
overlies orphett Creek For ation. 
Subdivided into eagan e ber and 
infor al iddle and upper lithofacies. 

nconfor ably overlain by Gleeson 
For ation.

Shallow arine, 
predo inantly littoral 
to subtidal  inor 

uvial or deltaic 
deposits.

Deagan Member
ca 0 150 

redo inantly thinly to thickly bedded quart  sandstone 
with inor conglo erate and udstone in a ning upward 
succession.

Gradational confor able contact 
with underlying uerschner e ber 
of orphett Creek For ation. 

isconfor ably to confor ably 
overlain by iddle sandstone 
lithofacies of Short ange Sandstone.

ntertidal to shallow 
arine.

Morphett Creek 
Formation
ca 000 200 

hinly to occasionally very thickly bedded ne  to very coarse
grained sandstone and pebbly sandstone  very thinly to ediu  
bedded ne  to ediu grained sandstone and siltstone  thin 
to ediu  beds of graded intrafor ational conglo eratic 
sandstone  cherti ed la inated dolostone  stro atolites  pebble 
to cobble conglo erate ( etasedi entary clasts and less 
co on white vein quart  clasts)  evaporite pseudo orphs  
enterolithic and nodular chert.

isconfor ably overlies hittington 
ange e ber of ayward Creek 

For ation. Consists of uerschner 
and itty e bers.
Confor ably overlain by Short ange 
sandstone, and unconfor ably overlain 
by Gleeson For ation (in the north) 
and undivided Cretaceous rocks. 

Fluvial to shallow 
arine. Continental 

red beds, and arginal 
shallow arine, 
including peritidal ats 
and sabkha deposits. 
So e shallow arine 
channels. 

Mitty Member
ca 1500 2200 

ower lithofacies of i ed carbonate and siliciclastic rocks, 
chert, stro atolitic dolostone, well sorted ne grained 
sandstone and udstone. pper lithofacies of very thinly to 

ediu  bedded lithic and sublithic sandstone, interbedded 
with udstone and with rare conglo erate and carbonate 
rocks. seudo orphs after evaporite inerals are co on 
throughout. So e chert ay be silici ed tuff.

Confor ably overlies uerschner 
e ber. isconfor ably to 

confor ably overlain by eagan 
e ber of Short ange Sandstone. 
nconfor ably overlain by Gleeson 

For ation of enner Group.

ntertidal, shallow 
arine and probably 
uviatile. ncludes 

sabkha deposits.

Kuerschner 
Member
ca 1500 1600 

Co prises a 500 thick lower lithofacies, with basal 
conglo erate up to 150 200 thick, overlain by variably 
sorted, ne  to very coarse grained ediu  to very thickly 
cross bedded, lithic and sublithic feldspar bearing sandstone 
and inor siltstone. pper 1000 1100  co prises well 
sorted, ne  to ediu grained, thinly to ediu  bedded 
lithic to sublithic sandstone, characterised by abundant 
weathered out shale clasts.

Confor able, disconfor able and 
probably locally unconfor able 
on hittington ange e ber 
of ayward Creek For ation. 
Gradational relationship between 
the two sandstone lithofacies within 

uerschner e ber, and with 
overlying itty e ber.

robably uviatile.

Hayward Creek 
Formation
ca 500 

ithic, sublithic and feldspathic sublithic sandstone, pebble 
to cobble conglo erate  inor thinly bedded ne to ediu  
sandstone, siltstone (including possible tuff), udstone and 
intrafor ational conglo erate  basaltic lava.

ariably unconfor able and 
confor able disconfor able on 

ru breu For ation of Ooradidgee 
Group. ntruded by unna ed dolerite
gabbro sills.

Fluvial, intertidal and 
shallow arine.

Whittington 
Range Member
ca 00 600 

Andesine bearing, a ygdaloidal basalt ( andesite ) lava, and 
inor spherulitic rhyolite  subarkose, quart  sandstone and 

siltstone.

Confor able with underlying Coodna 
e ber with a generally gradational 

to sharp contact. isconfor ably 
and possibly locally unconfor ably 
overlain by orphett Creek For ation.

Sedi entary rocks 
are probably shallow 

arine.

Coodna Member
ca 1000 1 00 

ithic, sublithic and feldspathic sublithic sandstone, and 
pebbly sandstone. ediu  to coarse grained, and grain si e 
la inated thinly to thickly bedded, planar and very shallow
angle cross bedded in laterally persistent bed sets.

Confor able with the hittington 
ange and eerie e bers above 

and below, respectively. ntruded by 
unna ed a c sills.

ainly uviatile.

Table 16.1. Su ary of stratigraphic, and palaeoenviron ental interpretations for constituent units of o kinson Creek Group ( odi ed 
after ussey et al 2001: table 1) (continued on next page).
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Creek For ation. Conglo eratic intervals occur at other 
levels in the ayward Creek For ation and, for e a ple, 
locally de ne the base of the eerie e ber in  
S GS. Crohn and Oldershaw (1965) suggested that the 

lanche Creek e ber ay correlate with the ising Sun 
Conglo erate of the arra unga rovince (Figure 16.5).

n the lanche Creek e ber and in pebbly sandstone 
intervals of the anga auda e ber, the predo inant 
pebble clast type is vein quart , but so e hori ons are ore 
poly ictic, with siltstone, chert and asper as additional 
pebble types. are porphyry clasts were recognised by 

endu  and onkin (1976), and the chert clasts are 
probably predo inantly volcanilithic. Co pston (1995) 
suggested that reworking of the arra unga For ation is 
consistent with the age spectru  of detrital ircons that he 
deter ined for the ayward Creek For ation (speci cally 
the lower eerie e ber), but reworked Ooradidgee aged 

aterial is also indicated.
n its type section, the Manga Mauda Member co prises 

ve ning upward cycles that are about 150 250  thick 
and there is a superi posed overall ning upward trend 
throughout the unit. he lower ost cycle starts with 

ediu bedded pebble  and cobble bearing ono ictic 
orthoconglo erate. his is overlain by a thinly to ediu
bedded, coarse to granular quart lithic sandstone that is 
trough cross bedded. his interval gives way upward to 

ore tabular planar cross la inated and cross bedded 
sandstone with thin to ediu  beds that are co bined in 
thick sets. hese bedding and set characteristics continue 
until the top of the cycle, where sets beco e assive, tabular 
and trough cross bedded, and sy etric current ripple 

arks occur locally. he sandstone beco es pebble free 
higher in the interval, and is increasingly well sorted and 
rounded, with distinct heavy opaque ineral or lithic grain
bearing la inations. ebble lags are co on, and graded 
beds are found near the base of the unit. he second cycle is 
essentially si ilar, but lacks trough cross bedded sandstone, 
as apparently do the overlying cycles in the type section, 
although trough cross bedding is co on throughout the 
succession elsewhere. n the type section, the third and fourth 

ning upward cycles start with coarse sandstone and nish 

with ne sandstone or siltstone. A recessive siltstone interval 
is widespread in the iddle of the e ber and the top ning
upward cycle is do inated by about 100  of ne sandstone 
and siltstone overlying coarse sandstone.

he contact between the anga auda e ber and 
the overlying Meerie Member is generally gradational, but 
locally, there is a sharp and in places erosional contact and 
in these situations, the lower ost eerie e ber includes 
poorly sorted coarse sandstone, and granule  and pebble
bearing conglo erate. ocally, there are inor intervals of 
current ripple arked sandstone, which is associated with 
granular to pebbly lags in slight depressions. eerie e ber 
sandstone is readily recognisable in the eld as, in arked 
contrast with the anga auda and Coodna e bers, it 
is typically thinly bedded and beds are co bined in thin 
to ediu  sets, showing planar parallel, or low  to high
angle or bidirectional tabular cross beds with good lateral 
persistence of individual sets. he eerie e ber is also 
characterised by a prevalence of ripple arked sandstone 
and by its dissected topographic e pression. he sandstone 
shows grain si e variation alternating between ediu  and 
coarse, and grains are generally well sorted and rounded. 

owards the top of the eerie e ber, asy etric 
and sy etric straight crested and bifurcating ripples are 
preserved, and desiccation features, including probable 
desiccated icrobial l  (cf Rhysonetron), suggest shallow 
water/intertidal conditions.

Co pston (1995) reported three apparent age 
populations (subgroups) within ircons fro  a sa ple 
of quart  sandstone fro  near the base of the eerie 

e ber. hese subgroups have ean ages of 1862  8 a, 
182   6 a and 178   9 a. Co pston interpreted fro  
these data that the ca 1860 a arra unga For ation had 
contributed detritus to the quart  sandstone, and it is also 
likely that the ca 1820 a age indicates recycling fro  the 
Ooradidgee Group. owever, as Co pston noted, there 
are no known potential source rocks in the arra unga 

rovince for three ircons that ay de ne a 178   9 a 
a i u  depositional age. 

he contact between the eerie e ber and the 
overlying Coodna Member is generally transitional and 

Unit, thickness Lithology Stratigraphic relationships Depositional 
environment

Meerie Member
ca 700 1100 

Sublithic, locally granule  and pebble bearing sandstone that 
is characteristically bidirectionally cross bedded, well sorted 
and well rounded, variably ne to coarse grained and grain si e 
la inated. Fine grained sandstone and siltstone at top of unit 
are thin and planar bedded and probably include volcaniclastic 
rocks. Abundant ripple arks, and desiccation features.

Confor able with eerie e ber, 
and in general, with anga auda 

e ber, but there is a locally 
erosional contact in SHORT ANGE 
and UCKATY. ntruded by a c 
sills.

redo inantly 
intertidal to shallow 

arine.

Manga Mauda 
Member
ca 600 1000 

ithic and sublithic, and locally pebble bearing sandstone 
and siltstone in a nu ber of ning upward cycles. eeply 
weathered silty rocks in the upper ost 100  of succession in 

A  C  include probable felsic volcanic rocks, 
and a discontinuous interval of probable felsic tuffs occurs in 

iddle of unit in sa e area.

ariably unconfor able and 
confor able/disconfor able on 

ru breu For ation of Ooradidgee 
Group. ntruded by unna ed dolerite/
gabbro sills.

redo inantly 
uviatile, with locally 

well developed 
channels.

Blanche Creek 
Member
ca 150 

oorly sorted lithic sandstone and poly ictic conglo erate. ocally, but widely distributed 
and with an apparent lateral facies 
relationship with pebbly anga 

auda e ber sandstone, suggesting 
signi cant, erosional topographic relief 
on underlying Ooradidgee Group.

Fluviatile.

Table 16.1. Su ary of stratigraphic, and palaeoenviron ental interpretations for constituent units of o kinson Creek Group 
(continued from previous page).
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is arked by a change to thicker bed sets, coarser grain 
si e and a less co positionally ature sandstone. rough 
cross strata, gravel lags and graded beds are co on in 
the Coodna e ber and are often associated with cross
la inated and current ripple arked sandstone with rare 
desiccation features. ocally, the contrasting bedding 
characteristics between the two e bers is arked by 
a change fro  aggy to bouldery outcrop up section. 

lsewhere, the boundary is associated with a sudden change 
to large scale trough cross bedded, pebbly i ature 
sandstone, or to heavy ineral bearing sandstone at the 
base of the Coodna e ber.

here is a bench or step in the upstanding ridge 
associated with the Coodna e ber throughout ost 
of its outcrop area in  S GS, and this is also 
recognisable in A  C . t is attributed to an 
un apped subtle change in sandstone lithofacies, re ecting 

ore planar bedding characteristics and ore unifor  
sandstone co positions, grain si e and sorting at the top 
of the unit.

he anga auda, eerie and Coodna e bers 
are each about 1000  thick in their type sections and 
throughout uch of their outcrop e tent in A  
C . n  S GS, the anga auda e ber 
is restricted in outcrop to C A , where it is at 
least 600  thick. he eerie e ber ranges fro  900 
to 700  in thickness, and the Coodna e ber is between 
ca 20 and 1 00  thick in  S GS. he upper 
sandstone lithofacies of this latter e ber ranges between 
150 and 100  thick.

Whittington Range Member volcanic rocks are 
typically poorly e posed and are intensively weathered and 
lateritised. owever, in airborne agnetic data, they can be 
seen to be a widespread unit throughout the area of outcrop 
of the ayward Creek For ation ( onnellan and ohnstone 
200 ). endu  and onkin (1976) described these rocks 
fro  fresh aterial obtained fro  drill core. hey include 
a ygdaloidal porphyritic basalts of tholeiitic af nity that 
bear andesine laths, together with augite and pigeonite, in 
a ground ass of agnetite, hae atite, chlorite and clay 

inerals. inor spherulitic rhyolites were also recognised. 
he occurrence of andesine plagioclase ay suggest that 

the volcanic co positions are in part inter ediate, but 
i obile trace ele ent co positions are ore consistent 
with subalkaline basalt. Associated ne grained sandstone 
has accessory blue green tour aline, and the siltstone is 

icaceous. he hittington ange e ber also includes 
the oldest recognised carbonate rocks in the o kinson 
Creek Group. hese include evaporite pseudo orph
bearing and icrobially la inated carbonate rocks.

he hittington ange e ber is a lithostratigraphic 
correlative of both the udinga asalt (as originally 
proposed by lake 198 ) and the Frew iver For ation 
of the upper auchope Subgroup of the atches Creek 
Group in the avenport rovince (Figure 16.5). here are 
possibly other a c volcanic intervals within the ayward 
Creek For ation. owever, outcropping a c rocks are 
intensively weathered and lateritised, and whether they 
were intrusive or e trusive is often obscure. ossible felsic 
tuffs have been apped as siltstone  intervals, and are both 
thin and poorly e posed. he ayward Creek For ation 

is intruded by stratifor  dolerite sills. hese dolerites 
probably correlate with dolerites intruding Ooradidgee 
Group rocks in the urinelli area in the arra unga 

rovince (see Early unnamed dolerite / gabbro below).
ower order ning upward cycles in the anga auda 

e ber were interpreted by onnellan et al (1995) to 
re ect overlapping uvial channels, whereas higher order 
cycles were taken to indicate periodic tectonic re uvenation. 
t was concluded that deposition ost probably occurred in 

braided river syste s. vidence for arid conditions includes 
post co pactional, but pre diagenetic reddening in the 

anga auda e ber and pseudo orphs after evaporites. 
he anga auda and Coodna e bers are interpreted to 

be uviatile, and the eerie e ber to be arginal arine.
he anga auda e ber, and the eerie and Coodna 

e bers are correlated with the ni bra and Coulters 
sandstones, respectively, of the atches Creek Group in 
the avenport rovince ( lake 198 , onnellan et al 2001, 
Figure 16.5). Carbonate and a c volcanic rocks of the 

hittington ange e ber are correlated with the Frew 
iver For ation and udinga asalt, respectively, of the 
atches Creek Group. hin recessive siltstone  and possible 

felsic tuffs in the anga auda e ber are possible distal 
lateral equivalents of the eeradgi Sandstone in the atches 
Creek Group.

Morphett Creek Formation
he orphett Creek For ation is a succession of sandstone, 

siltstone, udstone and carbonate rocks. t is at least 2500  
thick in A  C  and increases in thickness to 
000 200  or ore in parts of  S GS. Four 

distinct lithofacies are recognisable and widespread, but 
are patchily e posed and therefore not readily apped. he 
lower two, and the upper two lithofacies are for alised as 
the uerschner and itty e bers, respectively. 

he lower lithofacies of the Kuerschner Member is 
about 500  thick and is a red brown to crea  sandstone 
with a sporadically distributed basal conglo erate. he 
conglo erate is associated with gravel lags, pebbly 
sandstone and poorly sorted, coarse grained lithic and 
sublithic sandstone, and inor wacke. Conglo erate clasts 
are ainly sandstone, but also include probable vein quart  
and asper. ithic frag ents within sandstone are ainly 
of cherti ed volcanic detritus. owever, there are also 
abundant onocrystalline and polycrystalline probably 

eta orphic quart  and inor schist clasts. Orthoclase 
and icrocline icroperthite are locally abundant. 
ron o ides and ircon are co on accessory inerals 

and ay be concentrated into discrete la inae. ircon 
grains are euhedral, oned and ost probably of volcanic 
derivation. Jasper occurs as grains in the sandstone and 
as clasts, together with vein quart  and sandstone, in the 
conglo erate. endu  and onkin (1976) attributed 
asperoidal grains and ce ent to a sedi ent source in 

the hittington ange e ber. Sandstone in this lower 
lithofacies of the uerschner e ber is: (1) trough 
cross bedded, in ediu  to thick sets  (2) tabular cross
bedded, in ediu  sets showing lateral persistence and 

aggy outcrop characteristics  or ( ) grain si e la inated, 
tabular cross bedded and interbedded with ne sandstone 
and siltstone showing desiccation features.
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here is a transitional contact between the lower and 
upper sandstone lithofacies of the uerschner e ber. 

he upper lithofacies has typically well sorted and rounded 
grains, is grain si e la inated and bidirectionally tabular 
or planar cross bedded, and shows good lateral bedding 
persistence. Current ripple arks, desiccation features 
and intrafor ational tabular shale clasts, or oulds after 
weathered out shale clasts, are co on (and a characteristic 
feature of uch of the orphett Creek For ation 
sandstone). his lithofacies is appro i ately 1000  thick. 

epeated ning  and thinning upward cycles at the top of 
the uerschner e ber, and in the interval transitional to 
the overlying itty e ber, are anifested as a series of 
sandstone ridges alternating with recessive intervals.

he Mitty Member is recessive and typically poorly 
e posed. owever, so e intervals for  discontinuous 
and rounded strike ridges of intensely silici ed or 
highly leached rock. he unit co prises a lower i ed 
siliciclastic carbonate succession with a cyclical 
association of sandstone, la inated dololutite and chert. 

his is overlain by a succession of intensely ripple arked 
sandstone with locally abundant, intercalated udstone 
units showing desiccation features. icrobially la inated 
and stro atolitic rocks, now intensely silici ed, occur 
throughout the succession, as do intervals with abundant 
pseudo orphs after evaporite inerals. he lower interval 
of the itty e ber is ca 500  thick in northern 

A  C , but thickens to a a i u  of ca 700  
in  S GS. he upper interval is ca 00  
thick in A  C , but thickens substantially in 

 S GS, where it is ca 800 1500  thick. here 
is a greater proportion of carbonate and cherti ed carbonate 
in the lower lithofacies than in the upper lithofacies.

Sandstones in the lower and upper lithofacies of the itty 
e ber are both thinly to ediu  bedded and intensely 

ripple arked, and have nor ally graded intrafor ational 
conglo erate intervals or lenses with tabular udstone 
clasts. ipple arks include current, oscillation, interference 
and truncated for s. Sandstone fro  the lower lithofacies 
is typically white or crea , clay ce ented and well sorted, 
whereas sandstone in the upper lithofacies is orange, red
brown, crea  or grey green. ntercalated shale in the upper 
lithofacies is crea  or grey green  these colours attest to the 
variable proportions and o idation state of associated iron. 
t is possible that the ne grained clastic rocks ay include 

tuf te, but none has been positively identi ed. esiccation 
features, abundant halite pseudo orphs and nodular 
(cauli ower) chert pseudo orphing probable anhydrite are 
found in sandstone fro  the lower lithofacies, but are ore 
co only associated with intercalated udstone within the 
sandstone succession of the upper lithofacies. ibbon chert 
is interpreted as silici ed icrobial dolola inite throughout 
the itty e ber. owever, do ical stro atolitic 
carbonate rocks (now totally silici ed to a dark blue grey 
chert) are well developed in the lower lithofacies and locally 
for  bioher s up to the order of 100  in dia eter. 

he following palaeoenviron ental interpretations were 
ade by onnellan et al (1995) and ussey et al (2001). he 
uerschner e ber is attributed to uviatile and shallow
arine continental red bed sedi entation. he itty e ber 

re ects sabkha, peritidal at and possibly shallow arine 

sedi entation. Sandstone fro  the upper ost lithofacies 
of the itty e ber shows a well developed la ination, 
de ned by both co positional variations and by local 
accu ulations of heavy inerals. he latter is indicative of 
winnowing in a high energy environ ent.

Short Range Sandstone
he Short ange Sandstone co prises the eagan e ber 

and overlying, unna ed, ridge for ing, iddle and upper 
sandstone lithofacies. he for ation has a a i u  
thickness of ca 1025  in A  C  and a si ilar 
thickness is inferred in SO  A  OO S, but the 
unit varies between 650 and 850  in  S GS. 

he eagan e ber ranges up to a a i u  of 120  
thick, and the iddle and upper sandstone lithofacies are up 
to about 500  and 00  thick, respectively. 

he Short ange Sandstone co prises ne  to coarse
grained quart  sandstone, sublithic to lithic sandstone, 
feldspathic lithic sandstone and quart lithic sandstone. t 
co only shows la inations, de ned by grain si e in the 

eagan e ber and the iddle sandstone lithofacies, and 
by colour variations between pink, crea  and grey in the 
upper sandstone lithofacies.

onocrystalline quart  grains are abundant throughout 
the Short ange Sandstone and these grains frequently lack, 
or show only weak undulose e tinction. olycrystalline 
grains with a large nu ber of polygonised, or stretched and 
sutured subgrains are probably of eta orphic origin. are, 
euhedral, e bayed quart  grains re ect a felsic volcanic 
source co ponent, which is also represented by lithic 
grains. ae atitic chert grains are of unknown origin. he 

ore lithic rich sandstone has a substantial atri  produced 
by the deco position of detrital rock frag ents, in addition 
to the quart  ce ent that typi es the a ority of the unit. 
Opaque inerals, iron o ides, rounded pale blue to blue
brown tour aline, rounded elongate ircons and detrital 

icas are the principle accessory inerals. Opaque grains 
in particular ay de ne distinct heavy ineral la inae. 

he Deagan Member is interpreted to be at least in part 
transitional between the orphett Creek For ation and 
the re ainder of the Short ange Sandstone. owever, the 
base of this e ber locally co prises pebble to boulder 
conglo erate suggesting an erosional, unconfor able 
relationship (of no regional tectonic signi cance). his 
boulder bearing conglo erate has a atri  of coarse sand 
and granules, and is up to ca 8  thick. t is laterally persistent 
and planar bedded and is overlain by planar bedded pebble 
conglo erate, coarse sandstone and sandstone. Granule 
conglo erate and pebble bearing sandstone are also 
recognised locally in the iddle sandstone lithofacies of 
the Short ange Sandstone in northwestern A  
C . An erosional contact between the eagan e ber 
and the iddle sandstone e ber is locally e pressed in 

 S GS.
eagan e ber sandstone is ne to coarse grained, 

thinly to ediu  bedded and grain si e la inated, with 
beds arranged in bidirectional tabular, high angle, cross
bedded ediu  to thick sets. ocally this sandstone 
features reactivation surfaces, overturned cross beds, 
convolute bedding and dewatering structures, indicating 
a high energy environ ent and rapid sedi entation. 
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eds beco e thinner and grain si e ner up section, and 
at the top of the succession is an interval of sandstone 
characterised by 2 5 thick thinning and ning 
upwards cycles. Sandstone associated with these cycles is 
typically ripple arked and parallel  or cross la inated, 
and contains oulds after weathered out shale clasts, 
desiccation features and halite pseudo orphs. t is locally 
interbedded with icaceous udstone.

pper eagan e ber sandstones are transitional 
with those of the iddle sandstone lithofacies, the base of 

which is locally characterised by abundant ripple arks. 
ipple types in the iddle sandstone lithofacies include 

straight  and sinuous crested, sy etric and asy etric 
ripples, bifurcating ripples, oscillation ripples, truncated 
ripples, and rho boidal and lunate interference ripples 
( ). robable desiccated and rolled icrobial 
bio l s (cf Rhysonetron) also occur (Figure 16.6f). 
Sandstone of the iddle sandstone lithofacies has aggy 
weathering characteristics, is thinly to ediu  bedded, 
and has bidirectional tabular planar  and herringbone 

Figure 16.6. Sedi entary structures in thinly bedded iddle sandstone lithofacies (ie lithofacies i ediately overlying eagan 
e ber) of Short ange Sandstone (after onnellan et al 1995: plate 8). hese structures are indicative of shallow arine to intertidal 

sedi entation (a e are fro  5  00800  7892800  f is fro  5  98 00  7896200 ). (a) Slightly sinuous crested asy etric 
and interference ripple arks. en (1  c  in length) is parallel to strike of bedding which dips to botto  right of photograph. (b) Slightly 
sinuous crested asy etric ripple arks. ase of pen is in direction of dip of bedding, which is to southwest. (c) Slightly sinuous crested 
truncated and associated interference ripple arks e posed on sa e bedding plane. (d) nterference ripple arks on dipping bedding 
plane. (e) Current ripple arks and strea ing lineation in runnel (parallel to pen). (f) robable desiccated icrobial at (cf Rhysonetron) 
superi posed on a ripple arked bedding surface. Scale in 1 c  squares. 
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cross bedding. A ca 7 thick interval about 100  above 
the base of the unit contrasts with the re ainder of the 

iddle sandstone unit, both above and below, in that it 
lacks ripple arks and is characterised by a la ination 
de ned by grain si e variations.

he upper sandstone lithofacies typically has a ore 
assive appearance than the iddle sandstone interval 

(Figure 16.7a, b), and is characterised by parallel, planar 
or very shallow angle and asy ptotic cross beds. t has 
cycles de ned by both upward ning grain si e and by 
decreasing bed thickness. idirectional cross bedding 
has been recognised in the upper sandstone lithofacies 
in  S GS. iscontinuous lenticular beds of 
pebbly or granular sandstone are scattered throughout the 
succession, as are intervals of ripple arked sandstone, 
although as noted above, these are particularly well 
developed at the top of the unit. he sandstone is often 
colour la inated.

Overall, the Short ange Sandstone is interpreted to 
show a progression fro  intertidal to shallow subtidal 
sedi entation ( onnellan et al 1995). he eagan e ber 
and the iddle sandstone lithofacies are interpreted to be 
shallow arine and intertidal deposits. ussey et al (2001) 
recognised that defor ed (overturned) cross bedding in 
the iddle sandstone lithofacies ay indicate deltaic or 
even uvial in uences. owever, although defor ed cross
bedding is co on in deltaic and uvial environ ents, it 
is not diagnostic ( iall 2000). So e sandstone intervals 
within the eagan e ber si ilarly show overturned 
cross bedding that is associated with reaction surfaces, 
convolute bedding and dewatering structures that are 
indicative of energetic and rapid sedi entation ( ussey 
et al 2001). idirectional cross beds and reactivation 
surfaces are characteristic of tidally do inated shallow

arine sandstone (Chandler 1988).
he lower and upper intervals of the iddle sandstone 

lithofacies were interpreted by onnellan et al (1995) 
as type A beach deposits (cf eineck and Singh 1980), 
which is representative of an intertidal, upper shoreface 
environ ent. he intervening 75  of well sorted, grain 
si e la inated sandstone within this lithofacies probably 
represents a iddle or possibly even lower shoreface 
intertidal environ ent. uart  sandstone in the iddle 
sandstone interval ay have resulted fro  winnowing in 
an intertidal environ ent. Such tidal quart  arenite  is a 
recognised class of rst cycle quart  sandstone (Chandler 
1988). A probable uvial in uence is recognisable at 
various intervals in the Short ange Sandstone. Although 
the iddle and upper lithofacies are both te turally and 
co positionally ature sandstone units, they are readily 
distinguished in A  C  on the basis of 
bedding characteristics and sedi entary structures that 
re ect intertidal to shallow arine, and offshore arine 
depositional environ ents, respectively. he distinction 
is less easily ade in  S GS, apparently as a 
consequence of ore cyclical sedi entation in the upper 
lithofacies in this area, so that intertidal sedi ents are 
interbedded with offshore arine sandstone throughout 
this interval.

Attack Creek Formation
A arked topographic contrast between upstanding ridges 
of the Short ange Sandstone and recessive overlying 
carbonate rocks and siltstone of the Attack Creek For ation 
suggests a sharp, disconfor able contact between these 
two lithostratigraphic units. owever, locally in  
S GS, the contact appears to be confor able and 
transitional. here is a si ilar transitional relationship 
between the Attack Creek For ation and overlying 
ridge for ing sandstone of the ootu For ation. his 
transitional lithofacies of interbedded carbonate rocks and 
sandstone is of the order of 125  thick and is apped as 
part of the ootu For ation ( ussey et al 2001). 

he Attack Creek For ation is ca 75 00  thick 
in the type section in northern A  C . 

hin beds of ripple cross la inated ne sandstone and 
la inated siliciclastic siltstone are interbedded locally in 
the do inantly carbonate lithofacies, and locally for  a 
lateral facies equivalent of the lower ca 1 5  of it. he 

a

b

Figure 16.7. (a b) Contact between (thinly bedded) iddle 
and ( ediu  to thickly bedded) upper sandstone lithofacies 
of Short ange Sandstone (at 5  00700  7892500 ). 
Contact coincides with tree lined gully in (b) (after onnellan 
et al 1995: plate 9).
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Attack Creek For ation is generally poorly e posed 
and prone to surface alteration, and siltstone intervals 
are recessive. Carbonate rocks, in particular, have been 
intensely silici ed, but the following rock types are 
nonetheless recognisable: ooid (oosparrudite) and pisoid 
carbonate  oncoid carbonate and at pebble conglo erate 
(intrasparrudite)  and la inated and bioher al 

icrobialite. ntrafor ational conglo erate, and rip
up clast  and slu p breccias co only for  laterally 
persistent thin beds. he co on ( at pebble) clast type 
in these rocks is interpreted to be icrobial la inite, and 
a icrobial origin is si ilarly inferred for the oncoids (cf 

eryt 198 ). n  S GS, outcrop is do inated 
by thinly to thickly la inated and less co only assive 
dolostone, typically neo orphosed to icrosparite and 
intrasparite. owever in A  C , calcite, 
ferroan calcite and non ferroan dolo ite are all present  
the calcite is indicative of the local preservation of 
pri ary li estone. olostone is green, grey and pink, or 
dark brown, ferruginised and quart ose. ink dolostone is 
locally associated with dendritic anganese. Ooid bearing 
rocks include iron rich (sideritic ) ooid co positions, 
frequently with siliceous/cherty cortices. Oncoid 
intrasparrudite is characterised by dolo itic clasts in a 
non ferroan calcite ce ent, and at least locally, at pebble 
conglo erate has ore or less ferroan calcite intraclasts in 
a siliceous and li onitic dolo itic ce ent. 

n  S GS, several thin beds of friable 
green siltstone have been recognised in the carbonate 
lithofacies and interpreted as possible tuf tes. owever, 

ussey et al (2001) reported that ircons separated fro  
one such siltstone included both euhedral for s with 
probable ag atic growth ones, and clear rounded grains, 
considered detrital. Grains have been sub ected to b loss, 
but all are apparently older than ca 1700 a and Ar strong 
(1998) quoted an i precise pooled S  b age 
of 1757  52 a. he youngest grain yielded an age of 
1752  26 a. 

Sedi entary structures indicate that the top of the 
upper sandstone lithofacies of the underlying Short ange 
Sandstone re ects a change in depositional environ ent 
fro  shallow arine to intertidal. he carbonate lithofacies 
of the Attack Creek For ation is si ilarly consistent with 
a shallow arine to intertidal environ ent, but with lesser 
siliciclastic (probably terrigenous) input. 

Ooid ironstone in the Attack Creek For ation is 
probably of the SCOS F type of i berley (1978, 
1989a), which is co only associated with stro atolitic 
carbonate ( i berley 198 ). he co on occurrence 
of broken ferriferous ooids in this rock type is consistent 
with a restricted, probably hypersaline environ ent and 
with possible violent e anations of silica  and iron rich 

uids fro  depth (cf alley 1977, i berley 198 , 1989b). 
hese processes ay have resulted fro  conte poraneous 

volcanic activity, which is also potentially anifested in the 
volcanilithic co ponent of the siltstone, and in the possible 
tuf tes. Given peneconte poraneous volcanic activity, both 
broken ferriferous ooids and banded ironstone chert rock 
could have a syngenetic origin. owever, Ferenc i (2001) 
suggested a replacive, epigenetic origin for anganese (and 
associated base etals) ineralisation in the ootu and 

Shillinglaw for ations, higher in the o kinson Creek 
Group and in the a erinni Group successions respectively 
(see below).

Bootu Formation
posure of the ootu For ation is now largely con ned 

to a faulted, northwest trending syncline in northwestern 
BRUNCHILLY in HELEN SPRINGS. here are further 
localised e posures to the northwest of itty aterhole in 
central eastern MUCKATY and also in the core of a a or 
syncline in northwestern FLYNN. he original e tent of the 
overlying Car illy For ation is not known. Consequently, 
it is uncertain whether this upper ost interval of the 

o kinson Creek Group (ie ost of ootu For ation, 
and Car illy For ation) once e tended fro   
S GS into A  C . 

here is a transitional relationship between dolostone 
of the Attack Creek For ation and sandstone of the ootu 
For ation. he base of the ootu For ation is arbitrarily 
placed at the rst laterally persistent sandstone interval. 

his sandstone has a sharp concordant and locally erosional 
contact with the Attack Creek For ation. t is a thinly 
to ediu bedded, variably sorted, ediu grained to 
granular sublithic to quart  sandstone, and contains tabular 
shale clasts and subangular to rounded etasedi entary 
clasts. hese latter are predo inantly sandstone, but also 
include siltstone and carbonate rock ( ussey et al 2001). his 
lower ost sandstone interval is part of a lower lithofacies that 
co prises a (150 250 thick) cyclic, i ed siliciclastic
carbonate succession  sandstone with ripple arks, 
desiccation features and halite pseudo orphs is interbedded 
with dolo itic siltstone and dololutite, including stro atolitic 
dololutite. he top ost 100 150  of the lower lithofacies 
co prises thinly to ediu bedded, planar, tabular, 
trough  and ripple cross bedded sandstone, arranged in two 
coarsening  and thickening upward cycles. he sublithic to 
quart  sandstone of these two cycles locally shows abundant 
desiccation features and halite pseudo orphs. Subordinate 
or inor siltstone and ne sandstone are interbedded in 
the succession and recessive intervals ay be due to a 
higher udstone content. Stro atolitic dololutite is a inor 
co ponent near the base of this sandstone interval, and is 
apparently locally pervasively replaced by anganese. An 
interval of anganese enriched, la inated to thinly bedded 
siltstone and udstone occurs about 50  above the base of 
the ootu For ation over uch of its current area of outcrop 
and hosts the ootu Creek anganese ine (see Mineral 
resources).

he middle and upper lithofacies of the ootu For ation 
co prise thinly to very thickly bedded (Figure 16.8), ne  
to very coarse grained, oderately to well sorted quart  
sandstone and sublithic sandstone. onocrystalline quart  
typically constitutes >90% of grains in these sandstones, 
with 10% chert and 5% lithic clasts. he iddle lithofacies 
co prises at least 1 50  of planar bedded, tabular, or 
trough cross bedded sublithic and quart  sandstone. hese 
sandstones are ne to coarse grained, and inor granule 
to cobble conglo erate is also represented. ipple arked 
sandstone is present at intervals throughout the iddle 
sandstone lithofacies, but is not as co on as in the 
upper sandstone lithofacies. he upper lithofacies is about 
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100 200  thick and is generally ner grained and ore 
thinly bedded than the iddle lithofacies. pper lithofacies 
sandstone is typically ripple arked and is interbedded with 
red brown udstone and siltstone. esiccation features are 
co on. 

he ootu For ation was interpreted by ussey et al 
(2001) to re ect a progressive upward change in environ ent 
of deposition fro  protected shallow arine with periodic 
supratidal e posure, to intertidal and subtidal open arine, 
then back to shallow arine and inor probable uviatile 
conditions at the top of the for ation. hus, the for ation 
re ects an overall transgressive/regressive cycle.

Carmilly Formation
he Car illy For ation is the upper ost (preserved) 

lithostratigraphic unit of the o kinson Creek Group. 
t confor ably overlies the ootu For ation with a 

transitional contact, and is in turn overlain with an 
angular unconfor ity by the basal unit of the a erinni 
Group (Jero ah For ation) and by Cretaceous rocks. 

he unit currently has a restricted distribution pro i al 
to ootu For ation in northwestern BRUNCHILLY and in 
i ediately ad acent northeastern MUCKATY; it probably 
also e tends into southwestern HELEN. he thickness of 
the Car illy For ation is dif cult to deter ine, because 
of co plications due to faulting and erosion beneath the 

unconfor ity with the overlying Jero ah For ation, but it 
is esti ated to be ca 750  thick. 

he Car illy For ation is predo inantly a i ed 
siliciclastic carbonate unit, co prising udstone, ne  to 

ediu grained sandstone, dolostone and chert (silici ed 
dolostone). t is divided into three unna ed lithofacies: 
lower and upper i ed siliciclastic/carbonate lithofacies 
are stratigraphically separated by a edial sandstone 
lithofacies. Contacts between the constituent lithofacies are 
transitional.

he lower lithofacies co prises cherti ed icrobial 
dolola inite with wavy or parallel la inations, together 
with do ical and bulbous stro atolitic boundstone 
(Figure 16.9a). hese silici ed dolo itic rocks are 
cyclically interbedded with inor ne  to ediu
grained, well sorted, current and oscillation ripple arked 
sandstone, and pass upwards into intercalated parallel  and 
cross la inated sandstone and udstone. he latter are 
transitional to the iddle lithofacies, which co prises 
current and interference ripple arked sandstone 
(Figure 16.9b). his sandstone includes intervals with 
abundant desiccation features, intrafor ational tabular 
shale clasts and, particularly near the top of the lithofacies, 
halite pseudo orphs and voids after probable nodular 
anhydrite. he upper lithofacies co prises la inated to 
thinly bedded siltstone, calcareous siltstone and inor 
dolostone. hin layers of nodular chert, enterolithic chert 
after probable anhydrite (Figure 16.9c), and siliceous 
pseudo orphs after halite and gypsu  are also present. 

icrobially la inated and do ical stro atolitic bioher al 
dolo itic boundstone is a subordinate co ponent. hese 

icrobial la inates have a cyclical association with ripple 
cross la inated evaporite pseudo orph bearing sandstone, 
and planar la inated udstone in the upper lithofacies. A 
si ilar cyclicity has been recognised in other siliciclastic
carbonate units in the o kinson Creek Group (eg itty 

e ber of orphett Creek For ation). ussey et al (2001) 
interpreted that: (1) he lower lithofacies of Car illy 
For ation was deposited in a low energy, protected lagoonal 
or arginal arine setting  (2) the iddle lithofacies 
probably represents a ore energetic intertidal environ ent 
and could re ect large sand barriers or a shoreface  and 
(3) the upper lithofacies re ects a sabkha environ ent.

Early unnamed dolerite / gabbro
oorly e posed, generally stratifor  unna ed a c 

rocks occur within the ayward Creek For ation. here 
e posed, these a c rocks are lateritised, and whether 
they were intrusive or e trusive is often unclear, although 
locally they are holocrystalline dolerite or gabbro and 
are intrusive. hese a c rocks occupy a nu ber of 
stratigraphic levels throughout the ayward Creek 
For ation ( onnellan Johnstone 200 ). owever, they 
are apparently geographically largely con ned to the 
southern ost outcrops of the for ation in the Short ange 
area. Although predo inantly stratifor , the a c rocks 
can be seen in airborne agnetic data to locally cross cut 
the succession and, in places, they do so at a high angle. 

hese relationships suggest that they are predo inantly 
intrusive sills. hey ight correlate with 1811  5 a 
( aid ent et al 2006, Claou ong et al 2008) dolerite that 

Figure 16.8. ediu  to very thickly bedded sandstone fro  
creek section in ootu For ation in BRUNCHILLY (53  396600  
7950900 ). posure has appro i ately 8 10  relief (after 

ussey et al 2001: gure 6).
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intrudes the Ooradidgee Group in the urinelli area in the 
arra unga rovince. owever, they have intruded to a 

higher stratigraphic level than the urinelli dolerite. he 
urinelli dolerite ay correlate with dolerite intruding the 
undirgi For ation in the vicinity of the ast ope ine 

(i ediately to the south of the o kinson rovince). A 
arginal on odioritic phase of the ast ope dolerite  has 

an igneous crystallisation age of 1821  8 a (Co pston 
199 ), which is within error of the age of the urinelli 
dolerite (1811  5 a).

he crystallisation age of basalt fro  the hittington 
ange e ber has not been established. owever, 

this basalt is correlated with the udinga asalt in the 
avenport rovince ( lake 198 ), which is interpreted 

to be conte poraneous with the urinelli dolerite ( lake 
et al 1987, Claou ong et al 2008). Although dolerites in 
the ayward Creek For ation e tend up to ore or less 
the stratigraphic level of basalts in the hittington ange 

e ber, there is no evidence for a c dykes connecting the 
urinelli dolerite with the udinga asalt, fro  which they 

are seperated stratigraphically by the ni bra Sandstone. 
a c sills in the ayward Creek For ation ay therefore 

postdate the urinelli dolerite and represent the last stage 
of e tension in the 1815 1805 a urchison vent (see 
Warramunga Province).

Namerinni Group

his group is a confor able succession of the Jero ah, 
Carruthers, Shillinglaw and illieray for ations, which 
unconfor ably overlies the o kinson Creek Group 
and which is, in turn, unconfor ably overlain by the 

esoprotero oic enner Group. Outcrop of the a erinni 
Group is restricted to two north northwest trending fault
bounded blocks that are separated by an area of down
faulted enner Group rocks in southwestern  and 
northwestern C A  (  S GS). hese are 
referred to below as the eastern and western successions. 
A si pli ed outcrop ap of the a erinni and enner 
groups is shown in Figure 16.10.

he a erinni Group constitutes a predo inantly 
shallow arine to uviatile succession of sandstone, 
siltstone and carbonate rocks with a a i u  thickness 
of about 2800 . here is a cyclicity on a nu ber of 
scales within individual for ations between ore 
siliciclastic do inated and ore carbonate do inated 
lithologies. here is also cyclicity within the group 
that is re ected in ore siliciclastic do inated and 

ore carbonate do inated for ations. he age of the 
a erinni Group is not well constrained. ocks of the 

group were correlated with the cArthur Group (and 
in particular the bolooga Subgroup) by ard (1983). 

his indicates a Statherian age, and ore particularly, 
probable deposition in the ti e interval 1660 1610 a 
(cf age et al 2000, Southgate et al 2000). A su ary 
of the a erinni Group succession and of interpreted 
depositional environ ents for constituent units of the 
group is presented in Table 16.2. he following unit 
descriptions are based on ussey et al (2001).

Jeromah Formation
he Jero ah For ation overlies the Car illy For ation of 

the o kinson Creek Group with an angular unconfor ity. 
t is best e posed in the headwaters of the epony ous creek 

in B C , where it is about 700  thick in its type 
section. here, a conglo erate, which arks the local base 
of the for ation and also the base of the rst of two ning
upward cycles within the for ation, is interbedded with, 
and overlain by thickly to ediu bedded, tabular or trough 
cross bedded, ediu grained sandstone and granule 
conglo erate. o the south, the base of the unit apparently 
co prises ediu  to coarse grained sublithic sandstone 
and thinly bedded, ripple arked quart  sandstone  these 
beds grade upward into tabular and cross bedded sandstone 
analogous to that overlying the conglo erate in the type 

Figure 16.9. Car illy For ation (after ussey et al 2001: 
gure 8). (a) ow relief do ical stro atolite fro  lower lithofacies 

(53  399200  7938100 ). (b) ipple arked, well sorted, 
ne  to ediu grained sandstone fro  iddle lithofacies  note 

different ripple ark orientations (53  395300  79 7200 ). 
(c) odular chert (anhydrite ) rich udstone intervals fro  upper 
lithofacies near 53  395700  79 6100 .

a

b

c
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Jangirulu Formation - sandstone, mudstone

Wiernty Formation - sandstone, mudstone

Powell Formation - sandstone
Baralandji Formation - conglomerate, sandstone, 
mudstone
Gleeson Formation - conglomerate, 
pebbly sandstone

Willieray Formation - sandstone

Shillinglaw Formation - dolostone, sandstone, 
mudstone, tuff
Carruthers Formation - sandstone, mudstone, 
dolostone, chert
Jeromah Formation - conglomerate, pebbly 
sandstone, sandstone

Undivided Tomkinson Creek Group
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Dolerite

Road

Rail

Province boundary

Tomkinson Province

Phanerozoic cover rocks
and regolith

A11-070.ai

Figure 16.10. Si pli ed outcrop 
geology ap for a erinni and 

enner groups. Based on Second 
dition  S GS geological 
ap ( ussey et al 2001), unpublished 
apping in LLIOTT by J ussey 

and photointerpretation in AKE 
WOODS by  onnellan. ocation 
shown on Figure 16.2. Further details 
of o kinson Creek Group are in 
Figure 16.4.

area. Cross bedding is bidirectional, low to high angle, 
and of tabular or trough type, and is co on throughout 
the for ation. Fine  to ediu grained, thinly bedded 
sandstone and subordinate udstone at the top of the 
lower ning upward cycle are variably icaceous. hese 

ner grained sedi entary rocks have abundant ripple 
arks, are planar or cross la inated and locally, there are 

halite pseudo orphs and desiccation features. he contact 
between the two ning upward cycles is locally sharp and 
erosional, but is generally transitional and characterised by 
the presence of abundant weathered out udstone clasts, 
desiccation features, abundant ripple arks and halite 
pseudo orphs.

he basal conglo erate is variably clast  to atri
supported and is poly ictic. Granule  to cobble si ed 
sandstone or vein quart  clasts predo inate, but cherti ed 
dolostone and udstone, and pebbles of stro atolitic 
carbonate rock (which were probably derived fro  the 
unconfor ably underlying Car illy For ation) are 
also present. Jero ah For ation sandstones include 

sublithic, quart  and rare lithic varieties. uart  grains 
are predo inantly onocrystalline  so e grains show 
defor ation la ellae and undulose e tinction, or carry 

icrolites or vacuoles. eworked sedi entary quart  
grains are characterised by ultiple quart  overgrowths, 
and hae atite coats so e grains. Other clasts are of 
sandstone, siltstone or chert, and angular to subangular 
white or black chert clasts are a characteristic feature 
of outcropping sandstone fro  the lower part of 
the for ation. Accessory grains include uscovite, 
tour aline and ircon. n addition to quart  and hae atite, 
other ce ent or atri  co ponents include sericite, clay 
and an indeter inate ne grained clastic aterial. he 
clay co ponent ay have resulted fro  degraded detrital 
feldspar.

he lower ost Jero ah For ation is attributed to a 
possible uvial setting and this is overlain by supratidal, 
intertidal and channelised deposits that were inter
associated in a arginal to shallow arine (possibly 
deltaic) environ ent ( ussey et al 2001).
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Carruthers Formation
here is a confor able and transitional relationship between 

the Jero ah For ation and the overlying Carruthers 
For ation. he Carruthers For ation is best e posed 
in the western succession  however, the lower part of the 
for ation is generally not well e posed at any locality 
and the a i u  thickness of the unit can therefore only 
be esti ated at about 1100 . he for ation co prises 
la inated to ediu bedded sandstone, udstone and 
dolostone  cherti cation has particularly affected evaporite 
pseudo orph bearing i ed siliciclastic/dolostone 
intervals. he for ation is divided into three unna ed 
lithofacies, on the basis of the relative proportions and 
interrelationships of these constituent rock types. 

he basal sandstone of the lower lithofacies is 
predo inantly quart  sandstone or sublithic sandstone, with 
subordinate udstone and cherti ed dolo itic udstone 
interbeds. he sandstone is typically very thinly to thinly 
bedded, and is planar bedded, with parallel, streaky, aser, 
wavy or lenticular la inations throughout. Coarse clastic 
grains are rare in the sandstone, but rip up intraclasts or 
their i pressions occur. Shallow angle cross strati cation 
and ripple cross la inations are co on  ripples include 
interference, asy etric current for ed and sy etric 
wave for ed types. are desiccation cracks also occur and 
halite pseudo orphs are locally co on. ransitionally 
overlying this sandstone interval is a cyclical succession 
of co only stro atolitic dolostone, dolo itic udstone, 
and chert, together with inor udstone, sandstone and 
quart ose dolostone. Although intensive silici cation has 
destroyed any of the pri ary sedi entary structures 
and the fabric of any of the e posed carbonate rocks, 
recognisable stro atolite orphologies include planar 
la inites, do ical (Figure 16.11), colu nar, conical, 
tabular and fungoid for s. odular chert is co on in, and 
characteristic of this lower lithofacies. assive enterolithic 
chert is present as discontinuous thin to ediu  beds 
in so e intervals, and has probably replaced gypsu /
anhydrite. seudo orphs after anhydrite and gypsu  are 
also found in association with stro atolitic intervals of 
the succession. Additional sedi entary characteristics 
include teepee structures, intrafor ational at pebble 
conglo erate, fenestrae, and discontinuous crinkled 

icrobial la inations that, together with the desiccation 
cracks entioned above, indicate subaerial e posure.

Unit, thickness Lithology Stratigraphic relationships Depositional 
environment

Willieray 
Formation
ca 70 00  

redo inantly siliciclastic unit with subordinate 
carbonate rocks. hinly to ediu  bedded sublithic 
and quart  sandstone and siltstone  inor pebbly 
sandstone, conglo erate and udstone  inor 
quart ose dolostone and dolostone. Sedi entary 
structures include parallel and cross la inations, 
cross beds, ripple arks, scour and ll structures, rare 
graded beds, undulose bedding, reactivation surfaces, 
rip up dolostone clasts, desiccation features and rare 
pseudo orphs after halite.

ransitional and confor able contact 
with underlying Shillinglaw For ation. 

nconfor ably overlain by Gleeson 
For ation and by undifferentiated ower 
Cretaceous rocks. hickest sections and 
upper ost units are e posed in eastern 
succession.

ransgressive. ntertidal 
to supratidal

Shillinglaw 
Formation
ca 500 650 

ery thinly to ediu  bedded dolo itic udstone, 
dolostone, sandstone and siltstone  interbedded 
sandstone and udstone (tidal rhyth ites)  
quart ose dolostone  inor rudstone and baf estone  

icrobialite  stro atolitic bioher s, evaporite 
pseudo orphs, angular solution breccia  inor 
conglo erate. Cherti ed probable tuff. alaeokarst. 

i ed siliciclastic/carbonate lower lithofacies is 
overlain by predo inantly calcareous upper lithofacies.

ransitional and confor able contact 
with underlying Carruthers For ation. 

nconfor ably overlain by Gleeson 
For ation and by undifferentiated ower 
Cretaceous rocks. Gradational relationship 
between lower and upper lithofacies in east, 
but sharp confor able or disconfor able 
( ) contact in west.

ower lithofacies 
represents arginal

arine to continental 
sabkha sedi ents, 
overlain by probable 
shallow water to subtidal 
upper lithofacies. 

robable inor uvial 
and aeolian co ponents.

Carruthers 
Formation
ca 800 1100 

hinly to ediu  bedded sandstone, siltstone, 
quart ose dolostone, dolostone  stro atolitic bioher s, 

icrobialite, evaporite pseudo orphs, nodular 
and enterolithic chert (probably after gypsu  and 
anhydrite). hree infor al lithofacies co prise a 

iddle i ed siliciclastic/carbonate unit, overlain and 
underlain by sandstone do inated units.

ransitional and confor able contact with 
underlying Jero ah For ation. pper 
lithofacies is notably thicker in eastern 
succession. nconfor ably overlain by 
Gleeson For ation and by undifferentiated 

ower Cretaceous rocks.

rotected shallow
arine, intertidal, and 

supratidal deposition in 
sabkha environ ent.

Jeromah 
Formation
ca 350 700 

hinly to thickly bedded sandstone, pebbly sandstone, 
thinly bedded siltstone and udstone  inor 
conglo erate, halite pseudo orphs. Bidirectional, 
shallow angle tabular and trough cross beds  halite 
pseudo orphs and desiccation features, and abundant 
ripple arks, particularly at gradational contact 
between the two ning upward cycles.

Overlies Car illy For ation with angular 
unconfor ity. Co prises two ning
upward cycles, within which bed thickness 
also decreases upward. ocally a sharp 
erosional contact between the two ning
upward cycles, but generally a gradational 
relationship between these. 

robable uvial, overlain 
by supratidal, intertidal 
and channelised shallow

arine sedi ents.

Table 16.2. Su ery of stratigraphic and palaeoenviron ental interpretations for constituent units of a erinni Group.

Figure 16.11. a ple of bulbous stro atolitic aggregation 
in lower lithofacies of Carruthers For ation at 53  36 700  
7955200  (after ussey et al 2001: gure 9).
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n the middle lithofacies, si ilar i ed siliciclastic/
carbonate rocks are arranged so ewhat differently fro  
those in the lower lithofacies. ntercalated dolo itic 

udstone, dolola inite, siltstone, calci dolostone, quart ose 
dolostone and sandstone predo inate, but are separated by 
two intervals of thinly to ediu bedded, ne  to ediu
grained, well sorted sandstone with inor interbedded 
siltstone. he predo inantly carbonate intervals locally 
co prise 2 10 thick cycles of stro atolitic dolostone 
overlain by evaporite pseudo orph bearing sandstone and 

udstone. Stro atolitic intervals are typically silici ed and 
a steel grey colour with a ilky white weathering patina. 
Stro atolite orphologies include planar la inated, 
do ical, bulbous, conical (linked and dendroidal varieties), 
and colu nar (including branched) for s. ipple cross
la inations, intraclast at pebble breccia and tabular 

udclasts characterise the ore siliciclastic intervals within 
and between the predo inate carbonate rocks. Cherts and 

oulds after anhydrite and gypsu  are a feature of both the 
dolostone and siliciclastic intervals.

he upper lithofacies is predo inantly sandstone with 
so e interbedded udstone and inor cherti ed and locally 
stro atolitic dolostone. his lithofacies co prises a lower 
interval (0 30  thick) of thinly bedded ne sandstone 
and udstone. icrobial structures in dolostone intervals 
include planar la inites, and s all do ical and colu nar 
stro atolites, and ay be associated with fenestrae and 
teepee structures. Sandstone and udstone are la inated 
and locally icaceous  sandstone beds are thin and ay 
be wavy or lenticular, with ud drapes and inor aser 
bedding. Other sedi entary structures in the sandstone 
include ud akes, ud clast i pressions and desiccation 
features, including rare wrinkle arks. An upper interval of 
variably ne  to very coarse grained, predo inantly thinly 
to ediu bedded sandstone, containing bidirectional, 
shallow angle, tabular or trough cross beds, do inates 
the succession. ntrafor ational ud clasts, ud galls and 
pseudo orphs after halite are abundant in so e sandstone 
intervals. ipple arks, including sy etric and 
asy etric for s, are also abundant, whereas interference 
and linguoid ripple arks are less co on. odular chert 
or oulds after nodular chert are also diagnostic of this 
upper sandstone interval.

ussey et al (2001) interpreted a arginal arine 
depositional environ ent for the Carruthers For ation. his 
included protected shallow water, intertidal and supratidal 
conditions in a sabkha environ ent. he ore siliciclastic 

iddle lithofacies probably re ects less protected, higher
energy conditions, with sandbars or channels igrating 
across earlier peritidal sedi ents.

Shillinglaw Formation
he Shillinglaw For ation has a confor able and 

transitional contact with underlying and overlying units 
(Carruthers and Willieray for ations, respectively). 

he Shillinglaw For ation varies fro  about 550 to 
700  thick, and unna ed lower and upper lithofacies are 
recognised. he lower lithofacies co prises interlayered 
sandstone, udstone and dolostone, whereas the upper 
lithofacies is predo inantly of calcareous and quart ose 
dolostone.

he lower lithofacies co prises a thinly to ediu  
interbedded succession of sandstone, udstone and 

icrobial dolostone. Cherti ed do ical, colu nar and 
bulbous aggregations of stro atolitic doloboundstone, 
dolola inite, and evaporite pseudo orph bearing and 
quart ose dolostone are characteristic of the lower 
lithofacies, which is 250 350  thick. Sedi entary 
structures identi ed in the sandstone intervals include low
angle bidirectional, si ple or tabular cross beds, current 
ripple arks, desiccation cracks, ud clasts and granular 
lag deposits. Sandstone co only grades upwards into 

udstone, dolo itic udstone or dolola inite  sandstone 
and udstone are interstrati ed, for ing streaky, 
lenticular, wavy and aser bedding, and ud drapes are 
also recognisable. hinly to thickly bedded stro atolitic 
and apparently non stro atolitic dolostone beds are also 
interbedded in the succession. Several probably tuffaceous 
(but now green chert) hori ons occur near the top of the 
lower lithofacies. unn (1997) reported a S  b 
single crystal ircon date of 1639  27 a fro  one of 
these units. his lower lithofacies is interpreted to represent 

arginal arine to continental sabkha sedi entation, 
co parable with that anifested in the lower and iddle 
lithofacies of the Carruthers For ation ( ussey et al 2001). 
ntercalated sandstone and udstone units are interpreted 

to represent, at least in part, tidal rhyth ites. he sandstone 
intervals probably represent palaeochannel deposits.

here is a sharp confor able (/disconfor able ) contact 
between the lower lithofacies and the basal sandstone of the 
upper lithofacies in the western succession, but a transitional 
contact occurs in the eastern succession. he basal sandstone 
is thin, but laterally persistent. t consists of thinly to ediu
bedded quart  and sublithic sandstone, which is variably 
poorly to well sorted. he a ority of the 300 00 thick 
upper lithofacies co prises dolostone and quart ose 
dolostone, together with subordinate dolo itic udstone, 
siltstone and sandstone, and rare pebble  to cobble bearing 
clast supported conglo erate. he dolostone is variably 
thinly to thickly bedded, is calcareous or silici ed, and shows 
discontinuous, undulose and sandy ripple cross la inations. 

arstic weathering surfaces are evident.
here are few features that are diagnostic of the 

depositional environ ent of the upper lithofacies. 
he basal sandstone interval is suggestive of higher

energy conditions and probably re ects shallow water 
sedi entation. owever, slightly deeper water, probably 
subtidal conditions of sedi entation are inferred for the 

a ority of the upper lithofacies, largely on the basis of the 
absence of both evaporite pseudo orphs and stro atolitic 
structures ( ussey et al 2001).

Willieray Formation
he upper ost unit of the a erinni Group, the Willieray 

For ation, is a predo inantly siliciclastic unit with subordinate 
carbonate rocks. t has a preserved thickness that ranges fro  
ca 70 00   beneath an angular unconfor ity with the 
Gleeson For ation of the overlying enner Group. he basal 
20  of the for ation co prises a thinly to ediu bedded 
coarsening  and thickening upward succession of interbedded 
dolo itic udstone, quart ose dolostone and sandstone. 
Sedi entary structures in this interval include parallel, wavy 
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and streaky la inations, shallow angle tabular cross beds, 
desiccation cracks, udclast i pressions and ud galls. 

he a ority of the Willieray For ation co prises thinly to 
ediu bedded, typically ne  to ediu grained quart  

sandstone and sublithic sandstone, with inor interbedded 
udstone, and pebble bearing sandstone and conglo erate. 

Sedi entary structures include: an abundance and wide 
variety of ripple arks  planar and ripple cross la inations, 
and low angle cross beds  udclast i pressions and dolostone 
rip up clasts  scour and ll structures and reactivation 
surfaces  desiccation cracks  and rare halite pseudo orphs. 

he succession is interpreted as a transgressive sandstone unit 
deposited in an intratidal to supratidal environ ent ( ussey 
et al 2001).

EARLY MESOPROTEROZOIC

Renner Group

Following a substantial hiatus (ca 1610 1500 a), 
associated with regional tilting, faulting, erosion and a 
consequent angular unconfor ity, a succession of ore 
than 3500  of uviatile and shallow arine sedi entary 
rocks, the enner Group, accu ulated during the 
ca 1500 1 30 a ti e interval. he enner Group is 
a predo inantly siliciclastic succession co prising, in 
ascending stratigraphic order, the Gleeson, Baraland i, 

owell, Wiernty and Jangirulu for ations, and the 
infor ally na ed ake Woods beds he unconfor ity 
that arks the base of what is now the enner Group was 

rst recognised by andall et al (1966) and the group is 
unconfor able on units of both the o kinson Creek 
and a erinni groups. his unconfor ity was also 
recognised by Ward (1983), who equated rocks above the 
unconfor ity with various units of the oper Group (of 
the cArthur Basin). ussey et al (2001) acknowledged 
lithostratigraphic and seis ic evidence for probable 
stratigraphic continuity between the o kinson rovince 
and cArthur Basin, and noted that oper Group units, both 
equivalent in age to and younger than those of the enner 
Group, were recognised in drilling in A B  
and B A OO by anigan et al (199 ). owever, in 
the absence of outcrop continuity, ussey et al (2001) 
de ned the enner Group and its constituent for ations, 
and acknowledged the correlation between these units and 
those of the oper Group (see ussey et al 2001: table ). 
A su ary of the enner Group succession and of 
interpreted depositional environ ents for the constituent 
units of the group is presented in Table 16.3. he unit 
descriptions and palaeoenviron ental interpretations 
that follow are based on ussey et al (2001). he enner 
Group is unconfor ably overlain by the early( ) Ca brian 

uckaty Sandstone e ber of the elen Springs 
olcanics ( alkarind i rovince), the Anthony agoon 

For ation ( ruse et al 2009) of the Georgina Basin and 
by Cretaceous rocks of the onshore Carpentaria Basin.

Gleeson Formation
he basal unit of the enner Group is the Gleeson 

For ation, which typically unconfor ably overlies a fairly 
planar surface on underlying units of both the a erinni 

and o kinson Creek groups. owever, there is local 
topographic relief of 5 10  on this surface and evidence 
for regional faulting and tilting of fault blocks prior to 
sedi entation is anifested where the enner Group 
variably overlies a erinni and o kinson Creek group 
rocks, for e a ple, on either side of the hybus Fault one 
(Figure 16.10).

he Gleeson For ation ranges fro  ca 30 650  thick. 
A lower interval, typically 20 0  thick, but locally absent, 
co prises icaceous sandstone and shale (Figure 16.12a), 
with coarse pebbly sandstone and rare conglo erate, and is 
thinly bedded and planar la inated. he iddle and upper 
parts of the for ation co prise lithic, sublithic and quart  
sandstone, and conglo erate lenses and beds up to 20  thick, 
which are rare in the iddle interval, but ore co on up
section. he upper interval is also characterised by a nu ber 
of coarsening  and thickening upward cycles. Conglo erate 
clasts are ainly of quart rich etasedi entary rocks 
(predo inantly quart ite), so e of which are veined by 
quart . White vein quart , chert and asper clasts are also 
present, as are rare clasts of phyllite and a c igneous rocks. 
Sand grade clasts throughout the succession are do inated 
by ono  and polycrystalline quart , together with feldspar 
( icrocline icroperthite), uscovite, biotite, tour aline 
and ircon. Clast types indicate a i ed sedi entary and 
granitic provenance.

A wide range of sedi entary structures have been 
recognised in the Gleeson For ation, including planar 
la inations, cli bing ripple arks, tool arks, current 
ripple arks, desiccation features, convolute la ination 
and sand volcanoes. he iddle and upper sandstone  and 
conglo erate do inated succession shows si ple and 
tabular trough cross bedding throughout (Figure 16.12b, c). 
n addition, reactivation surfaces are co on, and straight 

crested, bifurcating, linguoid and cuspate ripple arks are 
particularly co on at the top of individual coarsening  
and thickening upward cycles in the upper ost Gleeson 
For ation. 

he Gleeson For ation is interpreted to have been 
deposited under oderate  to high energy shallow water 
conditions in a ainly uviatile environ ent ( ussey et al 
2001). he absence of carbonate and evaporite facies rocks 
in the siltstone succession of the lower Gleeson For ation 
is consistent with deposition as overbank deposits in a 

uviatile setting rather than on a shoreline. Conversely, 
the e tensively rippled facies at the tops of cycles in the 
upper ost sandstone and conglo erate are suggestive of 

arine incursions in a probable deltaic conte t.

Baralandji Formation
he Baraland i For ation co prises ne  to ediu

grained sandstone and udstone, together with inor coarse 
sandstone and conglo erate, and varies between 100 and 
700  in thickness. he distinction between the Gleeson and 
Baraland i for ations is fairly subtle, as is the distinction 
between all predo inantly siliciclastic lithostratigraphic units 
of the (upper) enner Group. Sedi entary characteristics 
that are indicative of hypersaline periodically e posed 

ud ats distinguish the lower ost Baraland i For ation 
fro  the underlying uviatile Gleeson For ation, although 
the relationship is essentially a transitional one.
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Unit, thickness Lithology Stratigraphic relationships Depositional 
environment

Lake Woods beds
200   (preserved 
thickness)

Sandstone, siltstone and shale  cherti ed dolostone 
and cherti ed probable stro atolitic bioher s  inor 
granular conglo erate. oorly to well sorted, ne  to 

ediu grained sandstone  la inated, or thinly to 
ediu  bedded with so e graded beds and grain 

si e la inated units. ipple arks  desiccation 
features  nodular chert.

Confor able on Jangirulu For ation. 
ntruded by dolerite sills in  

S GS and B A OO. op 
is indeter inate, but appears to be 
unconfor ably overlain by iddle 
Ca brian onte inni For ation in 
SO  A  WOO S.

Shallow arine to 
supratidal.

Jangirulu Formation
ca 00 700  (ca 8 5  
in B A OO, 
including stratifor  
dolerite sills)

redo inantly, ho ogeneous, well sorted, ediu
grained and ediu  bedded sandstone (but with 
a wide range of grain si e and bed thickness 
variations)  inor granule to pebble conglo erate. 
Bidirectional si ple to tabular cross beds, so e 
trough cross beds  ripple arked in parts  desiccation 
features near top of succession.

Sharp to transitional contact with 
underlying Wiernty For ation. ntruded 
by locally e posed dolerite sills. op 
contact is transitional, but sharp with ake 
Woods beds.

igh energy 
shallow arine 
subtidal to 
intertidal, and 
(near top of unit) 
supratidal.

Wiernty Formation
ca 00 500 

Fine to ediu  icaceous sandstone  inor coarse 
to very coarse sandstone and granular conglo erate  
siltstone, shale and cherti ed dolostone. a inated 
to ediu  bedded, with ripple arks, desiccation 
features, halite pseudo orphs and nodular chert  
locally abundant (intrafor ational) shale clasts.

Confor able gradational contact with 
underlying owell For ation  sharp 
or gradational contact with overlying 
Jangirulu For ation. ntruded by locally 
e posed dolerite sills. nconfor ably 
overlain by uckaty Sandstone e ber 
of elen Springs olcanics and by 
undifferentiated ower Cretaceous rocks.

Shallow arine 
to supratidal, and 
possibly uviatile.

Powell Formation
ca 300 820 

redo inantly, oderately to well sorted, ne  to 
coarse grained quart  sandstone. inor, granular 
to pebbly quart clast conglo erate, siltstone and 

udstone. uart  sandstone has angular sedi entary 
clasts (intrafor ational breccia ), and locally 
abundant shale clasts on parting surfaces. arge
scale channel deposits, and pinch and swell bedding 
structures are co on in lower ost of three apped 
infor al lithofacies. ipple arks, egaripples  
tabular to bidirectional low angle cross beds  
desiccation features and halite pseudo orphs.

Confor able transitional contacts 
with overlying Wiernty For ation 
and underlying Baraland i For ation. 

nconfor ably overlain by uckaty 
Sandstone e ber of elen Springs 

olcanics and by undifferentiated ower 
Cretaceous rocks.

Open arine shelf 
to supratidal.

Baralandji Formation
ca 100 700  

Fine to ediu grained sandstone, siltstone and 
udstone with inor coarse grained sandstone and 

conglo erate. For ation is divided into two a or 
coarsening upward units: lower Sweetwater e ber 
and overlying Grayling e ber. A nu ber of 
s aller scale ning upward cycles are recognised at 
top of Grayling e ber.

Confor able gradational contacts 
with underlying Gleeson For ation 
and overlying owell For ation. 

nconfor ably overlain by uckaty 
Sandstone e ber of elen Springs 

olcanics and by undifferentiated ower 
Cretaceous rocks. 

egressive / 
transgressive 
succession fro  
shallow arine 
(base) to supratidal 
hypersaline 

ud at, to 
intertidal to high
energy subtidal, 
shallow water 

arine (top). 

Grayling Member
100 150 

ed and green grey la inated icaceous siltstone 
and udstone, feldspar bearing sublithic sandstone, 
quart  sandstone. Glauconite, and iron o ide 
pseudo orphs after glauconite or pyrite  uasi
planar and hu ocky cross strati cation, tool arks 
and current lineation.

Confor able contacts with underlying 
Sweetwater e ber and overlying owell 
For ation.

ntertidal, locally 
hypersaline (base) 
to high energy 
subtidal, shallow
water arine (top).

Sweetwater Member
225 

ariably icaceous ne grained sandstone and 
green grey shale overlain by quart  sandstone and 
progressively ore lithic sandstone in coarsening
upward succession  granule  and pebble bearing 
sandstone and conglo erate intervals. egaripple, 
trough and tabular cross beds. Current and 
oscillation ripple arks, tool arks, current 
lineation, gutter casts, shallow angle bidirectional 
cross beds, desiccation features and halite 
pseudo orphs.

Gradational contact with underlying 
Gleeson For ation  Sweetwater e ber 
is characterised by advent of hypersaline, 
periodically e posed ud at deposits. 
Sharp confor able contact with overlying 
Grayling e ber.

eposited below 
fair weather wave 
base and above 
stor  wave base in 
a arine shelf

Gleeson Formation
ca 50 650 

redo inantly lithic, sublithic and quart  sandstone, 
with coarse pebbly sandstone and conglo erate 
locally. he unit co prises a nu ber of coarsening  
and thickening upward cycles. icaceous sandstone 
and shale locally at base of for ation. ery wide 
range of sedi entary structures includes cli bing, 
current, bifurcating, linguoid, cuspate and straight
crested ripple arks, tool arks, desiccation 
features, convolute la ination, sand volcanoes, and 
si ple and tabular cross beds.

opographic relief of 5 10  on 
unconfor ably underlying a erinni and 

o kinson Creek groups. Confor able 
gradational contact with overlying 
Baraland i For ation. nconfor ably 
overlain by uckaty Sandstone e ber 
of elen Springs olcanics, Anthony 

agoon For ation and undifferentiated 
ower Cretaceous rocks.

oderate to high
energy uviatile 
and possibly 
locally lacustrine 
at base of unit.

Table 16.3. Su ary of stratigraphic and palaeoenviron ental interpretations for constituent units of enner Group.
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he Baraland i For ation is divided into the lower 
Sweetwater e ber and upper Grayling e ber. he 
Sweetwater Member is 225  thick and co prises a 
coarsening upward succession. ariably icaceous ne 
sandstone and red and green grey shale occur at the 
base. Overlying this interval is a succession of quart  to 
sublithic sandstone with beds that vary up section fro  
thin ediu  to ediu thick. Sedi entary structures 
include well developed parallel, sinuous and bifurcating 
dune ( egaripple) bedfor s (Figure 16.13), and trough or 
tabular cross beds. Sand grade clasts are predo inantly of 

onocrystalline quart , although polycrystalline quart  
grains and etasedi entary lithic grains beco e ore 
abundant up section. our aline and ircon are accessory 

inerals throughout the succession. Coarser granule  or 
pebble bearing sandstone and conglo erate occur higher 
in the Sweetwater e ber. Conglo erate clasts include 
pebbles and cobbles of siltstone, sandstone, stro atolitic 
carbonate rock, silici ed dolola inite and chert, together 
with probable vein quart  pebbles. Clasts ay have 
been variably derived fro  intrafor ational sources, 
underlying units of the enner Group (particularly in 
the case of angular chert and tabular siltstone and shale 
pebbles in the lower ost Sweetwater e ber), or fro  

a erinni and o kinson Creek group rocks.
he contact between the Sweetwater and Grayling 

e bers is not widely e posed, but is locally sharp and 
confor able. he Grayling Member is 100 500  thick 
and co prises red and green grey (ie apparently variably 
o idised), well la inated icaceous siltstone, udstone 
and feldspar bearing sublithic  and quart  sandstone. 

hese for  an overall coarsening upward succession that 
contains several s aller scale ning upward cycles near 
the top of the e ber. Glauconite is present higher in the 
succession, and iron o ide pseudo orphs lower in the 
succession are possibly after glauconite or pyrite. 

Sedi entary structures that have been recognised 
in the lower ost Sweetwater e ber include current 
and oscillation ripple arks, shallow angle bidirectional 
cross strati cation, desiccation features, halite 
pseudo orphs, tool arks, current lineations and gutter 
casts. Sedi entary structures in the Grayling e ber 
include current lineations, tool arks, quasi planar and 
hu ocky cross strati cation (Figure 16.14). ussey 
et al (2001) interpreted that Baraland i For ation 
sedi entation progressively changed up section fro  
periodically e posed and hypersaline ud ats, through 
intertidal, to a high energy subtidal, but shallow water 

arine environ ent. 

Figure 16.12. ypical e a ples of units fro  Gleeson For ation 
(after ussey et al 2001: gure 12). (a) lanar la inated to thinly 
bedded icaceous ne grained sandstone and shale of lower 
lithofacies at 53  360200  7982800 . (b) rough cross
bedded, ediu  to very coarse grained sandstone fro  upper 
lithofacies at 53  362000  7985900 . (c) etasedi entary 
(predo inantly quart ite) clast rich pebble and cobble 
conglo erate fro  upper lithofacies at 53  39 300  
7922200 .

a

b

c

Figure 16.13. a ple of dune ( egaripple) bedfor s in 
typically pebbly sublithic sandstone or lithic sandstone fro  
upper ost part of Sweetwater e ber of Baraland i For ation at 
53  363000  7990100  (after ussey et al 2001: gure 13). 
Si ilar well e posed egaripples (and current ripple arks) are 
present throughout o kinson Creek rovince at this stratigraphic 
level and ark top of e ber. n  S GS, they indicate 
north northeasterly trending palaeocurrents.
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Powell Formation
he owell For ation ainly co prises ne  to very 

coarse grained quart  sandstone with inor udstone and 
conglo erate. t is confor able with the Grayling e ber 
of the Baraland i For ation below, and with the Wiernty 
For ation above, and varies between 300 and 850  in 
thickness. he for ation predo inantly co prises ridge
for ing quart  sandstone with inor sublithic sandstone, 
granule  and pebble conglo erate, and udstone. hree 
unna ed lithofacies are recognised on the basis of facies 
associations, bedding and grain si e characteristics, and 
te tural and co positional aturity, but have not been 

apped.
he 50 350 thick lower lithofacies initially coarsens, 

but then gradually nes upward. t co prises a cyclical 
succession of large scale channel deposits (Figure 16.15a). 
ndividual channel cycles have sharp erosional bases and 

co prise: (1) trough  or tabular cross bedded granular 
sandstone to pebble conglo erate in ediu  to thick bed 
sets at the base  (2) a 1 5 thick interval of sandstone that 
is characterised by a decrease in grain si e and bed thickness 
up section  and (3) ne  to ediu grained sandstone, or 
locally udstone, at the top (Figure 16.15b). udstone is 
rare in outcrop, but is co on as intrafor ational tabular 
rip up clasts in sandstone at the top of each channel cycle. 
Sandstone near the top of each cycle, and particularly in 
the iddle and upper part of the succession, is co only 
ripple arked and has abundant desiccation features and 
halite pseudo orphs. 

he middle lithofacies of the owell For ation 
co prises ediu  to coarse grained, oderately to well 
sorted ediu  to thickly bedded sandstone in planar 
(Figure 16.15c) or shallow  to high angle, si ple , and 
less co only, tabular cross bed sets. t is, at least locally, 
disconfor able on the lower interval of the for ation. 

he upper lithofacies of the owell For ation is a ning
upward unit and is si ilar to the lower lithofacies, although 
channeling is less pronounced. he very top of the upper 
lithofacies succession co prises ne sandstone and udstone 
with abundant halite pseudo orphs and desiccation features.

he lower lithofacies was interpreted by ussey et al 
(2001) to represent high energy subtidal deposition, passing 
upwards into a prograding, tidally in uenced arine delta  
the iddle lithofacies records intertidal sedi entation and 

winnowing, distal to this delta  and the upper lithofacies 
re ects shallowing, ulti ately to supratidal conditions, and 
is transitional to the overlying Wiernty For ation.

Wiernty Formation
he Wiernty For ation co prises ne grained siliciclastic 

and rare carbonate rocks. t is 00 500  thick, recessive 
and poorly e posed. he lower interval of the for ation 
co prises interbedded sandstone and udstone, with a 

inor interval of dolo itic udstone, calcareous siltstone 
and shale towards its top. his is overlain by a generally 

Figure 16.14. ypical outcrop of hu ocky cross strati ed, 
icaceous ne  to ediu grained sandstone fro  upper part 

of Grayling e ber of Baraland i For ation at 53  36 200  
7988000  (after ussey 2001: gure 1 ).

Figure 16.15. owell For ation (after ussey et al: gure 16). 
(a) ediu  to very thickly bedded, ediu  to coarse grained 
sandstone of lower lithofacies at 53  36 00  7990800  
note that beds pinch out laterally. (b) ediu  to thickly bedded 
sandstone overlying la inated to thinly bedded udstone, lower 
lithofacies in road cutting near 53  36 900  7989800  (note 
irregularly scoured contact between sandstone and udstone in 

iddle of sandstone near scale). (c) lanar, laterally persistent 
bedding in typical ridge top e posures of iddle lithofacies near 
53  378900  7963500 .

a

b

c
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si ilar succession, but one with a greater proportion 
of coarser sandstone. Wiernty For ation sandstone is 
typically less co positionally and te turally ature than 
that of the underlying owell For ation. Sedi entary 
structures include planar  and shallow angle cross
la inations, abundant ripple arks, including sy etric, 
asy etric and current for s, desiccation cracks and 
halite pseudo orphs. ussey et al (2001) suggested a very 
shallow arine to supratidal arginal arine and possibly 
even uviatile depositional environ ent for the Wiernty 
For ation. t has a transitional contact with the overlying 
ridge for ing Jangirulu For ation.

Jangirulu Formation
he Jangirulu For ation is up to about 700  thick and 

co prises oderately well sorted, ediu  to coarse
grained, predo inantly thinly to ediu bedded quart  
sandstone. hinly to very thinly bedded sandstone at the 
base and top of the unit has abundant ripple arks, but halite 
pseudo orphs and desiccation cracks are con ned to the top 
of the for ation. he upper ost interval of the for ation 
is accordingly interpreted to re ect intertidal to supratidal 
conditions, whereas the re ainder of the for ation is 
attributed to intertidal to subtidal sedi entation ( ussey 
et al 2001). he Jangirulu For ation is confor ably and 
transitionally overlain by the ake Woods beds.

Lake Woods beds
he upper ost unit of the enner Group is the infor ally 

na ed ake Woods beds ( ussey et al 2001). his unit 
for s scattered low relief outcrops and has a (preserved) 
thickness of up to about 250 , although the top is not 
e posed. t co prises sandstone, siltstone, shale and 

udstone, together with chert. Chert is interpreted to be 
silici ed probably stro atolitic dolostone, and nodular 
chert replaces anhydrite and possibly also barite and/or 
gypsu . he unit is interpreted to re ect shallow arine to 
supratidal sedi entation.

Late unnamed dolerite
oorly e posed, recessive, ferruginised, coarse grained 

dolerite sills intrude the upper enner Group (Wiernty and 
Jangirulu for ations). his unna ed stratifor  dolerite 
can be traced in airborne agnetic data, but where it is 
relatively at lying in northwestern HELEN, it is dif cult 
to distinguish fro  the elen Springs olcanics, which 
has a si ilar high frequency agnetic e presion ( ussey 
et al 2001). olerite sills were reported by ussey et al to 
predate the unconfor ity at the base of the elen Springs 

olcanics and to have been folded together with the enner 
Group. he unna ed dolerite is correlated with the eri  

eri  olerite that intrudes the oper Group (  ussey, 
Arafura esources td, pers co  2011, see McArthur 
Basin). he eri  eri  olerite has a b S  
baddelyite date of 132    a (Abbott et al 2001). 

STRUCTURE

he e tensional ca 1815 1805 a urchison vent is 
conte poraneous with the onset of sedi entation of 
the o kinson Creek Group and is e pressed in a c 

sills, dykes and volcanic rocks in the ayward Creek 
For ation.

egional, northwest trending, generally open folds, 
with locally developed, weak, con ugate fracture cleavages 
are con ned to the o kinson Creek Group. n this group, 
there is a superi posed set of north northwesterly trending 
folds. ro i al to the Warra unga rovince, these rst  
and second generation folds trend ore northwesterly and 
northerly, respectively. n the north, the rst generation 
northwest trending folds are locally relatively tight. his is 
interpreted to be a result of ove ent on si ilarly trending 
faults in this area. Both of these phases of folding are 
attributed here to the alaeoprotero oic avenport vent, 
which is described further in Warramunga Province 
and Davenport Province, although ussey et al (2001) 
interpreted that the second generation of folding was 
related to a later event that si ultaneously affected both the 

a erinni and enner groups. 
Stewart (1987) concluded that during the avenport vent 

in the avenport rovince, the atches Creek Group, which 
correlates with the o kinson Creek Group (Figure 16.5), 
was folded concentrically about three co petent units, 
the ni bra, Coulters and rrolola sandstones. ess 
co petent units above the rrolola Sandstone (Alin abon 
Sandstone and ennee Creek For ation) and below the 

ni bra Sandstone ( urinelli Sandstone) were folded 
dishar onically with respect to the Wauchope Subgroup 
plus the rrolola Sandstone of the anlon Subgroup. 
Si ilar dishar onic relationships probably e plain shorter 
wavelength folding in the Wundirgi For ation of the 
Ooradidgee Group in the Warra unga rovince and above 
the lower ost sandstone of the orphett Creek For ation 
of the o kinson Creek Group. n contrast with the 

avenport rovince, where they are e posed in the cores 
of anticlines, Ooradidgee Group rocks do not outcrop in the 

o kinson rovince. 
Faulting pre  and postdated the a erinni Group. 

orth northwesterly trending folds in the a erinni and 
enner groups are of a shorter wavelength than those in the 
o kinson Creek Group. ussey et al (2001) also noted that 

they are ore intensely developed locally, and interpreted 
that they resulted fro  reverse ove ent on steeply east
dipping faults rather than to a regional scale episode of 
folding. A nal phase of open folding is present in the enner 
Group, this phase of folding again probably resulted fro  
fault block ove ent. t postdates the intrusion of ctasian
aged dolerite sills, but predates the latest eoprotero oic 
Ashburton Surface ( ussey et al (2001).

MINERAL RESOURCES

Manganese

anganese ineralisation is known fro  the Bootu Creek 
and enner Springs areas in  S GS. he Bootu 
Creek area is about 110 k  north of ennant Creek township 
and 10 k  east of the Stuart ighway, and the known 
deposits are hosted in the lower Bootu Creek For ation, 
of the o kinson Creek Group, over about a 2  k  strike 
length on the anks of the Bootu Syncline. he enner 
Springs occurrences are located about 20 k  west of 



16:23

Tomkinson Province

enner Springs, which is about 150 k  north northwest of 
ennant Creek. hese occurrences are ostly hosted in the 

lower Shillinglaw For ation ( a erinni Group), although 
one prospect is in rocks apped as Cretaceous ( ussey 
et al 2001, Ferenc i 2001). 

Bootu Creek

he Bootu For ation stratifor  anganiferous hori on 
can be traced discontinuously as a series of black ridges 
over about 2  k  strike length in the Bootu For ation in 
the nose of the shallowly north northwest plunging Bootu 
Syncline (Figure 16.16). ussey et al (2001) and Ferenc i 
(2001) reported that si  na ed anganese occurrences 
were known in this area, ucketty and ucketty 2 on the 
western, and Bootu 1, 2, 3 and  on the eastern ank of the 
syncline. he ucketty deposit is also known as the ossi 
prospect, and Bootu  as eposit  and edwing. Shallow 
open cut ining was undertaken at the ucketty deposit 
between 1955 and 1969 (Figure 16.17), with the production 
of 13 280 t of anganese ore grading ca 66% nO2 

(ca 2% n  Ga ble 1962, Balfour 1989). A conductive 
one was subsequently recognised by B  inerals td 

in the id 1990s in an airborne G O  survey, and 
follow up ground  and drilling identi ed a non
outcropping 9 12 thick anganese bearing interval 
with 22.8 33. % n (and 0.05% ). ogether with the 
results of geoche ical sa pling, this was considered by 
B  to indicate signi cant econo ic potential ( unn 1997, 

ussey et al 2001, Ferenc i 2001). O  ( anganese) td 
(a subsidiary of O  oldings td) started ining the Bootu 
Creek deposits in 2005, beginning at the Sheku a deposit 
on the eastern li b of the Bootu syncline. O  oldings 

td (AS  Announce ent, 25 February 2010) reported 
a co bined (proved and probable) ore reserve of 20.5 t 
at 21. % n, and a co bined ( easured, indicated and 
inferred) resource of 32.9 t at 23.1% n at 31 ece ber 
2009 for the Bootu anganese ro ect. he following brief 
outline of the Bootu Creek deposits is su arised fro  
Scriven and unson (2007).

he lower Bootu For ation co prises a 
(150 250 thick) cyclic, i ed siliciclastic carbonate 
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succession. Sandstone shows ripple arks, desiccation 
features and halite pseudo orphs and is interbedded with 
dolo itic siltstone and dololutite, including stro atolitic 
dololutite. he ineralised sea s co prise high grade 

anganese in siltstone overlying relatively i per eable 
footwall dolo itic siltstone. Grade decreases upwards as the 
siltstone coarsens to ediu grained sandstone. Sandstone 
on the hangingwall side of the sea s is scarp for ing. he 
sea s are typically 2 6  thick and include appro i ately 
equal widths of high  (>28% n) and low  to ediu grade 
(1 28% n) ineralisation. On the eastern side of the 
syncline, there are three econo ically ineralised sea s 
(Gogo, Sheku a and Chugga, Figure 16.18) and a fourth 
( yg y), which is unecono ic. On the western side of the 
syncline, only one ineralised sea  apparently occurs. On 
the eastern li b, the bulk of the known resource (11.  t at 
2 29% n) is in the Gogo, Sheku a and Chugga deposits, 
but s all resources, having a co bined total of about 2 t 
at 2 % n, are present in the ulu, hosa and Chugga West 
deposits. he ourag deposit (2.  t at 23% n) is about 
1.5 k  fro  the rst ined (ie ucketty) deposit on the 
western li b of the syncline and the ineralised interval 
continues to the Fold ose prospect.

Ferenc i (2001) suggested an epigenetic replacive origin 
for the ineralisation at Bootu Creek, with anganese and 
associated etals (Co, Cu, i, , b and n) potentially being 
sourced fro  a c volcanic rocks of the Whittington ange 

e ber and obilised by brines (and inor hydrother al 
uids) during basin dewatering. owever, Ferenc i did 

not co pletely preclude a sedi entary origin for this 
ineralisation and its subsequent re obilisation by basinal 

brines  consequent replace ent te tures ay have obliterated 
any original te tural evidence for a syngenetic origin. 

pigenetic processes are evident in replace ent lenses and 
veins, and at the ucketty deposit, assive anganese o ide 
has replaced stro atolitic dololutite. Ferenc i suggested that 
hydrother al ineralising processes were distal  with respect 
to possible volcanic source rocks (that they also signi cantly 
postdate), and suggested that the enner Springs anganese 
occurrences (see below) ay have had a si ilar genesis. 
Ferenc i suggested that a anganese occurrence fro  near 
the base of the Bootu For ation about 0 k  southwest of 
Bootu Creek indicated the ineralising event was regionally 
widespread. e pointed out that the host units to both the 
Bootu Creek (Bootu For ation of o kinson Creek Group) 
and enner Springs (Shillinglaw For ation of a erinni 
Group) deposits co prise sandstone, dololutite and dolo itic 
siltstone. anganese ay have been preciptated when the 

etal bearing uids encountered a redo  barrier (alkaline 
and o idising conditions) associated with dolo itic siltstone 
(Ferenc i 2001, Scriven and unson 2007). n contrast, 

ussey et al (2001) reported an association between 
anganese and graphite, and suggested that decaying organic 
atter and consequent reducing conditions in a shallow

water, saline environ ent ay have resulted in pri ary 
anganese deposition, although oolitic, pisolitic or banded 

te tures are absent. Scriven and unson (2007) reported 
evidence for both hydrother al and supergene processes 
associated with the ineralisation, but suggested that these 

ay have been superi posed on ineralisation that was at 
least partially syngenetic. hey pointed out that, whereas 
the ain crypto elane ineralisation and associated inor 
psilo elane are typical of supergene n deposits, they are 
not e clusive to such deposits  the occurrence of hollandite 
is ore diagnostic. Supergene processes are therefore ost 
likely associated with weathering and lateritisation since 
Cretaceous ti es.

Renner Springs

he enner Springs o 1  n occurrences are hosted 
in lower Shillinglaw For ation of the a erinni Group, 

Figure 16.17. Abandoned ucketty ine workings. (a) Shallow 
open cuts to 8  depth follow line of ridge in background. 
(b) Shallow open cut e cavation at base of bluff for ing 

anganiferous outcrop. ote patchy replace ent of sandstone 
behind gure (after Scriven and unson 2007).

a

b

Figure 16.18. are low lying e posure of Gogo sea , prior to 
ining (after Scriven and unson 2007).
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and enner Springs o 5 in rocks apped as Cretaceous 
( ussey et al 2001, Ferenc i 2001). Both of these 
lithostratigraphic units probably re ect si ilar shallow

arine to intertidal, and periodically e ergent hypersaline 
environ ents. he lower lithofacies of the Shillinglaw 
For ation is 250 350  thick and co prises interlayered 
sandstone, udstone and dolostone. Cherti ed do ical 
and colu nar stro atolitic boundstone, dolola inite, and 
evaporite pseudo orph bearing and quart ose dolostone 
are characteristic. ining has been conducted in several 
s all pits at enner Springs o 1, where Jones (1955) 
esti ated a pre ining resource of 000 t of ore averaging 
31% n. Jones recognised frag ents of siltstone host rock 
within the ore, and Wygralak (1993) interpreted that the 

anganese o ides had replaced a brecciated siltstone. 

Base metals

Following detailed apping, Ward (1983, 1988a) recognised 
that an equivalent succession to that of the bolooga 
Subgroup of the cArthur Group was deposited in a 
syndepositional fault bounded basin, parallel to the Batten 

rough, in the northern o kinson Creek rovince. 
his was interpreted as representing an e tension of the 
cArthur Basin. Ward (1983) reported that this succession 

included a poorly outcropping equivalent of the Barney 
Creek For ation, including the C yritic Shale 

e ber. ploration work in the area, including detailed 
apping, geophysical and geoche ical surveys and 

nu erous dia ond drillholes was reported by Ward (1983, 
198 , 1985a, b, 1986, 1988a c), Ward and owland ose 
(1986) and owland ose (198 , 1985), but resulted in the 
discovery of only low grade syngenetic and epigenetic base 

etals ineralisation. Ward (1985a, b, 1986) reported that 
preli inary b isotope studies indicated that the b was 

ore radiogenic than that in the a or base etals deposits 
of the cArthur Basin and ount sa area, although 
co parable with that of so e of the inor deposits. Ward 
(1986) recognised possible prospectivity in the area for ed 
Bed style copper ineralisation and carbonate hosted base 

etals ineralisation. 
illingha  ining Co pany (1971) found no 

ano alous base etals occurrences, apart fro  in 
association with anganese. unn (1997) reported two 
G O  ano alies that were corroborated by ground 

 these are edwing on the eastern side of the Bootu 
Syncline and ossi on the west. rilling intersected assive 

anganese, which was the source of these ano alies, and 
calcite veins with blebs of chalcopyrite, pyrite and galena, 
and inor sul des in bedding parallel shears. unn (1997) 
suggested that these veins were probably conte poraneous 
with early carbonate replace ent, resulting in dolostone 
interla inated with pyritic black shale. unn concluded 
that elevated base etals contents in rock chip sa ples fro  
ferruginous and anganiferous subcrop at Bootu Creek 
probably resulted fro  scavenging by anganese. Scriven 
and unson (2007) interpreted that the ano alously 
high base etals geoche istry within the anganese 
ore at Bootu Creek is indicative of uids having probably 
passed through a base etals ineralised succession, not 
currently e posed.
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Birrindudu Range. The formation is similar in appearance 
to the Gardiner Sandstone and is characterised by sublithic 
sandstone with minor quartz sandstone, siltstone and 
shale (Blake et al 1975). Minor quartz sandstone shows 
cross-bedding and is medium grained. The maximum 
known thickness of the unit is approximately 2500 m 
in the synclinal region south of Browns Range (Blake 
et al 1975). 

Undifferentiated Birrindudu Group
Drillholes have intersected a succession of steeply 
dipping unmetamorphosed mudstone, which is commonly 
dolomitic and carbonaceous, siltstone and minor thin 
intervals of quartz arenite and felsic volcanic rocks in 
central LIMBUNYA (Hurrell 1992, 1993). These rocks 
are unconformably overlain by the Limbunya Group. The 
older rocks intersected have been assigned to the Inverway 
Metamorphics; however, the unknown overlying package 
was called undifferentiated Birrindudu Group by Cutovinos 
et al (2002). Carbonaceous mudstone, up to 55 m thick, 
has been intersected in drillholes LMDH8, LMDH10 and 
LMDH12, and it appears to be localised as thick wedges 

core, carbonaceous shale with reactive pyrite has undergone 
oxidisation and hydration to form iron sulfate. Contorted 
laminae of green shale, disseminated pyrite, and veins of 
pyrite, siderite, quartz and talc are visible within the fractured 

carbonaceous mudstone. Chalcopyrite, pyrite, pink/brown 
magnesite and coarse white quartz are associated with talc 
veins. An angular unconformity between red haematitic 
quartz sandstone of the Stirling Sandstone (basal Limbunya 
Group) and shale of the underlying mudstone succession 
was intersected in drillholes LMDH8, LMDH10, LMDH11 
(Hurrell 1992, 1993). The contact is fractured, and clay and 
talc alteration is common in thin quartzite pebbles and lenses 
within the sandstone.

Tolmer Group

The Tolmer Group outcrops extensively along the 
northwestern and northeastern margins of the Daly 
Basin (Figure 17.3) and is a likely correlative of the 
Katherine River Group of the McArthur Basin. The 

sandstone, dolostone and shale unconformably overlying 
metamorphosed and deformed rocks of the Pine Creek 
Orogen and unconformably overlain by the Palaeozoic 

to 1800 m thick and is divided into four formations. Like 
the Katherine River Group, the succession is unfolded and 
comprises horizontal to gently dipping strata. The lower 
two formations, the 400 m-thick Depot Creek Sandstone 
(Figure 17.7) and conformably overlying Stray Creek 
Sandstone, were formerly considered to be members of 
the Buldiva Sandstone (Walpole et al
raised to the status of formation by Dundas et al (1987) 
and the term Buldiva Sandstone is now abandoned. These 
essentially arenaceous units comprise cross-bedded and 
ripple-marked, medium- to coarse-grained sandstone, 
conglomerate and orthoquartzite. The upper part of the 
Stray Creek Sandstone contains interbeds of siltstone and 
glauconitic siltstone, and minor sedimentary carbonate 

Creek Sandstone is typically about 180 m thick, but has 
been measured at up to 300 m (Edgoose et al 1989). Both 
the Depot Creek Sandstone and the Stray Creek Sandstone 
were probably initially deposited in paralic conditions 
that became tidal shallow marine during transgression.

The Hinde Dolostone conformably overlies the Stray 
Creek Sandstone and represents a change from clastic to 
carbonate sedimentation. In outcrop, the unit is typically 
>120 m thick and dominantly consists of pink and grey 

A07-319.ai

Gardiner 
Sandstone

Mount Charles
Formation

Figure 17.5. Cobble conglomerate at base of Gardiner Sandstone 
(THE GRANITES, MCFARLANE

Figure 17.6. Unconformity at base of Gardiner Sandstone 
overlying mineralised Mount Charles Formation, northeast end of 
Carbine pit, Tanami mine, (THE GRANITES, FRANKENIA, 52K Figure 17.7. Depot Creek Sandstone at Umbrawarra Gorge (PINE 

CREEK, 52L 790200mE, 8455700mN).
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variably stromatolitic dolostone (Figure 17.8) interbedded 
with quartzarenite, minor dolomitic siltstone, glauconitic 
siltstone and shale. Columnar, conical and hemispherical 
stromatolitic bioherms and biostromes are present. The 
upper portion of the formation has been commonly removed 
by erosion before deposition of the Uniya Formation of the 
Wolfe Basin. A complete section of the Hinde Dolostone in 
stratigraphic drillhole NTGS 82/68 is at least 315 m thick, 
including about 85 m of carbonaceous, glauconitic dolomitic 
siltstone in the lower part of the succession which is poorly 
represented in outcrop. This siltstone is weakly mineralised 
and contains disseminated and stratiform galena and sphalerite 
(Dundas et al 1987). The Hinde Dolostone represents an initial 
deepening, at least locally, into carbonaceous facies followed by 
the development of a stable carbonate platform. Halite moulds 
and other evaporite pseudomorphs in the more arenaceous 
facies indicate brine logging and subaerial exposure, at least 

The Waterbag Creek Formation is 300 m to 500 m thick 
and is dominated by red mudstone and interbedded shale, 
thinly to medium bedded siltstone, sandstone, dolomitic 
sandstone and dolostone. Similarities with parts of the Hinde 
Dolostone have resulted in the two formations being confused. 
It is sometimes impossible to pick a lithostratigraphic contact 
between the two formations, especially where Waterbag Creek 
Formation dolostone or siltstone appears to grade into the 
same lithology in the Hinde Dolostone. Indeed, there is almost 
certainly some lateral equivalence as the two units formed a 
facies mosaic produced by the migration of areas of clastic and 
carbonate sedimentation. However, some sandstone outcrops 
in the Waterbag Creek Formation show evidence of abundant 
carbonate fragments having been weathered out, possibly 
indicating that indurated and exposed Hinde Dolostone was 
the source. The Waterbag Creek Formation was intersected 
in drillhole NTGS 82/68, where it conformably overlies the 
Hinde Dolostone. The same relationship is observable in 

(1985) described the Waterbag Creek Formation as being 
composed of interbedded ferruginous sandstone, varicoloured 

and locally abundant pseudomorphs of evaporites and casts 
and moulds after halite indicate that some deposition occurred 
in brine-logged subaerial conditions.

Limbunya Group

The Limbunya Group is a succession of cyclic carbonate 
and siliciclastic rocks with a composite thickness of about 
1300 m. It was assigned to the Birrindudu Basin by Dunster 
et al (2000) and Cutovinos et al (2002). 

The 120 m-thick Stirling Sandstone unconformably overlies 
the Inverway Metamorphics and undifferentiated Birrindudu 
Group rocks. The sandstone consists of massive, thickly 
bedded, coarse quartz sandstone followed up-section by thinly 
to medium bedded, moderately sorted, medium to coarse quartz 
sandstone and minor, thin conglomerate interbeds. Current 
indicators (Figure 17.9) suggest an easterly provenance. 
Sedimentary structures including interference ripples indicate a 

Grit, was abandoned by Cutovinos et al (2002) when it was 
recognized as a facies variant of the Stirling Sandstone. Carson 

(2010) obtained a maximum depositional age of 1830 ± 13 Ma 
for the Stirling Sandstone and suggested that the detrital zircon 
population included a component possibly derived from the 
eastern zone of the Halls Creek Orogen.

The Margery Formation is a 125 m-thick succession, 
consisting of a basal red oxidised claystone that was 

grained sandstone, biohermal stromatolitic dolostone and 

Figure 17.8. Typical outcrop of Hinde Dolostone (FERGUSSON 
RIVER, WINGATE MOUNTAINS, precise location unknown).

Figure 17.9
sandstone, Stirling Sandstone (LIMBUNYA, 52K 0600743mE 
8061851mN, photo courtesy of Chris Carson, Geoscience Australia).
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Lawn Hill Platform

division of Ahmad (2000). An unconformity separates 
these rocks from the overlying Fickling Group, which is 
considered to be a stratigraphic equivalent of the McArthur 
Group (Plumb et al 1990). Most outcrops previously 
assigned to the former Benmara beds by Smith and Roberts 
(19 ) were referred to the rede ned Benmara Group by 
Rawlings et al (2008). The Fickling and Benmara groups 
correspond to the LP7 division of Ahmad (2000).

Chapter 18: LAWN HILL PLATFORM M Ahmad and TJ Munson

INTRODUCTION

The Lawn Hill Platform comprises sedimentary and 
volcanic strata equivalent to the Tawallah and McArthur 
groups of the McArthur Basin. It is widely developed 
in the Lawn Hill region of Queensland and extends 
northwestward into the Northern Territory, where 
it occurs as narrow belts of east-trending outcrops 
separated by the South Nicholson Basin (Figure 18.1). A 
northern succession extends along the southern margin 
of the Murphy Inlier (Murphy Province) and a southern 
succession is exposed in areas along the southern margin 
of the South Nicholson Basin in the Carrara Range 
area. Stratigraphic correlations and nomenclature for 
the Lawn Hill Platform are summarised in Figure 18.2. 
The succession unconformably overlies strata (mainly 
Murphy Metamorphics) of the Murphy Province and is 
unconformably overlain by the South Nicholson Basin. 
A simpli ed regional geological map of the Lawn Hill 
Platform in the Northern Territory and adjacent areas of 
Queensland is shown in Figure 18.3.

The term ‘platform’ implies that this terrane evolved 
under relatively stable tectonic conditions. However, the 
Queensland portion, at least, is now known to be folded 
and extensively faulted, and includes signi cant growth 
faults (McConachie et al 1993, Scott et al 1998, Krassay 
et al 2000a, b). Nevertheless, the name Lawn Hill 
Platform has been retained here, as it is entrenched in 
the literature, particularly when referring to the portion 
in Queensland.

The Lawn Hill Platform has been described in a number 
of studies (eg Hutton and Sweet 1982, Blake 1987, Blake and 
Stewart 1992) and its extensions in the Northern Territory 
have been brie y discussed by Roberts et al (1963), Sweet 
(1984), Sweet et al (1981) and Ahmad and Wygralak (1989). 
More recently, Rawlings et al (2008) mapped the Lawn 
Hill Platform in MOUNT DRUMMOND1 and described 
its stratigraphic and lithological settings. The Lawn Hill 
Platform hosts a number of base metals deposits, including 
the World-class Century Zn deposit in Queensland.

PALAEOPROTEROZOIC

Northern succession

The northern succession of the Lawn Hill Platform extends 
in discontinuous outcrop from the western end of the 
Murphy Inlier along the southern margins of the inlier into 
western Queensland (Figure 18.3). The succession consists 
of the Wire Creek Sandstone, the Peters Creek Volcanics, 
and the Fickling and Benmara groups (Table 18.1). The two 
lower formations (Wire Creek Sandstone and Peters Creek 
Volcanics) are considered to be equivalent to the Tawallah 
Group of the McArthur Basin and correspond to the LP6 
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Wire Creek Sandstone

The basal Wire Creek Sandstone (Sweet 1981) unconformably 
overlies igneous and metamorphic rocks of the Murphy 
Inlier and is probably conformably overlain by the Peters 
Creek Volcanics. It forms a narrow outcrop tract along 
the southeastern margin of the Murphy Inlier extending 
eastward into WESTMORELAND in Queensland. The 
succession is up to 70 m-thick and comprises commonly 
cross-bedded, medium to coarse sandstone with scattered 
pebbles, mostly of vein quartz and volcanic rocks. 
Lenticular conglomerate beds with clasts up to 30 cm in 
size are common. A 2–3 m-thick bed of conglomerate is 
often developed at the base. The Wire Creek Sandstone 
is correlated with the Westmoreland Conglomerate at 
the base of the Tawallah Group (McArthur Basin). Both 
formations were deposited under uvial braided river and 
alluvial fan conditions. The Wire Creek Sandstone also 
possibly correlates with the Don Creek Sandstone at the 
base of the Carrara Range Group in the southern Lawn Hill 
Platform area. Wygralak et al (2009) and Hollis et al (2010) 
provided geochronological data on detrital zircons from 
the formation. There are several signi cant age peaks at 
ca 2510, 1950, 1900, and 1850 Ma. The youngest population 
at 1847 ± 13 Ma is regarded as a maximum depositional 
age. These youngest zircons were probably derived from 
the Nicholson Granite Complex/Cliffdale Volcanics, which 
unconformably underlie the unit.

Peters Creek Volcanics

Minor exposures of the Peters Creek Volcanics are present 
in the southwestern corner of CALVERT HILLS near the 

Queensland–NT border, where they probably conformably 
overlie the Wire Creek Sandstone (Ahmad and Wygralak 
1989, Figure 18.3). A more complete succession has been 
mapped in WESTMORELAND in adjoining Queensland, 
where the Peters Creek Volcanics are exposed in a 10 km-
wide, 50 km-long belt. Together with the Wire Creek 
Sandstone, this succession is considered to be equivalent to 
the whole of the Tawallah Group. The Peters Creek Volcanics 
has been divided into eight units with a combined thickness 
of about 2 km. These comprise basalt, rhyolite, rhyodacite, 
tuff, shale, siltstone, dolostone and conglomerate. Only the 
two lowermost units are exposed in the Northern Territory. 
The lower part of the Peters Creek Volcanics includes 
vesicular and massive basaltic lavas with ne to medium 
sandstone interbeds and is probably equivalent to the Seigal 
Volcanics of the Tawallah Group (Sweet et al 1981). Zircons 
from units 2 and 7 of the Peters Creek Volcanics have been 
dated by the SHRIMP U-Pb method at 1726 ± 2 Ma and 
1724 ± 2 Ma, respectively (Page and Sweet 1998).

Fickling Group

The Fickling Group (Fickling beds of Carter 1959) outcrops 
along much of the southern margin of the Murphy Inlier 
and in the Bauhinia Dome (Figure 18.3). It comprises a 
succession of sandstone, dolostone, siltstone and shale, and 
is correlated with the McNamara Group of the Lawn Hill 
Platform to the south and with the McArthur Group of the 
McArthur Basin to the north. 

The lowermost Fish River Formation is discontinuously 
exposed along the edge of the Murphy Inlier and comprises 
mainly sandstone with conglomerate lenses. It varies in 
thickness from between 10–20 Ma to greater than 200 m 
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in the Northern Territory, and reaches about 250 m in the 
type section in WESTMORELAND. The medium-grained 
quartz-rich sandstone contains ripple marks, mud cracks and 
herringbone cross-strata, and was deposited in a shallow-
marine to tidal- at environment of deposition, with the 
conglomerate suggesting a uvial in uence. Conglomerate 
clasts were derived from the Wire Creek Sandstone, Peters 
Creek Volcanics and possibly the Cliffdale Volcanics 
(Ahmad and Wygralak 1989). Detrital zircons from the Fish 
River Formation suggest a maximum depositional age of 
about 1770 Ma (Page et al 2000). 

The conformably overlying Walford Dolostone ranges 
from about 250 m to 400 m thick (Sweet et al 1981) and 
forms a series of disconnected outcrops south of the 
Murphy Inlier. It consists of oolitic, stromatolitic and 
intraclastic dolostone with minor black shale and dolomitic 

glauconitic sandstone and is commonly silici ed at the 
surface. The formation was deposited in shallow-marine 
sub- to supratidal environment (Ahmad and Wygralak 
1989). Zircons from a tuffaceous bed within the Walford 
Dolostone have been dated by SHRIMP U-Pb method at 
1649 ± 7 Ma (Page et al 2000). 

The Mount Les Siltstone is discontinuously exposed in 
southeastern CALVERT HILLS and outcrops continue for 
about 30 km eastward into Queensland. It conformably 
overlies the Walford Dolostone and is disconformably 
overlain by the Doomadgee Formation. The formation 
consists of dolostone, siltstone, shale and minor 
interbeds of aggy dolostone with gypsum and pyrite 
pseudomorphs. These indicate evaporitic conditions in 
a supratidal environment (Ahmad and Wygralak 1989). 
Zircons from the tuffaceous bed have been dated by the 
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SHRIMP U-Pb method at 1640 ± 7 Ma (Page and Sweet 
1998, Page et al 2000).

The Doomadgee Formation disconformably overlies 
the Mount Les Siltstone and is unconformably overlain 
by the South Nicholson Group of the South Nicholson 
Basin. It occupies much of the southeastern corner of 
CALVERT HILLS and also outcrops extensively to the 
east in Queensland. It is about 400 m thick in the type 
section in WESTMORELAND (Sweet and Slater 1975). 
The formation consists of conglomerate, sandstone, 
siltstone, shale and dolostone that Rawlings et al (2008) 
described as being arranged in upward-coarsening cycles 
from shale to sandstone, punctuated by dolostone intervals. 
A variety of sedimentary structures, including abundant 
cross-lamination, parallel lamination, small wave ripples, 
trough cross-beds, hummocky cross-strati cation, 
parting lineations, tool marks, ute, gutter and load 
casts (Figure 18.4), and synaeresis cracks, are present 
and indicate deposition in a heterogeneous sedimentary 
environment. Rawlings et al (2008) interpreted that the unit 
represents repeated episodes of progradation across a storm-
dominated shelf, culminating with shallow-water, probably 
intertidal sands and carbonate sediments. SHRIMP dating 
of detrital zircons from the Doomadgee Formation have 
yielded a maximum depositional age of 1619 ± 5 Ma (Page 
et al 2000).

Benmara Group

Outcrop of the Benmara Group is restricted to a northeast-
trending belt in northwestern MOUNT DRUMMOND, 
where it unconformably overlies the Murphy Metamorphics 
and Connellys Volcanics of the Murphy Province. The 
upper contact with the South Nicholson Group is poorly 
exposed and may be either an unconformity or a low-angle 
structural (detachment) boundary (Rawlings et al 2008). 
The group includes a basal sandstone (Breakfast Sandstone) 
conformably overlain by a recessive interval containing a 
trachyte sheet and various clastic rocks (Buddycurrawa 
Volcanics). 

The Breakfast Sandstone (Table 18.1) is a resistant, 
white to maroon or pink, medium to thickly bedded, 
medium- to coarse-grained, silici ed sublithic sandstone, 
up to 80 m thick. The basal few metres, above the 
unconformity, contain abundant quartz pebbles and lesser 
cobbles. The unit nes upwards, and has small-scale 
(decimetre-wavelength) trough cross-beds, planar bedding, 
symmetric ripples, desiccation cracks, mudclasts, and 
current lineations. It also contains rare laminae or thin beds 
of cherti ed mudstone and cherti ed carbonate with relict 
domical stromatolites. Rawlings et al (2008) interpreted the 
depositional setting to have been moderate- to high-energy 
braided uvial and/or shallow marine.

Unit / Thickness / Age Lithology Depositional 
environment

Stratigraphic relationships

Fickling Group

Doomadgee Formation 
200–250 m
1619 ± 5 Ma
1613 ± 5 Ma

Shale,  aggy dolomitic, micaceous,  ne sandstone and 
siltstone,  ne-grained sublithic sandstone, and medium 
to coarse sandstone with scattered granules and pebbles; 
minor lithic sandstone.

Marine shelf, ranging 
from basinal, through 
storm-dominated 
shoreface to shallow 
peritidal environments.

Base not seen, but conformable on 
Mount Les Siltstone to the north in 
SEIGAL. Overlain disconformably and 
with low-angle unconformity by South 
Nicholson Group

Mount Less Siltstone
<90 m
1640 ± 7 Ma

Dolostone, siltstone and shale Evaporitic supratidal Disconformably overlain by 
Doomadgee Formation

Walford Dolostone 
<400 m
1649 ±  7 Ma

Oolitic, stromatolitic and intraclastic dolostone with 
interbeds of black shale and glauconitic sandstone

Shallow marine sub- to 
supratidal

Conformably overlain by Mount Less 
Siltstone

Fish River Formation 
200 m
<1770 Ma

Sandstone, siltstone and conglomerate Fluvial to shallow 
marine tidal  at 

Conformably overlain by the Walford 
Dolostone

Benmara Group

Buddycurrawa 
Volcanics 
up to 300 m

Ferruginous coarse sandstone, massive and brecciated 
trachyte, poorly sorted immature lithic sandstone and 
pebble conglomerate, mature sandstone, ferruginous 
siltstone and  ne sandstone; minor stromatolitic chert

Braided  uvial, shallow 
lacustrine and/or 
marine (  ne intervals); 
lava  ows; marginal 
ephemeral alluvial and 
debris  ows (coarse 
intervals)

Conformable on Breakfast Sandstone; 
probably unconformably overlain 
by Bowgan Sandstone and Crow 
Formation

Breakfast Sandstone 
up to 80 m

Medium to coarse, silici  ed sublithic sandstone; thin basal 
pebble or cobble conglomerate; rare cherti  ed stromatolitic 
carbonate

Braided  uvial and/or 
shallow marine

Unconformable on Murphy 
Metamorphics; conformably overlain 
by Buddycurrawa Volcanics

Unassigned to group

Peters Creek Volcanics
<2000 m

Vesicular basalt, rhyolite, rhyodacite; interbeds of 
feldspathic and glauconitic sandstone, shale, siltstone and 
dolostone

Subaerial to shallow 
marine

Conformable on Wire Creek 
Sandstone; angular unconformity with 
overlying Fish River Formation

Wire Creek Sandstone 
<70 m

Medium to coarse sandstone with scattered pebbles, 
conglomerate

Braided rivers and 
alluvial fans

Unconformable on Murphy Province 
rocks; conformably overlain by Peters 
Creek Volcanics

Table 18.1. Stratigraphic succession of northern Lawn Hill Platform along southern margin of Murphy Inlier, constructed from Ahmad 
and Wygralak (1989) and Rawlings et al (2008). Chronometric dates are from Page et al (2000).
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The Buddycurrawa Volcanics reaches a thickness of 
about 300 m and consists of a basal ferruginous sandstone 
unit, overlain by a mixed interval of coherent trachyte, 
debris ow sandstone and conglomerate (Figure 18.5), 
mature sandstone, ferruginous siltstone/ ne sandstone 
and minor stromatolitic chert (Figure 18.6). Rawlings 
et al (2008) interpreted a variety of depositional settings 
for the unit: the basal sandstone was shallow supratidal 
or uvial; the trachyte was probably emplaced as lava 

ows with peripheral zones of peperite, where these 
intermingled with wet unconsolidated sediments; the 
debris ow sandstone was probably rapidly deposited as 

uvially modi ed talus and debris aprons at the margins 
of trachyte lava bodies, during and immediately following 
their emplacement; other siliciclastic facies were deposited 
in uvial or lacustrine settings; and the stromatolitic chert 
intervals are indicative of shallow, intertidal, marine 
depositional conditions.

The Breakfast Sandstone and Buddycurrawa Volcanics 
are tentatively correlated with the Shady Bore Quartzite 
(ca 1640 Ma) and Plain Creek Formation, respectively, 
of the McNamara Group (Rawlings et al 2008), but there 
is no geochronological evidence to support this. The 
presence of the volcanics implies an alternative possible 
correlation with the Peters Creek Volcanics and therefore, 
an age of ca 1725 Ma (Rawlings et al 2008). However 
the Buddycurrawa Volcanics are geochemically distinct 
from the Peters Creek Volcanics and have af nities with 
alkaline volcanics and shallow intrusive rocks from the 
Coanjula microdiamond prospect, about 20 km to the north 
(Figure 18.3), which are probably no older than ca 1665 Ma 
(Rawlings et al 2008).

Southern successions

The southern successions of the Lawn Hill Platform 
comprise the Carrara Range and McNamara groups, 
which correspond to the LP6 and LP7 divisions, respectively, 
of Ahmad (2000). The various elements of the Lawn Hill 
Platform in the southern succession are summarised in 
Table 18.2. The McNamara Group ranges in age from 
about 1690 Ma to 1595 Ma (Page et al 2000). 

Carrara Range Group

The Carrara Range Group constitutes a succession of 
sandstone and bimodal volcanics unconformably overlying 
the Murphy Province succession. It is unconformably overlain 
by the Surprise Creek Formation and by the McNamara 
Group (Table 18.2). Sweet (1984) suggested that the Carrara 
Range Group is a correlative of the Peters Creek Volcanics 
in the eastern Murphy Inlier, and this has been con rmed on 
geochronological evidence by Page et al (2000). 

The Don Creek Sandstone, the basal unit of the group, 
is unconformable on the Murphy Metamorphics, although 
the contact is not exposed, and is conformably overlain by 
the Mitchiebo Volcanics. It has been correlated with the 
Westmoreland Conglomerate and Yiyintyi Sandstone in 
the southern McArthur Basin (Ahmad and Wygralak 1989, 
Haines et al 1993). The unit comprises lithic to quartzic 
sandstone with pebbles or cobbles and rare conglomerate. 
Bedding is thick and trough cross-bedded, and beds 
typically coarsen upward from pebble-free sandstone to 
pebble/cobble-rich sandstone (Figure 18.7), although there 
is an overall upward stratigraphic trend towards ner grain 
size and a more lithic composition. However, cyclicity on a 
10–50 m scale is also evident. These characteristics indicate 

Figure 18.4. Load casts in aggy facies (laminated to thinly 
interbedded siltstone and ne sandstone) in uppermost Doomadgee 
Formation. CLEANSKIN, 53K 803900mE 8002600mN, 14 km west 
of NT/Queensland border (after Rawlings et al 2008).

Figure 18.5. Debris- ow facies of Buddycurrawa Volcanics, 
comprising brown, massive to crudely bedded, poorly-sorted, 
coarse-grained, pebbly lithic sandstone with a distinct volcanic 
provenance. BOXER, 53K 703250mE 7991350mN, Whiterock 
Creek (after Rawlings et al 2008).

Figure 18.6. Cherti ed carbonate of Buddycurrawa Volcanics 
with well preserved digitate stromatolites. BOXER, 53K 702600mE 
7992150mN, Whiterock Creek (after Rawlings et al 2008).
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that the Don Creek Sandstone was probably deposited in a 
braided uvial environment (Rawlings et al 2008). 

The Mitchiebo Volcanics is generally conformable 
between the Don Creek and Gator sandstones, or is locally 
unconformable beneath the Surprise Creek Formation. 
The unit is 500–1000 m thick and is composed of massive 
to vesicular or microvesicular basalt and microdolerite, 
with interbeds of sandstone, mudstone and peperite 
(Figure 18.8). Rawlings et al (2008) interpreted that the 
basalt was probably emplaced as a series of lava ows 
and shallow invasive ows in a subaerial to shallow-water 
lacustrine setting. The Mitchiebo Volcanics is lithologically 
and geochemically indistinguishable from the Seigal 

Volcanics of the McArthur Basin, and has been correlated 
with this unit and with the Eastern Creek Volcanics and 
Buddawadda Basalt of the Mount Isa Inlier (Rawlings 
et al 2008). 

The conformably overlying Gator Sandstone was 
de ned by Rawlings et al (2008) to incorporate what 
was formerly mapped by Sweet et al (1984) as the ‘upper 
sandstone member’ of the Mitchiebo Volcanics. The 
formation ranges in thickness from 100 to 700 m, with a 
gradual increase from east to west. In the type section, in 
MOUNT DRUMMOND, the unit comprises lower and upper 
sandstone subunits separated by a thin recessive volcanic 
interval. In other areas, the volcanic interval is absent and 

Unit / Thickness / Age Lithology Depositional 
environment

Stratigraphic relationships

McNamara Group

Widdallion Sandstone 
Member (of Lawn Hill 
Formation)
50–370 m

Grey-red to brown, purple-weathering, highly lithic and 
micaceous  ne to coarse sandstone; minor glauconite; 
siltstone and claystone

Inner shelf–high-
energy shoreface 
environment

Conformable on lower Lawn Hill 
Formation; overlain disconformably or 
locally with angular unconformity by 
South Nicholson Group

Lawn Hill Formation
(excluding Widdallion 
Sandstone Member)
125–2600 m

Interlaminated and thinly interbedded red, grey and brown 
siltstone and  ne-grained sandstone; green to grey shale 
and siltstone, dolomitic siltstone, laminated and intraclastic 
dolostone

Storm-dominated shelf Conformable on Plain Creek Formation; 
overlain disconformably or locally 
wit h angular unconformity by South 
Nicholson Group

Plain Creek Formation
400–1000 m

Micaceous siltstone and shale,  ne to coarse lithic and 
sublithic sandstone; minor pebble conglomerate, graded 
sandstone beds, and pebble- to boulder-bearing mudstone – 
turbidite and mass  ow sedimentary rocks

Shallow- to deep-
marine basin, including 
fan deltas; locally 
emergent to shoreface 

Lower and upper contacts are 
concordant and conformable

Shady Bore Quartzite
up to 50 m

White, very  ne to medium lithic and sublithic sandstone; 
prominently wave-rippled bedding surfaces

Shallow marine Conformable on Brumby Formation; 
overlain conformably by Plain Creek 
Formation

Bullrush Conglomerate
50–500 m

Polymictic granule, pebble and cobble conglomerate, 
cross-bedded sandstone; stromatolitic chert and chert-clast 
conglomerate,  ne-grained lithic sandstone and siltstone

Alluvial fan to fan 
delta

Unconformable on Top Rocky Rhyolite 
and Drummond Formation; conformably 
overlain by Plain Creek Formation

Brumby Formation
350–800 m

Interbedded  ne to medium, rarer coarse to granule 
sandstone; laminated, brecciated and stromatolitic chert; 
chert-clast breccia and conglomerate with sandstone matrix; 
siltstone and shale dominate upper part

Intertidal to supratidal, 
including sabkha; 
deeper shelf in upper 
part

Lower and upper contacts are 
concordant and conformable

Drummond Formation
350–600 m

Dominated by sandstone, but includes minor polymictic 
conglomerate, chert, siltstone, claystone and dolomitic rock

Shallow marine, from 
shoreface to intertidal; 
peritidal mud- and 
carbonate-  ats, and 
 uvial

Unconformable on Surprise Creek 
Formation; overlain conformably by 
Brumby Formation, and unconformably 
by Bullrush Conglomerate in Maloney 
Creek area

Unassigned to group

Surprise Creek 
Formation 
300–450 m

Local pebble to boulder conglomerate at base; remainder is 
thickly to very thickly bedded, medium to coarse sublithic 
to quartz sandstone

Mainly braided  uvial, 
with local alluvial fan 
deposits at base

Unconformable on Top Rocky Rhyolite, 
and locally on older formations of 
Carrara Range Group; unconformably 
overlain by Drummond Sandstone 
(McNamara Group)

Carrara Range Group

Top Rocky Rhyolite
up to 400 m
1725 ± 3 Ma

Lower: porphyritic (K-feldspar, quartz), massive to  ow 
banded, spherulitic to microgranophyric rhyolite; local 
autobreccia, peperite and hyaloclastite. Upper: poorly 
sorted, matrix-supported, pebble to boulder conglomerate

Moderate-aspect-ratio 
lava  ow(s); marginal 
ephemeral alluvial and 
debris  ows

Unconformable on Gator Sandstone; 
unconformably overlain by Surprise 
Creek Formation and locally, by 
Bullrush Conglomerate

Gator Sandstone 
up to 700 m

Pink to purple,  ne to medium, variably ferruginous, 
sublithic to lithic sandstone with local beds of very coarse 
and pebbly sandstone; minor basalt and microdolerite

Braided  uvial with 
sporadic intertidal 
marine inundation and 
ma  c lava  ows

Conformable on Mitchiebo Volcanics; 
unconformably overlain by Top Rocky 
Rhyolite

Mitchiebo Volcanics
500–1000 m

Weathered and/or altered, massive to vesicular or 
microvesicular basalt and microdolerite; lesser sandstone, 
mudstone and peperite

Subaerial lava  ows 
and invasive  ows

Conformable between Don Creek 
Sandstone and Gator Sandstone

Don Creek Sandstone
400–500 m

Silici  ed to friable, medium ± coarse, locally pebbly lithic 
to quartzic sandstone

Braided  uvial Unconformable on Murphy 
Metamorphics; conformably overlain by 
Mitchiebo Volcanics

Table 18.2. Stratigraphic succession of southern Lawn Hill Platform in Carrara Range region (slightly modi ed after Rawlings et al 2008). 
Chronometric dates are from Page et al (2000).
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the formation is a homogeneous sandstone throughout. In 
the type section, the 25 m-thick lower sandstone interval 
comprises ne- to medium-grained, medium to very thickly 
bedded sublithic sandstone, with local beds of coarse, 
very coarse and granule sandstone, planar bedding and 
low-angle planar cross-beds. The overlying, 20 m-thick 
recessive (volcanic) interval contains vesicular basalt 

and a laminated, lithic sandy mudstone (?volcaniclastic 
sandstone). The 100–150 m-thick upper sandstone interval 
is composed of thickly to very thickly bedded, medium- to 
very coarse-grained sublithic sandstone, with low-angle 
trough cross-beds, planar bedding, parallel laminations and 
lesser, large-scale planar cross-beds. Rawlings et al (2008) 
interpreted that the sandstones were deposited in a braided 

uvial environment, with sporadic supratidal marine 
inundation and ma c volcanism. 

The Top Rocky Rhyolite unconformably overlies the 
Gator Sandstone and locally, the Mitchiebo Volcanics, 
in places where the base of the rhyolite has cut down 
hundreds of metres through the underlying sandstone 
along strike (Sweet 1983). The unit is up to 400 m thick 
and is unconformably overlain by the Surprise Creek 
Formation. It comprises a lower interval of coherent 
rhyolite, overlain by a conglomerate interval. The lower 
rhyolite interval forms bouldery to blocky outcrop of hard, 
silici ed or crumbly, weathered pink, purple or orange 
porphyritic rhyolite (Figures 18.9–18.11), which typically 
contains euhedral to subhedral K-feldspar and quartz 
phenocrysts in a cryptocrystalline quartzofeldspathic 
groundmass. A SHRIMP U-Pb zircon date of 1725 ± 3 Ma 
has been obtained for this rhyolite (Page et al 2000). The 
conglomerate unit is up to 200 m thick and comprises 
matrix-supported conglomerate, with subangular to 
subrounded, locally imbricated clasts set in a pink 
lithic gravel-sand-mud matrix (Rawling et al 2008). At 
stratigraphically lower levels of the conglomerate, clasts 
are composed almost entirely of rhyolite-derived material 
(Figure 18.12), whereas at higher levels, the conglomerate 
becomes more polymictic and large silici ed sandstone 
clasts occur. In general, the conglomerate is crudely 
horizontally strati ed and ungraded, but there are local 
intervals of trough cross-bedded or planar bedded, medium 
to coarse lithic sandstone in lling palaeochannels and as 
sheets. Rawlings et al (2008) proposed that the Top Rocky 
Rhyolite was rapidly erupted as a single or composite 
lava dome that developed into a widespread lava sheet. 
Conglomerate formed at the margins of the ow, during 
and soon after emplacement, under the in uence of 
sporadic and large-scale ood events.

Surprise Creek Formation

The Surprise Creek Formation is widespread in the 
Mount Isa region, where it is overlain by the Mount Isa 
and McNamara groups either conformably or with minor 
disconformity (Table 18.2). It was mapped by Sweet (1984) 
as a part of the now-obsolete Musselbrook Formation, 
but was subsequently distinguished as a separate unit by 
Rawlings et al (2008). The stratigraphic position of the 
formation is considered to be between the Carrara Range 
and McNamara groups. It overlies progressively older 
formations of the Carrara Range Group from east to west 
with a regional angular unconformity (Sweet 1984). The 
formation is up to 450 m thick and comprises basal lenses 
and beds of pebble to boulder conglomerate (Figure 18.13), 
intertonguing with and overlain by sublithic to quartz 
sandstone (Figure 18.14). The conglomerate ranges up to 
200 m in thickness and consists mainly of sub-rounded to 

Figure 18.7. Thick-bedded quartzic sandstone of Don Creek 
Sandstone, containing stacked, decimetre-scale, trough cross-
bed sets and scattered quartz pebbles. CARRARA, 53K 783700mE 
7929550mN, Boomerang Creek (after Rawlings et al 2008).

Figure 18.8. Peperite breccia in Mitchiebo Volcanics, comprising 
blocky to lobate vesicular basalt clasts in pale silici ed red mud ± 
sand matrix. CARRARA, 53K 783600mE 7931100mN, Boomerang 
Creek (after Rawlings et al 2008).

Figure 18.9. Lithophysae within massive Top Rocky Rhyolite. 
These spherical devitri cation features are up to 10 cm in diameter 
and form during rapid cooling of glassy felsic magmas. CARRARA, 
53K 772100mE 7925900mN, Fish Hole Creek (after Rawlings et al 
2008).
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well rounded pebbles and cobbles, and scattered boulders 
of quartz, pink quartzite and quartz sandstone, set in a 
matrix of coarse-grained to granule lithic sandstone. The 
remainder of the Surprise Creek Formation consists mostly 
of white to pink, thickly to very thickly bedded, medium to 

Figure 18.10. Stacked quartz folia within massive Top Rocky 
Rhyolite. These centimetre- to decimetre-scale, discontinuous 
foliated stringers of amorphous quartz are interpreted to have 
formed by the collapse of vesicles or the central gas cavity of 
lithophysae. CARRARA, 53K 792050mE 7932800mN, Don Creek 
(after Rawlings et al 2008).

Figure 18.11. Autobreccia of Top Rocky Rhyolite, composed of 
randomly oriented, centimetre- to decimetre-scale rhyolite clasts 
with variable internal textures, set in massive to crudely banded 
rhyolite matrix. CARRARA, 53K 771650mE 7933750mN, Carrara 
Range (after Rawlings et al 2008).

Figure 18.12. Boulder conglomerate of Top Rocky Rhyolite, 
composed of poorly sorted, subangular to subrounded rhyolite 
clasts in pink lithic sandstone matrix. CLEANSKIN, 53K 778200mE 
7955800mN, Moloney Creek (after Rawlings et al 2008).

coarse, sublithic to quartz sandstone with pebbly intervals 
and rare scattered cobbles. Bedforms include amalgamated 
small trough cross-beds, planar cross-beds, planar bedding, 
parallel laminations with current lineations, and hummocky 
cross-strati cation. Rawlings et al (2008) interpreted 
the basal conglomeratic rocks to be proximal deposits of 
either a braided uvial or locally an alluvial fan system. 
The sandstone is probably a more distal braided uvial 
deposit, as it appears to grade up from, or intertongues with 
conglomerate, and forms a continuous sheet.

McNamara Group 

The McNamara Group comprises sandstone, conglomerate, 
siltstone, shale and various carbonate rocks, which are 
commonly silici ed to chert in outcrop. The main outcrops 
of the group are in LAWN HILL in Queensland, from where 
the stratigraphic succession was de ned (Sweet and Hutton 
1982, Hutton et al 1981, Figure 18.2). In the Northern 
Territory, the group lies disconformably, or with an angular 
unconformity on the Surprise Creek Formation, or is locally 
unconformable on the Top Rocky Rhyolite. Remapping of 
MOUNT DRUMMOND (Rawlings et al 2008) has resulted 
in signi cant modi cation of the older terminology of 
Smith and Roberts (1963) and Sweet (1984). The former 

Figure 18.13 Very thick bed of coarse pebble to cobble 
conglomerate in the Surprise Creek Formation. CARRARA, 
53K 772150mE 7934600mN, headwaters of Rocky Creek (after 
Rawlings et al 2008).

Figure 18.14. Intermediate-scale hummocky cross-strati cation 
in ne-grained sublithic sandstone of Surprise Creek Formation. 
CARRARA, 53K 792300mE 7933400mN, Carrara Range (after 
Rawlings et al 2008).
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Musselbrook Formation has been abandoned and split into 
the Surprise Creek Formation (which is excluded from the 
McNamara Group), the Drummond Formation, and an 
upper unit, the Brumby Formation. 

The sandstone-dominated Drummond Formation 
reaches a thickness of 350–600 m. It comprises a variety 
of rock types that are referred to several informal 
unnamed units, including a localised, basal thin polymictic 
conglomerate; thinly to medium bedded, ne lithic 
sandstone; laminated siltstone; red beds of brown, lithic 
dolomitic sandstone and cherti ed dolostone; medium 
bedded, pyritic coarse sandstone; medium to thickly bedded, 

ne to medium sublithic to quartzic sandstone; minor chert; 
laminated kaolinised and cherti ed claystone (altered 
carbonate rocks?); ne ferruginous sandstone, siltstone, 
and stromatolitic chert; and ne sublithic siltstone and 
sandstone. The formation contains a variety of distinctive 
sedimentological features, including stromatolites, 
cauli ower chert, hummocky cross-strati cation, 
mudclasts, wave and current ripple marks, herringbone 
cross-strata, parallel laminations, planar bedding, trough 
cross-beds, lenticular bedding, ute and tool marks, gutter 
casts and rare load casts. These characteristics indicate 
that the Drummond Formation was deposited in a range 
of environments, including shallow marine, shoreface to 
intertidal to peritidal mud- and carbonate ats (sabkha), 
and uvial, and suggest that the formation was built up as 
a succession of prograding cycles across a shallow-marine 
shelf, culminating in largely supratidal environments 
(Rawlings et al 2008). 

The Brumby Formation conformably overlies the 
Drummond Formation and ranges from about 350 to 800 m 
in thickness. It consists of siltstone, shale, sandstone and 
granule conglomerate, laminated and stromatolitic chert, 
dolostone, and chert-clast conglomerate and breccia, with 
the ner lithologies becoming more abundant up-section. 
Sandstones are more thinly bedded and ner grained than 
those in the Drummond Formation and are commonly 
planar or trough cross-bedded. Other sedimentary 
structures include sinuous-crested asymmetric ripples, 
pseudomorphs after gypsum, and sedimentary chert 

breccia and conglomerate. Rawlings et al (2008) interpreted 
the mixed siliciclastic/carbonate/chert association that 
characterises the lower Brumby Formation as representing 
a carbonate ramp environment; a proximal position relative 
to the sediment source is indicated by the high proportion of 
siliciclastic material in this part of the succession. Repeated 
episodes of exposure and silici cation, followed by erosion 
and renewed inundation, indicate that the depositional 
environment was very shallow water, probably intertidal 
and supratidal. Rawlings et al interpreted the upper Brumby 
Formation, which is dominated by ne-grained rocks, to be 
more representative of deeper water (shelf) environments.

The 40–50 m-thick Shady Bore Quartzite conformably 
overlies the Brumby Formation and has a conformable and 
transitional upper contact with the Plain Creek Formation. 
It consists of white, thinly to thickly bedded, ne- and 
medium-grained lithic and sublithic sandstone, and features 
cross-beds and prominent wave ripple marks on bedding 
surfaces. Rawlings et al (2008) interpreted the Shady Bore 
Quartzite to have been deposited under a wave-dominated 
marine shoreline environment in a series of upward-
shallowing cycles. 

The Brumby Formation is absent from the Maloney 
Creek Inlier (Figure 18.3), where the Bullrush 
Conglomerate unconformably overlies the Drummond 
Formation, or locally, the Top Rocky Rhyolite. The Bullrush 
Conglomerate varies considerably in thickness from 
about 50 m to 500 m; it is correlated with the Shady Bore 
Quartzite and is probably conformably overlain by the Plain 
Creek Formation. The conglomerate comprises polymictic 
granule, pebble and cobble conglomerate, alternating with 
cross-bedded sandstone (Sweet 1985). Minor carbonate 
rocks and siltstone are also present. Conglomerates are 
massive or crudely planar bedded, trough cross-bedded or 
graded, and are largely clast supported. Clasts of quartzite or 
quartz sandstone, quartz, chert, brown porphyritic rhyolite, 
and claystone (probably altered/weathered dolomitic rocks), 
and are set in a matrix of lithic sand to granules (Rawlings 
et al 2008). Sandstone is sublithic, white, silici ed, medium- 
to very thickly bedded and ne to very coarse grained, 
with trough cross-beds and scattered pebbles and cobbles. 
Other sedimentary structures present in the Bullrush 
Conglomerate include planar lamination, current lineation, 

Figure 18.15. Alternating mudstone and sandstone beds in 
Plain Creek Formation. Recessive beds are laminated to thinly 
interbedded shale, siltstone and very ne sandstone; white to grey, 
well indurated beds are very ne to ne sandstone with hummocky 
cross-strati cation. CLEANSKIN, 53K 814800mE 7956420mN, 
headwaters of Right Creek, 2 km west of NT/Queensland border 
(after Rawlings et al 2008).

Figure 18.16. Tool marks and ute casts on base of sandstone bed 
in Plain Creek Formation, Maloney Creek Inlier. CLEANSKIN, 53K 
778120mE 7960770mN, 15 km northeast of Murun Murula (after 
Rawlings et al 2008).
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mudclasts, symmetric ripples, and probable hummocky 
cross-strati cation. Rawlings et al (2008) considered that 
the apparent superposition of several contrasting facies 
types, plus the considerable variation in clast composition 
between conglomerates in the succession, indicates the 
rapid erosion of underlying rocks and the deposition of the 
resultant coarse material as subaerial alluvial fans. These 
built out into a standing body of marine water, represented 
by the ner lithologies, leading to an alternation of marine 
and non-marine environments. 

The 400–1000 m-thick Plain Creek Formation is 
conformable on the Shady Bore Quartzite and probably the 
Bullrush Conglomerate, and is conformably overlain by the 
Lawn Hill Formation. It is dominantly micaceous siltstone 
and shale (Figure 18.15), but contains several sandstone 
units. These sediments are arranged in cycles, a few metres 
thick, of stacked, upward-thickening and -coarsening 
beds. Sedimentary structures include ripples, hummocky 
and swaley cross-strata, tool marks and ute casts 
(Figure 18.16), and minor intraclast conglomerates. Thin 

lms and veins of manganese and iron oxides are common 
throughout the unit. Sweet (1985) and Rawlings et al 
(2008) noted that a variety of facies were represented in the 
Plain Creek Formation, ranging from locally emergent, to 
shoreface, to storm-dominated shelf environment, to deeper 
marine with turbidites and mass ow (slump) deposits, and 
interpreted a fan delta environment of deposition for the 
unit. Rapid changes in water depth were possibly due to the 
presence of small fault-generated sub-basins, into which 
subaerial fans were building.

The Lawn Hill Formation (Sweet 1984) was previously 
mapped as the Bluff Range beds by Smith and Roberts 
(1963) and is estimated to range between 125 and 2600 m in 
thickness, with a northward thinning overall (Rawlings et al 
2008). It conformably overlies the Plain Creek Formation 
and is the topmost unit of the McNamara Group. The upper 
contact of the formation is invariably unconformable; the 
South Nicholson Group (South Nicholson Basin) overlies 
the Widdallion Sandstone Member disconformably, or with 
angular unconformity in most outcrops. Cambrian rocks 
also truncate both the Lawn Hill and Plain Creek formations 
in some easterly areas. The formation comprises recessive, 
interlaminated and thinly interbedded, grey, green and 
red, variably leached, shale, siltstone, very ne-grained 
sandstone, dolostone and dolomitic siltstone. These sediments 
were deposited in a marine shelf environment, mainly below 
wave-base, although the interbedded sandstone indicates 
some slightly higher-energy conditions above wave base, 
consistent with storm in uence (Rawlings et al 2008). The 
distinctive ridge-forming Widdallion Sandstone Member, at 
the top of the Lawn Hill Formation, is up to 370 m thick, and 
consists of lithic and micaceous, ne-, medium- and, less 
commonly, coarse-grained sandstone. Beds are medium to 
very thick and are commonly arranged in cycles from 5 to 
20 m thick; cycles typically become coarser, better sorted, 
slightly less lithic and lighter coloured upwards (Rawlings 
et al 2008). Sedimentary structures include large low-angle 
cross-beds, trough cross-beds, wave and interference ripple 
marks, primary current lineations and rare hummocky 
cross-strata. The character of the sedimentary cycles and 
sedimentary structures in the Widdallion Sandstone Member 

are indicative of repeated progradational episodes in a high-
energy shoreface environment. The highly lithic nature of 
the sandstone suggests that sedimentation was rapid and was 
derived from an actively uplifting source terrain (Rawlings 
et al 2008).

MINERAL RESOURCES

Other than a few minor iron ore occurrences in the 
southern succession in MOUNT DRUMMOND, there 
are no signi cant mineral occurrences or prospects within 
the Northern Territory portion of the Lawn Hill Platform 
succession. However, the World-class Century Zn-Pb-Ag 
deposit, occurs within rocks of the upper McNamara Group, 
60 km to the east of the Queensland–Northern Territory 
border (Broadbent et al 1998, Hobbs et al 2000). The host 
succession for this orebody, comprising carbonate rocks, 
sandstone and shale of the Lawn Hill Formation, extends 
westward into the Northern Territory and should be considered 
prospective. Also in Queensland, the large low-grade pyrite-
rich Walford Creek (Rohrlach et al 1998) and Bluebush 
(Maier and McGoldrick 2009) stratiform Pb-Zn prospects are 
hosted in a narrow east-trending belt of Fickling Group rocks 
exposed at the faulted northern margin of the Lawn Hill 
Platform. By analogy, the Lawn Hill Platform in the NT has 
potential for both Century and Mount Isa-McArthur River-
style deposits (Rawlings et al 2008). It contains a reduced 

ne-grained, mixed carbonate-siliciclastic package similar 
to the McArthur Group. It is underlain by the Carrara Range 
Group which includes a thick oxidised sandstone package 
with intervals of ma c and felsic volcanic rocks. This group 
is equivalent to the Tawallah Group and could have acted as 
a source for the metalliferous brines in direct analogy to the 
McArthur River deposit.

Sur cial manganese is locally developed in the region 
and is particularly common as a weathering crust on the 
Plain Creek Formation. Although the economic signi cance 
of the manganese occurrences has not been properly 
assessed by drilling, it is unlikely to extend deep into the 
host rock (Ferenczi 2001).
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Clasts within the conglomerate are subrounded, up to 40 cm 
in diameter, and are consistent with a sedimentary and low-
grade metamorphic-felsic igneous provenance. The upper 
part of the formation is approximately 100 m thick and 
consists of interlayered 10–30 m-thick units of sandstone, 
chert and siltstone (Rawlings et al 2008). The main sources 
of siliciclastic material were the Murphy Metamorphics, 
Nicholson Granite Complex and Cliffdale Volcanics 

Chapter 19: SOUTH NICHOLSON BASIN M Ahmad and TJ Munson

INTRODUCTION

The South Nicholson Basin (Smith and Roberts 1963, 
Sweet et al 1981) represents a succession of predominantly 
sandstone and siltstone in an up to 50 km-wide and 200 km-
long, east-trending belt outcropping to the south of the 
Murphy Inlier (Murphy Province). This succession has 
moderate to near horizontal dips and is little deformed. It 
has a total thickness of about 7 km (Rawlings et al 2008), 
unconformably overlies rocks of the Murphy Province and 
Lawn Hill Platform in western Queensland and the eastern 
Northern Territory, and has been correlated with the 
Roper Group in the McArthur Basin (Plumb et al 1990). 
Subsurface, the South Nicholson Basin succession extends 
southward to the west of the Mount Isa Inlier beneath 
covering strata of the Georgina Basin. It was intersected 
in NTGS drillholes NTGS00/1 and NTGS01/1 in southern 
RANKEN1 (Kruse 2003) and Shergold and Druce (1980) 
speculated that it might continue beyond 22°S as far 
south as TOBERMORY and adjacent GLENORMISTON 
(Queensland). 

Rawlings et al 
of the South Nicholson Basin and this publication follows 
their terminology. The stratigraphic succession is given 
in Table 19.1 and the general geological setting is given 
in Figures 19.1 and 19.2. The South Nicholson Basin 
succession corresponds to the LP9 division of Ahmad (2000).

LATE PALAEOPROTEROZOIC OR 
MESOPROTEROZOIC

Unassigned to group

central north of the South Nicholson Basin (Figure 19.2). 
It was formerly mapped as a part of the Fickling Group 
of the Lawn Hill Platform by Smith and Roberts (1963), 
but was distinguished as a separate unit by Rawlings 
et al

basal relationships of the unit with underlying strata are 
unknown, as contacts are not exposed. It is unconformably 
overlain by the Constance Sandstone of the South Nicholson 

(Figure 19.3) has a cumulative thickness of at least 600 m 
and the unit has been informally divided into lower and 
upper parts. The lower part is at least 500 m thick and 
comprises coarse lithic sandstone and conglomerate with 
minor intercalated carbonate rocks and siltstone. Coarser 

beds feature small- to medium-scale trough cross-beds, 
planar bedding, parting lineations and interference ripples. 
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Figure 19.1. Regional setting of the South Nicholson Basin. 
NT geological regions from NTGS 1:2.5M geological regions 
GIS dataset; some small outliers/inliers omitted. Queensland 

and Dhnaram (2009) and Geoscience Australia (GA) Geological 
Regions National Geoscience Dataset.
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1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large 
and small capital letters respectively, eg MOUNT DRUMMOND, 
BENMARA.
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Unit, thickness Lithology Depositional 
environment

Stratigraphic 
relationships

South Nicholson Group

Accident Subgroup

Mullera Formation 
>1100 m (includes 
Middle Creek Sandstone 
Member)

Micaceous, locally ferruginous siltstone, shale 

ironstone, organic-rich shale and medium 
quartzic sandstone.

Shallow-marine shelf, partly 
above storm wave-base 
(‘tempestite facies’) and 
partly below (‘organic’ and 
‘shale-rich facies’).

Conformable on Constance 
Sandstone; top not exposed, but 
unconformably overlain by Georgina 
Basin.

Middle Creek Sandstone 
Member 
up to 70 m

sandstone with distinctive decimetre-scale 

haematite dustings on foresets.

Shallow-marine intertidal and 
shoreface, above fair-weather 
wave base.

Conformable within Mullera 
Formation.

Constance Sandstone 

Schultz Sandstone 
Member 
120–600+ m

Friable, medium, coarse and very coarse to 
granule sandstone; thick intercalated unit of 

Shallow marine: upper 
shoreface to intertidal; may 

Disconformable on Wallis Siltstone 
Member; overlain conformably by 
Mullera Formation.

Wallis Siltstone Member 
0–200 m

minor siltstone and shale; interbed of white, well 
sorted, coarse to very coarse quartz sandstone 
with large mudstone intraclasts.

Deeper marine: lower 
shoreface and storm-
dominated shelf.

Conformable on Burangoo Sandstone 
Member; overlain disconformably, 
and locally with subtle angular 
unconformity by Schultz Sandstone 
Member.

Burangoo Sandstone 
Member 
35–150 m

to sublithic sandstone with minor scattered 
granules and rare small quartz pebbles.

Shallow marine: upper 
shoreface to intertidal; may 

Conformable between Pandanus and 
Wallis Siltstone members.

Pandanus Siltstone 
Member 
20–50 m

siltstone and shale.
Deeper marine: lower 
shoreface and storm-
dominated shelf.

Conformable between Hedleys and 
Burangoo Sandstone members.

Hedleys Sandstone  
Member 
10–15 m sandstone, with mudclasts, and minor granules 

and small pebbles of quartz.

Shallow marine: upper 
shoreface to intertidal; may 

Unconformable on Fickling Group in 
northeastern MOUNT DRUMMOND 

of mapsheet; overlain conformably by 
Pandanus Siltstone Member.

Mittiebah Sandstone 
450–2200 m

Fine to coarse, quartzic to lithic sandstone; 
minor interbeds of pebble or cobble 
conglomerate and siltstone.

Alternating shallow storm- Conformable to disconformable on 
Crow Formation; top not exposed, 
but probably conformably overlain by 
Mullera Formation.

Wild Cow Subgroup

Crow Formation 
up to 2500 m

quartzic to sublithic sandstone; minor, poorly 
sorted medium to very coarse sandstone, pebbly 
sandstone and matrix-supported conglomerate.

Shallow- to deep-marine 
shelf, with development of fan 
delta in northwest adjacent 
to tectonic uplift (localised 
interdigitated turbidite and 

In NW: conformable on Bowgan 
Sandstone; locally unconformable 
on Benmara Group; conformably 
overlain by Tobacco Member or 
Mittiebah Sandstone.
In S and E: conformable on Playford 
Sandstone; overlain disconformably 
or with angular unconformity by 
Constance Sandstone (or Mittiebah 
Sandstone in S).

Tobacco Member 
300–600 m to lithic, often glauconitic sandstone and 

localised pebble–cobble conglomerate; minor, 
interbedded, shale and siltstone.

Shallow intertidal to storm- Conformable at top of Crow 
Formation in west; overlain 
disconformably or with angular 
unconformity by Mittiebah 
Sandstone.

Bowgan Sandstone 
up to 100 m

clast conglomerate or breccia

marine intertidal
Probably unconformable on Murphy 
Metamorphics and Benmara Group; 
conformably overlain by Crow 
Formation; locally absent

Playford Sandstone composite 390–1400+ m; subdivided into three members

No Mans Sandstone 
Member 
130–200 m

Medium to coarse sandstone with granule to 
pebble lags; sublithic to quartz-rich; strongly 
trough cross-bedded

Fluvial or intertidal marine Sharp, erosive, but conformable base 
on Top Lily Sandstone Member; 
conformably overlain by Crow 
Formation

Table 19.1 et al 2008; table continued on next page).



19:3

South Nicholson Basin

Unit, thickness Lithology Depositional 
environment

Stratigraphic 
relationships

Top Lily Sandstone 
Member 
140–1100 m

well-sorted lithic sandstone; minor, more thinly 

siltstone, and haematitic siltstone to ironstone

Marine shelf to shoreline, and 
possibly tidal channel; minor 
supratidal, including aeolian

Conformable on Wangalinji Member; 
overlain conformably by No Mans 
Sandstone Member, or by Crow 
Formation

Wangalinji Member 
115–750 m

Basal white, thick-bedded, medium- to coarse-

sublithic to quartzic sandstone; overlain by 

grained lithic sandstone, and interbeds of coarser 
white sandstone similar to basal beds

Basinal, through storm-
dominated shelf, to shoreface 
or marginal marine 
environments

Overlies Widdallion Sandstone 
Member disconformably in most 
outcrops; angular unconformity SW 
of Mitchiebo Waterhole; overlain 
conformably by Top Lily Sandstone 
Member

UNASSIGNED TO GROUP

>600 m
Coarse-grained, poorly sorted lithic sandstone 
and matrix-supported conglomerate; minor 
intercalated carbonate, chert and siltstone

turbidites in shallow to deep 
marine shelf setting (fan-
delta); syntectonic deposition

Base not exposed; unconformably 
overlain by Constance Sandstone

Figure 19.2
from Rawlings et al

Table 19.1 et al 2008; table continued from previous page).

Boxer

Coanjula

Surprise Creek

Mittibah

Alexandria

Paradise
Bore

Puzzle

Lancewood

Boree

Alroy

Benmara

Nicholson River

Calvert Hills

Mitchiebo

Lulu

Cleanskin

Seigal

Wollogorang

Carrara

Gallipoli

Bowthorn

Hedleys Creek

Westmoreland

Musselbrook

Norfolk

Mount
Oscar

Lawn Hill

Riversleigh

Brunette Downs-1

Hydrocarbon Bore

DD92SN1

sand, clay, calcrete and lacustrine limestone

Cretaceous

Cenozoic

Neoproterozoic–middle Cambrian 

early Cambrian 

South Nicholson Group under shallow cover

MALONEY CREEK
INLIER

BAUHINIA
DOME

Mitchiebo
Fau

Calvert Fault

Termite Range Fault

lt

Benmara
Fa

ul
t

MOUNT DRUMMOND

RANKEN

CALVERT HILLS WESTMORELAND

LAWN HILL

CAMOOWEALALROY

BRUNETTE DOWNS

WALHALLOW

18°00'

19°00'

136°30' 138°00'

19°00'

18°00'

136°30' 138°00' A10-332.ai

Little Range
Fault

Coanjula 

Constance Range

Century

Alexandria 

Carrara Range
Region

Westmoreland prospect

Mineral occurrence with name and commodity

Murphy Province

Palaeoproterozoic

Palaeoproterozoic–early Mesoproterozoic

Mesoproterozoic

Lawn Hill Platform

Accident Subgroup

Caulfield beds

Wild Cow Subgroup

South Nicholson Basin

McArthur Basin

Georgina Basin

Kalkarindji Province

Carpentaria Basin

iron ore

petroleum well

N
T

Q
LD

Lulu 100K mapsheet

250K mapsheet

State/Territory boundary

fault

LAWN HILL



South Nicholson Basin

19:4

(Murphy Province), and possibly the Westmoreland 
Conglomerate (basal McArthur Basin).

Rawlings et al
as having been deposited at the same time as “foreland 
development and uplift” of the nearby Murphy Inlier to the 
north. Coarser intervals were interpreted as being rapidly 

with periods of tectonism. At other times, deposition of 

in a shallow-marine shelf environment in a probable fan-
delta setting. Finer-grained and better-sorted sandstones 
and beds of dolostone, which resulted from traction current 
and chemical deposition, become more dominant up-section 
and indicate the waning and eventual cessation of tectonism 
towards the top of the unit.

unit is older than the overlying Constance Sandstone and is 
presumably younger than the Nicholson Granite Complex and 
Cliffdale Volcanics of the Murphy Inlier, which were dated 
by Page et al (2000) at about 1850 Ma. Rawlings et al (2008) 
interpreted this unit to be a possible correlative of the Crow 
Formation of the South Nicholson Group, because it contains 

is also possible that it may correlate with parts of the older 
Fickling and McNamara groups of the Lawn Hill Platform.

MESOPROTEROZOIC

South Nicholson Group 

The South Nicholson Group (Figure 19.2, Table 19.1) 
unconformably overlies the Palaeoproterozoic Murphy 
Metamorphics of the Murphy Province, and the 
Palaeoproterozoic McNamara and probably Benmara groups 
of the Lawn Hill Platform. It is unconformably overlain 
by the Neoproterozoic Bukalara Sandstone and middle 
Cambrian Wonarah Formation (Georgina Basin), the early 
Cambrian Helen Springs Volcanics (Kalkarindji Province), 
and by Cretaceous and Cenozoic rocks and sediments. There 
are no accurate geochronological constraints on the age of 

from the Mullera Formation is considered unreliable, as the 

possibility of the inclusion of detrital material, principally 
micas, cannot be discounted (Plumb and Derrick 1975). 
Furthermore, it is possible that the rocks dated were lower 
in the South Nicholson Group succession than previously 
thought (Rawlings et al 2008). Zircons from a basal 
feldspathic sandstone in the Constance Sandstone, 20 km 
south of the Century Deposit in Queensland, have yielded 

et al 2000). Zircons 
from tuffaceous material from the Roper Group, which is 
correlated with the South Nicholson Group, have provided 

et al 1999). Based 
on this correlation, the age of the group is therefore interpreted 
to be in the range 1500–1400 Ma (Rawlings et al 2008).

Wild Cow Subgroup

The Wild Cow Subgroup outcrops in the west and south 
of the South Nicholson Basin in the Northern Territory 
(Figure 19.2) and incorporates three formations, the 
laterally equivalent Bowgan and Playford sandstones and 
an overlying recessive siltstone- and sandstone-dominated 
unit, the Crow Formation. The subgroup unconformably 
overlies the Murphy Metamorphics and McNamara Group, 
and probably unconformably overlies the Benmara Group. 
It is overlain disconformably, and locally with an angular 
unconformity, by the Accident Subgroup. Rocks assigned 
to this subgroup by Rawlings et al (2008) were originally 
mapped by Smith and Roberts (1963) as younger units of the 
South Nicholson Group (now Accident Subgroup). 

The Playford Sandstone forms the base of the South 
Nicholson Group in an area that extends from southeastern 
MOUNT DRUMMOND west to MITTIEBAH and north 
to BOXER. It comprises sublithic and quartzic sandstone, 
siltstone, granule sandstone and minor carbonate rocks, 
and outcrops as alternating strike ridges and narrow valleys 
that correspond to resistant sandstone and more recessive 

from 390 m to at least 1400 m in thickness and has been 
divided into three conformable named members (Rawlings 
et al 2008): the basal Wangalinji Member consists of a 

to coarse, locally pebbly, sublithic to quartzic sandstone 
overlain by laminated shale, thinly bedded siltstone, 

sandstone similar to the basal beds; the medial Top Lily 
Sandstone Member comprises white, pink, and darker pink-

Figure 19.4) with minor 
siltstone, ironstone and stromatolitic carbonate rocks; and 
the upper No Mans Sandstone Member is a prominent, 
coarse-grained to granule-bearing cross-bedded sandstone 
(Figure 19.5). Rawlings et al (2008) interpreted the Playford 
Sandstone to have been deposited in a range of settings, 
ranging from relatively deep basinal, through storm-shelf 
facies, to shoreface or marginal marine sand environments 
(Wangalinji Member), to shallow-marine shelf and minor 
peritidal environments (Top Lily Sandstone Member); to 

The Bowgan Sandstone is interpreted to be a lateral 
equivalent of the Playford Sandstone in the Benmara–Canyon 
Range area in the northwestern part of the basin. It probably 
unconformably overlies the Murphy Metamorphics and 

Figure 19.3
beds, eastern Bauhinia Dome. Banding results from alternating 
very thick beds of pebble conglomerate and pebbly sandstone, 

BENMARA, 53K 
751600mE 8001200mN, 37 km north-northwest of Wangalinji 
(after Rawlings et al 2008).
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Benmara Group and is conformably overlain by the Crow 
Formation, although contacts are generally poorly exposed. 
The unit is generally thin (<100 m, average ca 10 m) and is 
locally absent, particularly in the north. It comprises maroon, 

sandstone with occasional laminae of quartz granules and small 
pebbles, and is medium- to thickly bedded with planar bedding, 
parting lineations, small-scale trough cross-beds and mudstone 
intraclasts. Rawlings et al (2008) interpreted the formation 

intertidal deposit.
The largely recessive Crow Formation outcrops poorly 

throughout the western part of the South Nicholson Basin 
and was formerly mapped by Smith and Roberts (1963) 
as parts of the Mullera Formation, Mittiebah Sandstone 
and Benmara beds. It conformably overlies the Bowgan 
or Playford sandstones, or where the Bowgan Sandstone 
is absent, the Benmara Group and Murphy Metamorphics, 
and is conformably or disconformably overlain by the 
Mittiebah and Constance sandstones (Figure 19.6). 
The formation is up to 2500 m thick and is composed 

grained sandstone, red-brown to grey shale, chalky white 

sandstone; and minor, local, red-brown, poorly sorted, 
feldspathic, micaceous, ferruginous and lithic, medium- 
to very coarse-grained sandstone, pebbly sandstone 
and matrix-supported conglomerate (Figure 19.7). The 
conformable top of the Crow Formation in the Canyon 
and Mittiebah ranges is assigned to the 300–600 m-thick 
Tobacco Member
to very coarse-grained, quartzic to lithic, often glauconitic 
sandstone and localised pebble–cobble conglomerate, 

et al (2008) interpreted the Crow Formation to have had 
a close association with the nearby, tectonically active 
Murphy Inlier to the north. Coarse detritus was supplied 

deposits were deposited in an adjacent shallow-marine 
shelf environment that alternated in depth from below to 
above storm wave-base.

Accident Subgroup

The Accident Subgroup (Rawlings et al 2008) overlies 
the Wild Cow Subgroup in the western and southwestern 
parts of the South Nicholson Basin, but comprises the 

Figure 19.4. Very large-scale cross-beds in Top Lily Sandstone 
Member. Sandstone is mainly coarse-grained, with granule and 
pebble intervals. Regional bedding (dipping right at shallow 
angle) visible at top. MITCHIEBO, 53K 722000mE 7937000mN, 
200 m south of Mitchiebo Waterhole (after Rawlings et al 2008).

Figure 19.5
grained lithic sandstone of Top Lily Sandstone Member (below), 
and medium- to coarse-grained and pebbly cross-bedded sandstone 
of No Mans Sandstone Member (above). Type section for both 
members, MITCHIEBO, 53K 724230mE 7935820mN, 3 km east-
southeast of Mitchiebo Waterhole (after Rawlings et al 2008).

Figure 19.6. Unconformity between Crow Formation (recessive unit in 
foreground) and Constance Sandstone (resistant ridge in background). 
Note truncation of shallowly west-dipping sandstone bed of Crow 
Formation at unconformity. MITCHIEBO, 53K 745000mE 7947000mN, 
No Mans Creek, looking south (after Rawlings et al 2008).

Figure 19.7. Massive to streakily planar-bedded granule to pebble 
conglomerate in Crow Formation. Clasts are mainly of K-feldspar 
and quartz. BOXER, 53K 703700mE 8008220mN, Canyon Range 
(after Rawlings et al 2008).
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entirety of the South Nicholson Group in the central and 
eastern parts of the basin, including those parts in western 
Queensland (Figure 19.2). The contact between the two 
subgroups is conformable in the west, but disconformable 
and even an angular unconformity in the central parts 
of MOUNT DRUMMOND. In the east, where the 
Wild Cow Subgroup is absent, the Accident Subgroup 
disconformably or unconformably overlies the McNamara 
and Fickling groups of the Lawn Hill Platform, and in the 

beds. The subgroup is unconformably overlain by various 
late Neoproterozoic and Phanerozoic units, including the 
Georgina Basin succession. In southeastern MOUNT 
DRUMMOND, the Accident Subgroup has a minimum 
thickness of 400 m, but to the east, in the Constance 
Range region in LAWN HILL (northwestern Queensland), 
a thickness of up to 3350 m is attained (Rawlings et al 
2008).

In the Northern Territory, the Accident Subgroup 
comprises three formations: the basal Constance and 
Mittiebah sandstones, and an overlying recessive shaly 
unit, the Mullera Formation. A fourth formation, the Tidna 
Sandstone, is present in adjoining Queensland (Carter and 
Zimmerman 1960). The various formations and members 
of the Accident Subgroup have been shown to interdigitate, 
or grade laterally and vertically into one another over tens 
of kilometres of strike in western Queensland (Dunster 
and McConachie 1990), thus complicating stratigraphic 
interpretations and nomenclature.

The basal Constance Sandstone is widespread 
throughout the South Nicholson Basin in both Queensland 
and the Northern Territory. It ranges from 100 to 1100 m 
in thickness in the Northern Territory and comprises 
medium- to coarse-grained, granule-rich and occasionally 
pebbly, quartz or sublithic sandstone, interbedded with 

intervals are typically thickly bedded and cross-bedded; 

In the Northern Territory, the formation has been divided 
into three sandstone and two siltstone members (Rawlings 
et al 2008). These are, in ascending stratigraphic order, 
the Hedleys Sandstone, Pandanus Siltstone, Burangoo 
Sandstone, Wallis Siltstone and Schultz Sandstone 
members. The various sandstone members are recognisable 
only by virtue of the presence of the siltstone members 
between them. Since the siltstones are lenticular, or are 
truncated by overlying sandstone members, the Constance 
Sandstone has been mapped as a single unit where siltstones 
are absent. 

The basal 10–15 m-thick Hedleys Sandstone Member is 

grained, sublithic and quartzic sandstone, which contains 
mudclasts and minor granules and small pebbles of quartz. 
Immediately above the basal unconformity, the sandstone 
is slightly coarser and contains siltstone pebbles. The 
20–50 m-thick Pandanus Siltstone Member conformably 
overlies the basal sandstone and in CALVERT HILLS, 
was described by Roberts et al (1963) as being a micaceous 
siltstone with minor medium-grained quartz sandstone 
interbeds. In MOUNT DRUMMOND, it was described 
by Rawlings et al 

and shale. The sandstone contains parting lineations, 

parallel laminations, slump structures and convolute 
bedding. Conformably overlying the Pandanus Siltstone 
Member is the 35–150 m-thick Burangoo Sandstone 
Member
to coarse-grained quartzic to sublithic sandstone. This 
sandstone contains minor scattered quartz granules and 
pebbles, trough and planar cross-beds, scattered symmetric 
ripples and mudclasts, current lineations, symmetric ripples 
and synaeresis cracks. The conformably overlying Wallis 
Siltstone Member is up to 200 m thick and in CALVERT 
HILLS, was described by Roberts et al (1963) as being 

grained quartz sandstone interbeds. Rawlings et al (2008) 
described the same unit in MOUNT DRUMMOND as 

grained laminated sandstone with micaceous partings, and 
minor siltstone and shale. The member contains parallel and 
wavy laminations, cross-laminations, hummocky cross-

not common) current lineations, low- to high-relief gutter 

The 120–600+ m-thick Schultz Sandstone Member, at the 
top of the Constance Sandstone, is a white to brown, friable, 
medium, coarse and very coarse to granule sandstone, 
containing a 220 m-thick interval of platy, thinly laminated 

erosional on the Wallis Siltstone Member, and is expressed 
as a local disconformity or subtle angular unconformity. 
The upper contact with the Mullera Formation is apparently 
conformable. The Schultz Sandstone Member features 
planar and trough cross-beds at various scales, wave and 
interference ripple marks and mudstone intraclasts. 

Rawlings et al (2008) interpreted the sandstone intervals 
of the Constance Sandstone as having been deposited in 

The siltstone members were deposited in much lower-
energy environments, most likely in marine shelf to lower 
shoreface settings. The stacking pattern is similar to the 
Roper Group, which has been interpreted as a series of third-
order depositional sequences (Abbott and Sweet 2000).

The Mittiebah Sandstone ranges from 450 to at least 
2200 m in thickness and outcrops towards the west of the 
South Nicholson Basin. It is conformable or disconformable 
on the Tobacco Member of the Crow Formation and in 
general, is unconformably overlain by Georgina Basin 
rocks or by Cenozoic sediments, so that its relationship 
with any overlying Mesoproterozoic rocks cannot be 
easily determined. Several informal sandstone members 
were recognised by Rawlings et al (2008). The formation 

lithic sandstone, with minor interbeds of pebble or cobble 
conglomerate and siltstone. Sedimentary structures 
include moderate- to high-angle planar and lesser trough 
cross-beds (Figure 19.8), small-scale trough cross-beds, 
granule laminae, mudclasts, symmetric ripples (sinuous 
and interference types), crude current lineations and 
parting lineations. Rawlings et al (2008) concluded that 
the depositional environment probably alternated between 
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Crow Formations. However, the basin is prospective for 
sandstone-type uranium, base metals and petroleum, as 
well as for iron ore. 

Iron ore

In the Queensland portion of the South Nicholson Basin, 

in the Train Range Ironstone Member in the Constance 
Range area (Carter and Zimmerman 1960, Harms 1965, 
Figure 19.2). Published reserves are 362 Mt averaging 
from 42 to 57% Fe.

In the Northern Territory, most iron occurrences 
occur within siltstone and claystone of the Mullera 
(Figure 19.9) and Crow Formations, but there are 
also occurrences within the Playford and Constance 
sandstones. Several ‘Clinton-type’ oolitic iron ore 
occurrences were documented by Rawlings et al (2008), 
who referred to them as ‘Wabana (Newfoundland)-type’ 
deposits. Oolitic ironstone occurs as massive stratiform 
bodies, 5–20 m thick and 100s to 1000s of metres long, 
which were deposited in a shallow-shelf to intertidal, 
clastic-dominated environment, in humid, periodically 
agitated conditions. Iron-rich sand grains were reworked 
with gentle wave/current activity and accumulated iron 
around a sand or pebble nucleus, so as to build up oolitic 
layers of iron. The mineralisation consists principally 
of oolitic haematite, siderite and chamosite. Haematite 

bedding. At least part of this mineralisation relates to 

have also affected some of the ironstone bodies and led to 
higher iron concentrations. 

Samples collected from a large prospective area of 
1400 km2 by Phosphate Australia Ltd have returned iron 
grades greater than 40%, up to a maximum of 63.7% Fe, 
with a relatively low P (phosphorus) content (Phosphate 
Australia Ltd ASX Announcement 10/08/2010). 

Base metals

Rawlings et al (2008) concluded that there may be some 
potential for base metals in parts of the South Nicholson 
Basin. In particular, they noted that the Crow Formation and 

Range and Bauhinia Dome respectively, have recessive 
shaly intervals that may contain blind base metals deposits, 
possibly of SEDEX or MVT style. 

Petroleum

There are mixed indications of the petroleum potential of 

basin in the Northern Territory was Brunette Downs-1, 
drilled in 1964 (Mines Administration Pty Ltd 1964). 
Although primarily targeted on the younger Cambrian 
section, the well intersected almost 200 m of the uppermost 
Mullera Formation. No hydrocarbons were detected and 
the best TOC reported from the formation was 0.14% 
(Lanigan 1993). Samples of the upper Mullera Formation in 

Queensland contain higher TOC contents of up to 3.0%, but 
are overmature for oil generation (Lanigan 1993).

prospectivity of the South Nicholson Basin in the 
Northern Territory during the early to mid 1990s. 
Drillhole DD92SN1 was continuously cored from 54 m 

Oil and Gas regarded as dipping Mullera Formation and 
the upper 27.94 m of Constance Sandstone. Of twenty-
four selected mudstone samples from the putative Mullera 

best was 1.5%. The generative potentials and levels of 
extractable hydrocarbons were all low and all samples 
were found to be beyond peak oil generation. There also 
appeared to be little reservoir potential due to primary 

program was terminated prematurely, partly due to the 
poor results from DD92SN1 (Lanigan 1993), but following 
the remapping of MOUNT DRUMMOND, Rawlings et al 
(2008) suggested that the company had inadvertently 
drilled the Crow Formation, rather than the Mullera 
Formation, which remains untested in the Northern 
Territory. 

Hydrocarbons and odours have been recorded from a 
shallow waterbore, known colloquially as ‘Hydrocarbon 
Bore’ or ‘Blackfellow Bore’, probably drilled in 2002 near 
Peaker Piker Creek on Mittiebah station. The approximate 
location of this bore was given by Rawlings et al (2008) 
as 53K 703000mE 7922000mN, but it may be more 
accurately located about 160 m south-southwest of this 
location at 53K 702951mE, 7921848mN (Bill Fraser, 

Rawlings et al (2008) noted that organic-rich shale from 
about 120 m depth, near the bottom of Hydrocarbon Bore, 
had a TOC of 10.6%, was below the oil window, and was 
substantially less mature than rocks sampled in DD92SN1. 
Rawlings et al (2008) interpreted the intersected strata as 
possible Mullera Formation, but that unit does not outcrop 
in this westerly portion of the basin and the stratigraphic 
position is therefore uncertain. 
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Fitzmaurice Basin

INTRODUCTION

The newly named Fitzmaurice Basin in the northwestern 
Northern Territory contains the Fitzmaurice Group 
(Figures 20.1, 20.2). This enigmatic group is a succession 
of unmetamorphosed siliciclastic, dominantly arenaceous 
sedimentary rocks, probably in excess of 3500 m thick. 
The stratigraphic succession of the Fitzmaurice Group is 
summarised in Figure 20.3. The group consists of four 
formations in the Northern Territory and is exposed in a 
northeast-trending structural belt from near the Western 
Australian border to north of Daly River (Figure 20.2). 
The formation names were introduced by Sweet et al (1974) 
who assigned them to the Precambrian, but not to any 
particular basin. Much of the following discussion is based 
on Sweet’s original work and from subsequent mapping 
undertaken in the north (Edgoose et al
to distinguish between the formations on the ground, 
because of lithological similarity, subtle lateral facies 
changes, the lack of marker beds or diagnostic sedimentary 
structures, and structural complexity, including fault-
repetition. Furthermore, it is probable that the previously 
presented, conformable layer-cake stratigraphic succession 

relationships are considered. There are no unequivocal 
chronostratigraphic ages from the Fitzmaurice Group. 
A Palaeoproterozoic or Mesoproterozoic age has been 
inferred from the ages of underlying basement and from 
intrusive rocks. The group commonly forms inaccessible, 
steep rugged benches, scarps and ridges and this has 
hindered further work. Dunster et al (2000) suggested that 

that there is little stratigraphic similarity with basins to the 
east (eg Victoria and Birrindudu basins), but further work is 

correlatives include any of several Palaeoproterozoic 
groups in Western Australia (eg Speewah, Kimberley 
groups), any of several elements of the Birrindudu Basin, 

in Western Australia. Indeed, the Fitzmaurice Basin may 
contain more than one correlative from elsewhere (eg both 
Palaeoproterozoic and Mesoproterozoic successions that 
are equivalent to both the Birrindudu or Limbunya groups 

A maximum depositional age of 1640 Ma has been 
obtained from detrital zircons in the Moyle River 

Geoscience Australia, pers comm 2009). The latter would 
suggest a correlation with the ca 1640 Ma Limbunya 
Group or younger groups of the Birrindudu Basin. The 
thick siliciclastic rocks of the Fitzmaurice Group have no 
direct lithostratigraphic correlative in the predominantly 
carbonate and evaporitic Limbunya Group. Although 
some of the younger groups in the Birrindudu Basin 
are dominantly clastic, their combined total thickness 
is less than that of just the basal sandstone formation in 
the Fitzmaurice Group. This would suggest that if the 

Fitzmaurice Group was deposited contemporaneously 
with the ca 1640 Ma elements of the Birrindudu Basin, it 
was in a very different basinal setting.

Western Australia is that both unconformably overlie 
the same basement and contain >3000 m of dominantly 

grained quartz sandstone, siltstone, and minor lithic 
sandstone and conglomerate. The basins occupy similar 
structural settings and the environments of deposition 
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during Bureau of Mineral Resources mapping in the 
1970s (eg Morgan 1972). Sweet et al (1974, written comm 
2009) and Thorne et al (1999) correlated the Stonewall 

Boyd Group directly with the Lalngang Sandstone and 
Legune Formation in the upper part of the Fitzmaurice 
Group (Figure 20.3

Boyd Group and have a wider range of sedimentological 

1 and LISSADELL (WA) 

separated by about 30 km and there is no direct evidence 
that the two areas were ever part of the same depositional 
basin. 

Since there is no consensus on the other group(s) with 
which the Fitzmaurice Group may correlate and since it 
appears that the group may have been deposited in its own 
basin, the new name, Fitzmaurice Basin, is used formally 
herein. The constituent formations in the Fitzmaurice Basin 
are described below.

PALAEO–?MESOPROTEROZOIC

Fitzmaurice Group

In ascending stratigraphic order, the four formations that 
comprise the Fitzmaurice Group are the Moyle River 
Formation, Goobaieri Formation, Lalngang Sandstone and 
Legune Formation. 

The Moyle River Formation disconformably overlies the 

and the Koolendong Granite and Murra-Kamangee 

Dolerite. The latter is believed to have been intersected 

1393 Ma and 1537 Ma. Thus, the Fitzmaurice Group 
must predate these. The Moyle River Formation generally 

and minor siltstone and pebble to cobble conglomerate 
(Figure 20.4, 20.5

the immediately underlying granite. A well developed 
intraformational conglomerate has been mapped in ANSON 
(Fahey and Edgoose 1986). In MOYLE, the Moyle River 
Formation contains some small lenses of volcanic rocks, 
dolostone and conglomerate (Edgoose et al 1989). The 
volcanic rocks were described as highly contaminated 

potassium feldspar in a turbid mass of chlorite, and 
chalcedonic and cherty quartz. Most of the phenocrysts 
have been altered to granular epidote, cherty quartz, clay 
minerals and feldspar, and may represent pyroclastics 
within an extrusive lava. The volcanic rocks have not been 
dated. A few scattered outcrops of dolostone contain conical 
and branching stromatolites. These are the only examples 
known from the basin. Elsewhere in the sandstones, 

Figure 20.6) are the 
only diagnostic sedimentary structures. It is not possible 
to determine an accurate thickness for the Moyle River 

et al (2000) and Sweet et al (1974) each 

several interbeds of siltstone reported to be up to 460 m 
thick (Morgan 1972). Morgan gave a total thickness of up to 
11 000 m (his table 1). Further northwest, Mendrum (1972) 
gave a thickness of 10 400 m in the vicinity of Tom Turners 
Fault and indicated that the basal conglomerate was sourced 
from the northwest. It was thought that these thicknesses 
might have included other formations above the Moyle River 

Second edition mapping by Dundas et al (1987) obtained 
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formations were present and structural repeats are unlikely. It 
is possible that the northern Moyle River Formation is laterally 
equivalent to other formations in the south. Even so, it is an 
enormous volume of sandstone to have been deposited and 
almost certainly indicates some concurrent tectonic activity.

The Goobaieri Formation conformably overlies the Moyle 

shows more lateral facies variation than the other members of 
this group, but a prominent, medial medium-grained sandstone 

and ripple marks are present locally. There is no accurate 
et al (1974) cited 

that Goobaieri Formation thickens from virtually nothing to 
500 m over a distance of 25 km near Victoria River.

The Lalngang Sandstone is exposed over a large area 

Formation, but it may be disconformable at a regional 
scale. In MOYLE, the Lalngang Sandstone is intruded 
by the Ti Tree Granophyre, which has given a possible 
crystallisation age of 1805 ± 4 Ma, but this is regarded as 
unreliable as it was based on too few zircons (Edgoose 
et al 1989). The Lalngang Sandstone typically consists 
of silica-cemented quartz sandstone, conglomerate, and 
minor siltstone. The sandstone is commonly thickly bedded 
with locally abundant cross-beds and ripple marks. In 

Sandstone contains more siltstone than elsewhere and 

little or no conglomerate. This is part of an overall trend 
towards more argillaceous lithologies in the northwest. The 
formation is 1400 m thick at the type section, but it may be 
considerably thinner elsewhere.

The Legune Formation has a generally similar outcrop 
distribution to the Lalngang Sandstone, covering almost 
the entire length of the basin in the Northern Territory. The 
two formations have a conformable, commonly gradational 

Formation may onlap the three other formations in the group 
(Sweet 1977) since it also apparently unconformably overlies 
the Whitewater Volcanics. In both the north and south 

Formation generally consists of monotonous medium-grained 
Figure 20.7) up 

Figure 20.4

ANSON, precise location unknown).

Figure 20.5. 
KEATS, KEATS

Figure 20.6
ANSON, precise location unknown). 
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to 600 m thick. Some individual beds can be traced for up to 

laterally due to subtle facies and compositional variations. 

it is technically an orthoquartzite. The formation generally 
coarsens and includes more labile minerals to the southwest. 
In the central part of the outcrop area, around Legune 
homestead, the formation is exposed as siltstone with only 

associated with groundwater movement were described 
from north of River Peak (Byrne 1994). Mudcracks, ripple 
marks, current lineations and small-scale cross-beds indicate 
deposition in a high-energy, shallow-marine environment 

formations overlying the Legune Formation are Palaeozoic in 
age and the upper contact is clearly unconformable. 

The overall environment of deposition for the Fitzmaurice 

marine shelf deposits which were laid down in an active 
strike-slip setting (Plumb et al
Tyler (1996) interpreted them as a braided delta complex, 
which prograded northward and northeastward over a low 

grain size and compositional maturity of the sediment was 
taken as evidence that the source area probably lay several 
hundred kilometres to the south and southwest. Sediment 
was transported to the shelf by a system of shallow braided 
channels and redistributed at the delta front by waves and 
longshore currents.

STRUCTURE

The Fitzmaurice Group is only exposed in a northeast-
trending structural corridor called the Fitzmaurice Mobile 
Zone (Figure 20.2). It is debatable if this represents 
the fundamental depositional basin or is merely its 
preserved remnants. Transcurrent faulting may have 
even moved the entire basin. Although many workers 
have postulated that deposition of the Fitzmaurice Group 
occurred during a period of rapid subsidence related to 
active transpressional or rift-bounding faults or foredeep 
development, there is, as yet, no documented evidence 
of growth faulting. The timing of basin formation and 
deformation is poorly constrained and it is probable that 
at least some structure is inherited from basement by 
the reactivation of older northeast-trending faults. In the 
far north of its distribution, the Moyle River Formation 
has developed a weak to moderate foliation adjacent to 
faults (Figure 20.8). Where deformation is more severe, 
crenulation and kinking (Figure 20.9) can be observed 

Fitzmaurice Group by hundreds of metres, but there is no 
discernable fabric in the rocks. The Victoria River Fault 
Zone (Figure 20.2) controls the present distribution of 
the group to the southeast, and the relationship with the 
Victoria and Birrindudu basins across the fault remains 
problematic. Further northeast, the group is only exposed 
to the northwest of Tom Turners Fault, which also trends 
northeast. This fault has an interpreted dextral sense and 
a vertical downthrow of at least 1000 m (Dundas et al 
1987). The other major faults to affect the Fitzmaurice 

Figure 20.7. Thin, parallel-bedded haematitic quartzite, Legune 
KEEP, precise location unknown).

Figure 20.8
ANSON, precise 

location unknown).
Figure 20.9. Kink bands in micaceous sandstone, Moyle River 

ANSON, precise location unknown). 
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along the Whirlpool Reach Fault range from >600 m to 

with its most recent movement. Thorne and Tyler (1996) 
interpreted that most of the post-Palaeoproterozoic 

Fault has an apparent vertical displacement of at least 
1100 m (Sweet et al
strike-slip component. 

MINERAL RESOURCES

The Fitzmaurice Group has been included in regional 
stream-sediment sampling for diamonds and base metals 
(eg Perring and Turley 1982), but the sample coverage 
of most individual surveys was probably inadequate 
for base metals. In the mid-1980s, Western Mining 

base metals to the west of the Koolendong Valley. The 
Goobaieri and Legune formations were initially seen as 
being the most prospective in the Fitzmaurice Group 

after a brief reconnaissance, because of an apparent 
lack of syndepositional faulting which was an important 

Minerals NL joint venture investigated the potential 
for sediment-hosted copper mineralisation in the 
Fitzmaurice Group along the Victoria River Fault Zone 
(Stephens 1997) and undertook semi-detailed stream 
sediment sampling. During the late 1990s, the Legune 
Formation was targeted for base metal exploration (Pease 
1998), but the limited work focused only on localised 
ferruginous phases. There has also been some conceptual 
targeting of unconformity-style uranium eg by  

mineralisation and Truscott also considered the area 
to be prospective for rare earth element mineralisation. 
The only report of precious metals is Brown (1895) who 
quoted assays from quartz veins in sedimentary rocks 
(presumably Fitzmaurice Group) near the mouth of the 

 
gold. These reports have never been corroborated 
despite efforts by several exploration companies (eg 
Goulevitch 1992).
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The oldest rocks in the Musgrave Province are gneisses 
that have igneous and rare sedimentary precursors, with 
protolith ages in the range 1600–1540 Ma (Camacho and 
Fanning 1995, Edgoose et al 2004, Wade et al 2006). These 
gneisses dominate much of the Musgrave Province in South 
Australia, but have relatively restricted exposure in Western 
Australia and the Northern Territory (Figure 21.2). They 
were metamorphosed to granulite–amphibolite-facies 
during the Musgrave Orogeny at 1220–1150 Ma (Gray and 
Compston 1978, Maboko et al 1991, Camacho 1997, Wade 
et al 2008, Howard et al 2011). 

In areas to the west and southwest in the western 
Musgrave Province within Western Australia, the oldest 
known rocks are felsic gneisses with protoliths that intruded 
during the Mount West Orogeny at 1345–1293 Ma (White 
et al 1998, Howard et al 2011). Rocks of this age have not 

Voluminous widespread granitic magmatism 
(Pitjantjatjara Supersuite) occurred synchronous with the 
Musgrave Orogeny in the interval 1220–1150 Ma (Camacho 
and Fanning 1995, Edgoose et al 2004, Smithies et al 2011, 
Howard et al 2011). It was widespread throughout the 
Musgrave Province, but was particularly extensive within 
the Northern Territory. A second major phase of magmatism, 
the Warakurna Supersuite occurred during the Giles Event 
at 1085–1040 Ma (Sun et al 1996, Howard et al 2011). This 

et al 
1993), and further emplacement of granite and charnockite. 
Extrusive equivalents of the Giles Complex occur in the 
western Musgrave Province in Western Australia (Bentley 
Supergroup), and in the Bloods Range region of the Northern 

Chapter 21: MUSGRAVE PROVINCE DF Close

INTRODUCTION

The Musgrave Province is a large east–west-trending 
Mesoproterozoic basement inlier in central Australia that 
extends along the Northern Territory–South Australia 
border and into Western Australia (Figure 21.1). The 
province has both tectonic and locally unconformable 
contacts with Neoproterozoic to Palaeozoic sedimentary 

to the south and west. Palaeozoic strata of the Canning 
Basin overlie the province to the west in Western Australia 
and the eastern boundary in the Northern Territory is 

considered to have once been contiguous and overlaid the 
Musgrave Province as part of the Neoproterozoic–early 
Palaeozoic Centralian Superbasin, before the Musgrave 
Province was uplifted and exhumed during the 580–530 Ma 
Petermann Orogeny. The province is underexplored, and 
detailed geological investigations in the Northern Territory 
are largely limited to investigations by NTGS during the 
1990s and early 2000s (Edgoose et al 1993, Scrimgeour 
et al 1999, Young et al 2002, Close et al 2003a, Edgoose 
et al 2004), and follow-up investigations by university 
researchers using NTGS samples and data (Wade et al 
2006, Gregory et al 2009, Raimondo et al 2010). In the 
Northern Territory, the Musgrave Province occurs within 

1, PETERMANN RANGES, 
AYERS ROCK, KULGERA and UMBEARA.

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large and 
small capital letters, respectively, eg KULGERA, UMBEARA.
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Figure 21.2
Amadeus Basin (GOMA) seismic survey, 08GA-OM1 indicated in red. Section of interpreted seismic line across Musgrave Province is in Figure 21.15. Geology of Musgrave Province in Western 
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Territory (Tjauwata Group), where they are overlain by 
basal sedimentary rocks of the Amadeus Basin. The Giles 

emplacement, at 1000 Ma (Kullal Dyke Suite; Glikson et al 
1996, Howard et al 2011) and at 820 Ma (Amata Dolerite; 
Maboko 1988, Zhao et al 1994, Glikson et al 1996, Howard 
et al 2011).

The Petermann Orogeny was a major transpressional 
intraplate event that affected the Musgrave Province at 
580–530 Ma (Camacho et al 1997, Scrimgeour and Close 
1999, Scrimgeour et al 1999, Camacho and McDougall 2000, 
Raimondo et al 2010). This event resulted in large-scale 
exhumation of rocks from the deep crust (ca 40 km depth; 
Scrimgeour and Close 1999). Major structures associated 
with the Petermann Orogeny include the steeply north-
dipping Mann Fault, and the north-directed Woodroffe 

exhumation north of the Mann Fault (Figure 21.3). The 
Woodroffe Thrust separates the largely granulite-facies 
Fregon Domain in the south from the amphibolite-facies 
Mulga Park Domain in the north (Camacho 1989, Edgoose 
et al 1993, Major and Conor 1993). These domains represent 
sections of the Mesoproterozoic Musgrave Province that 
were metamorphosed at different crustal levels during 
the Petermann Orogeny. In Western Australia, the Fregon 
Domain has been termed the Fregon Zone and has been 
further divided in to the Tjuni Purlka Tectonic Zone, the 
Walpa Pulka Zone and the Mamutjarra Zone, on the basis of 
age and the chemistry of intrusions and degree of deformation 
during the Petermann Orogeny (Howard et al 2011). Mid- 
to upper-crustal rocks affected by the Petermann Orogeny 
are exposed along the northwestern margin of the block, 
where an internally duplexed basement wedge (Petermann 
Nappe Complex) has been thrust northward along a 
detachment zone that comprises interleaved basement and 
basal Amadeus Basin sedimentary rocks. The intensity of 
deformation and degree of exhumation associated with the 
Petermann Orogeny decreases to the east.

MUSGRAVIAN GNEISS (1600–1540 Ma)

Gneissic units that predate the 1220–1150 Ma Musgrave 
Orogeny were termed ‘Musgravian gneiss’ by Edgoose 
et al (2004), and these rocks occur locally throughout the 
Musgrave Province within the Northern Territory. They are 
dominated by felsic gneiss with granitic and probable felsic 

common and may represent bimodal volcanic successions. 
Pelitic and semi-pelitic gneiss and orthoquartzite with 
likely sedimentary precursors occur locally within the felsic 
gneiss. Metamorphic grade ranges from granulite to upper 
amphibolite facies. In the Fregon Domain, metamorphic 
grade decreases eastward, from granulite facies in the west to 
transitional granulite facies around Kulgera, to amphibolite 
facies in the Umbeara area. North of the Woodroffe Thrust, 
in the Mulga Park Domain, the metamorphic grade of all 
outcropping Musgravian gneiss is upper amphibolite facies. 
Most Musgravian gneiss remains unnamed, although some 
units have informal lithostratigraphic names. The gneisses in 
the Fregon Domain are considered equivalent to the Birksgate 
Complex of South Australia (Major and Conor 1993).

The 1600–1540 Ma Musgravian felsic gneisses are 
widely interpreted to have formed in a subduction-related 
setting (Zhao and McCulloch 1993, Scrimgeour et al 1999, 
Wade et al 2006). Depleted-mantle Nd model ages of these 
igneous rocks are predominantly in the range 1.9–1.7 Ga, 
which suggests relatively brief crustal residence times and 
the extraction of new continental crust from the mantle 
during this period. Myers et al (1996) suggested that the 
Musgrave Province originated as new continental crust 
on the northern margin of the Gawler Craton, which also 
experienced felsic magmatism (and metamorphism) at about 
1600–1540 Ma. Felsic gneisses from within the Northern 
Territory have been interpreted to have geochemical and 
isotopic signatures that suggest formation during crustal 
addition in an arc-like setting (Wade et al 2006). Wade et al 
proposed that the early history of the Musgrave Province 
was related to subduction along the northern margin of the 
Gawler Craton, immediately prior to early Mesoproterozoic 
suturing of the North and South Australian cratons.

Musgravian gneiss in Fregon Domain

Felsic gneiss
Musgravian gneiss in the Fregon Domain is predominantly 
quartzo-feldspathic and is homogeneous, medium grained 

orthopyroxene, biotite and magnetite, with garnet locally 
developed. The rocks generally contain a strong gneissic 
layering, with leucosomes that are interpreted to be 
crystallised partial melts.

In the Mann Ranges, gneissic layering is variably 
overprinted by a mylonitic fabric that developed during 
the Petermann Orogeny. In zones of relatively low strain, 

garnet, hornblende and secondary biotite. Where the 
mylonitic overprint is pervasive, few granulite-facies 
assemblages are preserved with recrystallisation to 
metamorphic assemblages that contain garnet, hornblende, 
clinopyroxene and biotite.

In the Kulgera area, the Outounya Gneissic Unit (Edgoose 
et al 1993) consists of texturally similar amphibole-bearing 
and garnet-bearing varieties. The amphibole-bearing 
variety is dominant and may also contain orthopyroxene 
and clinopyroxene. The garnet-bearing variety may 
contain garnet and orthopyroxene, but not amphibole and 
clinopyroxene. The protolith of the Outounya Gneissic Unit 
is interpreted to be felsic volcanic and intrusive rocks.

In the Umbeara area, Musgravian gneiss is upper 
amphibolite facies in metamorphic grade and is dominated 
by migmatitic to banded quartz-feldspar-biotite gneiss and 
hornblende gneiss, with lesser leucogneiss, biotite and 
muscovite gneiss, and amphibolite (Figure 21.4). Most 
commonly, the gneiss contains biotite, quartz, K-feldspar, 
plagioclase and ilmenite, with accessory allanite and 
secondary titanite, chlorite and epidote. Compositionally, 
these gneisses appear to range from leucodiorite through 
quartz leucomonzodiorite and leucogranodiorite to 
leucogranite. The muscovite gneiss is generally migmatitic 
to schistose, banded in appearance, and interlayered with 
quartzite. The presence of rare sillimanite and accessory 
garnet in muscovite schist suggests a metasedimentary 
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protolith. The amphibolite in this area forms lenses and 

variants are present and relict gabbroic textures are locally 
preserved. Although gneiss in this area has not been directly 
dated, inherited zircons from a granite that intrudes the 
gneiss have cores with a SHRIMP U-Pb age of 1591  9 Ma 
and metamorphic rims with an age of 1229  39 Ma. These 

metamorphic ages of this gneiss. The Musgravian gneisses 
in the Umbeara area are interpreted to be generally volcanic 

(Edgoose et al 2004). 

gneiss in the Kulgera region and in the eastern Mann 
Ranges. Near Kulgera, it forms the dominant composition of 
the Kalamurta Gneissic Unit, whereas in the eastern Mann 
Ranges, south of the Mount Charles Thrust, it occurs in 
discontinuous zones up to 50 m wide within felsic granulite. 
The metapelitic rocks are mineralogically variable, and a 

alignment of leucosomes parallel to the gneissic fabric. 
The Kalamurta Gneissic Unit (Edgoose et al 1993) is 
dominantly cordierite-sillimanite-garnet gneiss with lesser 
quartzo-feldspathic gneiss and amphibolite, whereas in 
the eastern Mann Ranges, the primary granulite-facies 
assemblage is poorly preserved, and the rocks have largely 
been recrystallised to an assemblage containing garnet, 

the Petermann Orogeny. In both the Kalamurta Gneissic 

interlayered with pelitic gneiss. Typically, these contain a 

and felsic layers. 

gneiss is indicated by their compositional heterogeneity and 
interlayered style of outcrop. It is likely that they represent 
pelitic sediments that were either interlayered with basalts or 

predominance of magnetite over ilmenite as the dominant 
oxide led Edgoose et al (1993) to suggest that the Kalamurta 
Gneissic Unit is a metamorphosed altered volcanic suite.

There has been no detrital zircon age data acquired from 
interpreted metasedimentary units of the Musgravian gneiss 
within the Northern Territory. However, detrital age spectra 
from metasedimentary rocks from South Australia and from 
the Papulankutja Supersuite and Wirku Metamorphics in 
Western Australia has indicated maximum deposition ages 
of 1.4–1.3 Ma (Wade et al 2008, Howard et al 2011), raising 
the possibility that metasedimentary components within the 

1.6–1.54 Ma magmatic components.

Figure 21.5) occurs 
in the far western Mann Ranges near Surveyor-Generals 
Corner. It comprises two-pyroxene granulites of felsic to 

by leucosomes has been transposed into a mylonitic fabric. 
Primary clinopyroxene and ilmenite is locally preserved 
from the granulite-facies assemblage, and is overprinted 
by a garnet-clinopyroxene-rutile assemblage, which forms 
coronas and symplectites in low-strain areas, and which 

Musgravian gneiss in Mulga Park Domain

Amphibolite-facies Musgravian gneiss within the Mulga 

pelitic gneiss, schist and amphibolite. At various scales, felsic 
gneiss appears to form roof pendants, rafts or xenoliths within 
granite of the Pitjantjatjara Supersuite. The Allanah Gneiss in 
AYERS ROCK is quartzofeldspathic and equigranular, with 
a mineral assemblage containing biotite, quartz, K-feldspar, 
plagioclase and locally developed garnet. This texture and 
assemblage is typical of the amphibolite-facies felsic gneiss, 

rather than biotite. In the Olia Chain, felsic gneiss is relatively 
common and is generally strongly migmatitic, with single or 
multiple generations of leucosomes. Epidote, titanite and 
allanite are common accessories. In this area, a gneissic 
fabric with parallel diffuse leucosomes is tightly folded and 
a second generation of leucosomes is axial planar to the 

Figure 21.4. Amphibolite-facies felsic gneiss from Musgravian 

veins related to Pitjantjatjara Supersuite (FINKE: 53J 364764mE 
7149939mN).

Figure 21.5
gneiss from Musgravian gneiss in western Mann Ranges within 

(PETERMANN RANGES: 52J 517910mE, 7129923mN).
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folds (Scrimgeour et al 1999). The homogeneous granitic 
composition of felsic gneiss in the Olia Chain indicates an 
intrusive igneous precursor. SHRIMP U-Pb zircon protolith 
ages are in the range 1591–1539 Ma and a metamorphic rim 
from a felsic gneiss in the Olia Chain has yielded an age of 
1176  40 Ma (Scrimgeour et al 1999). 

The Opparinna Metamorphics (Young et al 2002) are 
a distinctive succession of dominantly metasedimentary 
rocks in the southwestern Kelly Hills, north of the 
Musgrave Ranges. The succession consists of up to 30 m 
of basal Mn-rich quartz-muscovite schist (Figure 21.6), 
containing porphyroblastic Mn-rich andalusite (viridine), 
overlain by 15 m of quartzite and approximately 50 m of 
meta-igneous amphibolite, which is partly interlayered 
with the quartzite. In the quartz-muscovite schist, viridine 
occurs as medium to coarse strongly poikilitic grains and 

relict bedding, is strongly foliated, and contains muscovite 
and accessory euhedral garnet and piemontite. Coarse 
granite and pegmatite dykes of the 1150 Ma Kulpitjata 
Suite intrude the Opparinna Metamorphics, providing a 
minimum age for the sedimentary rocks. The quartzite has 
yielded a single zircon population with a SHRIMP U-Pb age 
of 1603  36 Ma, which provides a maximum depositional 
age for the quartzite (Young et al 2002). Camacho (1997) 
suggested that these sedimentary rocks might be remnants 
of oceanic crust that predate 1600–1540 Ma magmatism.

A small area of garnet-muscovite-biotite gneiss 
occurs near Mount Fraser in the Mulga Park area. It is 

by alternating migmatitic and biotite-rich layers. A 
SHRIMP U-Pb monazite age of 1177  6 Ma from these 

were metamorphosed during the Musgrave Orogeny.
Numerous ridges of quartzite in the Mulga Park area have 

been informally named the Sentinel beds (Edgoose et al 1993) 
and have been interpreted to be sedimentary in origin. They 
are composed of foliated quartzite and quartz-muscovite 
schist containing minor garnet and/or biotite, and are 
locally intercalated with granite, pegmatite and amphibolite. 
Outcrops and ridges of crystalline quartzite also occur in the 
Olia Chain to the south of Foster Cliff (Scrimgeour et al 1999), 
although these may represent recrystallised vein quartz.

MUSGRAVE OROGENY (1220–1150 Ma)

The 1220–1150 Ma Musgrave Orogeny is recorded 
throughout the Musgrave Province, but evidence for the 

in areas that were not pervasively reworked during the 
580–530 Ma Petermann Orogeny. The Musgrave Orogeny 
involved amphibolite- to granulite-facies metamorphism 
and intense deformation, which is associated with 
voluminous and long-lived syn- to post-tectonic granitic 
magmatism of the 1220–1120 Ma Pitjantjatjara Supersuite. 
This volume of felsic magmatism provides evidence for 
protracted heating of the lower crust, which is associated 
with an elevated geotherm during the Musgrave Orogeny. 
In Western Australia, metamorphic assemblages associated 
with the Musgrave Orogeny are preserved and represent 

between 1220 and 1150 Ma (Howard et al 2011). The 
combination of a prolonged period of ultra-high temperature 
(UHT) metamorphism and large-volume, compositionally 
anhydrous magmatism has led to the interpretation of a 
long-lived intracratonic extensional tectonic setting for the 
Musgrave Orogeny (Smithies et al 2011).

The best estimates for the timing of the Musgrave 
Orogeny in the region are from felsic granulite in the eastern 
Mann Ranges and amphibolite-facies pelitic gneiss from 
near Mulga Park.  In the felsic granulite, metamorphic rims 
on zircons have given a date of 1170 ± 10 Ma, whereas in the 
pelitic gneiss, crystallisation of metamorphic monazite has 
given a 207Pb/206Pb age of 1177 ± 6 Ma, a 206Pb/238U age of 
1155 ± 7 Ma and a 208Pb/232Th age of 1169 ± 16 Ma (Camacho 
1997). These estimates are within error of less precise ages 
of 1176 ± 40 Ma for zircon rims in amphibolite-facies gneiss 
in the Olia Chain, and 1190 ± 35 Ma from metamorphic rims 
on inherited zircons within the Walal Granite in the Mann 
Ranges. Metamorphic rims on a sample of Allanah Gneiss 
yielded a SHRIMP U-Pb zircon age of approximately 
1206 Ma (Young et al 2002), with no error quoted. In 
addition, a sample of Mantarurr Suite from the Olia Chain, 
with an intrusive zircon age of 1168 ± 14 Ma, contains 
narrow metamorphic rims with ages indistinguishable from 
the intrusive age. Titanite from the same rock has given 
1165 ± 11 Ma. These data are consistent with extensive 
zircon and monazite data from gneiss in the Musgrave 
Ranges (Camacho 1997) and in Western Australia (Howard 
et al
Orogeny occurred in the interval 1220–1150 Ma.

Musgrave Orogeny in Fregon Domain

Within the Northern Territory, the structural evolution 
during the Musgrave Orogeny is preserved in the eastern 
Musgrave Province, in areas that escaped reworking 

metamorphic grade during the Musgrave Orogeny was 
generally granulite facies, with the exception of the Umbeara 
area in the far east, where the grade is amphibolite facies. 
Pressure estimates of metamorphism generally increase 
towards the west.

Around Kulgera, transitional granulite-facies rocks 
have a well-developed S1 gneissosity that is transposed 

Figure 21.6. Viridine-bearing schist in Opparinna Metamorphics 
of Musgravian gneiss from Kelly Hills area within Mulga Park 

frame is 20 cm.
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into a north-trending, west-dipping, S2 transposition fabric. 

tight, isoclinal, intrafolial F2 folds. This area forms part of 
the more extensive Ernabella-Kulgera structural domain of 
Camacho (1997), which extends southwest to the Ernabella 
region of South Australia, and continues east to the limit 
of exposure of the Musgrave Province in the Northern 
Territory. Camacho and Fanning (1995) estimated the P-T 
conditions near Kulgera to be 660–850°C and 5.2–6.2 kbar. 
Garnet and sillimanite are enclosed by cordierite, implying 
decompression following peak metamorphism. Further 
east in the Umbeara area, gneisses locally contain biotite-
sillimanite-muscovite assemblages, indicating middle to 
upper amphibolite-facies conditions.

More detailed data has been derived from the 
Musgrave Ranges in South Australia by Camacho (1997). 
In the Ernabella region, 20 km south of the Northern 
Territory border, P-T conditions during peak Musgravian 
metamorphism were estimated to be 7 kbar and 800°C, 
whereas in the Mount Woodroffe region, 30–40 km south 
of the border, pressures during metamorphism were higher 
(about 9 kbar, 800°C). Similar P-T conditions are likely 
to have prevailed in adjacent granulite terranes in the 
Northern Territory. The structural evolution of Musgravian 
gneiss around Kelly Hills and Opparinna Creek is less well 
documented. It is assigned to the Amata structural domain 
of Camacho (1997), which largely occurs within South 
Australia and is characterised by a southwest-plunging, 
quartz rodding lineation. 

In the Mann Ranges, south of the Mount Charles Thrust, 
a gneissic foliation in granulite-facies gneiss dips moderately 
northeast, with no preserved mineral lineation. In this area, 
the pervasive overprint of the Petermann Orogeny results 

granulite and garnet-orthopyroxene felsic granulite suggest 
that peak metamorphism was medium-pressure granulite 
facies (6–10 kbar, >750°C). Garnet is enclosed by coronas 
and symplectites of orthopyroxene and plagioclase, 
consistent with near-isothermal decompression following 
peak metamorphism to about 5 kbar and 700–750°C 
(Scrimgeour et al 1999). Similar decompression textures 
have been documented in Musgravian granulites in the 
Kulgera area (Camacho and Fanning 1995) and elsewhere 
in the Musgrave Province [Cohn Hill, WA (Clarke and 

et al
Musgrave Ranges (Camacho 1997)], suggesting that the 

Musgrave Orogeny in Mulga Park Domain

attributed to the Musgrave Orogeny is commonly preserved 
as migmatitic gneissic layering in amphibolite-facies 
gneiss, and less commonly as diffuse banding in low-strain 
domains in Mantarurr Suite granite. These fabrics are 
transposed by Petermann Orogeny structures and do not 
preserve a mineral lineation or any kinematic information. 
In the Olia Chain, felsic gneiss is strongly migmatitic, 
implying upper amphibolite-facies conditions in excess 

of 650 C. U-Pb SHRIMP dating of zircon rims from this 

the metamorphism occurred during the Musgrave Orogeny 
(Scrimgeour et al 1999).

In the vicinity of Mulga Park, migmatitic pelitic gneiss 
contains cordierite-sillimanite assemblages (Camacho 
and Fanning 1995) and is interlayered with hornblende 
amphibolite, suggesting low- to medium-pressure, upper 
amphibolite-facies metamorphism. Camacho (1997) 
suggested that the migmatisation relates to early granite 
intrusion and metamorphism at 1560 Ma, and that the 
Musgrave Orogeny reached peak metamorphic conditions 
of lower amphibolite facies in this area. However, felsic 
gneiss from the same region, with a protolith age of 
1555 Ma, is also migmatised, and narrow metamorphic rims 
on zircon give a poorly constrained age of about 1200 Ma 
(Camacho and Fanning 1995). This is consistent with upper 
amphibolite-facies metamorphism in the Mulga Park area 
during the Musgrave Orogeny.

PITJANTJATJARA SUPERSUITE (1220–1120 Ma)

The voluminous granites of the Pitjantjatjara Supersuite 
are widespread throughout the Musgrave Province and are 
the dominant unit within the Northern Territory (Camacho 
and Fanning 1995, Glikson et al 1996, Edgoose et al 2004, 
Smithies et al 2011, Figure 21.3). Extensive zircon age dating 
has determined that the crystallisation age ranges from 
1220 Ma to 1120 Ma for the supersuite, and this prolonged 
period of intermediate to felsic magmatism is interpreted as 
a syn- to post-tectonic expression of the Musgrave Orogeny. 
In the Northern Territory, the crystallisation age range of 

1190–1120 Ma with the dominant interval at 1180–1140 Ma.
The term ‘early Musgravian granites’ (Edgoose et al 

2004) has been applied to Northern Territory granites with 
a pervasive gneissic fabric that were interpreted to have 
intruded early in the Musgrave Orogeny. These include a 
porphyritic, orthopyroxene gneissic granite that intrudes 

north of the Surveyor-Generals Corner (Scrimgeour et al 
1999). In the eastern Musgrave Province, in KULGERA, 
tonalitic biotite gneiss and granitic gneiss of the Calamity 
Gneissic Unit, early-syntectonic amphibole-, clinopyroxene- 
and biotite-bearing granites, and other isolated exposures 
of gneissic granite are interpreted to have intruded early in 
the Musgrave Orogeny (Edgoose et al 2004). Granites with 

Musgrave Province in Western Australia and have yielded 
crystallisation ages between 1220 and 1200 Ma (Howard 
et al 2011). These early Musgravian granites have now been 
included in the Pitjantjatjara Supersuite. 

The Supersuite comprises extensive suites of 
geochemically related granite bodies that are particularly 
widespread in the Mann Ranges, Petermann Ranges and Olia 
Chain. Further east, smaller complexes (Ayers Range and 
Kulgera granites) and unnamed individual granite bodies 
(Umbeara granites) have been distinguished. Geochemical 
analyses of the granites of the Pitjantjatjara Supersuite in 
PETERMANN RANGES indicate that the composition 
ranges from diorite to granite, with a generally subalkaline 
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and predominantly ultrapotassic geochemical signature, 

in Scrimgeour et al 1999). Camacho (1997) reported all 
granites in the Musgrave Ranges region (South Australia) 

White and Chappell (1977). In adjacent regions of Western 
Australia, Pitjantjatjara Supersuite granites have been 
interpreted to be ferroan, calc-alkalic to alkali-calcic types 
that were generated through large-scale melting of the 
lower crust in an extensional regime. Emplacement was at 

et al 2011).

Pitjantjatjara Supersuite in Fregon Domain

Umutju Suite 

The Umutju Suite (Scrimgeour et al 1999) comprises coarse 
clinopyroxene and hornblende granite that dominates the 

scattered outcrops to the north. The suite has been divided, 
based on geochemical and textural characteristics, into four 
granite units (Scrimgeour et al 1999). The Umutju Suite 
may be related to the ca 1180 Ma Mirturtu Suite (Howard 
et al 2011) in adjacent regions of Western Australia. 
The suite is variably affected by mylonitic deformation 
associated with the Petermann Orogeny, with partial to 
complete recrystallisation of igneous clinopyroxene and/
or hornblende to garnet-bearing metamorphic assemblages 
(Scrimgeour et al 1999).

The Walytjatjata Granite dominates an extensive area 
in the western Mann Ranges. Most commonly, it comprises 
coarsely porphyritic clinopyroxene-bearing granite with 
distinctive, large (2–3 cm across), rounded blue-grey 
phenocrysts of K-feldspar (Figure 21.7). Locally, the granite 

minerals occur as coarse aggregates, elongated in the fabric. 
A Kober Pb-Pb zircon evaporation age of 1175  10 Ma was 
obtained for a sample of the Walytjatjata Granite from near 
Mount Cockburn (Scrimgeour et al 1999).

The Puka Granite is texturally distinct, but geochemically 
similar to the Walytjatjata Granite, and typically comprises 
foliated clinopyroxene and hornblende granite. Grain size 
varies from medium to coarse to megacrystic, with rounded 
phenocrysts of plagioclase that are locally up to 9 cm in 

commonly occur in coarse aggregates up to 1 cm in length. 
The hornblende granite has yielded a Kober Pb-Pb zircon 
age of 1145  6 Ma (Scrimgeour et al 1999). An isolated 
unfoliated charnockite, located 14 km to the northeast of 
Puka, is also included within this unit.

An unnamed body of granite and granodiorite with 
primary clinopyroxene occurs 10–15 km east of Puka. It is 
distinct from other granites of the suite due to the presence 
of purple-brown K-feldspar phenocrysts up to 6 cm in 
length. It is geochemically distinct from other granites 

Umutju Suite. A Kober Pb-Pb zircon age of 1172  6 Ma has 
been obtained for this granite (Scrimgeour et al 1999).

The Mantapayika Granite comprises texturally variable 
granite and migmatite in widely scattered outcrops to 
the north of the Mann Ranges. It has a slightly different 
geochemical signature to the Walytjatjata Granite. The 
primary igneous rocks include clinopyroxene-bearing 
porphyritic granite and scattered pale, equigranular to 
weakly porphyritic hornblende granite. Kober Pb-Pb zircon 
ages of 1120  9 Ma and 1147  3 Ma have been obtained 
from a hornblende granite and a clinopyroxene granite, 
respectively (Scrimgeour et al 1999).

Within the Mantapayika Granite, partial melting during 
high strain has formed discrete zones of migmatitic granite, 
where the original granitic texture has been obliterated. The 
relative proportion of migmatite in the granite increases 
to the north. Similar migmatitic shear zones occur in 
the Walytjatjata Granite (Cockburn and Le Hunte shear 
zones). The migmatitic granite typically comprises biotite-
rich felsic gneiss, with coarse hornblende and garnet 

gneissic layering, which is commonly tightly folded. The 
mineral assemblage comprises biotite, hornblende, garnet, 
titanite, quartz, plagioclase, K-feldspar and ilmenite, with 
or without allanite and monazite. These migmatites are 
interpreted to represent high-strain zones within the granite 

and allowed partial melting and complete recrystallisation 
(Scrimgeour and Close 1999). Gradational contacts between 
migmatite and granite, and their geochemical similarity, 
support this interpretation. SHRIMP U-Pb zircon dating of 
metamorphic zircon rims from within migmatitic granite of 
the Umutju Suite has yielded ages of 561  11 Ma (Fanning 
1998) and 555  7 Ma (Gregory et al 2009), providing 
evidence that migmatisation occurred during the Petermann 
Orogeny.

Other granites in Fregon Domain

The Walal Granite (Scrimgeour et al 1999) outcrops 
near the eastern Mann Ranges, and is characterised by 
coarse phenocrysts of purple-brown K-feldspar, which are 
subhedral in low-strain zones and recrystallised to form 
a gneissic banding in high-strain zones. The composition 
ranges from granodiorite to granite, and includes a 
medium-grained equigranular aplite phase. Where 
preserved, the primary igneous assemblage contains 
orthopyroxene and/or clinopyroxene, hornblende, biotite, 

minerals locally have garnet coronas and a later phase 
Figure 21.7. Porphyritic granite texture of Waytjatjata Granite of 
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of secondary biotite and hornblende growth. Abundant 

occur throughout the granite, and are presumed to have 
been derived from Musgravian granulite. Zircons from the 
Walal Granite have cores with a SHRIMP U-Pb age of 
1590 Ma and rims with an age of 1190 Ma. These zircons 
are assumed to have been inherited from the enclosing 
gneiss (Scrimgeour et al 1999). 

The Ayers Range Granite (Edgoose et al 2004, 
formerly Ayers Range adamellite of Edgoose et al 1993) is 
comprised of quartz monzonite, porphyritic microgranite 
and weakly foliated granite. The quartz monzonite is 
heterogeneous, grey and porphyritic, and generally 
has an inequigranular granoblastic texture, although 
magmatic texture is preserved where recrystallisation is 
less pervasive. The presence of clinopyroxene rimmed by 
amphibole is a ubiquitous and diagnostic feature of the 
granite. Biotite occurs as a replacement of amphibole and 
opaques. Pseudotachylite veins occur in contact zones, 
along with dark xenoliths that contain granulite-facies 
assemblages. The elongate xenoliths and the phenocrysts 

The Kulgera Granite (Edgoose et al 2004, formerly 
Kulgera adamellite of Edgoose et al 1993) occurs in 
the vicinity of Kulgera and consists of porphyritic and 
equigranular quartz monzonite to monzogranite, with 
microgranite dykes. Rafts of partially assimilated gneiss 
occur adjacent to contact zones. Margins are strongly 
porphyritic, with tabular dark plagioclase phenocrysts, and 
are rich in xenoliths that may be cumulates of refractory 
and early-crystallising phases, concentrated by magmatic 
convection. Central parts of plutons are equigranular, 
coarse-grained and xenolith-poor. The mineral assemblage 
consists of K-feldspar, plagioclase, and dark aggregates of 
hornblende, biotite and titanite. Microgranite dykes form 
linear ridges up to 30 m high, have sharp contacts with the 
country rock, and mostly crosscut the gneissic fabric. The 

grained and are weakly porphyritic. Magnetite-bearing 
pegmatite occurs in the Kulgera area and contains beryl, 
garnet and tourmaline within pockets of nearly pure quartz.

In UMBEARA, seven felsic intrusive phases were grouped 
under the informal name Umbeara granite by Edgoose 
et al (2002). The Umbeara granite generally forms discrete 
veins, dykes and small bodies, scattered within more 
extensive exposures of Musgravian gneiss. The granite 
includes many textural types, including equigranular to 

Compositions include leucogranodiorite, quartz monzonite, 
quartz leucomonzonite, leucogranite, quartz monzodiorite, 
quartz diorite and granodiorite. All seven phases are 
biotite-bearing, with accessory apatite, allanite, zircon, 

quartz monzonite is characterised by magmatic garnet. 

feldspar and quartz. In some instances, the foliation is clearly 
magmatic, in that it parallels the intrusive margin. The 
granite (and country rock) is intruded by numerous veins 
and dykes of pegmatite, aplite, microdiorite, granophyre, 
leucogranite, and granite breccia.

Pitjantjatjara Supersuite in Mulga Park Domain

Pottoyu Suite

The Pottoyu Suite (Forman 1972, Scrimgeour et al 1999) is 
dominated by foliated, coarsely porphyritic biotite granite 
and is the main basement lithology throughout the Pottoyu 
Hills and Petermann Ranges (Figure 21.3). Numerous 
weakly porphyritic, equigranular and aplitic phases also 
occur. Complex intrusive relationships are observed between 
porphyritic and equigranular phases. The granite typically 
contains biotite, with subordinate titanite and opaques. 
Epidote and allanite are locally also present. The porphyritic 
phase is characterised by rounded K-feldspar, generally 
1–3 cm but up to 8 cm in diameter, which commonly displays 
rapakivi texture (Figure 21.8). Phenocrysts in the rapakivi 
phase exhibit growth zoning, and contain narrow zones of 
dark inclusions and mantles of plagioclase.

In the Pottoyu Hills, strain and metamorphic grade 
increase to the south. In highest-strain areas along the southern 
margin of the Pottoyu Hills, the metamorphic grade is upper 
amphibolite facies and phenocrysts are recrystallised and 
stretched in the fabric. Leucosomes with coarse hornblende 

and felsic minerals gives a gneissic appearance. Within and 

rock is mylonitic, with a decrease in strain to the north. A 
strong mineral elongation lineation occurs in this area and 
hornblende is absent. Two samples of the Pottoyu Suite have 
yielded SHRIMP U-Pb crystallisation ages of 1192 ± 13 Ma 
and 1144 ± 12 Ma (Scrimgeour et al 1999).

On the southern (hangingwall) side of the Wankari 

Mulyati Granite  Scrimgeour 
et al 1999). Geochemical similarities indicate a cogenetic 
relationship with the porphyritic phase of this suite. The 
granite consists of quartz, K-feldspar and plagioclase, with 

contains partial melts.
A hypabyssal intrusive unit (Amputjuta Dacite  Close 

et al

Figure 21.8. Pottoyu Suite of Pitjantjatjara Supersuite within 

phenocrysts showing rapakivi textures (PETERMANN 
RANGES: 52J 512271mE, 7227993mN).
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Basin) in the Mannanana Range, is geochemically equivalent 
to the rest of the Pottoyu Suite. It contains phenocrysts of 

feldspar, biotite and chlorite, with a variably developed 
biotite foliation. A crystallisation age of 1153 ± 5 Ma for 

of zircons (Close et al 2003a). A small outcrop of coarsely 

the Ilyaralona Range (Ilyaralona Granite; Close et al 2003a) 

indicate that this granite is part of the Pottoyu Suite; this 

1163 ± 4 Ma (Close et al 2003a). 
On the Wilson (1989) total alkali versus silica diagram 

for plutonic rocks, analysed samples of the Pottoyu Suite 
plot in the granite to quartz diorite range and straddle the 
alkaline/subalkaline boundary. Upper continental crust 

with fractionated or residual apatite, plagioclase and 
titanite. Donnellan in Scrimgeour et al (1999) suggested 

facies tonalitic source.

Mantarurr Suite

et al 1999) comprises a 

the western Olia Chain (Figure 21.3

diameter. Where preserved, the primary igneous assemblage 

titanite and ilmenite, with accessory allanite and rare 

which is associated with foliation development, containing 
biotite, titanite and epidote, with variable amounts of garnet 
and muscovite. In some phases, a diffuse layering that 
predates the biotite fabric is present. A foliated equigranular 

leucogranite south of Butler Dome has been tentatively 
included within the suite, although it is geochemically 
distinct. It may represent a late aplitic phase, or alternatively 
may be an unrelated intrusion. A coarsely porphyritic biotite 
granite from the Mantarurr Suite, south of Foster Cliff, has 

 14 Ma (Scrimgeour 
et al
undepleted, suggesting that it was derived from a source 
where hornblende was stable at the time of melting.

Kulpitjata Suite 

et al 2002) dominates the 
southeastern end of the Olia Chain (Figure 21.3), and 
comprises two named granites in its eastern part and 

deformed, porphyritic biotite granite, with lesser hornblende 

phenocrysts (up to 3 cm in length), quartz, biotite and 
plagioclase, with accessory zircon, opaques, apatite, and 

mineral phases include muscovite, garnet, titanite, epidote, 
haematite and chlorite. Muscovite is present in highly 
strained contact zones with the overlying Dean Quartzite 

Figure 21.9).

part of the suite. It occurs as deformed zones within biotite 

zircon dating of seven samples from this suite has yielded 
et al 2002).

Unfoliated garnet granite 

inselbergs, 40 km west of Kulgera. It is pale and medium 

mineralogy comprises biotite, muscovite and accessory 
magnetite, subhedral garnet and zircon. Unusually for 
granite in the Mulga Park Domain, the rock contains no 
foliation.

GILES EVENT (1085–1040 Ma)

that occurred throughout the Musgrave Province in the 

Supersuite by Howard et al (2011), including the massive 

et al
region of central and western Australia, across an area of 

Figure 21.9. Kulpitjata Suite of Pitjantjatjara Supersuite within 
Mulga Park Domain, strongly mylonitised with relict feldspar 
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approximately 1.5 million km2, and forms the Warakurna 
Large Igneous Province (Wingate et al 2004, Morris and 
Pirajno 2005, see ). 
Giles Event felsic intrusions within the Northern Territory 
include the Angatja Suite, Hull Suite, Michell Knob Granite 
and Nulchara Charnockite. Extensive intrusions of dolerite 

rocks occur within the Tjauwata Group. 
Giles Event rocks were emplaced at varying crustal 

levels, with parts of the Giles Complex in Western Australia 
intruding into gneissic basement at conditions of 5–7 kbar 
(Clarke et al 1995a), whereas in other parts of the western 
Musgrave Province and Bloods Range region, supracrustal 
equivalents of these rocks (Bentley Supergroup) were 
emplaced at the surface. In the eastern Musgrave Province, 
chilled margins on some dykes of the 1080 Ma Alcurra 

Glikson et al (1996) suggested that the Giles Complex, 

derived by melting of enriched mantle, possibly involving 
subcontinental lithospheric mantle. Sun et al (1996) 
proposed that felsic igneous activity during the Giles 
Event resulted from a combination of melting of granulite-
facies gneiss through the emplacement of large volumes of 

as a result of coupled crustal assimilation and fractional 

degree of crustal melting via convective heat transfer 
through a roof zone where the rocks are already at near-
solidus temperatures. Based on the compositions of the 

et al 

to the partial melting of depleted mantle, perhaps associated 
with a mantle plume. These mantle-derived magmas 
assimilated <20% crustal material during passage through 
the basement and underwent typical partial melting and 
fractional crystallisation processes. More recently, Howard 
et al (2011) suggested that the sporadic continuation of 
magmatism during the Giles Event indicates a more 
complex geodynamic setting than can be explained from a 
mantle plume model. The formation of a long-lived, failed 
intracontinental rift, the Ngaanyatjarra Rift (Evins et al 
2010) was proposed as an alternative tectonic setting.

Warakurna Supersuite granites

Felsic igneous rocks in the age range 1085–1040 Ma from 
the western Musgrave Province (Sheraton and Sun 1995, 
Glikson et al 1996, Howard et al 2011), Mann Ranges and 

very high Ga/Al, LREE and Y, and a strongly negative Eu 
anomaly.

The Angatja Suite (Angatja Granite in Scrimgeour 
et al 1999) includes charnockite, hornblende granite and 
rapakivi granite bodies that intrude granulite-facies gneiss 

similar in age and appearance to granites in the western 
Musgrave Province and Tomkinson Ranges. These granites 

are believed to be genetically related to the intrusion of 

(Sun et al 1996). The charnockite typically has a dark 
appearance and has a mineral assemblage of orthopyroxene, 
clinopyroxene, quartz, plagioclase, K-feldspar and biotite. 
It is locally overprinted by a mylonitic fabric, in which 

of garnet, secondary clinopyroxene and biotite, with or 
without hornblende. Coarsely porphyritic hornblende 
granite contains coarse ellipsoidal, pale blue K-feldspar 

minerals comprise 20–25% of the rock. They form coarse 
aggregates of hornblende (of probable igneous origin) and 

age of 1071  5 Ma (Scrimgeour et al 1999). Rapakivi granite 
that is geochemically indistinguishable from charnockite 

coarse K-feldspar crystals that display distinctive rapakivi 
textures. It intrudes porphyritic hornblende granite, 

igneous assemblage contains clinopyroxene, and lesser 
orthopyroxene and biotite, overprinted by later garnet, 
hornblende, secondary clinopyroxene and biotite.

The Hull Suite, comprising the Walu Granite, Rowley 
Granophyre and Imbumbunna Granite (Close et al 2003a), 
intrudes sedimentary and volcanic rocks of the Tjauwata 

Basin). The Walu Granite is pale pink, leucocratic and 

more rarely, hornblende, as well as patches and veins of 
epidote and quartz. The granite is unfoliated or weakly 
foliated, and has rare narrow shear zones. Narrow veins 
of the granite locally intrude the Mount Harris Basalt. 
Magmatic zircon from the Walu Granite has a SHRIMP 
U-Pb age of 1084  9 Ma (Close et al 2003a). The Rowley 
Granophyre is cut by strongly sheared, poorly preserved 

It is porphyritic with plagioclase, K-feldspar and quartz 
phenocrysts in a groundmass of medium–coarse-grained 

and opaques. Abundant granophyric intergrowths between 
quartz and alkali feldspar are evident in thin section. 
Zircons from the granophyre have yielded a Pb-Pb Kober 
age of 1075  2 Ma (Close et al 2003a). The relatively 
undeformed Imbumbunna Granite occurs as an isolated 

Creek, in BLOODS RANGE. It is characterised by randomly 
oriented K-feldspar laths, 2–3 cm in length, and contains 
primary biotite, muscovite and garnet, and secondary 
epidote. 

The Michell Nob Granite (Young et al 2002) occurs in a 
small area on the South Australian border near Mulga Park 
Station. It is coarse grained and porphyritic, and contains 
phenocrysts of K-feldspar, as well as plagioclase, quartz, 
biotite, garnet and amphibole. A strong, anastomosing 
mylonitic fabric is present on macro and micro scales. 
The mylonitic matrix consists of recrystallised quartz, 
K-feldspar and plagioclase, and elongate clots of biotite and 
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hornblende. Shear zones within the granite range from a 

mineral elongation lineation that is parallel to the stretching 
lineation. This granite has a SHRIMP U-Pb zircon age of 
1068  6 Ma (Camacho 1997).

The Nulchara Charnockite (Young et al 2002) forms 
a low-angle sheet that has an intrusive contact with the 
underlying Michell Nob Granite. In the contact zone, the 
charnockite has a weak foliation parallel to the contact. 
The rock is dark grey-green, medium to coarse grained 
and porphyritic. Igneous minerals include phenocrysts 
of K-feldspar with locally developed rapakivi textures, 
in a granoblastic groundmass of K-feldspar, plagioclase, 

and orthopyroxene. Smaller phenocrysts of plagioclase 
and rounded quartz up to 1 cm in diameter also occur. 
Secondary biotite replaces hornblende and Fe-oxides. 
SHRIMP U-Pb dating of zircon has yielded a crystallisation 
age of 1044  5 Ma (Camacho 1997).

Giles Complex

The Giles Complex is an extensive suite of massive, 

granulite-facies terranes of the central to western Musgrave 
Province (Glikson et al 1996). Outcrops of the complex 
predominantly occur in South Australia and Western 
Australia, but a single outcrop occurs in the Northern 
Territory, southwest of the Mann Ranges, on a hill at the 
South Australian border. This consists of medium- to 
coarse-grained pyroxenite with minor gabbro, and forms the 
northeastern extension of the Claude Hills peridotite/gabbro 
intrusion. The pyroxenite is almost entirely composed of 
orthopyroxene and clinopyroxene, with minor outcrops 
at the eastern base of the hill containing plagioclase. The 
rock contains pseudotachylite, but no pervasive fabric, and 
is locally capped by calcrete, laterite, chalcedony and pale 
brown jasper. Gravity and magnetic data indicate a more 

to the south of the Mann Fault (Lewis 1989). A sample of 
granophyre from the Giles Complex in South Australia has 
yielded a SHRIMP U-Pb zircon age of 1078  3 Ma (Sun 

et al 1996), whereas a sample of layered gabbro, interpreted 
to form a component of the Giles Complex intrusions, has 
a crystallisation age of 1076 ± 4 Ma (Howard et al 2011).

Alcurra Dolerite 

widespread throughout the Musgrave Province. These 
comprise dykes and sills of dolerite that intrude both 
Musgravian gneiss (Figure 21.10) and Pitjantjatjara 
Supersuite granite in PETERMANN RANGES, 
KULGERA, AYERS ROCK and UMBEARA. The dolerites 
are shallowly south-dipping in the eastern Mann Ranges 

near Kulgera. They are typically 1–3 m in width, although 
larger intrusions up to 6 km long and 8 m wide occur near 
Kulgera. In the western Musgrave Province, Howard el al 
(2009) proposed that all highly evolved iron-rich tholeiitic 
intrusions that are compositionally equivalent to the Alcurra 

iron-rich olivine gabbros, olivine norites, ferronorites and 
ferrodiorites dated at 1068 ± 4 Ma (Seat 2008) that host 
the orthomagmatic nickel-copper mineralisation at Nebo-
Babel (Howard et al 2011). In AYERS ROCK, within the 

are complexly folded within the Kulpitjata Suite of the 
Pitjantjatjara Supersuite may also form part of the dolerite 
(Young et al 2002).

tholeiitic in composition and is described as an olivine 
tholeiite in KULGERA (Camacho et al 1991). The igneous 
texture is generally ophitic to sub-ophitic with simply 
twinned plagioclase laths enclosed in an intergranular 
groundmass of orthopyroxene, clinopyroxene and minor 
ilmenite. In KULGERA, olivine is formed in the earliest 
crystallisation phase as inclusions in labradorite and as 
grains that are partially surrounded by augite and pigeonite 
(Edgoose et al
dolerite is locally metamorphosed to garnet granulite 
facies, with peak metamorphic assemblages of garnet, 
clinopyroxene, hornblende, sodic plagioclase, quartz and 
rutile, with or without scapolite (Scrimgeour et al 1999). 
Across Western Australia and the Northern Territory, 

-1.3 (Scrimgeour et al 1999, Howard et al 2011).
Rb-Sr dating has yielded an age of 1054  14 Ma for 

et al 1991) in KULGERA, 
and Zhao and McCulloch (1993) obtained a Sm-Nd age of 
1090  32 Ma for a dyke from the same area. In the eastern 
Mann Ranges the dolerite is intruded by the 1071 ± 5 Ma 
Angatja Suite, providing a minimum age of intrusion 
(Scrimgeour et al 1999).

TJAUWATA GROUP (1090–1040 Ma)

The Tjauwata Group (Close et al 2003a) is a package of 
deformed sedimentary and bimodal volcanic rocks that 
outcrops between the Petermann Ranges and Bloods Range 
in the north of the Musgrave Province (Figure 21.3). It is 

Figure 21.10
Musgrave Orogeny gneissic fabric in Musgravian gneiss in 
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volcanic rocks, quartz-rich and volcanigenic sedimentary 
rocks, and epiclastic rocks, that are disconformably overlain 

‘Bloods Range beds’, ‘Mount Harris Basalt’, and ‘unnamed 
porphyry’ of Forman (1966a). The extent of the Tjauwata 
Group under the Amadeus Basin to the north is unknown.

The thickness of the Tjauwata Group is uncertain, 

complexity. However, the overall stratigraphic succession 
youngs towards the north. The basal unit is the Karukali 
Quartzite, a thin (5–10 m thick) succession of quartzite, 
quartz-muscovite schist, and quartz pebble and boulder 
conglomerate (Figure 21.11) that overlies basement granite. 
The succession contains lenses of rounded quartz cobble 
clasts, quartz gravel layers and horizons of heavy mineral 
assemblages dominated by haematite. Trough cross-beds are 

is interpreted to have been deposited in an shoreline setting 
(Close et al 2003a). The overlying Tjuninanta Formation 
comprises interlayered basalt, epiclastic rocks, felsic 
volcanic rocks, quartz sandstone, quartzite, phyllite and rare 
diagenetic chert. The succession is highly strained and is 
overprinted by a pervasive schistose fabric. It is interpreted 
to be internally structurally repeated, thereby rendering 

alteration is pervasive through the succession and is most 
pronounced in the basalt. The presence of poorly preserved 
pillow basalts and intervening hyaloclastite has led to an 
interpretation of a shallow water depositional environment 
(Close et al 2003a). Above this formation is a thick interval 
of Mount Harris Basalt, which has a distinctive banded 
appearance, due to the presence of alternating layers of 

altered basalt (Figure 21.12). The thickness of the basalt 
is estimated at 1–2 km. The basalts are Fe-tholeiites that 
have LREE-enriched chondrite-normalised patterns and 
small negative Eu anomalies. They are enriched in large 
ion lithophile elements and highly incompatible elements, 
and have distinct negative Nb and P anomalies. Similarities 
in geochemistry between samples of Mount Harris Basalt 

these units have a common source (Close et al 2003a). A 
succession of rhyolite, tuff and epiclastic sedimentary rocks 
(Puntitjata Rhyolite) is interpreted to either overlie, or be 
laterally equivalent to the Mount Harris Basalt. Lower to 

whereas the upper part largely contains tuff, probable 
epiclastic rocks and minor silty sedimentary rocks. These 
have a transitional contact with an overlying clastic red-
bed succession (Bloods Range Formation) of conglomerate 
(Figure 21.13
upward into immature sandstone. The Bloods Range 

a succession of gritty and pebbly quartz-muscovite schist, 
muscovite quartzite, and kyanite-muscovite-phlogopite-
quartz schist (Figure 21.14). It overlies a succession of 

Wankari Volcanics), which is 
correlated with the Puntitjata Rhyolite. Felsic volcanic 
rocks within the Tjauwata Group comprise a highly 

fractionated suite from a common source. The Puntitjata 
Rhyolite exhibits enrichment in LREE, low levels of Eu and 

Y, and high Ga/Al ratios. These geochemical characteristics 
are indicative of A-type granitic magmatism (Best and 
Christiansen 2001).

Geochronological evidence suggests that the Tjauwata 
Group was deposited in the interval 1090–1040 Ma (Close 
et al 2003a). The Mount Harris Basalt is intruded by the 
Walu Granite, which has a SHRIMP U-Pb zircon age of 

Figure 21.11
showing conglomeratic lenses of quartz cobble clasts and horizons 
of heavy minerals.

Figure 21.12. Mount Harris Basalt of Tjauwata Group, displaying 

epidotised amygdaloidal basalt with less altered basalt.

Figure 21.13. Polymictic clasts in conglomeratic unit of Bloods 
Range Formation of Tjauwata Group near Bloods Range 
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1084 
its emplacement. The Puntitjata Rhyolite has a Kober Pb-Pb 
zircon age 1075  3 Ma (Close et al 2003a), and Kober Pb-Pb 
dating of zircon from the Wankari Volcanics has yielded an 
age of 1041  2 Ma (Scrimgeour et al 1999). 

The Tjauwata Group is broadly correlated with the 
Bentley Supergroup in the western Musgrave Province in 
Western Australia, based on lithological, geochemical and 

et al 1996, 
Close et al 2003a, Howard et al 2011). Recent studies in 
the western Musgrave Province have assigned sections of 
the Bentley Supergroup succession into the Blackstone and 

each sub-basin (Howard et al
Formation and Mummawarrawarra Basalt, formerly of the 

to the Kunmarnara Group, which is interpreted as the basal 
succession of the Bentley Supergroup. The Kunmarnara 

Group, which comprises the Smoke Hill Volcanics and 
Hogarth Formation (Howard et al 2011). This group forms 
the stratigraphic succession of the Blackstone Sub-basin. 

sandstones and conglomerates, and is interpreted as the 

of the Tjauwata Group. The Mount Harris Basalt has been 
correlated with the Mummawarrawarra Basalt due to 

et al 2003a), and the Puntijata Rhyolite has been broadly 
correlated with the Smoke Hill Volcanics based on their 
implied similar stratigraphic positions (Close et al 2003a). 
This is supported by SHRIMP U-Pb geochronology on three 
samples of the Smoke Hill Volcanics that have yielded an 
age of ca 1073 Ma, within error of the age of the Puntitjata 
Rhyolite (Howard et al 2011). However, no apparent 
unconformity between the Puntitjata Rhyolite and the Mount 
Harris Basalt has been recognised in the Northern Territory, 
in contrast to the unconformable nature of the contact 
between the Mummawarrawarra Basalt and the Smoke Hill 
Volcanics in Western Australia. The Hogarth Formation 
of the Tollu Group is loosely correlated with the Wankari 
Volcanics, based on similar extrusive magmatic content 
and stratigraphic position. The Blackstone Sub-basin in the 
western Musgrave Province does not contain a stratigraphic 
succession equivalent to the Tjuninanta Formation. 

KULLAL DYKE SUITE (1000 Ma)

et al 2011) includes north-northeast 
trending olivine dolerite dykes in the eastern Mann Ranges 

et al 
1999). The north-northeast-trending dykes in the eastern 
Mann Ranges intrude the 1071 ± 5 Ma Angatja Suite, 
placing a maximum age constraint on these intrusive rocks. 
Generally, these dykes have experienced the same degree of 

where preserved, igneous assemblages are characterised 
by plagioclase laths, with interstitial aggregates of olivine, 
orthopyroxene and clinopyroxene forming an intergranular 

dykes described in Western Australia by Glikson et al (1995), 
which have a poorly constrained Sm-Nd age of 1000 Ma and 

et al 1996). 

large bodies of gabbro intrude the Pottoyu Suite and contain 
olivine, clinopyroxene, orthopyroxene and plagioclase with 
a subophitic texture. Locally, the olivine has radial coronas 
of ortho- or clinopyroxene and outer coronas of hornblende 
containing garnet, a texture that indicates subsolidus 
reactions. Scrimgeour et al (1999) included this gabbro 

of olivine, a near zero Nd and other similar geochemical 
characteristics, although these gabbroic bodies may 

In the western Musgrave Province, olivine dolerite dykes 
et al 

values of 9 to 13 wt% and Ni values of 132–291 ppm. Howard 
et al
calculated at t = 1000 Ma for the olivine dolerite dykes. The 

Mount Webb area of the Arunta Region (Western Australia), 
which have SHRIMP U-Pb zircon and baddeleyite ages of 
976  3 Ma and 972  8 Ma, respectively, although with an 

et al 1998).

AMATA DOLERITE (820 Ma)

et al 1994) has been 

Province on the basis of its distinctive geochemical and 
isotopic signature, including uniformly smooth LREE-

large gabbroic bodies with coarse ophitic to sub-ophitic 

Ranges (Glikson et al 1996), have a magmatic assemblage of 
clino- and orthopyroxene, plagioclase and minor magnetite, 
and 

et al (1999). 

ophitic texture, in which laths of plagioclase are embedded 
in coarse, optically continuous orthopyroxene and 

Figure 21.14. Coarse kyanite within aluminous muscovite schist 
in Bloods Range Formation of Tjauwata Group near Wankari 
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on the basis of geochemical similarities and an Nd value 

with subophitic textures in the Tomkinson Ranges have 
yielded a U-Pb baddeleyite age of 824  4 Ma (Shensu 
Sun, unpublished data in Glikson et al 1996), suggesting 

et al (2011) 

dykes, which have slightly enriched, primitive mantle-
normalised, incompatible trace element geochemistry, Nd 

et al 2011). The Gairdner dyke swarm 
which extends from the Gawler Range and Stuart Shelf in 
South Australia (see ) 
has similar age, geochemistry and Nd values to the Amata 

et al 1994, Wingate et al 1998). This suggests 

et al (1994) to 
be derived from decompressional melting of a large-scale 
asthenospheric mantle plume.

PETERMANN OROGENY (580–530 Ma)

The Petermann Orogeny (Camacho 1997, Scrimgeour and 
Close 1999, Raimondo et al 2010) was a major intraplate 
orogenic event that resulted in mylonitic reworking, and 
uplift and exhumation of the Mesoproterozoic Musgrave 
Province. This tectonism dismembered the overlying 
Neoproterozoic Centralian A Superbasin into the Amadeus 

Province respectively (see Centralian Superbasin). The 
prevailing tectonic model for the Petermann Orogeny 
invokes rapid burial and exhumation in a transpressional, 

strike-slip zone (Mann Fault). In the Northern Territory, 

south-directed overthrusting on the southern margin of 
the Musgrave Province records the bivergent nature of the 
orogeny (Figure 21.15). Raimondo et al (2010) observed 
that characteristic features of the Petermann Orogeny in 
the Musgrave Province, such as the presence of structurally 

bound crustal blocks extending from the deep orogenic core 
to the upper crust, and discrete shifts in strain gradient and 

models that are more commonly evoked in collisional rather 
than intraplate settings.

Petermann Orogeny in Fregon Domain

Mann Ranges and Umutju region

An extensive region of pervasive high-pressure garnet-
amphibolite- to transitional garnet granulite-facies 
deformation and metamorphism occurs in the western 

and Close (1999). In the Mann Ranges, rocks including 
Musgravian gneiss, Pitjantjatjara Supersuite granite, and 

crustal mylonite fabrics during progressive non-coaxial 
strain at garnet-granulite to upper amphibolite facies 
(Figure 21.16). Strain associated with the mylonitic 

anastomosing mylonite zones. The most intense deep-
crustal mylonite is the Mount Charles Thrust in the eastern 

S. 
Elsewhere, deep-crustal mylonite zones are narrower, and 

Wintiginna FaultSarda Bluff Fault

Officer Basin
Amadeus Basin

Devonian

Neoproterozoic

MOHO

MOHO
lower Musgrave crust

granite
form line
fault
Moho

MOHO
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Kalamata Creek Fault

Palaeo- to Mesoproterozoic basement

A13-231.ai

A B

Figure 21.15
et al (2010), showing bivergent nature of Petermann Orogeny. Location 

of line shown in Figure 21.2.

Figure 21.16. Mylonitic fabric developed during Petermann 
Orogeny, overprinting amphibolite-facies gneissic layering of 

53J 370509mE, 7148496mN).
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exhibit intense mylonitic folding with axes parallel to the 
stretching lineation.

The orientation of mineral stretching lineations varies 
across the region (Scrimgeour et al 1999, Raimondo et al 
2010). In the eastern Mann Ranges, lineations consistently 
plunge south and are associated with mylonitic fabrics that 
dip southeast to south, with a reverse sense of movement. 
In the western Mann Ranges, lineations alternate on a 
kilometre scale between west- to southwest-plunging and 
south-plunging, on fabrics that variably dip southwest 
to southeast. The existence of these discrete structural 
domains suggests that deformation was partitioned 
between dip-slip and strike-slip movement. In low-strain 
zones in the Mann Ranges, granites of the Pitjantjatjara 
and Warakurna supersuites have garnet-clinopyroxene 
coronas and symplectites that enclose magmatic 

clinopyroxene, garnet, hornblende, biotite and ilmenite, 
and plagioclase has been extensively recrystallised to 

have recrystallised within mylonite zones to assemblages 
of garnet, clinopyroxene, hornblende, sodic plagioclase, 
quartz and rutile, with or without scapolite. These 
assemblages consistently give P-T estimates of 11–13 kbar 
and 700–750°C (Scrimgeour and Close 1999). Further 
north, in the Umutju region, metamorphic grade is slightly 
lower (10 kbar, 700°C).

and Umutju region are locally overprinted by distinctive 
shear zones that contain deformed leucosomes with coarse 
garnet and hornblende porphyroblasts (Figure 21.17). 
These occur throughout the Mann Ranges, but are more 
abundant in scattered outcrops to the north. They are 
particularly well exposed in the Walytjatjata Granite on 

Le Hunte. The shear zones have gradational contacts with 
less deformed and unmigmatised granite. They truncate 
the regional mylonite fabric and have east–west-trending 
mineral lineations. This localisation of partial melting is 

mylonite zones, as temperatures (700–750°C) exceeded the 
water-saturated solidus for both granitic and basaltic bulk 

compositions. The transition between moderately strained 
granite and leucosome-bearing gneiss can occur abruptly 
over one or two metres. The migmatitic shear zones are 
commonly strongly reworked by later mylonitic fabrics, in 

attenuated and coarse porphyroblasts of hornblende, garnet 

containing biotite, hornblende and titanite.
The high-pressure assemblages are overprinted by 

localised mylonite zones of progressively lower metamorphic 
grade, from amphibolite facies to greenschist facies. Within 
the Mount Charles Thrust, mylonite that equilibrated at 
12 kbar and 720°C has been reactivated, forming secondary 
garnet-hornblende assemblages at 10 kbar and 700°C. A 
garnet-biotite-muscovite felsic mylonite from the eastern 
Mann Ranges formed at 7 kbar and 660°C. This sequence of 

12 kbar, as a result of rapid exhumation along south-dipping 
thrusts, such as the Woodroffe Thrust.

Existing evidence suggests that peak metamorphism 

SHRIMP U-Pb dating of metamorphic zircon rims in 
migmatitic shear zones in the Walytjatjata Granite in the 
Mann Ranges has given ages of 561 ± 11 Ma and 555 ± 7 Ma 
(Scrimgeour et al 1999, Gregory et al 2009). K-Ar dating of 
a hornblende-garnet migmatite from north of the western 
Mann Ranges gave an age of 565 ± 9 Ma (Scrimgeour 
et al 1999). In adjacent regions of Western Australia, 
metamorphic zircon rims in Pitjantjatjara Supersuite 
granites have ages of 568 ± 12 Ma and 574 ± 5 Ma, 
whereas metamorphic titanite has a SHRIMP U-Pb 
crystallisation age of 572 ± 7 Ma (Raimondo et al 2010). 

(Stewart 1997) has a clinopyroxene-hornblende Sm-Nd 
age of 533 ± 16 Ma and a garnet-plagioclase Sm-Nd age of 
536 ± 16 Ma (Clarke et al 1995a). In the Musgrave Ranges 
in South Australia, three Sm-Nd mineral isochrons from 

Ranges give a pooled weighted mean age of 547 ± 30 Ma 
(Camacho et al 1997). 

Eastern Fregon Domain

In the area around the Kelly Hills and Mount Fraser in 
the eastern Musgrave Province in the Northern Territory, 
granulite-facies gneiss contains no pervasive Petermann 
Orogeny fabric, and therefore provides little information 
regarding metamorphic conditions. However, in adjacent 
regions of South Australia, granulite-facies gneisses are 
cut by high-strain zones that developed at 12 kbar and 
650°C (Camacho et al 1997). It is therefore likely that 
granulites in this area were also buried to deep crustal 
levels during the Petermann Orogeny. In the Kelly Hills, 
pegmatite contains coarse magmatic muscovite which 
crystallised at 1150 Ma. These pegmatites are transected by 
a north-trending amphibolite-facies shear zone, in which 

yielded ages of 552 ± 10 Ma and 549 ± 9 Ma, respectively 
(Camacho 1997). These ages were interpreted by 

Figure 21.17. Garnet-hornblende migmatitic gneiss in Musgravian 

Metamorphic zircon rims from this outcrop have a SHRIMP 
U-Pb age of 560 Ma (PETERMANN RANGES: 52J 533381mE, 
7165853mN).
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temperature (about 350
rather than crystallisation.

Further east, around Kulgera and in the Umbeara area, 
the effects of the Petermann Orogeny are restricted to 
mylonite and pseudotachylite development adjacent to the 
Woodroffe Thrust, and to low- to moderate-grade mylonite 
zones in the Umbeara area that locally have a strike-slip 
lineation. This is consistent with the preservation of lower-
grade Musgrave Orogeny metamorphism in this area, 
attributed to less exhumation on the Woodroffe Thrust 
during the Petermann Orogeny.

Woodroffe Thrust

The Woodroffe Thrust (Major 1973, Bell 1978) is a major 
north-directed structure, at least 500 km in strike length 
and 2–3 km thick, which offsets the Moho (Figure 21.15). 

(hangingwall) from the amphibolite-facies Mulga Park 

Australian border south of Mulga Park homestead and near 
Sentinel Bore. In this area, it is characterised by mylonite 
at the base, grading upward into ultramylonite, then into a 
zone of pseudotachylite (Camacho et al 1995, Figure 21.18). 
The pseudotachylite zone is approximately 1 km thick and 
contains about 4% pseudotachylite veins. The mylonite dips 

show south-over-north movement. Further exposures of the 
Woodroffe Thrust in the Northern Territory occur on the 
eastern margin of Kelly Hills (Figure 21.19) and west of 
Opparinna Creek.

The Woodroffe Thrust is not exposed elsewhere in the 
Northern Territory, but its trace has been inferred from 
aeromagnetic and regional gravity data. In the west, its 
inferred position corresponds to marked changes in the 
lithology and metamorphic grade of exposed rocks on 
either side of the structure. Comparison of P-T conditions 
across the thrust north of the Mann Ranges indicates at least 
12 km of vertical differential offset, which on the basis of a 

horizontal shortening.
Various samples from the Woodroffe Thrust and 

associated mylonite zones near Mulga Park have muscovite 
K-Ar ages ranging between 546 ± 6 Ma and 527 ± 6 Ma, 
Rb-Sr biotite and muscovite ages of 530 ± 2 Ma and 
558 ± 2 Ma, respectively, and a K-Ar biotite age of 
539 ± 6 Ma (Camacho and Fanning 1995, Camacho 1997). 
These ages are in agreement with muscovite 40Ar/39Ar 
ages of 538 ± 2 Ma and 548 ± 2 Ma from mylonite within 
the Woodroffe Thrust in the Musgrave Ranges in South 
Australia (Maboko et al 1992). 

Petermann Orogeny in Mulga Park Domain

characterised by pervasive amphibolite- to greenschist-facies 
fabrics throughout the Pitjantjatjara Supersuite granites and 
the development of basement-cored isoclinal folds in the 
basal Amadeus Basin succession. In the western Mulga Park 

is the dominant feature of the Petermann Orogeny. 

Eastern Mulga Park Domain

The Olia Chain is dominated by both thick- and thin-

Pinyinna beds and granites of the underlying Pitjantjatjara 

produced a pervasive, shallowly dipping fabric with a strong 
south-plunging stretching lineation within the granitic 
basement. Thin-skinned, north-vergent tectonics, involving 
macro-scale, basement-cored isoclinal folds, dominate the 
basement–cover interaction in this area.

Peak metamorphic assemblages include biotite-epidote-
muscovite ± garnet in granitic rocks of the Pitjantjatjara 
Supersuite, and hornblende-plagioclase-quartz with rare 

assemblages, with rare staurolite. The only P-T estimate is 
6.0–6.5 kbar and 610°C for garnet-hornblende-plagioclase-

a Sm-Nd isochron age of 550  11 Ma. Amphibolite-facies 
Musgravian gneiss to the south of Foster Cliff in the Olia 
Chain has late melt-bearing shear bands, which suggests 
that temperatures were at least 650°C during Petermann 
Orogeny deformation. In the Woodroffe Thrust and the 
southeastern Olia Chain and Mulga Park area, mylonitic 
deformation associated with the Petermann Orogeny 

Figure 21.18. Pseudotachylite veins within Woodroffe Thrust, 
cutting granulite-facies felsic Musgravian gneiss near Mount 
Fraser (AYERS ROCK: 52L 764010mE, 7126999mN).

Figure 21.19. Exposure of Woodroffe Thrust in Kelly Hills, viewed 
from east near AYERS ROCK: 52L 746010mE, 7138003mN.
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occurred at upper greenschist to lower amphibolite facies, 
and produced epidote-muscovite-biotite-hornblende in 
Pitjantjatjara Supersuite granite.

The biotite foliation is pervasively developed throughout 
the Pitjantjatjara Supersuite granites, and overprints the 
compositional layering of amphibolite-facies Musgravian 
gneiss. The intensity of strain varies throughout the area and 
is locally concentrated into shear zones. Amphibolite dykes 

quartz and biotite, plunges shallowly to moderately steeply 
southeast to southwest. The foliation is folded by open to 
tight, north-trending upright folds.

Within the cover succession (basal Amadeus Basin) 
in the Olia Chain, progressive deformation during the 
Petermann Orogeny was initiated by basement-cored, 
north-directed, recumbent isoclinal F1 folding, with the 
development of a bedding-parallel muscovite foliation in 

the bedding/foliation surface, and has the same orientation 
as the lineation in the basement. At the contact with 

to quartz-muscovite schist that developed as a slippage 
zone during the early stages of deformation. Basement-
cored isoclinal folds close to the north, whereas folds cored 
by Pinyinna beds close to the south, indicating that the 
deformation was north-vergent.

Petermann Nappe Complex

The Petermann Nappe Complex is the northernmost 
expression of the Petermann Orogeny in the western Mulga 

wide, internally duplexed, north-vergent, basement-cored 
nappe structure. The nappe complex represents the mid- to 
upper-crustal expression of the transpressional Petermann 
Orogeny, and the distribution and relationships of the 
major structural features are indicated in Figure 21.20 and 
Figure 21.21. 

Wankari Detachment Zone

to be the basal thrust surface of the Petermann Nappe 
Complex (Figures 21.20, 21.21). It comprises a south-
dipping zone of mylonites thrusting Musgrave Province 
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basement (Pottoyu Suite) over structurally interleaved 
Tjauwata Group (Wankari Volcanics, Bloods Range 

mylonites contain shallowly southeast-plunging mineral 
lineations and kinematic indicators that suggest a dextral-
reverse movement. Packages between mylonite zones 
largely preserve right-way-up successions. The intensity 

the sedimentary rocks pinch out and the high-strain zone 
is concentrated in basement rocks. Migmatisation in this 
area is evident and a garnet-hornblende-plagioclase-quartz 

provided a P-T estimate of 630°C and 6–7 kbar (Scrimgeour 
and Close 1999). Shallowly southeast-plunging lineations 
continue to indicate strike-slip deformation, although no 
consistent kinematic indicators are preserved.

amphibolite-facies metamorphism, with growth of kyanite, 
phlogopite and muscovite in the Bloods Range Formation. 

higher, with leucosomes and melt-bearing shear bands in 
the Pottoyu Suite. Further north, within the Pottoyu Hills, 

550°C and 5.3–6.2 kbar. Metamorphic grade decreases to 

assemblages of chlorite-epidote-hornblende-quartz-
plagioclase ± actinolite ± biotite. 

west-southwest-plunging antiform. The northern limb of this 

east to the Mannanana and Curdie ranges, where there is less 

Zone into its north-dipping orientation (see below).

Piltardi Detachment Zone

continued to act as the basal thrust of the Petermann Nappe 
Complex (Scrimgeour et al 1999, Edgoose et al 2004). 

mylonites, which interleave Musgrave basement (Pottoyu 

and Ilyaralona ranges. In packages between mylonite 

by Pinyinna beds, although packages between mylonites 
preserve a largely right-way-up stratigraphic succession 
(Scrimgeour et al 1999). Kyanite-biotite-muscovite schist 

to lower amphibolite-facies conditions.

a consistent north-down (apparently normal) sense of 
movement, parallel to north-plunging stretching lineations. 
However, the mylonites consistently juxtapose older units 
to the north against younger units to the south, which is 
not consistent with north-vergent, normal fault movement. 
This geometry can best be explained via the rotation of 
originally south-dipping thrusts by repeated underthrusting 
and duplexing within the basement (Figure 21.21).

detachment zone are dissected by south-dipping faults, 
which thrust granite of the Pottoyu Suite over the basal 
Amadeus Basin succession (Figure 21.21). These thrusts 
developed late in the Petermann Orogeny and postdate the 

In the Petermann Ranges, two K-Ar muscovite ages 
of 586 ± 5 Ma and 568 ± 5 Ma have been obtained from 

Zone (Close et al 2003b).

Basement wedge and Bloods Backthrust Zone

and which was previously termed the Petermann Nappe 

successions are preserved between thrusts. Bloods Range 
forms the northern margin of this basement wedge, where 
north-vergent thrusts, associated with fault propagation 
folds, repeat the basal Amadeus Basin succession. At 
Bloods Range, these structures are rotated into a steeply 
north-dipping monocline (Figure 21.22). North-vergent 
duplexing is interpreted to continue beneath covering rocks 
to the north of Bloods Range.

At Mount Harris, the Mount Harris Basalt is thrust over 

interleaved with Pinyinna beds. At the northern margin of 
the Petermann Nappe Complex, the Bloods Backthrust Zone 
forms the basal structure of a passive roof duplex, in which 
late Neoproterozoic Amadeus Basin sedimentary rocks 
accommodated shortening by thrusting to the south over 
the north-propagating wedge (Figure 21.21). This thrusting 
is interpreted to have occurred along a detachment within 
the Pinyinna beds.

In the Mann Ranges, the Petermann Orogeny is associated 
with dominantly north-vergent, dextral oblique compression 

and exposure of a pseudo-crustal section from south to north 
of lower to upper crustal rocks, respectively. In the east, 
there is a substantial decrease in the amount of exhumation 
and rare stretching lineations indicate a component of 

Figure 21.22. North-verging asymmetric fold (viewed from west) 
on northern margin of Petermann Nappe Complex, south of the 

7278232mN.
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strike-slip deformation. The highest metamorphic grades 
during the Petermann Orogeny in the Northern Territory 
were recorded in the Mann Ranges (11–13 kbar, 700–750°C). 
Metamorphic grade decreases across structural trends to 
the north and along major structural trends to the east. Peak 
metamorphism predated major movement on the crustal-
scale Woodroffe Thrust, which separates the Musgrave 
Province into the Fregon and Mulga Park domains).

the north by the north-vergent Woodroffe Thrust and to the 
south by the dominantly strike-slip Mann Fault. Pervasive 
deep-crustal mylonitic fabrics formed within this wedge 
early during the deformation, associated with regional 
metamorphic temperatures in excess of 700 C. This is 

east, where deformation during the Petermann Orogeny is 

for pervasive high-temperature metamorphism (Camacho 
et al 2002). Late in the orogenic cycle, the mylonites were 
overprinted by migmatitic shear zones and lower-grade 
mylonite zones during exhumation of deep crustal rocks 
along the Woodroffe Thrust. High-pressure (up to 13 kbar) 
metamorphism in the Mann Ranges occurred at 570 –550 Ma, 
whereas Sm-Nd data from similar high-pressure rocks 
elsewhere in the wedge suggests a metamorphic age of 
550 Ma. K-Ar and Rb-Sr systems in lower-grade mylonites 
show that exhumation along major structures such as the 
Woodroffe Thrust and Mann Fault occurred at 550–530 Ma, 

the wedge is demonstrated by the closeness in the ages of 
the deep crustal mylonite assemblages (570–550 Ma) and 
the overprinting lower amphibolite- and greenschist-facies 
shear zones (550–530 Ma). Thin-skinned deformation of 
basal Amadeus Basin sedimentary rocks in the Olia Chain 
also occurred early in the orogeny. Underlying basement 
rocks in this area contain pervasive amphibolite-facies 
fabrics, with localised migmatisation.

The mid- to upper-crustal expression of the Petermann 

Petermann Nappe Complex, which developed via the 
northward emplacement of an internally duplexed 

This structurally interleaved basement and basal Amadeus 
Basin sedimentary rocks below a decollement surface at 
the top of the Pinyinna beds (Figures 21.21). Units above 
the decollement (Winnall and Inindia beds) were thrust 
southward on the Bloods Backthrust Zone to accommodate 
the shortening. This backthrust zone forms the basal 
structure of a passive roof duplex that has been rotated into 
a steeply north-dipping homocline.

Flexural downwarping to the north of the Bloods 
Backthrust Zone formed the Mount Currie Sub-basin, into 

Currie Conglomerate of the Amadeus Basin. Further north-
directed movement later in the Petermann Orogeny led to 
additional subsurface underthrusting and consequent rotation 

Complex into a north-dipping orientation.
Flöttmann et al (2004) described the interleaving of 

Musgrave Province basement and basal Amadeus Basin 

cover successions within triangle zones, such as the 
Petermann Nappe Complex, to be due to a relatively low 
mechanical contrast between the basement and cover rocks. 
Metamorphic assemblages imply that basal Amadeus Basin 
successions were buried to about 20 km in the Olia Chain 
area and up to 15 km in the Manananna Range. With this 
order of thickening and an estimated 100 km of shortening 
during the Petermann Orogeny in the west of the region, 
Flöttmann et al (2004) attributed the lack of development of 
a substantial foreland basin to lithosphere that was too weak 

Large-scale movement on the Woodroffe Thrust 
occurred late in the orogenic cycle and led to the exhumation 
of the deep crustal wedge in the south. Overprinting 
lower amphibolite- to greenschist-facies mylonite zones 
within the wedge developed during this movement. The 

metamorphosed at 9–10 kbar, against rocks metamorphosed 

In the eastern Musgrave Province low-grade mylonitic 
shear zones and localised weak foliations are indicative 
of relatively limited strain and exhumation during the 
Petermann Orogeny, in comparison with the pervasively 
deformed deep-crustal wedge and nappe complex to the 

southern Amadeus Basin show south-dipping thrust ramps 
extending through the basement and thrusting of basement 
over Neoproterozoic sedimentary rocks of the basin (Korsch 
and Lindsay 1989, Korsch et al 2010, Figure 21.15). 

ALICE SPRINGS OROGENY (450–300 Ma)

The mid- to late Palaeozoic Alice Springs Orogeny was 
long-lived series of tectonic events that was focused on 
the Arunta Region, to the north of the Amadeus Basin. It 
commenced with juxtaposition of the Aileron and Irindina 
provinces at 450–440 Ma, which was followed by a thick-
skinned, bivergent east-trending orogenic system in the 

thrust system in the Carboniferous. 

Orogeny in the Musgrave Province is sparse. Ordovician 
sedimentary rocks that onlap both basement and deformed 
Neoproterozoic strata have undergone minor warping that 
is attributed to this event. Palaeomagnetic studies of dykes 

recorded a magnetic pole position commonly given by 
rocks affected by the Alice Springs Orogeny (Camacho 
et al
Province and southern Amadeus Basin point to exhumation 
and cooling in the latter stages of the orogeny (Tingate 
1990). On the eastern margin of the province, a sedimentary 
succession of the Amadeus Basin (Finke Group) that was 
deposited during a single pulse of exhumation early in the 
Alice Springs Orogeny onlaps Musgrave basement. 

MINERAL RESOURCES

Very little mineral exploration has occurred in the Musgrave 
Province in the Northern Territory and large areas remain 
effectively unexplored. There has been no substantial 
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mining activity. However, the province is considered to be 
prospective for base metals, ferroalloys and gold.

Base metals, silver, gold

Copper mineralisation is recorded at several localities in the 
Petermann and Bloods ranges. North of Piltardi waterhole 
in the Petermann Ranges, malachite-bearing quartz veins 
occur within Pottoyu Suite that has been mylonitised in 

includes values of up to 2% Cu (Scrimgeour et al 1999). 
In the Tjauwata Group, a few occurrences of secondary 

copper minerals (malachite, chrysocolla and chalcocite) in 
veins have been recorded in an area of low hills, north of 
the Ilyaralona Range (Figure 21.3). They occur in sheared 
basalt and schistose sediments of the Tjuninanta Formation. 
The occurrences were shallow diamond drilled by the Mines 
Branch of the NT Administration in 1971 to test surface copper 
grades of up to 26% (Fruzzetti and Morlock 1972). The drilling 

surface mining operation was carried out by people from the 

enrichment. A nearby mineral occurrence in the Tjuninanta 
Formation has elevated Ag (4.5 ppm) and Cu (1.1%).

Secondary lead and copper minerals, galena, silver 

the Mount Harris Basalt, south of Bloods Range (Forman 
1966a, Close et al 2003a). The vein contains 89 ppm Ag, 
1.94% Cu, 2.08% Pb, 220 ppm Bi and 101 ppb Au. A quartz 

Creek has yielded 0.19 ppm Au (Scrimgeour et al 1999). 
Traces of gold were also reported by George (1907) from a 
quartz vein in granite near Foster Cliff. Limited exploration 

encouraging gold anomalies in soil samples (Hellewell 

quartz-veins within poorly exposed sheared granitoids and 
metasedimentary rocks of the Tjauwata Group that yielded 
rock chip results including 29.7 g/t Au and 13.1 g/t Au, with 
anomalous bismuth, copper, lead and silver (Goldsearch 
2005). These encouraging results have not been adequately 
followed up and this area is considered to have promising 

It has been claimed that the mythical gold reef 
purportedly discovered by Harold Bell Lasseter in the 1920s 
is located somewhere in the western Musgrave Province, 
but little evidence exists to support this.

The Giles Complex has been the focus of considerable 
exploration interest for Ni-Cu±PGE mineralisation in 
South Australia and Western Australia. Accumulations 
of nickel are associated with supergene enrichment of 
lateritised Giles Complex rocks close to the Northern 

with palaeodepressions in the Claude Hills peridotite/
gabbro intrusion, only 1–3 km south of the border, and has 
a JORC-compliant Inferred Resource of 33.3 Mt at 0.8% Ni 

of Giles Complex rocks into the Northern Territory by the 

South Australian government (Miller 1966), found that 

Territory border. An intersection of 75 m at 0.51% Ni was 
encountered approximately 300 m south of the border. A 
sample of lateritised pyroxenite from the one outcrop of 
the Giles Complex within the Northern Territory yielded 
1.0% Ni, 0.55% Cr and 77 ppm Co. Chrysoprase veins 
cutting nickeliferous laterite and jasper have been mined in 
South Australia less than one kilometre from the Northern 
Territory border.

number of mineral deposits and occurrences. These 
include orthomagmatic mineral systems such as nickel-

nickel laterite deposits (Howard et al 2011). The largest 
known deposit in the Musgrave Province is the Nebo-Babel 
Ni-Cu(-PGE) deposit in the Giles Complex in Western 
Australia with a resource estimate of 392 Mt at 0.30% 
Ni and 0.33% Cu (Howard et al 2011). Some of the larger 

interpreted as potential feeders of the Giles Complex, could 
be sites of entrapment for magmatic Cu-Ni-Cr deposits. 
This play-type has not been investigated.

Manganiferous sedimentary rocks that are associated 
with amphibolites in the Kelly Hills may be a remnant of 
oceanic crust and its sedimentary cover, and may have 
base metals (including nickel) potential. Small stratabound 

with possible volcanic precursors in the central Musgrave 
Province (South Australia), also indicate some potential 
for metamorphosed sediment-hosted or VMS-style 
mineralisation (Tonkin 1991).

Parts of the Musgrave Province, particularly in the western 

levels at high temperatures, and therefore are considered 
to have low potential for hydrothermal or magmatic gold 
deposits. Pitjantjatjara Supersuite granites have some 
potential for iron-oxide Cu-Au deposits, on the basis of them 
being strongly oxidised to oxidised, moderately fractionated, 
strongly metaluminous, Sr-depleted and Y-undepleted, and 
having a wide range of compositions (Budd et al 2002). In 

associated with deformation during the Petermann Orogeny. 
These structures could be potential targets for concentrations 
of high-temperature hydrothermal mineralisation. The 
Pottoyu and Mantarurr suites are enriched in uranium, and 
uranium anomalies are associated with major structures 

explored. In the eastern part of the Musgrave Province, 
overall metamorphic grades are lower and there is a greater 
proportion of volcanic and sedimentary protoliths, both of 
which are factors that enhance the prospectivity of this area 
for a range of commodities.

Potential targets for red-bed copper mineralisation 
include rift-related sedimentary rocks of the Tjauwata 
Group and the basal part of the Amadeus Basin 
succession. Pockets of surface enrichment of copper and 
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base metals occur within these units (see Base metals, 
silver, gold above), suggesting that there is potential for 
more mineralisation within the sedimentary volcanic 
successions.
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Centralian Superbasin

probably linked, via the Arrowie and Stansbury basins in 
South Australia, with Cambrian basins that stretched along 
the Transantarctic Mountains as far as the Weddell Sea in 
Antarctica, so as to form a vast quasi-contiguous depositional 
system. Following emplacement of the late early Cambrian 
Kalkarindji Large Igneous Province (see Kalkarindji 
Province) an early middle Cambrian marine transgression 
extended sedimentary deposition over large parts of northern 
Australia, including the central and northern Georgina, Wiso, 
Daly, Ord and southern Bonaparte basins (Figure 22.2b). 
This early Palaeozoic depositional tract can be considered 
to be a large-scale but relatively short-lived superbasin, 

and of similar areal extent. The Neoproterozoic to early 
Palaeozoic depositional history of the central-northern parts 
of Australia can thus be considered as consisting of a series 
of stacked and overlapping superbasins and basins of varying 
extent and duration. A series of compressional deformation 
events, collectively denoting the 450–300 Ma Alice Springs 
Orogeny, dismembered this depositional system, although 
synorogenic deposition continued in some component basins 
(Figure 22.2c–f
most areas during the mid-Carboniferous Eclipse Event.

For descriptive purposes, the Neoproterozoic Centralian 
Superbasin of Walter et al (1995) up to the time of the 
Petermann Orogeny is here referred to as the Centralian A 

Chapter 22: CENTRALIAN SUPERBASIN TJ Munson, PD Kruse and M Ahmad

INTRODUCTION

In the Neoproterozoic and early Palaeozoic, large, polyphase 
sedimentary basins covered extensive areas of northern, central 
and southern Australia. Neoproterozoic successions of the 

were interpreted by Walter et al (1995) as comprising a single, 
extensive intracratonic depositional system, the Centralian 
Superbasin, contiguous with the Adelaide Rift (now Adelaide 
Fold Belt) in southern South Australia (Figure 22.1). A number 
of other Neoproterozoic terranes have been subsequently 
added to the superbasin, increasing its geographic extent (see 

the Centralian Superbasin encompassed all Neoproterozoic 
successions of these basins prior to disruption of the superbasin 
by the 580–530 Ma Petermann Orogeny, which was followed 
by a widespread earliest Cambrian hiatus. During the 

more northerly components of the Centralian Superbasin 
as a result of the exhumation of the Musgrave Province by a 
central uplift and associated thrusts (Walter and Veevers 1997, 
Camacho and McDougall 2000).

In the mid–late early Cambrian, extensive sedimentary 
deposition was re-established over large parts of central 
Australia, including the Amadeus, Ngalia, southern 
Georgina and Warburton basins (Figure 22.2a). These were 
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Cambrian (Ordian), showing maximum extent of early middle Cambrian marine transgression. (c) Late Cambrian (Idamean–Payntonian). 
(d e) Middle Ordovician (Darriwilian). (f) Late Ordovician 
(Gisbornian–Eastonian–Bolindian). Ordovician reconstructions follow Haines and Wingate (2007) in not depicting a marine connection 
(Larapintine Seaway; Webby 1978) between central Australian basins and Canning Basin in Western Australia.
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Centralian Superbasin

Superbasin, and the previously unnamed early Palaeozoic 
depositional system in northern and central Australia that 
followed the Petermann Orogeny is here referred to as 
the Centralian B Superbasin1. These superbasins are now 
represented by deposits within several remnant structural 
basins, separated by uplifted and exhumed basement 
terranes. The total thickness of the sedimentary succession 
within the superbasins prior to the Alice Springs Orogeny 
was generally >7 km (McLaran et al 2009) and possibly as 
much as 10–15 km in the deeper troughs (Lindsay 2002).

CENTRALIAN A SUPERBASIN

NEOPROTEROZOIC

The Centralian A Superbasin (Centralian Superbasin of 
Walter et al 1995) was a large Neoproterozoic intracratonic 
depositional tract which has since been dismembered into 
several constituent structural basins related by age, common 
tectonic styles and closely comparable sedimentary 

et al (1995) 
to include Neoproterozoic strata of the Amadeus, Ngalia, 

2 
basins, which are now separated by uplifted and exhumed 
older Proterozoic terranes that include the Musgrave 
Province, and the Aileron and Warumpi provinces of the 
Arunta Region (Figure 22.1). Tyler (2000), Tyler and 
Hocking (2001) and Bagas (2004) also included a number 
of other terranes in northern Western Australia and the NT 
within the superbasin; these include Neoproterozoic strata 
of the Victoria, Wolfe, Yeneena and Louisa basins, and the 
Mount House and Oscar Range groups, which are not within 
named basins. The metamorphosed Irindina Province, 
currently included in the Arunta Region, has protoliths that 
have been dated as Neoproterozoic and Cambrian (Buick 
et al 2005, Maidment 2005), indicating that older strata 
of this terrane were probably also originally a part of the 
superbasin. In Queensland, metamorphosed Neoproterozoic 
rocks are present in the Thomson Fold Belt (Draper 2006), 
Anakie Inlier (Withnall et al 1996, Fergusson et al 2001) 
and the Charters Towers area (Fergusson et al 2007), but 
the relationships of these terranes with the Centralian A 

Walter et al (1995), the superbasin extended over an area 
of about 2 million km2, but if the additional terranes are 
included, the extent of the superbasin would be somewhat 
greater.

Figure 22.3 summarises stratigraphic correlations across 
the various structural basins that originally comprised the 
Centralian A Superbasin in the Northern Territory. Walter 
et al (1995) grouped the stratigraphic units of the then-

major unconformities; the supersequences correspond to the 
LP101 to LP104 subdivisions of Ahmad and Scrimgeour (2006) 
and to Megasequences 1–3 of Lindsay and Leven (1996) and 

1 

supersequences 1–4 of Walter et al (2005) and Centralian 1–3 
tectonic events of de Vries et al (2008).
2

name has been discontinued (Tyler and Hocking 2001).

Lindsay (2002). This lithostratigraphic succession has been 

Walter and Veevers 1997, 2000). The spatial distribution of 
the supersequences within the southern Northern Territory 
is shown in Figure 22.4. Supersequence 1 comprises a 
widespread basal sandstone/quartzite, followed by carbonate, 

marked by basal glaciogenic sedimentary rocks, followed 
by silt and shale with interbedded carbonate and sandstone. 
Supersequence 3 also includes glaciogenic sedimentary 
rocks at its base, succeeded by siltstone, shale, sandstone 
and carbonate rocks. Supersequence 4 represents a 
dominantly sandstone succession. The two major periods 
of glaciation in Supersequences 2 and 3 can be correlated 
with Neoproterozoic glacial intervals in the Adelaide Fold 
Belt and on other continents (Preiss et al 1978). Individual 
stratigraphic units of these supersequences in the Northern 
Territory are more fully discussed elsewhere, in the chapters 
on the constituent basins, but a brief summary is presented 
below.

The age of the sedimentary succession of the Centralian A 

summarised by Grey (2008), including limited geochronology, 
carbon isotope chemostratigraphy, palynology, stromatolite 
biostratigraphy and lithostratigraphic correlation. 
Deposition of Supersequence 1 probably occurred in the 
interval 840–745 Ma (Walter and Veevers 2000), but the 
top of this succession is apparently strongly diachronous; 

hiatus of up to 45 million years (Grey et al 2005), whereas 
in more northerly basins, the corresponding time gap 
is up to 100 million years (Figure 22.3). Deposition of 
Supersequences 2–3 occurred in the interval 700–550 Ma, 
but due to poor age controls, there is some uncertainty as 
to the age of the boundary between these supersequences, 
which could be greater than ca 635 Ma (Figure 22.3a) 
or considerably younger (ca 580 Ma, Figure 22.3b, see 
Supersequence 3). The age of Supersequence 4 is regarded 
as 550–544 Ma (Walter and Veevers 2000).

Supersequence 1

Supersequence 1 consists of a thick basal sandstone/
quartzite overlain by an equally thick interval of dolostone, 

succession averages 600–1000 m in thickness and exceeds 
3000 m in some sub-basins (Walter et al 1995, Lindsay 
2002). The supersequence is widespread and is recognised 
over most of the superbasin, extending from the western 

is correlated with deposits in the Victoria Basin in the 
northwestern Northern Territory (Walter et al 1995) and 
southern parts of the Wolfe Basin in northeastern Western 
Australia (Grey and Blake 1999). More southerly parts of the 

by the ca 825 Ma Gairdner and coeval Amata dyke swarms 

Hoatson 2010; see below).
In the Amadeus Basin, the basal sandstone interval of 

Supersequence 1 is represented by the Heavitree Quartzite 
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and the correlative Dean Quartzite (Figure 22.3). These 
formations are overlain by widespread carbonate and 
evaporitic units of the Bitter Springs Formation and its 
lateral equivalent, the Pinyinna beds, that represent the 
upper interval of the supersequence. In the southern 
Georgina Basin, Supersequence 1 is represented by the 
Plenty Group, which includes the Yackah beds in the 
southeast and Amesbury Quartzite in the southwest. A 
thin succession of sandstone (Vaughan Springs Quartzite) 
and siltstone, shale and dolostone (Albinia Formation) are 
representative of Supersequence 1 in the Ngalia Basin. 
In the Murraba Basin, the basal sandstone interval of 
Supersequence 1 is represented by the Redcliff Pound 
Group (Munyu Sandstone, Murraba Formation, Erica 
Sandstone), which is composed almost exclusively of 
siliciclastic sedimentary rocks. Representatives of the 
other supersequences (2–4) are not recognised in this 
latter basin. The equivalent succession in the Victoria 
Basin is at least the upper part and perhaps all of the 
poorly dated Auvergne Group. In the Irindina Province, 
highly metamorphosed quartzite and carbonate rock of the 
Stanovos Gneiss Member of the Irindina Gneiss have been 
tentatively correlated with Supersequence 1 on the basis 
of similar lithology and detrital zircon age populations 
(Maidment 2005).

The basal sandstone interval of Supersequence 1 was 

shallow subtidal environments (Lindsay 1991, Walter et al 
1995, Young et al 1995, Walter and Veevers 1997, Dunster 
et al 

to explain the deposition of such an extensive immature 
sand sheet, but suggested that it was related to regional 
uplift and peneplanation, followed by broad regional 
subsidence that resulted in the deposition of sands that 

upper interval of Supersequence 1 was probably deposited 

environments (Lindsay 1987, 1991, Walter et al 1995, 
Young et al 1995, Walter and Veevers 1997, Dunster et al 
2007, Vandenberg et al in press). Lindsay (1987) suggested 
that the interbedded evaporite, stromatolitic dolostone and 

interval were probably deposited on a marine platform in 

type, with carbonates and sulfates developed around basin 
margins and halite and potassium salts deposited in basin 
centres. Alternatively, Walter et al (1995) interpreted the 
depositional environment for these rocks to have been 
a mosaic of carbonate banks and intervening evaporitic 
lagoons, with distant rivers providing sources of silt.

Supersequence 2

This supersequence is characterised by basal glacial 
deposits, deposited during the Sturtian glaciation, followed 
by siltstone, shale and interbedded carbonate and sandstone 

Australian plate (Walter et al 1995). Supersequence 2 
sedimentary rocks are present in the Amadeus, Ngalia, 
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Georgina basins of the Centralian A Superbasin. They 
reach a total thickness of 1600–2100 m in the Amadeus 
Basin and are up to 2900 m thick in the southern Georgina 
Basin. Thicknesses in other basins are much less and in 
the Ngalia Basin, the supersequence reaches a maximum 
thickness of just 100 m.

Supersequence 2 is represented in the northern 
Amadeus Basin by tillite of the Areyonga Formation and by 
sandstone and shale of the overlying Aralka Formation, and 
in the southern and western Amadeus Basin by diamictite, 
sandstone and siltstone of the lower part of the Inindia 
beds (Figure 22.3). In the southern Georgina Basin, the 
succession consists of glacial sedimentary rocks of the 
Yardida Tillite and Mount Cornish Formation, assigned to 
the Aroota Group. In the Ngalia Basin, Supersequence 2 
is represented by the Naburula Formation, consisting of a 
basal diamictite succeeded by shale and dolomudstone at 
the top of the formation, which is in turn overlain by shale 
and minor siltstone of the Rinkabeena Shale.

The Sturtian glaciation was regionally widespread 
(Priess and Forbes 1981) and was probably a relatively 
long-lived global event (Evans 2000). After deglaciation, 

in the thick shale that overlies the basal glacial deposits. 
Shallow water carbonate rocks and sandstone in the middle 
and upper parts of the supersequence might be due to 
isostatic rebound (Walter et al 1995).

Supersequence 3

Supersequence 3 includes glacial and post-glacial 
transgressive deposits somewhat similar to those of 
Supersequence 2. The glacial strata have been correlated 
with similar deposits throughout the Australian continent 
(Priess and Forbes 1981) and are generally attributed to the 
latest Cryogenian Elatina glaciation1

by Walter et al (1995), Supersequence 3 sedimentary rocks 

Georgina basins. They are also present in the Wolfe Basin 
and other successions in the Kimberley region of Western 
Australia (Grey and Corkeron 1998). In the Amadeus Basin, 
Supersequence 3 is greater than 2000 m in thickness and it is 
over 2600 m thick in deeper troughs of the Georgina Basin. 
A very much thinner succession of 100–350 m thickness 
is present in the Ngalia Basin, but to the northwest, over 
900 m of Supersequence 3-equivalent strata are present in 
the Wolfe Basin.

In the northeastern Amadeus Basin, the Supersequence 3 
succession comprises, in ascending stratigraphic order: 
diamictite, siliciclastic rocks and dolostone of the 
Olympic Formation, and conglomerate and sandstone 
of the equivalent Pioneer Sandstone; sandstone and 
conglomerate of the Gaylad Sandstone; siltstone and shale 
of the Pertatataka Formation; and dolostone, limestone 
and siltstone with sandstone lenses of the Julie Formation. 
In the south of the Amadeus Basin, sandstone and siltstone 
of the upper Inindia beds are equated with this succession 
(Figure 22.3). In the western part of the basin in Western 
Australia, equivalent carbonate and siliciclastic rock 
1

regarded as invalid (Priess 2000, Williams et al 2008).

units are included within the Boord Formation (Haines 
et al 2009, 2010). In the Ngalia Basin, Supersequence 3 
is represented by diamictite, dolomudstone and shale of 
the Mount Doreen Formation. In the southern Georgina 
Basin, a succession of lower Supersequence 3 glacial 
outwash deposits is included in the Keepera Group 
(Black Stump Arkose, Sun Hill Arkose, Oorabra Arkose, 
Boko Formation, Little Burke Tillite), which is in part 
overlain by the Wonnadinna Dolostone. The upper part of 
Supersequence 3 is represented by the Mopunga Group, 
which includes the lower part of the Elkera Formation and 
the marine siliciclastic Gnallan-a-Gea Arkose, Elyuah 
Formation and Grant Bluff Formation. The terminal 
Ediacaran, terrestrial to deltaic Central Mount Stuart 
Formation and equivalent Andagera Formation are partial 
lateral equivalents of the peritidal to shallow marine Elkera 
Formation (Dunster et al 2007), and the lower parts of 
these units are also assigned to Supersequence 3 (Walter 
and Veevers 1997). In the northern Georgina Basin, 

(Bukalara Sandstone and Cox Formation) were attributed 
an Ediacaran age by Kruse in Rawlings et al (2008) and 
are probable correlatives of this supersequence. However, 
there are no known Neoproterozoic rocks in intervening 
areas of the Georgina Basin and a direct connection with 
the Centralian A Superbasin in more southerly areas of 
the basin has not been established. In the Wolfe Basin, 
units assigned to Supersequence 3 include the Skinner 
Sandstone, Fargoo Tillite, Blackfellow Creek Sandstone, 
Moonlight Valley Tillite and Ranford Formation of the 
Duerdin Group and glaciogene sedimentary rocks of the 
ungrouped Uniya Formation.

Supersequence 3 was deposited in very similar settings 
to those of Supersequence 2, in that basal glaciogene 
deposits are overlain by mostly marine sedimentary rocks 
that mark an extensive transgression related to eustatic 
sea-level rise following deglaciation; these are capped by 
shallow-water carbonate rocks that might be the result of 
isostatic rebound (Walter et al 1995). There is considerable 
uncertainty as to the age of the Elatina glaciation. In the 
Adelaide Fold Belt, the base of the Ediacaran period has 

Elatina Formation and overlying cap carbonate rocks of the 
Nuccaleena Formation; the Elatina glaciation is therefore 
latest Cryogenian in age. The base of the Ediacaran has 
been generally regarded as being about 635 Ma, based on 
correlations with relatively well dated glaciogene deposits 
in Namibia (Hoffmann et al 2004) and China (Condon 
et al 2005), but a much younger age of about 580 Ma 
is suggested by dating of possibly correlative glacial 
successions in King Island and elsewhere in Tasmania 
(Calver et al 2004). This younger date implies a correlation 
between the Elatina glaciation and the Canadian Gaskiers 
glaciation, which has been radiometrically dated at about 
580 Ma (Bowring et al 2003). Alternatively, the younger 
age of the Tasmanian glacial deposits may be indicative of 
a third Ediacaran glacial event in Australia and elsewhere, 
which is younger than the Elatina glaciation, a possibility 
suggested by Grey and Corkeron (1998) from studies of 
glacial deposits of the Egan Formation of the Louisa Basin 
in Western Australia.
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Supersequence 4

This succession is dominated by synorogenic sandstone 
deposited at the time of the 580–530 Ma Petermann 
Orogeny. Supersequence 4 sedimentary rocks are present in 

of the Centralian A Superbasin. The supersequence ranges 
up to 800 m in thickness in the Amadeus Basin (Ambrose 
2006) and is up to 700 m thick in the Ngalia Basin. The 

(Glaessner 1984) of soft-bodied metazoans.
In the Amadeus Basin, Supersequence 4 is represented 

by sandstone, siltstone, shale and minor conglomerate of 
the lower part of the Arumbera Sandstone (Figure 22.3), 
which is probably equivalent to the Carnegie Formation in 
the Western Australian portion of the basin (Haines et al 
2009, 2010). In the Georgina Basin, the supersequence is 
represented by sandstone and siltstone of the upper part of 
the Central Mount Stuart Formation, which is correlated 
with the lower Arumbera Sandstone, and by sandstone of 
the upper part of the Elkera Formation. In the Ngalia Basin, 
the lower part of the Yuendumu Sandstone is a probable 
correlative of the lower Arumbera Sandstone and is also 
included within the supersequence.

Supersequence 4 was deposited in response to tectonic 
uplift of the Musgrave Province as a result of the Petermann 
Orogeny. This uplifted area become a major source of sandy 
sediment for deltas building out into northern areas of the 
superbasin. Only the northernmost parts of the superbasin 
were marine at this time, whereas much of the southern area 
was likely to have been emergent (Walter et al 1995).

CENTRALIAN B SUPERBASIN

The Centralian B Superbasin is here interpreted to encompass 
interlinked and probably contiguous early Palaeozoic 
intracratonic sedimentary basins that developed in northern and 
central Australia (Figures 22.2, 22.5) following the Petermann 
Orogeny. It includes interconnected basins stretching from the 
Carlton Sub-basin of the southern Bonaparte Basin in northern 
Australia, through the Ord, Daly, Wiso, Georgina and Ngalia 
basins, to the Amadeus and Warburton basins in central 
Australia. The highly metamorphosed Irindina Province in 
central Australia is also included within the superbasin, as it 
contains metamorphosed sedimentary protoliths of probable 
Cambrian age (Buick et al 2005, Maidment 2005) that are 
probably equivalent to Cambrian successions in the adjacent 

Basin in northern South Australia, to the south of the uplifted 
and presumably emergent Musgrave Province, contains early 
Cambrian and latest Cambrian?–Ordovician successions (see 
Gravestock et al 1995) that are also tentatively included within 
the superbasin. Interconnectivity between all of these now 
mostly separate basins during the Cambrian is indicated by 
the presence of common invertebrate faunas, as summarised 
by Kruse et al (2009). The onshore Arafura Basin in northern 
Australia is not included within the superbasin, as it is unlikely 
to have had a direct southerly connection with other component 
basins. However, indirect links are suggested by the presence 
of common faunal elements (Laurie 2006a). The southern 

but are here interpreted to exclude rift-related epicontinental 
Cambrian basins in central-eastern South Australia (Arrowie 
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Basin) and western New South Wales (Gnalta Shelf), although 
the presence of common faunal elements (Kruse et al 2009) 
indicates that these basins were probably interconnected 
with the Warburton Basin to the north and Stansbury Basin 
to the south. Central and South Australian archaeocyath and 
radiocyath species, denoting a single faunal province, are also 
found throughout Antarctica (Kruse and Shi in Brock et al 
2000), indicating that shelves/basins in this region were also 
at least indirectly connected to Australian Cambrian basins 
while the two continents were joined as part of the Gondwana 
supercontinent. The eastern limits of the Centralian B 
Superbasin are unclear and were presumably to the west 
of deep oceanic regions to the east of Gondwana that are 
not preserved. However, to the east of the Mount Isa Inlier 
in Queensland, the extensive subsurface Millungera Basin 
(Korsch et al 2009) has a thick undated succession that is 
possibly equivalent to that of the Georgina Basin.

The Centralian B Superbasin developed over central 
Australia during the mid–late early Cambrian and reached 
its maximum extent to include larger areas of northern 
Australia during the middle Cambrian following the 
emplacement of the late early Cambrian Kalkarindji Large 
Igneous Province. The superbasin became more restricted 
to areas of central Australia in the late Cambrian and 
Ordovician (Figure 22.2).

EARLY CAMBRIAN

The earliest Cambrian appears to have been characterised 
by a widespread hiatus over much of Australia (Walter and 
Veevers 2000), although poorly dated basal portions of 
early Cambrian successions in the Amadeus, Ngalia and 
Georgina basins in central Australia may be as old as this 
(Figure 22.6), and deposition may have been continuous 
from the Neoproterozoic into the early Cambrian in some 
areas (eg Arumbera Sandstone in northern Amadeus Basin). 
Walter and Veevers (2000) attributed this short period of 
relative non-deposition to a eustatic fall in relative sea level, 
possibly related to the Petermann Orogeny.

marine deposition became much more widespread within 

and Warburton basins (Figures 22.2a, 22.5). This is 

related deposition in a deep depocentre in the Irindina 
Province (Buick et al 2005, Maidment 2005), in what is 
now the eastern Arunta Region. In the NT, sedimentary 
units representative of this earliest stage of development 
of the Centralian B Superbasin include the Shadow Group 
of the Georgina Basin, the upper Arumbera Sandstone, 
Winnall beds and equivalents in the Amadeus Basin, 
the upper Yuendumu Sandstone of the Ngalia Basin, an 
unnamed dolostone intersected in drillhole McDills-1 
(Amerada Petroleum 1965) in the subsurface Warburton 
Basin (Figure 22.6), and possibly parts of the Harts Range 
Metamorphic Complex in the Irindina Province.

Late early Cambrian volcanism

In the late early Cambrian, a large part of northern Australia, 
central Western Australia and western South Australia, 

including parts of the former Centralian A Superbasin, 
was covered by variably thick and extensive basalts of the 
Kalkarindji Large Igneous Province (Figure 22.2a; Glass 

event was marked by an eruptive outpouring of vast 
amounts of subaerial basaltic lava, related to either a large-
scale mantle plume, or possibly to catastrophic lithospheric 
delamination, accompanied by substantial asthenospheric 
melt segregation (Glass 2002). The basalts have an average 
radiometric age of 507 ± 4 Ma (Glass and Phillips 2006), of 
which the oldest age (within error) is compatible with the 
position of the volcanics below the securely dated Cambrian 
sequence 1 (Ordian) interval of Shergold et al (1988), 
Southgate and Shergold (1991) and Laurie (2006b).

MIDDLE CAMBRIAN

Following the emplacement of the Kalkarindji Large 
Igneous Province, widespread regional subsidence resulted 
in transgression across much of the northern part of Australia 
(Figure 22.2b). Large areas of the northern NT, including 
the interlinked central and northern Georgina, Wiso, Daly, 
Ord and Bonaparte basins, were inundated by a shallow 

Sub-basin (southern Bonaparte Basin) in the northwest of 
the Northern Territory were probably connected to the Wiso 
and Georgina basins via the Daly Basin (Figure 22.2b).

Sequence stratigraphic studies of middle Cambrian 
strata in the Georgina Basin (Shergold et al 1988, Southgate 

successive depositional successions: sequence 1 (Ordian) 
and sequence 2 (latest Ordian–early Mindyallan). These 
are characterised by distinctive trilobite, bradoriide, 
brachiopod, hyolith, mollusc and sponge faunas, 
documented by Kruse (1990, 1991, 1998, 2002), Kruse et al 
(2004, 2009), Laurie (2004, 2006a, b), Jones and Laurie 
(2006) and Jones and Kruse (2009) from the Daly, Ord, 
Wiso, Arafura and Georgina basins. The relatively well 
described invertebrate faunas can be readily correlated 
from depocentre to depocentre throughout the superbasin 
(Figure 22.6). Relative sea levels were at their maximum 
during deposition of these sequences (Figure 22.2b).

Sequence 1

Sequence 1 is represented by carbonate and lesser siliciclastic 
rocks that were deposited mainly in shallow marine, 
restricted marine and peritidal conditions, with shallower 
conditions being more prevalent in the north and northwest 
and adjacent to basement highs. In the southern Georgina 
Basin, the sequence is represented by limestone, dolostone, 
marl, phosphorite and some siliciclastic rocks of the peritidal 
to marine Thorntonia Limestone (Figure 22.6). Correlative 
marine strata in the Undilla Sub-basin in the central and 
eastern Georgina Basin are assigned to the Thorntonia 
Limestone and Border Waterhole Formation. In the Barkly 
Sub-basin, sequence 1 is represented by restricted marine 
and peritidal limestone and minor siliciclastic mudstone 
of the Gum Ridge Formation, and equivalent strata on the 
northern margin of the Georgina Basin are assigned to the 
shallow marine to peritidal Top Springs Limestone. In the 
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Wiso Basin, sequence 1 is represented by shallow marine and 
lesser peritidal limestone, dolostone and minor siliciclastic 

grained siliciclastic rocks and lesser dolomitic limestone of 
the peritidal to restricted shallow marine Hooker Creek 
Formation, in turn overlain by the sandstone-dominated, 
peritidal Lothari Hill Sandstone. In the Daly Basin to the 
north, the correlative succession is referred to the shallow 
marine to peritidal Tindall Limestone and in the Ord Basin, 

and lesser shallow marine limestone of the Negri Subgroup, 
comprising Headleys Limestone, Nelson Shale, Linnekar 
Limestone and Panton Formation. Equivalent strata in 
the Carlton Sub-basin of Western Australia are referred 
to the peritidal to shallow marine Tarrara Formation. In 
the Amadeus Basin, the interval equivalent to sequence 1 
consists of evaporites, carbonate mudstone, shale and 
siltstone assigned to the Chandler Formation, and carbonate 
and siliciclastic rocks of the shallow marine to peritidal 
lower Giles Creek Dolostone. These rocks are correlated 
with carbonate and siliciclastic rocks of the Walbiri 
Dolostone in the Ngalia Basin. 

Sequence 2

Sequence 2 contains a greater proportion of siliciclastic 
rocks to carbonate rocks than does sequence 1 and was 

basinal environments. In the southern Georgina Basin, 
the sequence is represented by pyritic-carbonaceous black 
shale, dolostone, and minor siliciclastic rocks overlain by 
carbonate rocks and siliciclastic mudstone of the Arthur 
Creek Formation (Figure 22.6), deposited in relatively 
deep marine and restricted shallow marine conditions 
respectively. In the Undilla Sub-basin, sequence 2 comprises 
low- to moderate-energy marine silty dolostone, calci/
dolomudstone and siliciclastic mudstone of the Wonarah 
Formation, overlain by the bioclastic Ranken Limestone 
and in turn by high-energy barrier and protected back-
barrier carbonate rocks of the Camooweal Dolostone. In 
the Barkly Sub-basin, the unfossiliferous Anthony Lagoon 
Formation is a lateral equivalent of the Wonarah Formation 
and consists of dolomitic–siliciclastic siltstone interbedded 
with dolostone. This formation is also lithologically very 
similar to and is correlated with the Jinduckin Formation of 
the Daly Basin to the northwest. The Jinduckin Formation 
is overlain by the Oolloo Dolostone and these units 
comprise sequence 2 in that basin. In the Wiso Basin, strata 
equivalent to the lower Wonarah Formation are referred 

siliciclastic rocks deposited mainly under shallow marine 
conditions. Sequence 2 is represented in the Ord Basin by 
the peritidal Eagle Hawk Sandstone and possibly also the 

Sub-basin by the peritidal to shallow marine Hart Spring 
Sandstone and overlying Skewthorpe Formation or possibly 
younger units of the Carlton Group. In the Amadeus Basin, 
strata equivalent to sequence 2 include the nearshore to 
shallow marine Tempe Formation and Hugh River Shale, 
both dominated by shale and siltstone with lesser dolostone 
and sandstone, and carbonate rocks and mudstone/siltstone 

of the upper Giles Creek Dolostone, a shallow marine to 
peritidal interval. The correlative Bloodwood Formation in 
the Ngalia Basin contains mudstone and minor sandstone 
assigned to shallow marine, peritidal and subaerial 
depositional environments.

LATE CAMBRIAN–ORDOVICIAN

By the late Cambrian and continuing through the 
middle Palaeozoic, depositional areas had become more 
restricted in extent to areas of central Australia (mainly 
Amadeus, Warburton and southern Georgina basins) and 
the north of the NT (Carlton Sub-basin, Figure 22.2c–f). 
Deposits of late Cambrian age might also be present in 
the Irindina Province, if sedimentary protoliths of highly 
metamorphosed rocks are of this age (Buick et al 2005, 
Maidment 2005), and temporally isolated Ordovician units 
occur in some other areas, including the Ngalia, Wiso 
and Daly basins (Figure 22.6). A marine link between 
the Amadeus Basin and the Canning Basin in Western 
Australia may have been present during the Ordovician 
(Larapintine Seaway; Webby 1978), but the evidence for 
such a connection is not compelling and if it existed, it is 
likely to have been either brief or very restricted (Haines 
and Wingate 2007). Palaeozoic deposition was disrupted 
and eventually terminated in central Australian areas 
during the several tectonic events of the 450–300 Ma Alice 
Springs Orogeny.

SUPERBASIN DEVELOPMENT

The Centralian A Superbasin developed on relatively thick 
(40–50 km) crust (Lambeck and Penny 1984, Korsch et al 
1998) that evolved through the Palaeoproterozoic, probably 
on earlier Archaean continental crust. This basement 
experienced crustal shortening, voluminous igneous 
activity and metamorphism, and was blanketed by Palaeo- 
to Mesoproterozoic sedimentary basins, particularly in 
the northern areas of Australia. At about 1 Ga, these 
Australian crustal elements were amalgamated with other 
crustal components to form the supercontinent Rodinia, 
which subsequently broke up and was dispersed later in the 
Neoproterozoic (Lindsay et al 1987).

Relationship to large igneous provinces

The initiation and subsequent early development of 
the Centralian A Superbasin preceded the breakup of 
Rodinia in the late Neoproterozoic and may have been 

magmatic events that are recognised as Large Igneous 
Provinces (LIPs): the ca 1070 Ma Warakurna LIP and 
the ca 825 Ma Gairdner LIP (Claoué-Long and Hoatson 
2010, Figure 22.7). The Warakurna LIP forms a broad 
west-trending zone extending from central Australia to 
the Western Australia coastline (Wingate et al 2004). 
In central Australia, igneous rocks of this event are 

Complex) emplaced within the granulite-facies terrane 
of the central-western Musgrave Province, together with 
the Stuart Pass Dolerite (southern Arunta Region) and 
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Alcurra Dolerite (Musgrave Province). An associated 
thick package of rocks (Tjauwata Group) was deposited in 
the interval 1090–1040 Ma in the Musgrave Province and 
has been interpreted as a rift-related succession (Edgoose 
et al 2004) unconformably underlying the southwestern 
Amadeus Basin. Some authors (eg Korsch and Lindsay 
1989, Lindsay and Korsch 1991) have interpreted the 
Tjauwata Group rift succession as evidence for the thermal 
peak of an extensional phase, which initiated the opening 
of the Centralian A Superbasin in a typical rift-sag model. 
Other workers (eg Shaw 1991) have considered this rift 
succession to be much too old to be directly related to 
the development of the superbasin, given the age of the 
Tjauwata Group and an interpreted age of about 845 Ma 
for the basal Amadeus Basin sedimentary rocks. This 
150–200 million year interval is much longer than would 
be expected in a typical rift-sag basin (Shaw 1991).

The Gairdner LIP extends northwestward from the 
South Australia coastline to the northwestern Western 
Australia coastline Figure 22.7). It was interpreted 
by Wingate et al (1998) as being the result of a mantle 
plume that directly preceded the breakup of Rodinia. 
The Gairdner dyke swarm is correlated with dykes of the 
Amata Dolerite, which intrudes the Musgrave Province, 
and with cogenetic spilitic extrusive rocks in the Bitter 

rocks are also considered to be a part of the Gairdner 
LIP (Wingate et al 1998, Edgoose et al 2004). The 
Gairdner LIP is too young to have initiated the Centralian 

directed extension that accompanied the LIP may have 
been a factor in the instigation of the superbasin (de Vries 
et al 2008).

In the late early Cambrian, extensive and voluminous 
outpourings of basalt of the Kalkarindji LIP across large 
parts of northern and western Australia constitute a third 
major igneous event that immediately preceded broad 
regional subsidence and a marine transgression in the 
middle Cambrian that deposited sediments over much 
of this province in the northern NT and eastern Western 
Australia. There is a consecutive temporal association 
between the LIP and overlying basins that is not evident 
in the Neoproterozoic, suggesting that regional uplift 

over the development of the superbasin in these areas. If 

expression of a rising mantle plume (see Glass 2002), then 
crustal uplift prior to emplacement of the LIP may have 
been a consequence of increased buoyancy of the upper 

causes of the subsidence that follows uplift during the 
emplacement of an LIP are dispersal of mantle buoyancy 
over a larger area by lateral spreading of the mantle plume; 

and decay of the mantle thermal anomaly over time. A 
mechanism similar to this could account for the extension 
of the Centralian B Superbasin over large parts of northern 
Australia at this time.
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Relationship to Petermann and Alice Springs orogenies

The principal component basins of the Centralian 
Superbasin are generally asymmetric in cross-section. They 

margin and a broad shallow platform along the opposite 
margin (Figure 22.8). This asymmetric basin geometry is 
typical of the foreland basin architecture (Lindsay 2002) 
that characterised these basins at various stages during 
their tectonic evolution. The deeper basin margins are 
parallel to major thrust zones that mostly developed during 
the Petermann or Alice Springs orogenies, and adjacent 
uplifted terranes were a major source of synorogenic 

thrust faults are reactivated older structures, some of which 
may date back to the Palaeoproterozoic (eg Warren 1981). 
Thrust faults along the southern margin of the Georgina 
Basin are interpreted as reactivated normal faults (and 
associated transfer faults) that were marginal to a series of 
en echelon Neoproterozoic rift basins that developed along 
the southern margins of the basin during the breakup of 
Rodinia (Greene 2003, 2010; see Georgina Basin).

Uplift and erosion of the Musgrave Province during 
the late Neoproterozoic Petermann Orogeny accompanied 
the development of deep depocentres along the northern 

Australia (Figure 22.8), and along the southwestern margin 
of the Amadeus Basin (Mount Currie Sub-basin). These 
depocentres received voluminous synorogenic sedimentary 
deposits that were included in Supersequence 4 by Walter 
et al (1995).

Haines et al (2001) attributed Palaeozoic synorogenic 
sedimentation to derivation of voluminous detritus from 
adjacent, thrust-uplifted source regions as a result of north–
south shortening during the convergent deformations of the 
Alice Springs Orogeny. They noted that the effects of the 
earliest deformation of this orogeny, the Late Ordovician 
Rodingan Event, were localised to the eastern Arunta 
Region and adjacent Amadeus Basin, but that the Devonian 
Pertnjara-Brewer events were more synchronously 
widespread. Thrusting related to the Alice Springs Orogeny 
resulted in synorogenic sedimentary deposition in deep sub-
basins and troughs (Figure 22.8) along the northern margin 
of the Amadeus Basin (Ooraminna, Carmichael and Idirriki 
sub-basins, Missionary Plain Trough), the northern margin 
of the Ngalia Basin, the southern margin of the Georgina 
Basin (Toko and Dulcie troughs) and the southern margin 
of the Wiso Basin (Lander Trough). 

Sedimentary deposition ended in most basins by the 
end of the Devonian, except in the Ngalia Basin where 
Carboniferous foreland sediments, related to the Mount 
Eclipse Event, were derived from thrust-generated 
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topography to the northwest (Haines et al (2001). The 
Petermann and Alice Springs orogenies therefore had a 
dual effect on deposition in central Australian basins: they 
dismembered formerly contiguous depositional areas, and 
at the same time generated a foreland basin architecture 
that resulted in widespread synorogenic deposition within 
component basins. The Alice Springs Orogeny ultimately 
led to the termination of sedimentation in the region.

MINERAL RESOURCES

The Neoproterozoic and Palaeozoic basins of the NT host 
a variety of mineral occurrences and deposits, including 
base metals, phosphate, diamonds, gold, uranium, 

potential for conventional and unconventional petroleum 
and helium. These resources are located and discussed in 
more detail in the respective chapters on these basins, but 

widespread distributions is presented below. In general, 
most of the basins are very underexplored by global 

discoveries. The distribution of mineral resources with 
respect to the Neoproterozoic Supersequences 1–4 of the 
Centralian Superbasin is shown in Figure 22.4. Note that 
there is an apparent spatial association of many of these 
mineral occurrences with major faults along the margins of 
the component basins.

Base metals

The Amadeus Basin contains a number of small occurrences 
of sediment-hosted copper in several stratigraphic units, 
including the Bitter Springs Formation, Arumbera 
Sandstone and younger units. None of these is known to 
be economic, although some have small-scale historical 
workings, and the potential for copper in the basin remains 
largely untested.

The Palaeozoic successions of the Georgina and 
equivalent basins in both Queensland and the NT contain 
base metals mines, prospects, occurrences and anomalies 
that can be assigned to several styles of Cu and Pb-Zn 
mineralisation, including Mississippi Valley type (MVT), 
stratiform sediment-hosted and sandstone-hosted types. 
Lead isotope data indicate that all deposits have been 
sourced from a single event, probably corresponding to the 
Alice Springs Orogeny, and that the Pb may be Proterozoic 
in age (Dunster et al 
in the NT portion of the Georgina Basin include Box Hole 
mine, Boat Hill prospect (Marqua area), Trackrider prospect 
(Ooratippra area) and Mount Skinner prospect. These are 
discussed in detail by Dunster et al (2007).

mineralisation occurs in the uppermost units of the Antrim 
Plateau Volcanics, near and along the contact with the basal 
carbonate strata of the overlying Palaeozoic basins. Some 
copper has also been noted in carbonate rocks close to the 
contact zone. The mineralisation is structurally controlled 
in fault and shear zones, disseminated in basalt or overlying 
carbonate rocks, or is associated with agglomerate, vesicle 

possible fumarolic origin (hot seeps).

Phosphate

The Georgina and Wiso basins constitute a world-class 
phosphate province, with the Georgina Basin in particular 
hosting numerous deposits in both the NT and Queensland, 
including the substantial Wonarah deposit. Most economic 
phosphorite deposits formed at 580–500 Ma (Ediacaran–
Cambrian), and middle Cambrian sedimentary rocks of 
both sequence 1 and 2 contain traces of phosphate over 
wide areas of these basins (Khan et al 2007, Dunster et al 
2007). Exploration models target organic-rich carbonate 
rocks on depositional basin margins and areas of onlap 
onto basement highs, where upwelling and favourable 
palaeogeography would have brought cold phosphate-rich 
waters onto shallower areas. The formation of phosphate 
minerals takes place close to the sediment–water interface 
during times of low overall sedimentation and is intimately 
connected with the dynamics of diagenetic redox fronts 
(Shields 2002).

Diamonds

Diamond-bearing kimberlite pipes and dykes have been 
discovered in several basins across the northern portion 
of the NT. These include Devonian (367 Ma) pipes in the 
Merlin
southern McArthur Basin and northern Georgina Basin, 
and Jurassic (179 Ma) diamond-bearing kimberlite pipes 
and dykes that intrude Victoria Basin sedimentary rocks 
near Timber Creek.

Diamond-bearing kimberlites worldwide are commonly 
associated with Archaean lithospheric mantle, which is 

sedimentary basins (Hutchison 2011). The NAC deep 
lithosphere is demonstrably fertile for diamonds and 
Palaeozoic cover rocks offer protection and preservation 
for kimberlite intrusions. Prospectivity for diamonds 

high. Diamond exploration surveys over the past few 

and diamond indicator mineral occurrences that extends 
across the heart of the cratonic NT, embracing known 
kimberlite occurrences and extending well beyond them. 

swathe to prospectivity, there has been only limited success 
in locating the sources of the microdiamonds, possibly 
because of recycling during the Cretaceous that has resulted 

processes.

Gold

Although there has been widespread exploration for gold 

Amadeus Basin. In the Arltunga and Winnecke
Au is mostly hosted by basement rocks of the Arunta 
Region, but auriferous quartz is also found within tension 
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gashes, fractures and breccia zones in deformed rocks of 
the Heavitree Quartzite and Bitter Springs Formation of the 
Amadeus Basin (Ahmad et al 2009). The mineralisation was 
possibly hydrothermally leached from basement volcanic 

retrograde metamorphic event during the Alice Springs 
Orogeny, then deposited in structurally favourable sites 
associated with regional thrusts and nappes (Burlinson and 
Mackie 1986).

Uranium

hosted uranium deposits. These deposits occur within 
Devonian–Carboniferous sedimentary rocks in the upper 
parts of the Amadeus (eg Angela) and Ngalia (eg Bigrlyi) 
basin successions. Uranium mineralisation occurs at a 
redox boundary interpreted to have formed either by 

beds (Amadeus Basin deposits), or by interaction with 
detrital organic matter (Ngalia Basin deposits). Uranium 
deposits of this type might also be present in the Georgina, 
Wiso and Daly basins. In these basins, possible sources of 
leachable uranium are provided by radiogenic basement 
rocks, particularly the Aileron Province in the south and 
granites of the Pine Creek Orogen in the north. Reductants 
that could facilitate the deposition of uranium oxides are 
present as organic-rich intervals and as hydrocarbons 
at various levels within the successions. Permeable 

in all the basins, and the lateral and vertical variations in 

unconformities and other structures. There is also potential 
for unconformity-style mineralisation, particularly at the 
base of the Neoproterozoic to Palaeozoic succession, as well 
as for uranium in association with sedimentary phosphorite.

Manganese

A number of manganese occurrences and prospects have 
been documented in the Amadeus and Georgina basins, all 
of which are currently regarded as being uneconomic. In the 
Amadeus Basin, the Fenn Gap prospect is in dolostone of 
the Loves Creek Member of the Cryogenian Bitter Springs 
Formation, whereas the Wangatinya prospect is hosted by 
the Cambro–Ordovician Pacoota Sandstone (Ferenczi 2001). 
Both are likely to be distal, low-temperature hydrothermal 
deposits, where Mn has been remobilised from sedimentary 
and volcanic rocks elsewhere in the succession, and 
subsequently enriched by supergene processes. The 
southern and central Georgina Basin contains numerous 

are known from outcrop and subcrop of the Ninmaroo, 
Tomahawk and Kelly Creek formations, which are similar in 
age to the Pacoota Sandstone. Two apparently stratabound 
occurrences, Lucy Creek 2 (Tomahawk Formation) and 
Halfway Dam (Kelly Creek Formation) have elevated 
levels of trace metals, replacement ore textures and are in 
close proximity to basement, suggesting a low-temperature 

hydrothermal origin (Leadbeatter and Tompkins 2004, 
Leadbeatter 2005).

Petroleum and helium

Two petroleum systems are recognised within the 
sedimentary successions of the Centralian A and B 
superbasins: the Neoproterozoic Centralian Supersystem 
of Bradshaw et al (2004) and early Palaeozoic Larapintine 
System of Bradshaw (1993) and Draper (2000). Elements of 
these supersystems are present in the Amadeus, Georgina, 
Wiso and Ngalia basins in the NT, but although these 

conventional petroleum systems are present (Marshall 
2003, Ambrose 2006), including the Ordovician system 
that hosts the Mereenie Palm Valley 

West Walker gas prospect. Three of the 
other four petroleum systems are Neoproterozoic in age and 
the fourth is Neoproterozoic to Cambrian. Sub-economic 
gas discoveries, including the Dingo
made within these systems, which are generally regarded 
as being gas-prone, although there is also some potential 
for oil (Marshall et al 2007). The oldest system, which 
includes a reservoir in the Heavitree Quartzite sealed by an 
extensive salt layer in the overlying Gillen Member of the 
Bitter Springs Formation, is prospective for both gas and 
helium (eg Mount Kitty prospect). A variety of structural 
and stratigraphic traps is present within the basin. The 
Amadeus Basin also has considerable unconventional 
petroleum potential, including shale gas and oil in the Horn 
Valley Siltstone, and tight gas in the Pacoota and Stairway 
sandstones (DSWPET 2011, Tiem et al 2011).

In the southern Georgina Basin, the middle Cambrian 

and gas shows. The most important potential source rocks 
occur in the Thorntonia Limestone and lower Arthur Creek 
Formation, particularly the basal black shale of the latter 
unit (Ambrose and Putnam 2006). Viable source rocks may 
also be present in the younger Arrinthrunga Formation 
and Hagen Member of the Chabalowe Formation. Potential 
conventional reservoirs may be present in the Thorntonia 
Limestone, Steamboat Sandstone, upper Arthur Creek 
Formation and Hagen Member. Numerous conventional 
stratigraphic and structural traps are present within the 
basin, which also has considerable unconventional shale 
gas and oil potential in the lower Arthur Creek Formation, 
and shale gas potential in the upper Arthur Creek Formation 
(Central Petroleum Ltd, ASX Announcement, 18 May 2011, 
Tiem et al 2011, PetroFrontier Corp, press release, 3 August 
2011).

The Wiso Basin is virtually unexplored for petroleum 
and the most prospective area, the Lander Trough, has not 
been drill tested. Potential source rock intervals include 
the Montejinni Limestone and unit 3 of the Hanson River 
beds (Questa 1989, Gorter et al 1998), but there may 
be other source rock intervals in the subsurface in the 
Lander Trough. A number of Cambrian and Ordovician 
sandstone and carbonate intervals within the succession, 
including the Montejinni Limestone and overlying Hooker 
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Creek Formation, have good reservoir potential and either 
underlie effective sealing strata or contain intraformational 
seals. Analogues of the middle Cambrian Arthur Creek/
Thorntonia petroleum system of the Georgina Basin or 

systems of the Amadeus Basin might be present within the 
Lander Trough. There is also potential for unconventional 
basin-centred gas and oil plays over large areas of the basin 
(Central Petroleum Ltd, ASX announcement, 26 May 2011).

Only limited petroleum exploration has been conducted 
in the Ngalia Basin and the petroleum potential is largely 
unknown. The basin is likely to be gas-prone, and 
siliciclastic, carbonate and evaporitic rocks of Proterozoic 
and early Cambrian to Carboniferous age constitute the most 
prospective sedimentary successions for hydrocarbons. The 
Albinia Formation, Rinkabeena Shale and Mount Eclipse 
Sandstone may have source rock potential, whereas the 
Mount Eclipse Sandstone, Yuendumu Sandstone, Kerridy 
Sandstone and Vaughan Springs Quartzite all have potential 
as reservoirs, the latter two due to fractures (Wells and 
Moss 1983, Deckelman and Davidson 1993). Possible traps 
include anticlines and structural highs (Deckelman and 
Davidson 1993).
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basement topography and architecture modelled from the 
integration of geological and geophysical data (Munroe 
et al 2004). In places on the basin’s northern margin, up to 
14 km of sediments are preserved. Wellman (1991) reported 
a thickness of sedimentary rocks of 3–4 km over the 
central ridge, with the troughs and sub-basins to the north 
averaging 6–12 km, and the southern platform forming a 
broad, relatively shallow basin. The Amadeus Basin has 

intracratonic orogenic events: the 580–530 Ma Petermann 
Orogeny and the 450–300 Ma Alice Springs Orogeny. It is 
now a preserved remnant of a broad, shallow basin that at 
times during its history was far more extensive. 

The Amadeus Basin formed part of the Neoproterozoic–
early Palaeozoic Centralian Superbasin (Walter et al 1995, 
Munson et al 2013), and during this time was probably 
contiguous with other now-separate basins in northern, 
central and southern Australia. 

include Pritchard and Quinlan (1962), Ranford et al (1965), 
Wells et al (1965a, b, 1966, 1967, 1970), Forman 1966, 
Forman et al (1967), Kennard and Nicoll (1986), Shergold 
(1986), Bradshaw and Evans (1988), Weste (1989, 1990, 
1994), Korsch and Lindsay (1989), Walley et al (1991), 
papers in Korsch and Kennard (1991), Lindsay (1993, 
2002), Walter et al (1995), Haines et al (2001), Marshall 
(2003, 2004), Munroe et al (2004), Flöttmann et al (2004), 
papers in Munson and Ambrose (2007), Haines et al (2010, 
2012a) and Carr and Korsch (2011). Well exposed sections 
through the basin’s stratigraphic succession can be found at 
Ellery Creek (Carmichael Sub-basin, Figure 23.7), and at 

Chapter 23: AMADEUS BASIN CJ Edgoose

INTRODUCTION

The Amadeus Basin is a large (ca 170 000 km2) elongate 
intracratonic basin that extends approximately 800 km 
east–west and a maximum of about 300 km north–south. 
It is predominantly exposed in the Northern Territory, 
and extends into Western Australia, where about one 

Figure 23.1). The basin 
overlies basement of the Musgrave Province to the south 
and the Warumpi and Aileron provinces (Arunta Region) 
to the north. It is overlain by the Permian–Triassic Pedirka 
and Mesozoic Eromanga basins in the southeast, and 
by the younger Palaeozoic Canning Basin to the west. 
Early–middle Palaeozoic parts of the succession were 
probably continuous with sedimentary successions of 
the subsurface Warburton Basin to the southeast, which 
extends into South Australia and southwestern Queensland. 
The easterly distribution of older Neoproterozoic strata is 
unknown. Sedimentation began in the Neoproterozoic in 
the Amadeus Basin and continued until the Late Devonian/
Early Carboniferous (Figures 23.2, 23.3, 23.4). Over this 

depocentres, most likely related to ongoing processes of 
basin development and localised episodes of extension 
and contraction. These processes created the generally 

morphological features are the central ridge, the southern 
platform, the Carmichael, Ooraminna and Mount Currie 
sub-basins, and the Missionary Plain Trough (Figure 23.5). 
A SEEBASE™ 3D image shown in Figure 23.6 shows 
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Ross River (Ooraminna Sub-basin, Figure 23.8), and these 
localities are cited regularly in the text.

Basin evolution/palaeogeography

The early history of the Amadeus Basin is as part of the 
Neoproterozoic Centralian A Superbasin, which also 

and Victoria basins, and probably several smaller basins in 
northeastern Western Australia (Shaw et al 1991, Walter 
et al 1995, Tyler 2000, Tyler and Hocking 2001, Bagas 2004, 
see ). Formation of the 
Centralian A Superbasin coincided with NE–SW-directed 
intracratonic extension across the Rodinia Supercontinent, 
which eventually led to the break-up between North America 
and Australia at ca 830 Ma (de Vries et al 2000, Lindsay 
2002). Walter and Veevers (2000) described this phase as 
Centralian 1. After the breakup of Rodinia, sedimentation 
continued locally in the Centralian A Superbasin until 
ca 750 Ma. In the Centralian 2 phase, renewed but localised 
sedimentation related to the 700–690 Ma Sturtian glaciation 
took place. Centralian 3 is associated with the younger 
Elatina (Marinoan) glaciation. Sedimentation in the 
Centralian A Superbasin as a single widespread depositional 
system was terminated by the 580–530 Ma Petermann 

assembly of Gondwana (de Vries et al 2000). The Petermann 
Orogeny was characterised by uplift and exhumation of the 

more northerly components of the superbasin (Walter and 
Veevers 1997, Camacho and McDougall 2000). Following 
this orogeny, the Amadeus Basin formed a part of the 
Cambrian–Ordovician Centralian B Superbasin, which at 
its maximum extent in the middle Cambrian, incorporated 
the intracratonic southern Bonaparte, Ord, Daly, Wiso, 
Georgina, Ngalia and Warburton basins, and probably 

compressional deformation events of the 450–300 Ma Alice 
Springs Orogeny dismembered this superbasin, although 
synorogenic deposition continued in some component 

in the mid-Carboniferous.
Several workers have described the evolution of the 

Amadeus Basin as a series of phases or stages characterised 
by the tectonic regime and sedimentary environments in 
operation at the time. Lindsay and Korsch (1991) recognised 
three main stages of basin evolution. Stage 1 was a long-lived 
extensional–thermal relaxation event (ca 900–590 Ma), 
probably made up of a series of smaller-scale events to 
account for its longevity. In the southwest of the basin, 
rocks related to Stage 1 are underlain by a rift succession 

to the initiation and early evolution of the Amadeus Basin 
is discussed in Musgrave Province. The second stage 
(ca 580–450 Ma) comprised a typical extension followed by 
a thermal relaxation event. Stage 3 (ca 450–300 Ma) was 

strongly associated with the 450–300 Ma Alice Springs 
Orogeny. Events relating to this stage account for most of 
the obvious structures (folds, domes and thrusts) in the 
present-day surface geology. 

1

2, 3

4

 upper GOYDER FORMATION

NESWAGE STRATIGRAPHIC SUCCESSION
EARLY

CARBONIF.

LATE
DEVONIAN

EARLY
DEVONIAN

SILURIAN

LATE
ORDOVICIAN

EARLY
ORDOVICIAN

LATE

EARLY

MIDDLEC
A

M
B

R
IA

N

E
D

IA
C

A
R

A
N

C
R

YO
G

E
N

IA
N

ALICE SPRINGS OROGENY

LA
R

A
P

IN
TA

 E
V

E
N

T

A
LI

C
E

 S
P

R
IN

G
S

 O
R

O
G

E
N

Y

PACOOTA

SHANNON

CLELAND
SANDSTONE

BREWER
CONGLOMERATE

HERMANNSBURG  SANDSTONE

PARKE  SILTSTONE
PERTNJARA

EVENT

RODINGAN
EVENT

ECLIPSE EVENT

MEREENIE  SANDSTONE

CARMICHAEL  SANDSTONE

STOKES  SILTSTONE

STAIRWAY  SANDSTONE

HORN VALLEY  SILTSTONE

4 
3 

SANDSTONE
?

?

? ?

??
2
1

HUGH RIVER
SHALE

GILES CREEK
DOLOSTONE

FM

PETER-
MANN
SST
DECEPTION
SANDSTONE

ILLARA
SANDSTONE

TEMPE FORMATION

WINNALL
BEDS

MAURICE
FORMATION

CARNEGIE
FORMATION

NAMATJIRA
FORMATION

EL
LIS

 
SA

ND
ST

ON
E

TODD RIVER
DOLOSTONE

SI
R 

FR
ED

ER
IC

K
CO

NG
LO

M 
(W

A)

MO
UN

T C
UR

RIE
CO

NG
LO

ME
RA

TE

JAY CREEK
LIMESTONE

 JULIE FORMATION

PERTATATAKA
FORMATION

GAYLAD
SST

B
O

O
R

D
 

FO
R

M
AT

IO
N

 (W
A)

IN
IN

D
IA

 B
E

D
S

PIONEER SANDSTONE

OLYMPIC FORMATION

ARALKA FORMATION

AREYONGA FORMATION

AREYONGA
MOVEMENT

PINYINNA
BEDS

KULAIL
SST

JOHNNYS CREEK BEDS

LOVES CREEK MEMBER

MEMBERGILLEN

B
IT

TE
R

 S
P

R
IN

G
S

 F
M

DEAN QUARTZITE

PALAEO-MESOPROTEROZOIC BASEMENT

LA
R

A
P

IN
TA

   
  G

R
O

U
P

P
E

R
TA

O
O

R
R

TA
  G

R
O

U
P

  A
N

D
  E

Q
U

IV
A

LE
N

TS

A11-256.ai

CHANDLER FORMATION

4

3

2

1

ARUMBERA
SANDSTONE

A
R

U
M

B
E

R
A

S
A

N
D

S
TO

N
E

P
E

R
TN

JA
R

A 
G

P

?

HEAVITREE QUARTZITE

lower GOYDER
FORMATION 

lower GOYDER
FORMATION 

1
2

3
4

1
2

3
4

5

S
U

P
E

R
S

E
Q

U
E

N
C

E

P
E

TR
O

LE
U

M
 S

Y
S

TE
M

S
P

E
TE

R
M

A
N

N
 O

R
O

G
E

N
Y

359

416

488

542

630

444

HORSESHOE BEND
SH/ IDRACOWRA SST

LANGRA FM

POLLY
CONGLOMERATE

FINKE BEDS

FI
N

KE
 G

P 
(S

E)

Figure 23.2. Stratigraphic succession of Amadeus Basin 
et al 2007, Haines et al 2010, 2012a). 

Supersequence scheme of Walter et al (1995) is shown on the 
right. Known petroleum systems of Marshall (2003) and Marshall 
et al (2007) shown in red on right.



23:3

Amadeus Basin

A12-343.ai

800

700

600

500

400

'l'

'm'

L

M

U

'u'

P E R T N J A R A - B R E W E R  E V E N T S

R O D I N G A N  E V E N T

C
A

M
B

R
IA

N
O

R
D

O
-

V
IC

IA
N

S
IL

U
-

R
IA

N
D

E
V

O
N

IA
N

C
R

Y
O

G
E

N
IA

N
E

D
IA

C
A

R
A

N

850

542

488

444

416

359

635

P E T E R M A N N  O R O G E N Y  ( 5 8 0 – 5 4 0  M a )  

A R E Y O N G A  M O V E M E N T

E C L I P S E  E V E N T

Brewer Conglomerate

Hermannsburg Sandstone

Parke Siltstone

Mereenie Sandstone

?

?

Carmichael Sandstone
Stokes Siltstone

Stairway Sandstone
Horn Valley Siltstone

Pacoota Sandstone 1–4

upper Goyder Formation
lower Goyder Formation

Petermann Sst Deception Fm
Illara Sandstone

Cleland Sandstone

Tempe Formation

Hugh
River Shale

Jay Ck Lst
upper

Shannon Formation
lower Shannon Formation

Winnall beds 3–4

Winnall beds 1–2

Maurice Fm
Mt Currie

Cgl
Ellis 
Sst

Mutitjulu
Arkose

Chandler Formation
Namatjira Formation

Giles Creek Dolostone

Arumbera Sandstone 3–4

Arumbera Sandstone 1–2

Todd River Dolostone
Arumbera Sandstone 3–4

Eninta Sst Quandong Cgl
Winnall beds / Arumbera Sst 3–4

Inindia beds
Pioneer Sandstone Olympic Formation

Pertatataka Formation

Areyonga Formation

Aralka Formation

Gaylad Sst

Julie Formation

Dean Quartzite

Kulail Sandstone

Finke beds

Heavitree Quartzite

Bitter Springs Formation
Pinyinna beds

Ooraminna Sub-basin SEMissionary Plains / 
Central Ridge

Carmichael
Sub-basin

Idirriki Sub-basin / 
southwest

P
er

ta
oo

rr
ta

 G
ro

up
La

ra
pi

nt
a 

G
ro

up
P

er
tn

ja
ra

/F
in

ke
 g

ro
up

s

Horshoe Bend Shale/
Idracowra Sst

Polly
Conglomerate

Langra Fm

Figure 23.3. Lithostratigraphic time-space diagram for Amadeus Basin in the NT. Timescale (in Ma) at left; depocentres (see 
Figure 23.5) across top; group names at right. Abbreviations: Cgl = Conglomerate; Ck = Creek; Mt = Mount; Lst = Limestone; 
Fm = Formation; Sst = Sandstone. Base of Ediacaran placed at 635 Ma (see discussion in Centralian Superbasin).



A
m

adeus B
asin

23:4

Surprise-1

East Johnnys Creek-1
Ochre Hill-1

Johnstone West-1

Wallaby-1

Tent Hill-1

0 50 100 km

Kintore Mount Liebig

Haasts Bluff

Hermannsburg
Areyonga

Docker River (Kaltukatjara)

Curtin Springs

Kulgera

MCDILLS

HALE RIVER

ILLOGWA
CREEK

ALICE SPRINGS

RODINGA

FINKE

HERMANNSBURG

HENBURY

KULGERA

MOUNT LIEBIG

LAKE AMADEUS

AYERS ROCK

MOUNT RENNIE

BLOODS RANGE

PETERMANN
RANGES

NORTHERN
TERRITORY

Magee-1

Wallara-1

Mount Winter-1

BR05DD01

Murphy-1

Mount Charlotte-1

Erldunda-1

Ooraminna-1Finke-1

Pertnjara Group, Finke Group

Mereenie Sandstone

Larapinta Group

Pertaoorta Group

Palaeo–Mesoproterozoic orogens

Neoproterozoic–Palaeozoic 

late Palaeozoic

Mesozoic

Devonian
Amadeus Basin

Late Ordovician?–Early Devonian?

Ordovician

Cambrian

Arumbera Sandstone, Winnall beds, Mount Currie Conglomerate, Mutitjulu Arkose, Carnegie Formation, 
Ellis Sandstone, Maurice Formation

late Neoproterozoic to early Cambrian

Olympic Formation, Pioneer Sandstone, Gaylad Sandstone, Julie Formation, Pertatataka Formation

late Cryogenian–mid Ediacaran

Areyonga Formation, Aralka Formation, Inindia Beds

Location of Figure 23.4c (next page)Location of Figure 23.4b (next page)

mid–late Cryogenian

Kulail Sandstone, Heavitree Quartzite, Dean Quartzite, Bitter Springs Formation, Pinyinna Beds
Cryogenian

Ligertwood beds

Permian

locality

road

petroleum well referenced in text

railway

drainage

A12-084.ai

Yulara

Finke-1

24°

25°

Yulara

Alice Springs

26°

136°135°134°133°132°131°130°129°

Musgrave Province

Irindina
Province

Pedirka
Basin

Eromanga
Basin

ARUNTA REGION

aFigure 23.4. (a) N
orthern Territory portion of A

m
adeus Basin, show

ing outcrop geology, derived from
 G

A
 1:1M

 geology and N
TG

S 1:2.5M
 

geological regions G
IS datasets (continued next page). 



23:5

Amadeus Basin

Shaw (1991) subdivided the tectonic development 
of the basin in more detail, and described at least nine 
tectono-stratigraphic intervals, separated by regional 

evolution. This tectono-stratigraphic record is interpreted 
to have largely resulted from forces at plate margins well 

outside the region. Basement structures also appear to 
have placed long-term and repeated controls on subsidence 
patterns (Shaw 1991, Munroe et al 2004). Subsidence 
during Interval 1 (Heavitree and Dean quartzites–
Bitter Springs Formation) may relate to tectono-thermal 
processes, not necessarily associated with rifting. Basin 
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shape during Intervals 2–3 (Areyonga Formation–Julie 

fault block model, with a subsequent drop in regional 
stress accounting for subsidence later in these intervals. 
Extensional processes related to tectonism, both within 
the basin and in the basin hinterland, dominated Interval 4 
(Arumbera Sandstone–Todd River Dolostone). Widespread 
subsidence during Interval 5 (Chandler Formation–lower 
Goyder Formation) probably relates to a thermal relaxation 
phase. Subsidence during Intervals 4 and 5 is related to a 
two-tier model, where extension is concentrated in the 
lower crust, and the less-extended upper crust is separated 

from the lower crust/lithospheric mantle by a mid-crustal 
detachment zone. Intervals 6, 7 and 8 saw superimposed 
basins develop where localised, secondary factors had 

basin accumulated at this time in a rapidly contracting and 
deepening foreland basin. 

The Palaeozoic palaeogeography of the Amadeus 
Basin was described and illustrated in detail by Walley 
et al (1991), and sedimentation distribution and isopach 
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maps are in Lindsay (1993). Australia was located at low 
palaeo-latitudes during the Cambrian and Ordovician (Li 
et al 1991), and at times of high sea level, transcontinental 
seaways existed. During the Cambrian, the seaway axis lay 
to the north of the Amadeus Basin (across the Georgina 
Basin) and during the Ordovician, the axis (Larapintine 
Seaway) crossed the Amadeus Basin. Marine sedimentation 
in the Amadeus Basin ceased at the end of the Ordovician 
in response to broad, regional uplift. From this time to the 
Early Devonian, only limited sedimentation occurred in the 

was largely a period of hinterland erosion, followed by 

basin in the late Early Devonian. The Middle to latest 

north during the 450–300 Ma Alice Springs Orogeny, and 
this system culminated in the Carboniferous with basin 

inversion and the formation of erosional highlands. Rare 
records of Permian glaciation in the area suggests that the 
highlands persisted, and that the area was at a relatively high 
palaeo-latitude. Fission track studies indicate that a phase of 
rapid cooling occurred during the Permian (280–260 Ma), 
interpreted to be related to the removal of about 2 km of 
sedimentary succession (Tingate et al 1986, Tingate 1991).

U-Pb dating of detrital zircons and Sm-Nd isotopic 

in the Amadeus Basin; the Musgrave Province to the south 
and the Arunta Region to the north (Zhao et al 1992, 
Camacho et al 2002, Maidment 2005, Maidment et al 
2007, Haines et al 2012b). The relative contribution of 
detritus from these sources varies over time with changes 
in tectonic environments and palaeogeography. During the 
early Palaeozoic, a shift to dominantly distal Palaeozoic 

development of large marine systems connected to eastern 
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and western Australia, and suggests that the Arunta Region 
and Musgrave Province were largely covered by older basin 
sediments at this time (Maidment et al 2007).

CRYOGENIAN: SUPERSEQUENCE 1

Ungrouped

Kulail Sandstone
The Kulail Sandstone (Close et al 2004a) is a clastic unit at 
the base of the Amadeus Basin succession in the southwest 
of the NT portion of the basin, where it conformably 
underlies the Dean Quartzite to the north of Docker River 
(Figures 23.2, 23.3, 23.4a). It is disconformable on the late 

Group (Musgrave Province), and is locally nonconformable 

on Mesoproterozoic granite of the Musgrave Province. 
It comprises purple-red to orange, medium-grained, 
generally equigranular quartz to quartzofeldspathic 
sandstone, containing abundant sedimentary structures. 
The upper contact with the Dean Quartzite varies from 
being largely gradational to locally sharp. The thickness of 
the unit is laterally variable and ranges from locally absent 
up to an estimated 100 m, with a likelihood of structural 
thickening. The base of the Kulail Sandstone comprises 

quartz gravel to quartz pebble clasts. This is generally 

a corresponding increase in feldspathic content. Higher 
in the unit, abundant trough cross-beds are present with 
cosets up to 2 m in height (Figure 23.9). In places, clean 
well sorted quartz sandstone and quartzite channel deposits 
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to medium, red lithic sandstone. The Kulail Sandstone is 
interpreted to have been deposited in a transitional, possibly 
deltaic environment. Winnowed heavy mineral horizons 
sometimes occur towards the base of the unit and may be 
indicative of shoreline deposition. The unit represents a 

Bloods Range Formation to the onset of shallow marine 
sedimentation, represented by the overlying Dean Quartzite 
(Close et al 2005).

Heavitree Quartzite and Dean Quartzite
The widespread Heavitree Quartzite, and its correlative on 
the southwestern margin of the basin, the Dean Quartzite, 
form the basal units of the Amadeus Basin (Figures 23.2, 
23.3), except where underlain by the Kulail Sandstone in 
the southwest (see above). Together with the overlying 
Bitter Springs Formation (and Pinyinna beds), they form 
Supersequence 1 of the Centralian A Superbasin (Walter 
et al 1995), and have been interpreted as a sag phase early 
in the onset of the basin’s history (Stage 1 extension of 
Lindsay and Korsch 1991). The relationship of this sag 

southwest of the basin, is discussed in detail in Musgrave 
Province. In summary, there are several different 
interpretations of their relationship: (1) deposition was 
continuous over more than 150 million years between the 

time break between the two (ca 150 million years) and 
consequently, they are not directly related in a classic rift-
sag relationship; (3) as for (1), but with the presence of a 

rifting during deposition of the sag phase (Camacho et al 
in prep). 

The Heavitree and Dean quartzites are extensively 
exposed on the northern and southwestern margins of the 
present-day basin (Figure 23.4a) and represent widespread, 
sheet-like, uniform deposits. Their characteristics imply 
an abundant supply of sediment deposited in a high-energy 
shelf-like environment. Sedimentological and stratigraphical 
analyses by Lindsay (1993, 1999) show that these clastic strata 
resulted from quartz sandstone sedimentation in a shallow, 
low-gradient ramp setting. Heavily laden braided streams 
transported quartz clastic material to the basin to be dispersed 
in a high-energy, shallow marine environment, forming 
extensive, sheet-like sand bodies. Lindsay (1999) suggested 
that the main direction of sediment transport was to the north-
northwest from the orientation of trough cross-beds. However, 
Walter and Veevers (2000) indicated that sediment supply was 
from the northeast from palaeocurrent and isopach studies.

The average thickness of these formations is estimated to 
be in the range 100–300 m (Lindsay 1999), with a recorded 
minimum of 4.6 m in drillhole Magee-1, interpreted to be 
located on a local basement high (Wakelin-King 1994). 

resulted in sedimentary structures being poorly preserved 

these units. Determining true thicknesses from exposed 
sections is complicated by folding and thrust faulting along 

of the basin (Figure 23.10).

the northeast of the basin. Sequences 1 and 2 are largely 

topography. Sequence 3 represented a basinward base-level 
shift with relatively deep channels redistributing earlier-
deposited material deeper into the basin in largely braided 

environments dominated. 
Previously, Clarke (1974) had divided the Heavitree 

Quartzite, exposed at four localities on the northern margin 
of the basin, into four divisions named as members. The 

and green siltstone, forms the basal interval overlying 
basement (Figure 23.11), followed by the ‘Temple Bar 
sandstone’, ‘Fenn Gap conglomerate’, and the topmost 
‘Blatherskite member’. This nomenclature has not been 
formally recognised and is not in general use. 

Deposition of the Heavitree and Dean quartzites 
postdates the intrusion of the Stuart Pass and Alcurra 
dolerites into underlying basement rocks of the Aileron 
and Musgrave provinces respectively, and also postdates 

in the southwest, dated at 1080–1050 Ma (Close et al 2004a). 
Detrital zircon data suggests a maximum deposition age 
of 1050–1000 Ma. Zircon provenance studies suggest that 

Figure 23.9. Trough cross-beds in Kulail Sandstone, southwestern 
margin of the Amadeus Basin (BLOODS RANGE, 52J 507500mE 
7263400mN, after Close et al

Figure 23.10. Complex folding and faulting in Heavitree 
Quartzite, Ellery Big Hole, central-northern margin of Amadeus 
Basin (HERMANNSBURG, 53K 303530mE 7369040mN).
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parts of the Musgrave Province were emergent during the 
deposition of the Heavitree and Dean quartzites (Camacho 
et al 2002, Maidment 2005, Maidment et al 2007), and was 
a dominant sediment source area; however, detrital zircon 
age spectra produced by Zhao et al (1992) indicated a 
source dominated by the Arunta Region. Maidment (2005) 
provided the youngest zircon age at 1.12 Ga, probably 
sourced from the Musgrave Province. It is inferred that 
deposition was completed prior to about 820 Ma, based 

upper member of the overlying Bitter Springs Formation 

Province, which give a ca 800 Ma Sm-Nd isochron age 
(Zhao et al 1994), and a ca 820 Ma U-Pb baddeleyite age 
(Glikson et al 1996). Using these age criteria, the Heavitree 
and Dean quartzites sit in the Cryogenian subdivision of the 
Neoproterozoic (eg Grey 2005).

Lindsay (1991) interpreted burrow-like structures 
preserved in the Heavitree Quartzite east of Alice Springs 
as being of metazoan origin, although he recognised it is 
possible they may be related to soft-sediment deformation. 
If correctly interpreted, these traces would be amongst the 
earliest traces of metazoan life anywhere in the world, and 
appreciably older than the well known late Neoproterozoic 
Ediacaran fauna.

The Heavitree Quartzite appears to grade conformably 
into carbonate and evaporitic rocks of the Gillen Member of 
the overlying Bitter Springs Formation, and in the southwest 
the Dean Quartzite grades into the overlying Pinyinna beds.

Bitter Springs Formation
et al 

(1967) to replace the former ‘Bitter Springs Limestone’ 
(Joklik 1955). It consists of crystalline dolomitic limestone, 
dolostone and limestone, siltstone, gypsiferous siltstone, 
sandstone, halite and evaporites. A thin and probably 
discontinuous spilite unit also occurs within the succession. 
The formation is best exposed along the northeastern 
margin of the basin (Figure 23.4b), particularly in the 
MacDonnell Ranges, with outcrop in the western and 

southern parts of the basin being poor. In the far west 
(WA), the Bitter Springs Formation is overlain conformably 
by the Carnegie Formation, or disconformably by the 
Boord Formation; in the northern part of the basin, it is 
overlain disconformably by the Areyonga and Pertatataka 
formations, and in the south, it is overlain disconformably/
unconformably by the Inindia beds, or less commonly by 
the Winnall beds, or unconformably by Palaeozoic units 
(eg Ordovician Stairway Sandstone, Devonian Langra 
Formation). Skotnicki et al (2008) reported that the Loves 
Creek Member on the northern margin of the basin, east of 
Alice Springs, is disconformably overlain by the Pioneer 
Sandstone on a palaeo-erosion surface.

The Bitter Springs Formation has been subdivided into the 
lower Gillen Member and upper Loves Creek Member (Wells 
et al 1970). The uppermost part of the Loves Creek Member in 
the central and western parts of the basin has been referred to 
by some authors as the Johnnys Creek beds (eg Gorter 1982a, 
Marshall 2004, Ambrose 2006). This succession records a 
change in the stromatolite biostratigraphic succession (Grey 
et al 2011), which supports its separation from the Loves 
Creek Member, and there is potential for this unit to be 
elevated to formation status. A potential maximum thickness 
for the Bitter Springs Formation is estimated to be about 
1350 m (Southgate in Kennard and Nichol 1986).

The contact between the Gillen Member and Loves 
Creek Member is generally a disconformity (Southgate 
1991). However, Menpes (1991) recorded an unconformity 
between the two members in drillhole Murphy-1. On this 
basis, Camacho et al
time break may occur between the two members. Lindsay 
and Korsch (1991) described deposition of the Bitter 
Springs Formation as beginning with modest deepening of 
the basin and a rapid decline in the supply of terrigenous 
sediment under anoxic conditions, progressing to highstand 
sediments at the top of the Loves Creek Member (see also 
Southgate 1991). 

Basalt layers dominantly occur within the upper Loves 
Creek Member in the northeast of the basin, and rarely in 
the Gillen Member. Basalt associated with undivided Bitter 
Springs Formation has also been intersected in drillholes in the 
southern part of the basin (AYERS ROCK), where about 40 m 
of altered, porphyritic basalt is associated with grey to black 
dolostone and minor limestone (Bladon and Davies 1982).

In many places, the Bitter Springs Formation is complexly 
folded; for example, at Ellery Creek (Figure 23.12), and near 
Ross River, along the northeastern basin margin, the unit is 
locally involved in thrust–nappe deformation related to the 
450–300 Ma Alice Springs Orogeny. This has resulted in 
interleaving of the Bitter Springs Formation and Heavitree 
Quartzite, and within some structures, the formation has been 
metamorphosed to phyllite and slate (Forman et al 1967).

The age of the Bitter Springs Formation is relatively well 
constrained at about 820 Ma, due to the presence of layers 

Dolerite (Musgrave Province). The Amata Dolerite forms 

the breakup of Rodinia (Barovich and Foden 2000), and has 
been dated at ca 800 Ma (using Sm-Nd mineral isochrons; 
Zhao et al 1994) and 824 ± 4 Ma (U-Pb baddeleyite age; 
Glikson et al 1996).

Figure 23.11. Unconformable contact between thinly bedded 
Heavitree Quartzite (top left of image) and underlying 
Palaeoproterozoic Sadadeen Range Gneiss (lower right of image) 
of Aileron Province, Arunta Region, at Heavitree Gap, Alice 
Springs (ALICE SPRINGS, 53K 384290mE 7375750mN).
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Isotope and geochemical studies of the Bitter Springs 
Formation (eg Hill and Walter 2000, Hill et al 2000a, 
b, Barovich and Foden 2000, Lindsay et al 2005) show 
that Sr87/Sr86 13Ccarb 
values range from -4 to 0/00, which when combined 
with biostratigraphic studies, suggest the Bitter Springs 
Formation correlates with the Coominaree Dolomite 
(Callanna Group) of the Adelaide Fold Belt and the Browne 

et al 2000b, 

seawater interaction was occurring at this time, which is 
supported by the presence of basalt/spilites in both the 
Gillen and Loves Creek members.

REE+Y analysis from stromatolites and associated 
detrital carbonate rocks from the Loves Creek Member 
supports previous stable isotope data that indicates a 
restricted marine (continental) setting rather than open 
seawater (Corkeron et al 2008). On the basis of integrated 
carbon, oxygen, sulfur and strontium isotope information, 
Hill et al (2000a) concluded that the Gillen Member and the 
lower part (Units 1 and 2) of the Loves Creek Member were 
deposited in a marine environment, and that the upper part 
(Unit 3 of the Loves Creek Member, now Johnnys Creek 
beds) is non-marine. Studies of the chemical composition 
of seawater using halites from the Bitter Springs Formation 
indicate that the basin brines and sea water were Ca-rich 
at the time (Kovalevych et al 18Ocarb and 

13Ccarb isotope studies from the Amadeus and other basins 
13Ccarb values 

for the Bitter Springs Formation generally correlate well 
with the global curve for that time period, and that reported 

environment (Lindsay et al 2005).
The Gillen Member (Wells et al 1970) has a maximum 

thickness of about 850 m in the northeast of the basin (Shaw 
et al 1982. Its type section is located south of Mount Gillen, 

and the underlying Heavitree Quartzite is paraconformable 
(Figure 23.13
depositional cycles can be recognised in the Gillen Member, 

perhaps, in some parts of the basin, potassium salts. At the 

in the deposition of thick transgressive black shale. The 
overlying section comprises dolostone (Figure 23.14), 
stromatolitic dolostone, occasional grey shale and cross-
bedded sandstone. An upper evaporitic succession was 
deposited during a sea level lowstand and can be generalised 
as a lower dolomite/anhydrite unit, overlain by a thick halite 
unit, capped by another dolomite/anhydrite unit (Lindsay 
1993). During basin evolution, the evaporites were mobile. 
They appear to increase in thickness towards the present 
northern margin of the basin. The highly variable thickness 
of the Gillen Member has been largely determined by these 
intraformational salt movements, which greatly distort the 
original stratigraphic thickness. Halite units up to 850 m 
thick have been recognised in drillholes (Murphy-1), 
and remobilised salt layers are recognised on seismic 
(Figure 23.15). The Gosse Bluff structure is interpreted to 
be underlain by over 2200 m of salt (Lindsay 1987) and in 

the northeastern portion of the basin, salt is generally over 
1350 m thick. The Gillen Member also locally contains 
basalt. For example, near Undoolya Gap Cu prospect to the 
east of Alice Springs, about 44 m of vesicular and epidotised 
basalt is interlayered with carbonate rocks, siltstone, banded 

and basalt has also been intersected by diamond drilling 

Figure 23.12. Disharmonic folding in dolostone of Gillen Member, 
Bitter Springs Formation, in Ross River area (ALICE SPRINGS, 
looking south from about 53K 445100mE 7395770mN).

Figure 23.13. Steeply dipping dolostone of Gillen Member, Bitter 
Springs Formation in foreground, with paraconformable steeply 
dipping Heavitree Quartzite in background, east of Alice Springs 
(ALICE SPRINGS, 53K 416470mE 7378260mN).

Figure 23.14. Laminated dolostone of Gillen Member, Bitter 
Springs Formation, east of Alice Springs, near ALICE SPRINGS 
53K 418180mE 7379530mN.
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(Youles 1966, Figure 23.16). The basalt generally has a 
doleritic texture and its vesicular nature and the intersection 
of a volcanic bomb by drilling attests to its extrusive origin. 
The Gillen Member contains an acritarch assemblage 
(planktonic phytomicrofossils) containing about 35 forms 
(Zang in Shergold et al 1991a, Zang and Walter 1992). 
The assemblage is dominated by spheroidal acritarchs, but 
includes spinose forms. The Gillen Member also contains 
the stromatolite Tungussia erecta Walter (Walter 1972). 

The Loves Creek Member
et al (1970), who compiled a reference section from several 
locations. The unit is estimated to be about 400–500 m 
thick and is disconformable on, or in places, is in fault 
contact with the Gillen Member. The upper contact with the 
overlying Areyonga Formation has been interpreted as both 

unconformable and disconformable. Southgate (1991) divided 
the member into three packages, related to a transgressive 
tract, a highstand system, and an upper regressive 
progradation of a terrestrial environment, respectively. 
The basal unit consists of a grainstone facies representing 
rapid transgression, a stromatolite facies interpreted to have 
accreted in progressively deeper water, and a mudstone facies 

unit is a stromatolite-dominated, subordinate grainstone and 
dolostone facies, representing a series of upward-shallowing 
cycles. This was deposited in a highstand tract, with evidence 
for a gradual reduction in the rate of sea level rise up-section. 
The upper unit is now interpreted as a separate member (see 
Johnnys Creek beds below). 

The Loves Creek Member contains basalt (spilite) that is 
mostly exposed in the northeast of the basin (Figure 23.17), 
and spilites have also been intersected in drillholes in the 
northeastern part of the basin (Nowland 2008). The extrusive 
origin of these rocks is demonstrated by amygdaloidal 
textures and by the rare presence of scoria (Banks 1964). In 
the northeast of the basin, approximately 30–40 m of basalt 

being 3–9 m thick (Nowland 2008). The basalt is interlayered 
with red calcareous siltstone of the upper Loves Creek 
Member (probably Johnnys Creek beds) and displays contact 
features, such as peperitic textures, which indicate that the 
basalt was either erupted onto, or was shallowly intruded into 
unconsolidated calcareous silt. Flow tops up to 20 cm thick are 

with large amygdales. Skotnicki et al (2008) interpreted a 

to be a sill. Zhao et al
between the spilites and the Amata Dolerite of the Musgrave 

Figure 23.16. Basalt of lower Gillen Member in core from 
drillhole Undoolya Gap-1, Undoolya Gap Copper prospect, east of 
Alice Springs (ALICE SPRINGS, 53K 417187mE 7378336mN).
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Province to the south, dated at about 820 Ma (Glikson et al 

of a large-scale, uniform asthenospheric mantle plume.
The Loves Creek Member contains common forms of 

spheroidal acritarchs (Zang in Shergold 1991). The member 
also contains the Cryogenian stromatolite Acaciella 
australica Assemblage (Figures 23.18a, b), which is known 
to be older than 802 ± 10 Ma and younger than ca 825 Ma in 

The informally named Johnnys Creek beds

some discontinuity. However, the unit is now considered to 
form the uppermost part of the Bitter Springs Formation 
(previously Unit 3 of the Loves Creek Member; eg Indigo Oil 
and Sirgo Exploration 1990, Marshall 2004, Ambrose 2006, 
Figure 23.2). The unit is widespread in the central-western 
portion of the basin and was recently intersected in NTGS 
stratigraphic drillhole BRD05DD01 (Ambrose et al 2010). 
Gorter (1982a) and Gorter et al (1982) originally described 
the Johnnys Creek beds from a section in drillhole Mount 
Winter-1 between the Bitter Springs Formation (above the 
Loves Creek Member) and the Areyonga Formation. They 
correlated this interval with sections in a number of other 
wells and with exposures formerly mapped as part of a type 
area for the Loves Creek Member at Ellery Creek. Useful 
sections are also present in the Ross River and Jay Creek 
areas of the northeastern Amadeus Basin (Southgate 1991). 
The Ross River section includes brecciated black cherts that 
contain microfossils, which at the time of reporting in the 
1960s, were the oldest evidence of eukaryote cells on earth 
(Schopf 1968).

A recent geochemical and palaeontological study of the 
Johnnys Creek beds has concluded that it has distinctive 
microfossil and stromatolite assemblages (Hill and Grey in prep) 
and preliminary E-log correlations suggest that the unit can be 
readily traced to numerous drillholes across the central part of 
the basin (eg Wallara-1, Ochre Hill-1, East Johnnys Creek-1, 
Erldunda-1, Mount Charlotte-1, Ooraminna-1 and Murphy-1). 

Figure 23.17. Outcrop of basalt in upper Loves Creek Member, 
Bitter Springs Formation, near Pipeline copper prospect, 
northeastern Amadeus Basin (HALE RIVER 53J 550468mE 
7341362mN, after Nowland 2008).

Figure 23.18. Cryogenian stromatolite Acaciella australica 
Walter et al 2000 in Loves Creek Member, Bitter Springs 
Formation. (a) Bioherm from Ross River area, northeastern 
margin of Amadeus Basin (ALICE SPRINGS, 53K 448565mE, 
7392621mN). (b) Longitudinal section through specimen from 
Jay Creek area (see Figure 23.4c), showing columnar layered 
structure (image courtesy K Grey, Geological Survey of Western 
Australia).

a

b

The Johnnys Creek beds is therefore mappable and has a 
distinct biostratigraphic succession, but a formal stratigraphic 

the northeast and east of the basin. The unit is retained as an 
informal member of the Bitter Springs Formation for the time 
being, but after a more thorough revision of the succession, 
might eventually be raised to formation rank.

The Johnnys Creek beds is a redbed, dolomitic limestone 
or dolostone unit with several textual facies described that 
represent a sea level still stand, progressing via progradation 
to terrestrial and lacustrine environments (Figure 23.19). 
In the southern/central portion of the basin, the succession 
has a distinctive E-log signature and the lowermost unit is a 
distinctive 60 m-thick brown-red siltstone. The remainder of 
the succession comprises alternating intervals of sometimes 
stromatolitic dolostone/calcareous mudstone (Figure 23.20) 
and brown-grey siltstone, with occasional chert, algal 
boundstone and glauconitic sandstone near the top. It is 
also probable that much of the spilite described in the Loves 
Creek Member in the northeast of the basin is instead part 
of the Johnnys Creek beds. The unconformity surface with 
the overlying Areyonga Formation is often marked by 



Amadeus Basin

23:14

development of a rubbly fractured regolith and there is up to 
200 m of topographic relief on this surface (Lindsay 1993). 
Carbon isotope studies support the interpretation of the largely 
non-marine deposition of this unit (eg Hill and Walter 2000).

The Johnnys Creek beds varies in thickness up to about 
400 m. In BR05DD01, the interval assigned to the unit is 
536 m thick, which is considerably thicker than previously 
measured at any other section [ca 380 m for ‘Loves Creek 
Member unit 3’ in the Ross River area; Southgate (1991)], 
but it is possible that the interval may include a younger unit 
equivalent to the Finke beds that has not been differentiated 
(Ambrose et al 2010). The section in the drillhole comprises 
mainly dolostone (wackestone), particularly towards the 
top, and limestone, with subordinate dolomitic siltstone, 
and occasional chert, calcareous sandstone and anhydrite. 
A cream, vuggy, brecciated limestone at the top of the unit 

unconformity surface with the Areyonga Formation. A 
characteristic dolomitic siltstone, particularly well developed 
in the middle and lower part of the unit, is red-brown with 
distinctive pale green reduction spots and occasional 
evaporites. This lithotype can be correlated on E-logs over 
a wide area of the basin and is characteristic of the member.

The Johnnys Creek beds is correlated with the lower 

lower Burra Group of the northern Adelaide Fold Belt (Grey 
et al 2011, Hill et al 2011).

Pinyinna beds
The Pinyinna beds are interpreted to be a lateral equivalent 
of the Bitter Springs Formation and are sporadically 
exposed along the southwestern margin of the basin, 

preserved in the hinges of tight to isoclinal synclines, as 
thrust slices within Dean Quartzite, or in valleys where 
it is enclosed by ridges of Dean Quartzite (Scrimgeour 
et al 1999, Close et al
by Forman (1966b), who described it as a metamorphosed 
equivalent of the Bitter Springs Formation. The type area is 
in the Pinyinna Range, where at least 200 m of grey, brown 
and white, laminated micaceous siltstone is overlain by grey 
and pink laminated dolostone, sometimes stromatolitic, and 

Figure 23.19. Red bed facies of Johnnys Creek beds (right) 
overlying Loves Creek Member (left), Bitter Springs Formation, 
Ellery Creek, north-central margin of Amadeus Basin, Ellery Creek 
section (HERMANNSBURG, near 53K 303810mE, 7368260mN, 
image courtesy P Haines, Geological Survey of Western Australia).

Figure 23.20. Johnnys Creek beds, Bitter Springs Formation, 
Ellery Creek, north-central margin of Amadeus Basin 
(HERMANNSBURG, near 53K 303810mE 7368260mN). (a) 
Domical stromatolites (image courtesy P Haines, Geological 
Survey of Western Australia). (b) ‘Dalmatian rock’ in upper 
Johnnys Creek beds, consisting of dark elongate nodules of 
limestone in matrix of pale grey dolostone. Early cementation of 
limestone nodules was followed by soft sediment deformation of 
lighter matrix, resulting in local brecciation of earlier-cemented 
limestone phase. (c) Detail of dalmatian rock texture.

a

b

c
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grey limestone. The unit conformably overlies the Dean 
Quartzite, and where observed, the contact locally appears 
to be gradational, consisting of approximately one metre of 
interlayered phyllite and quartzite (Scrimgeour et al 1999). 
The thickness of the Pinyinna beds is unknown, due to 
the absence of a complete succession, but it is likely to be 

The metamorphic grade of the Pinyinna beds is 
typically unmetamorphosed to very low, but in some areas, 
where it is interleaved with Musgrave Province basement, 
greenschist to lower amphibolite facies has been reached 
and pseudomorphs of possible cordierite, andalusite, and 

has also been recorded from some dolostones (Scrimgeour 
et al 1999). Phyllite is often thinly laminated and contains a 
strong fabric that is typically crenulated. In many locations, 

localised development of gossans. 
Although no basaltic layers like those recorded in 

the Bitter Springs Formation have been recorded in 

outcropping Pinyinna beds is correlated with the Amata 
Dykes of the Musgrave Province, and places a similar 
minimum age constraint of ca 820 Ma on this unit 
(Scrimgeour et al 1999). SHRIMP U-Pb analyses of 
detrital zircons from the Pinyinna beds near Bloods 
Range has yielded a number of age populations (Close 
et al 2004a). Two dominant groupings gave weighted 
mean ages of 1058 ± 31 Ma and 1198 ± 23 Ma, whereas 
the remaining data yielded scattered ages from the oldest 
grain with an apparent age of 1786 ± 6 Ma to approximately 
1540 Ma. These ages suggest that sediments within the 
Pinyinna beds were locally derived from 1080–1040 Ma 
granites and volcanic rocks exposed throughout much of 
the Musgrave Province, with additional zircons sourced 
from 1200–1140 Ma granites and 1600–1500 Ma gneisses.

Finke beds
The Finke beds have been described from several drillholes 
(eg Wallara-1, Finke-1) but have never been formalised 
as a stratigraphic unit. The term has at times been used 
interchangeably with the Johnnys Creek beds, or has been 
considered replaced by that name. However, recent work 
in the basin in WA (PW Haines and H Allen, Geological 
Survey of Western Australia, pers comm 2011), and work 
on correlating the Cryogenian of Australia (Grey et al 
2011), indicates that the unit has a distinct biostratigraphic 

and probably global correlations of the Cryogenian, and 
therefore warrants formalisation as a separate unit. It 
contains the widespread stromatolite Baicalia burra sp, and 

Cerebrosphaera buicki. 
This acritarch, in particular, shows potential for global 
correlations (Grey et al 2011, Hill and Grey in prep). 

The Finke beds in Finke-1 comprise approximately 35 m 
of medium grey to occasionally dark grey, brown-grey and 
pale pink, white and pink-grey dolostone, which is micritic 

and anhydrite (Gorter 1983). The unit also contains minor 
to abundant chert and is often silty, becoming dolomitic 
siltstone in part.

MID–LATE CRYOGENIAN: SUPERSEQUENCE 2

Ungrouped

Areyonga Formation 

Quinlan (1962) from the section at Ellery Creek, where they 
et al 

(1978), who placed the upper sandstone member of Pritchard 
and Quinlan in the overlying Pioneer Sandstone. At the 
type area in Ellery Creek (Figure 23.7), the formation is 
about 250 m thick. It is exposed in the centre and northeast 
(Figure 23.4b), and along the northern margin of the basin, 
and in most areas, it is disconformable on the Bitter Springs 
Formation. 

The Areyonga Formation is formed predominantly 
of diamictite (tillite) of variable composition and texture 
(Figures 23.21a, b), but it includes thin interbeds of 
sandstone, conglomerate, shale and siltstone, and dolostone 
(Priess et al 1978, Lindsay 1989, Walter et al 1994, 1995). 
This glaciogenic succession shows marked lithological 
variation from massive, indurated diamictite/conglomerate 
to carbonaceous siltstone/shale, feldspathic sandstone 
and rarer dolostone in the middle and at the top of the 
succession. Diamictite clasts are of variable composition 

Figure 23.21. (a
Areyonga Formation, Ellery Creek, north-central margin 
of Amadeus Basin (HERMANNSBURG, 53K 304130mE 
7367800mN). (b) Detail of (a) showing polymictic clasts in coarse 
sandstone matrix.

a

b
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and were derived from intra-basinal (carbonate rocks, chert, 
quartzite and conglomerate) and extra-basinal (granite, 
gneiss, porphyry, schist) sources (Lindsay 1989, Hill et al 
2011). Clast sizes and shapes also vary; clasts range from 
10 cm to 2 m in diameter and generally seem to decrease in 
size and abundance upwards in the succession. The matrix 
is more or less uniform in composition, and is massive, 
poorly sorted and generally grey-green in exposures. At 
the top of the succession is a dark, thinly laminated silty 
dolostone, described as the ‘lower marker cap dolomite’ by 
Priess et al (1978).

Lindsay (1989) described the Areyonga Formation as 
being deposited from a relatively small ice cap, concentrated 
from two tongues of ice in the northeast of the basin. 
Deposition was controlled by basin dynamics, and also 
by eustatic sea level changes resulting from an ice age of 
global dimensions. In the south, volumetrically dominant, 
contemporaneous shallow marine deposition took place 
(Inindia beds).

The Areyonga Formation is correlated with other 
Neoproterozoic glacial successions in the Adelaide Fold 
Belt and the Georgina and Ngalia basins, as well as with 
successions in the Kimberley region of WA, and represents 
the older (Sturtian) of two Late Neoproterozoic glacial 
events (Priess et al 1978). This correlation is based on the 
fact that these lithological successions are similar to one 

another, and in particular, have thin carbonate markers that 
cap the glacial intervals. 

Aralka Formation
et al (1978), 

occurs in the northeast (Figure 23.4b) and to a lesser 
extent, north-central parts of the basin. Originally, the 
unit was included in the basal part of the Pertatataka 
Formation by Wells et al (1967), but it was distinguished 
as a separate formation in the northeast of the basin 
because it sits between the Areyonga Formation and 

Member’ of the Pertatataka Formation). The Aralka 
Formation is estimated to be about 1000 m thick where 
it is best preserved at its type area in the northeast of 
the basin, but to date, there have only been sporadic, 
generally thin drillhole intersections of this unit and 
the distribution of this potentially important petroleum 
source rock remains uncertain; for example, the Aralka 
Formation is only about 20 m thick in Wallara-1. The 
formation conformably overlies the Areyonga Formation 
and is disconformably overlain by the Olympic Formation. 
It is dominated by poorly exposed to concealed siltstone 
and shale, but includes two better exposed members: 
the lower Ringwood Member is dominated by dolostone 
and limestone that is in part pisolitic and stromatolitic; 
the upper Limbla Member is a dominantly clastic unit, 
characterised by pebbly and sandy limestone, and 
festoon-bedded sandstone. The Ringwood Member 
contains the columnar stromatolite Tungussia inna Walter 
(Walter et al 1995) and K Grey (Geological Survey of 
Western Australia, pers comm 2011) has described 
‘clast-supported’ stromatolites from a location near Fenn 
Gap, east of Alice Springs (Figure 23.22). The same 
stromatolites occur in the upper Aralka Formation in WA 
(Haines et al 2010) and in rocks mapped as Inindia beds 
near Mount Conner (Haines et al 2012a), making them an 
important biostratigraphic marker across the basin. These 
buff-coloured, large domical stromatolites are distinctive 
and diagnostic in that they have a clast or clasts as nuclei, 
around which the stromatolite has grown. 

Based on correlations with other Neoproterozoic 
glacial successions, the age of the Aralka Formation has 
been estimated at about 0.6 Ga. This is supported by Re-
Os geochronology on the Aralka Formation from drillhole 
Wallara-1, which gave a suggested age interpretation of 
592 ± 14 Ma and a maximum age of 623 ± 18 Ma (Schaefer 

(Kendall and Creaser 2004) and 657.2 ± 5.4 Ma (Kendall 
et al 2006). These ages constrain the timing of the underlying 
Sturtian glaciation (Areyonga Formation) and indicate that 
it may be younger than other radiometrically dated potential 
correlatives (ca 750–685 Ma), suggesting that the Sturtian 
glaciation may have been diachronous (Kendall et al 2006). 
SHRIMP U-Pb dating of detrital zircons from the Limbla 
Member from the northeast of the basin has yielded a 
predominance of zircon ages in the range 1.59–1.34 Ga, 
indicating that the Musgrave Province was a likely source. 

The Aralka Formation has been correlated (Walter et al 
2000) with the Tapley Hill Formation of the Adelaide Fold 

13
carb
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org).

Figure 23.22. ‘Clast-supported’ stromatolite, diagnostic of 
Aralka Formation, from Fenn Gap, west of Alice Springs (ALICE 
SPRINGS, near 53K 359650mE 7367550mN, image courtesy 
K Grey, Geological Survey of Western Australia).
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MID CRYOGENIAN: SUPERSEQUENCE 2–MID 
EDIACARAN: SUPERSEQUENCE 3

Ungrouped

Inindia beds
The Inindia beds (Ranford et al 1965) is a relatively poorly 
exposed unit in the southwestern and south-central parts 
of the basin, with a distribution roughly corresponding to 
the southern platform tectonic element (Figure 23.5). The 
formation comprises a generally thick, but variable unit of 

dolostone. It is estimated to be a maximum of ca 2000 m in 
thickness (Wells et al 1966); ca 350 m of Inindia beds was 
intersected in drillhole Murphy-1 (Menpes 1991) and 48 m in 
BR05DD01 (Ambrose et al 2010). The unit disconformably 
overlies the Bitter Springs Formation and is overlain, probably 
unconformably, by the Winnall beds. Outcrop and drillhole 
data indicate a basinal thickening of the Inindia beds to the 
southwest (Wells et al 1970). The unit is terminated in the 

Province basement and older Neoproterozoic sedimentary 
rocks of the Amadeus Basin during the Petermann Orogeny. 
The Inindia beds are a correlative of the Areyonga Formation 
in the northern part of the basin (Wells et al 1970), and in 
stratigraphic drillhole BR05DD01 in the southwest of the 
basin, the succession above the Bitter Springs Formation has 
been described as Areyonga Formation, rather than Inindia 
beds (Ambrose et al 2010). Wells et al (1964, 1970), Lindsay 
(1989) and Walter et al (1995) also tentatively correlated the 
Inindia beds with the Carnegie and Boord formations in the 
west of the Amadeus Basin in Western Australia. Based on 
an intersection in drillhole Murphy-1, the Inindia beds were 
divided into three informal units: a lower tillite unit correlated 
with Areyonga Formation, a middle unit correlated with the 
Aralka Formation and an upper unit correlated with either 
the Pioneer Sandstone (Preiss et al 1978) or the Olympic 
Formation (Menpes 1991). Recent work in the WA portion 
of the basin supports the correlation of the Inindia beds 
with the Areyonga and Aralka Formations (Haines et al 
2010). However, this work also indicated that the overlying 
Winnall beds is more likely to be a correlative of the latest 
Neoproterozoic–early Cambrian Arumbera Sandstone, and 
consequently, is higher in the stratigraphic succession than 
previously thought (see Winnall beds). This revision of 
the stratigraphic succession indicates that deposition of the 
Inindia beds covers a much longer time interval, so that it 
would also correlate with the Pertatataka, Olympic, Pioneer 
and Julie formations (Figure 23.23). Haines et al (2010) also 
correlated the Inindia beds with the Boord Formation in WA.

Exposures are dominated by more competent quartz-

ranges, many associated with fold closures. Wells et al (1970) 
designated the reference areas for the formation as an outcrop 
20 km north of Curtin Springs for the lower part of the unit, 
and the northern ridges around Mount Conner for the upper 
part (both AYERS ROCK). The exposed section of the lower 
part consists of sandstone, laminated dolostone, with chert, 

variations occur, and units lens out over short distances. A 

possible tillite 6 km northeast of Mount Conner was reported 
to contain rounded, striated and faceted clasts and dropstones 
of chert, quartzite, siltstone and quartz (Field 1991). The 
provenance of the lower Inindia beds is characterised by 
zircons sourced from the Musgrave Province to the south, 

only minor older material (Camacho et al 2002). In general, 
the upper beds outcrop across the southern part of the basin 
as low ridges and open folds on small and larger scales. These 
structures probably formed, or were at least initiated during 
the Petermann Orogeny (Young et al 2002). Zircons from the 
upper Inindia beds indicate sediment sources from both the 
Musgrave Province and Arunta Region, with two peaks at 
ca 1100 Ma and ca 1780 Ma. A young peak at ca 650 Ma may 
indicate input from the Paterson Province (Camacho et al 
2002) and gives a more precise maximum deposition age. 

At Mount Conner, the upper part of the Inindia beds 
includes sandstone with pronounced tabular cross-beds that 

that this sandstone is probably aeolian in origin, and is thus 
distinctively different to the rest of the Inindia beds and 

distinct formation (Edgoose et al in prep).
Wells et al (1970) considered the Inindia beds to 

have been largely laid down in initially shallow marine 
conditions, becoming deeper over time, with a later change 

presence of tillite in the Inindia beds indicates that some of 
the succession is related to glacial episodes.

LATE CRYOGENIAN–MID EDIACARAN: 
SUPERSEQUENCE 3

Ungrouped

Olympic Formation
The Olympic Formation (formerly the ‘Olympic Member’ 
of the Pertatataka Formation; Wells et al 1967), was 

et al (1978). It disconformably overlies 

part of the basin (Figure 23.4b). The Pioneer Sandstone, 
in the north-central part of the basin, is interpreted to be 
a lateral equivalent, and both are correlated with Elatina 
(formerly Marinoan) glacial rocks of the Adelaide Fold Belt 
(Lindsay 1993). The formation has also been correlated 
with the diamictite member of the Mount Doreen Formation 
in the Ngalia Basin (Priess et al 1978), with glacial 
successions of the Georgina Basin (Oorabra Arkose, Boko 
Formation, Black Stump Arkose; Walter 1980), and with 

a 651 ± 87 Ma Rb-Sr age (Freeman et al 1991). However, 
there is considerable uncertainty as to whether the Elatina 
Glaciation is this age or considerably younger (ca 580 Ma; 
eg Grey et al 2011, see Centralian Superbasin). The upper, 
or ‘cap’ dolostone has been correlated with the Nuccaleena 
Dolostone from the Adelaide Fold Belt (Walter et al 1995). 

The Olympic Formation consists of lenticular units of 
sandstone, siltstone, conglomerate, diamictite, shale and 
dolostone, and is up to 190 m thick. Priess et al (1978) 
described the formation in the northeast as consisting of 
red and green siltstone with intercalated sandstone, pebbly 
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arkose and conglomerate, dark red-brown diamictite with 
clasts of quartzite, porphyry, amygdaloidal volcanic rocks, 
dolostone (from the Bitter Springs Formation) and basement 
rocks, and dolostone. The siltstone and mudstone are 
laminated with normal and reverse grading, or are massive 
(Field 1991). Sandstone interbeds have a high dolomite 
content, and feature tough and tabular cross-beds, low-

(Hill et al 2011). Conglomerates contain mostly pebble- to 

clasts in the diamictite are striated and soled (Wells et al 
1970, Walter et al 1995). Near the top of the diamictite is 
a pale brown and pink gritty dolostone (‘upper marker cap 
dolomite’ of Priess et al 1978), which is a laminated, thinly 
bedded interval, varying from absent to 30 m in thickness. 
In the type section, it includes a distinctive bed of discrete 
columnar and laterally linked columnar stromatolites 
above an erosional surface (Kennedy 1996). Field (1991) 
recognised four lithofacies within the formation, two of 

conglomerate; and (2) dolostone, which is commonly 
interbedded with the conglomerate lithofacies. 

Field (1991) interpreted the conglomerate of the Olympic 

of ice, but there is no particular evidence for the presence of 
a continental ice sheet in the immediate region. The overall 
facies of the formation indicate environments ranging from 
non-marine to shallow marine or basinal settings.

Pioneer Sandstone 
The Pioneer Sandstone (Priess et al 1978) is a shallow 

part of the Amadeus Basin. It rests disconformably on 
the Areyonga Formation in the type section at Ellery 
Creek (Figure 23.7), and on the Bitter Springs Formation 
to the west. The type section consists of 170 m of cross-
bedded medium- to coarse-grained feldspathic and arkosic 
sandstone, grading up-section to about 1 m of pink-grey 
dolostone with red-brown chert nodules. The lower part 
of the sandstone is white, medium- to coarse-grained, 
feldspathic and dominantly planar laminated, but has some 
10 cm-deep channels with cross-laminations (Walter and 
Bauld 1983). The upper 8 m is dolomitic, and has abundant 
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tabular cross-beds in 10–20 cm-thick sets, and in places, 
contains a discrete dolostone 1–5 m thick (‘upper marker 
cap dolomite’ of Priess et al 1978). The top of the sandstone 
unit is an irregular erosion surface, with the erosional scours 

(Elleria minuta; Walter et al 1979, Walter and Bauld 1983, 
Skotnicki et al 2008). These stromatolites are only known 
from this layer, and at Ellery Creek, they form isolated, 
irregular bioherms up to 10 cm thick and 50 cm long. 
Field (1991) described pebbly sandstone and conglomerate 
above the dolostone that potentially should be included 
in the formation. The Pioneer Sandstone is interpreted 
to be an intertidal periglacial, or glacial outwash facies 
that correlates with diamictite of the Olympic Formation 
in the eastern Amadeus Basin (Preiss et al 1978, Walter 
et al 1995), although this correlation has been questioned 
(Lindsay 1989, Field 1991). The correlation is largely based 
on the ‘cap dolostones’ in the two successions.

Gaylad Sandstone

Amadeus Basin (Figure 23.4b)
by Freeman et al (1991) as conformably underlying 
the Pertatataka Formation, and overlying a regional 
unconformity above the Pioneer Sandstone–Olympic 
Formation succession. Previously, it had been correlated 
with the latter two units. The formation is interpreted to 
represent regional submergence after a phase of uplift and 
folding had removed much of the underlying Olympic 
Formation, prior to deposition of the Gaylad Sandstone, 
Pertatataka Formation and Winnall beds.

The type section for the Gaylad Sandstone is 17 km 

of the Gaylad Syncline. It consists of ca 140 m of quartz 
sandstone, lithic sandstone, subarkose, orthoconglomerate 

composed of lithologies of the underlying units.
The Gaylad Sandstone has been interpreted to be about 

midway between 700 and 600 Ma in age (Freeman et al 
1991), on the basis of the dating of units correlated with 

the underlying Olympic Formation (651 ± 87 Ma Rb-Sr 

However, the unit could be considerably younger (post-
580 Ma), depending on the age of the Elatina Glaciation (see 
discussion for Olympic Formation).

More recently, the Gaylad Sandstone has been described 
as representing a complex deglacial depositional environment 
on the basin margin with the sandstone facies passing 
basinwards into about 3 m of laminated dolomudstone of 
the ‘cap dolomite’ of the Olympic Formation (Kennedy and 
Christie-Blick 2011). If so, the unit would be equivalent 
to the upper part of the Olympic/Pioneer succession. The 
complexity of the Gaylad succession is demonstrated by 
the presence of four unconformity-bounded sequences with 
evidence for considerable erosional relief.

Pertatataka Formation 

Quinlan (1962) as consisting of two clastic units separated 
by a dolomitic layer. Only the lower clastic unit is now 
mapped as Pertatataka Formation, with the type section 
located 5 km west of Ellery Creek. The other two units are 
now considered as separate formations (Olympic Formation, 
Julie Formation). The formation consists predominantly of 
red and green siltstone, shale and feldspathic sandstone. At 
the type section near Ellery Creek, it is about 350 m thick 
and is made up of 320 m of red and green siltstone and shale, 

Figure 23.24) overlain 

sandstone, and 30 m of red siltstone with sandstone laminae 
(Prichard and Quinlan 1962). The formation can be up to 
1400 m thick (Walter et al 1995), for example, to the west of 
the type area at Stokes Pass.

Priess et al (1978) recognised three members of the 
Pertatataka Formation in the western central part of 

Member II (quartzite/sandstone), and Member III (shale, 
siltstone, sandstone). In the northeast of the Basin, the 
Pertatataka Formation contains two named members 
(Cyclops and Waldo Pedlar members; Wells et al 1967). The 

and rhythmically thinly bedded sandstone, whereas the 

markings (Wells et al 1970). Member II is considered to be a 
facies variant of the Cyclops Member, and the Waldo Pedlar 
Member may also be in part equivalent to Member II, as 
the upper part of this unit is considered to be a lithological 
correlative of the Cyclops Member (Priess et al 1978).

grained quartz sandstone of the Cyclops Member has 
yielded a youngest concordant age of ca 807 Ma, which is 

575 Ma (Maidment 2005). The older zircon populations are 
consistent with a provenance from the Arunta Region. 

Lindsay and Korsch (1991) considered the Pertatataka 
Formation sedimentary rocks to be deep-water, pelagic 
deposits. Marshall (2004), after Jackson et al (1984), 
suggested that they were deposited on a marine shelf. The 
formation thickens in the Ooraminna and Carmichael sub-

Figure 23.24. Green-grey siltstone with thin sandstone intervals 
in Pertatataka Formation, Ellery Creek, north-central margin 
of Amadeus Basin (HERMANNSBURG, 53K 303980mE 
7367560mN).
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basins, and in places was affected by salt movements in the 
underlying Gillen Member of the Bitter Springs Formation 
(Warren and Shaw 1995). The Pertatataka Formation is 

band (Cyclops Member) forms low ridges. 

Julie Formation
et al (1967) as the 

‘Julie Member’ of the Pertatataka Formation, but the name 
was upgraded to formation status by Preiss et al (1978), 
because of the unit’s wide distribution and usefulness as a 
marker interval. The formation consists mostly of carbonate 
rocks with sandstone lenses (Wells et al 1970). The type 
section is at Ross River (Figure 23.8), where the succession 
consists of dolostone, limestone (oolitic in part) and 
siltstone with sandstone lenses (Warren and Shaw 1995). 

13C within the unit, 

Basin and the lower Elkera Formation of the Georgina 
Basin, which have similarly high values (Walter et al 2000). 
The formation contains sparse stromatolites (eg Tungussia 
julia Walter; Walter et al 1995).

The Julie Formation contains thickly bedded ooid 
grainstones of shallow marine origin and represents an 
upward-shallowing cycle, after deposition of the deeper-
water Pertatataka Formation (Kennard and Nicoll 1986). It is 
a widespread, relatively thin unit that reaches thicknesses of 
up to 150 m, but it can be as little as 10 m (eg at Ellery Creek; 
Warren and Shaw 1995, Figure 23.25). The unit does not 
occur west of the Gardiner Range Anticline, where it appears 
that the formation was eroded prior to deposition of the 
overlying Arumbera Sandstone (Kennard and Lindsay 1991). 

EDIACARAN: SUPERSEQUENCE 4–LATE 
CAMBRIAN

Ungrouped

Winnall beds
The informally named Winnall beds is a succession of 
sandstone and siltstone, named by Ranford et al (1965) 
after Winnall Ridge in southern LAKE AMADEUS1. 

1  Names of 1:250 000 mapsheets are shown in large capital letters, 
eg LAKE AMADEUS.

Ranford et al recognised four sub-units: a basal siltstone, 
followed by sandstone, siltstone, and sandstone. The 
informal type area for the Winnall beds is at Liddle Hills 
(southwestern HENBURY), where the four units have 
been described in a 1300 m-thick section (Wells et al 
1970). No complete section has been found in the central 
part of the Amadeus Basin, but the minimum thickness 
has been estimated at 1524 m. However, thickness varies 
considerably; for example, the Winnall beds appear to 
be absent in Murphy-1 in the central southern part of 
the basin (Menpes 1991), but ca 450 m of the formation 
was intersected in BR05DD01 (described as Pertatataka 
Formation; Ambrose et al 2010) in the southwest. Wells et al 
(1970) suggested a maximum exposed thickness of 2134 m 
for the unit. Similar to the underlying Inindia beds, the 
Winnall beds are thought to thicken to the southwest. 
The formation sits stratigraphically between the Inindia 
beds and the Cambrian Pertaoorrta Group, but across its 
outcrop extent, it is unconformable on both the Inindia 
beds and Bitter Springs Formation, and is unconformably 
overlain by the Mount Currie Conglomerate or Cleland 
Sandstone, the Ordovician Stairway and Carmichael 
sandstones of the Larapinta Group, and in the east by the 
Devonian Polly Conglomerate and Langra Formation of 
the Finke Group. The more resistant of the sandstone units 
(dominantly Unit 2) form many of the more prominent 
topographic features across the southern part of the basin, 
including Souths Range in the west (BLOODS RANGE), 
Mount Conner (AYERS ROCK) and the Basedow Range 
(KULGERA) in the central part, and the Black Hill Range 
(FINKE) in the east.

Sandstone units show a variety of sedimentary structures, 
including cross-beds, convolute laminations, mudcracks, 
current streaming lineations, current and wave ripples, 
synaeresis cracks and clay galls (Wells et al 1970, Edgoose 
et al 1993, Young et al 2002). In some areas, a basal 
conglomerate is present in Unit 2, for example at Mount 
Conner (Figure 23.4a), where it overlies immature chocolate 
brown sandstone of Unit 1 (Figures 23.26a, b). In some 
places, detrital muscovite, or glauconite, or phosphate are 
present. Evidence for biological activity is also present, 
with rare ‘burrows’ (Edgoose et al 1993) and ‘sand sticks’ 
(comparable to Syringomorpha nathorst; Wells et al 
1970) described from within the formation. Wells et al 
(1970) considered the Winnall beds to be shallow 
marine, deposited in a subsiding depression, with the 
initial sedimentation commencing in an environment of 
restricted water circulation. 

Wells et al (1964, 1966, 1970) correlated the Winnall 
beds with the Pertatataka Formation in the northern 
Amadeus Basin and with the Maurice Formation, Sir 
Fredrick Conglomerate and Ellis Sandstone in the 
west (Figure 23.23). In the far northwest of the basin 

as Maurice Formation or Ellis Sandstone, rather than 
Winnall beds (Close et al 2004b). Walter et al (1994), 
who also correlated the Winnall beds with the Pertatataka 
Formation, described the presence of distinctive, but as 

beds at Mount Conner and in the Pertatataka Formation 
near Alice Springs. However, these stromatolites are now 

Figure 23.25. Vertically dipping dolostone of Julie Formation, 
Ellery Creek, north-central margin of the Amadeus Basin 
(HERMANNSBURG, 53K 304110mE 7367330mN).
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Formation (K Grey, PW Haines and H Allen, Geological 
Survey of Western Australia, pers comm 2011). Grey and 
Blake (1999) correlated the Winnall beds with the basal 
part of the Pioneer Sandstone (unit below Pertatataka 
Formation), based on various pieces of evidence, including 
lithostratigraphic and biostratigraphic data. 

Haines et al (2010), working in the WA portion of 
the Amadeus Basin, correlated the lowermost unit of the 
Winnall beds with the Carnegie Formation, unit 2 of the 
Winnall beds with the Ellis Sandstone and Sir Frederick 
Conglomerate, and the upper two units with the Maurice 
Formation (Figure 23.23, see above). They found compelling 
lithostratigraphic and sedimentological evidence indicating 
that the Carnegie Formation correlates with the Arumbera 
Sandstone, which spans the Neoproterozoic–Cambrian 
boundary, rather than the Pertatataka Formation, and 
therefore, the Winnall beds sit higher in the stratigraphic 
succession than previously thought, and belong to 
Supersequence 4 rather than Supersequence 3 of the 
Centralian Superbasin. Important implications of this 
revised stratigraphic succession are that the Winnall beds 
were deposited in response to uplift during the 580–530 Ma 
Petermann Orogeny in the Musgrave Province, rather than 

prior to this event. This new timing of deposition of the 
Winnall beds addresses the previously recognized enigma 
of a lack of widespread proximal sediments related to this 
event in the southern part of the basin. SHRIMP U-Pb 
dating of detrital zircons from the Winnall beds (Camacho 
et al 2002) shows a dominant source from the Musgrave 
Province, with populations at about 1160 Ma and some at 
1300 Ma, but with a broad spread between 2500–1500 Ma 
that could indicate material derived from the Arunta Region. 

Carnegie Formation
The Carnegie Formation (Wells et al 1964) is exposed in low 
strike ridges at several locations in the far northwest of the 
basin in the NT (MOUNT RENNIE). It is far more extensive 
in WA, where it has an average thickness of about 1700 m 
(Haines et al 2010). The formation is disconformable on the 
Bitter Springs Formation, and is conformably overlain by 
the Ellis and Cleland sandstones. It also has an upper faulted 
contact with the Mereenie Sandstone. The unit consists of 
red-brown sandstone, siltstone, minor shale, and pebbly 
sandstone and conglomerate (Ranford 1968). Conglomerate 
in MOUNT RENNIE is dominated by clasts of dolostone, 
probably derived from the Bitter Springs Formation (Wells 
et al 1970). 

The Carnegie Formation has traditionally been 
correlated with the Areyonga Formation and Inindia beds 
(eg Wells et al 1970). However, the red-brown sandstone and 
siltstone of the formation is lithologically very similar to the 
younger Arumbera Sandstone of the northeastern Amadeus 
Basin (Haines et al 2010). These authors also reported the 
common presence of Arumberia (Glaessner and Walter 

Sandstone, in WA exposures of the Carnegie Formation 
(see Arumbera Sandstone). A correlation between these 
two units is therefore more likely and is followed herein 
(Figure 23.23).

Mount Currie Conglomerate
The Mount Currie Conglomerate (Forman 1963) comprises 
a thick succession of coarse pebble, cobble, and boulder 
conglomerate within the Mount Currie Sub-basin along the 
southwestern margin of the Amadeus Basin (Figure 23.5). 
Gillespie (1959) estimated a thickness for the unit of 1590 m, 
but Forman (1963) estimated a much greater thickness of 

Sweet et al
unit is exposed (Figure 23.27). Cuttings from waterbores 

towards Yulara. The age of the formation is probably latest 
Neoproterozoic or early Cambrian, corresponding to the 
580–530 Ma Petermann Orogeny (Scrimgeour et al 1999).

Wells et al (1970) correlated the Mount Currie 
Conglomerate with the Arumbera Sandstone, but at many 
exposures, the Mount Currie Conglomerate unconformably 
overlies the Winnall beds. A revision of the stratigraphic 
succession in the WA portion of the basin has demonstrated 
that the Winnall beds are better correlated with the 
Arumbera Sandstone (Haines et al 2010), and therefore, 
it is possible that the Mount Currie Conglomerate and its 

Figure 23.26. Winnall beds at Mount Conner, southwestern 
Amadeus Basin (AYERS ROCK, 52J 791379mE 7175915mN). 
(a) Immature brown sandstone of Unit 1 (equivalent to Carnegie 
Formation).(b) Quartzite and quartz pebble-cobble conglomerate 
at base of Unit 2 (equivalent to Ellis Sandstone and Sir Frederick 
Conglomerate).  

a

b
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correlatives are entirely early Cambrian in age (Haines et al 
2012a, b), and late syntectonic to post-tectonic with the later 
phases of the Petermann Orogeny. The unit is also correlated 

Clasts of the Mount Currie Conglomerate are 
subrounded to rounded, and locally up to 70 cm in diameter, 
with a median size of about 15–20 cm. Rare boulders up to 
1.5 m across have been recorded (Sweet et al 2012). The 
clasts are comprised predominantly of felsic volcanic rocks, 
which are undeformed and locally strongly epidotised. Less 
common clasts include quartzite, rare undeformed granite, 

The unit is informally divided into three members. The 
basal member is restricted to the northern margin of the Mount 
Currie sub-basin (Figure 23.4). Forman (1963) recognised 
the oligomictic nature of the basal unit and considered it to 
be thin. However, a thickness of at least 1000 m is indicated 
at Mount Currie (Young et al 2002). The member comprises 
conglomerate with distinctive spherical, very well rounded, 
tightly packed sandstone clasts (of Winnall beds) in a 
dominantly sandy matrix. Small rare chert and weathered tuff 
layers have been observed in the upper section of the member 

The Sedimentaries, the upper section of this basal member is 
characterised by interbeds of medium- to coarse-grained and 

granular sandstone, feldspathic sandstone, coarse-grained 
chert conglomerate and thin red-brown haematitic siltstone. 

The middle member is a polymictic conglomerate with 
an igneous provenance (Figure 23.28). It occurs around 
Mount Currie and west of Mount Olga, and overlies the 
basal member with a sharp contact that is usually obscured 
by soil cover. The middle member is generally dominated by 
phenoclasts of porphyritic rhyolite. However, in areas where 
the basal member is absent, clasts are dominated by sandstone 
derived from the Winnall beds. At Mount Currie, the middle 
member has a clast content of 70% porphyritic rhyolite, 20% 
basalt and 10% sandstone. However, variation does exist and 

45%. Phenoclasts are generally poorly sorted, ranging from 
pebble to boulder size (5–25 cm), and are subangular to well 
rounded. Clast imbrications indicate a northeasterly current 
direction, consistent with a source from the southwest.

The upper member has a transitional boundary with 
the middle member and is characterised by having more 
granite than rhyolite phenoclasts. The proportion of granite 
phenoclasts increases from 30 to 50% up-section, and a 
typical clast mix is 60–80% granite, 20–40% basalt, minor 
porphyritic rhyolite, and rare sandstone and granitic gneiss. 
As for the middle member, clast imbrications indicate a 
northeasterly current direction. 

Numerous authors (eg Forman 1965, Wells et al 1970, 
Sweet and Crick 1992) have proposed that the Mount 
Currie Conglomerate is a proximal foreland succession 
deposited in a piedmont setting that resulted from uplift 
of the Musgrave Province and overlying Neoproterozoic 
units of the Amadeus Basin during the Petermann Orogeny. 
The clast composition varies up-section from sedimentary 
rocks of the Amadeus Basin, to volcanic rocks to granite, 

rocks of the Musgrave Province.

Mutitjulu Arkose 
et al 

2002), previously the informally named ‘Uluru arkose’, 
is the iconic inselberg at Uluru, which is approximately 
3 km by 2 km in lateral extent and 300 m high. At this 
locality, the unit dips very steeply to the southwest and 
is at least 2400 m thick (Figure 23.29). Cuttings from 
waterbores indicate that the subsurface extent is restricted 

Figure 23.29
southwestern Amadeus Basin (AYERS ROCK, 52J 705150mE 
7194530mN).

Figure 23.27. Shallowly dipping, massive beds of Mount Currie 

(AYERS ROCK, 52J near 674860mE 7205140mN).

Figure 23.28. Coarse polymictic cobble conglomerate of middle 

Amadeus Basin (AYERS ROCK, 52J 675860mE 7203400mN).
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to the vicinity of Uluru. Forman (1965) and Sweet and 
Crick (1992) considered the arkose to be a lateral variant 
of the Mount Currie Conglomerate and the unit might be 
equivalent to the Arumbera Sandstone in the northern 
Amadeus Basin.

sandstone. Sweet (pers comm 1994 in Young et al 2002) 
recognised four rock facies, based on lithology, grain size 
and sedimentary structures; these are: (1) well sorted, 

sandstone; (2) trough cross-bedded sandstone to granule 
conglomerate; (3) planar bedded and cross-bedded granule 
to pebble conglomerate; and (4) massive conglomerate. The 
trough cross-bedded sandstone to granule conglomerate 
facies is the most common. Sedimentary features include 

ripples (Figure 23.30

Sweet (op cit
a progressively higher energy of transport from facies 1 
to 4, and suggested that the massive conglomerate facies 

interpreted to be a more distal facies of foreland basin 
sedimentary rocks of the Mount Currie Sub-basin and is 
therefore considered to be latest Neoproterozoic to early 
Cambrian in age.

Ellis Sandstone
The Ellis Sandstone (Wells et al 1965a) outcrops in the far 
northwest of the NT portion of the Amadeus Basin and is 
more extensive to the west in WA. It is exposed with the 
overlying Maurice Formation in a low range that straddles 
the WA–NT border, south of Lake MacDonald (MOUNT 
RENNIE). The formation overlies the Carnegie and/

Conglomerate (in WA), and is generally considered to be 
a correlative of the lower part of the Winnall Beds (Wells 
et al 1970).

The Ellis Sandstone comprises cross-bedded kaolinitic 
quartz sandstone and pebbly sandstone, with subordinate 
calcareous sandstone and siltstone. Cross-beds indicate 
that the sediment was sourced from the west and southwest 
(Wells et al 1970). 

Recent mapping in the WA portion of the basin (Haines 
et al 2010) indicates that the Ellis Sandstone (and Sir 
Frederick Conglomerate), along with the Winnall Beds, are 
probable equivalents of the Mount Currie Conglomerate 
and middle Arumbera Sandstone, and were deposited in the 
late Neoproterozoic–early Cambrian in response to uplift 
related to the Petermann Orogeny.

Maurice Formation
The Maurice Formation conformably overlies the Ellis 
Sandstone in a range that straddles the WA–NT border 
south of Lake MacDonald, but is much more extensive in 
the WA portion of the basin, where it reaches a maximum 
thickness of 3600 m in the southern part of its distribution 
(Haines et al 2010). It comprises medium to thinly bedded, 

in its NT outcrop, where it has a faulted contact with the 
Bitter Springs Formation (Ranford 1968). It is interpreted to 

marine conditions (Wells et al 1970).
A recent revision of the WA stratigraphic succession 

(Haines et al 2010) suggests that the Maurice Formation 
is equivalent to the upper parts of the Winnall beds and 
Arumbera Sandstone, and is very latest Neoproterozoic–early 
Cambrian in age (Figure 23.23). It was therefore probably 
deposited in response to uplift associated with the Petermann 
Orogeny. A northerly decrease in grain size and an increase 
in the maturity of the succession indicates a southerly 
provenance and supports this interpretation. Previously, 
the unit was considered to be equivalent to the Pertatataka 
Formation (Wells et al 1970).

Pertaoorrta Group

580–530 Ma Petermann Orogeny, resulting in fragmentation 
of the basin architecture, and the development of large sub-
basins and troughs north of a Central Ridge (Figure 23.5). 
Depositional loci moved northwards and sedimentation was 

clastic rocks were shed into the Carmichael Sub-basin and 
1500 m into the Missionary Plains Trough (Lindsay 1993, 
Ambrose 2006). These sub-basins may have been bounded 
by high-angle reverse faults, or by extensional faults; later 

masked the structural mechanism that controlled deposition. 
The Pertaoorrta Group is stratigraphically variable from 

east to west, and comprises many named units that represent 

Figure 23.30. Trough cross-beds in steeply dipping, pale 

southwestern Amadeus Basin (AYERS ROCK, 52J 704090mE 
7195770mN). 
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facies changes across the geographic area of distribution. 
The group is dominated by carbonate rocks in the east, and 
by siliciclastic successions in the west. Figure 23.31 shows 
the relationships and broad distribution of the various 
formations of the Pertaoorrta Group. The Arumbera 
Sandstone forms the base of the group, and straddles the 
Ediacaran–Cambrian boundary. The Ediacaran component 
is assigned to Supersequence 4 of Walter et al (1995). The 
lithostratigraphic succession of the Pertaoorrta Group in 
the northeast of the basin is shown in Figures 23.8, 23.32.

The constituent formations of the Pertaoorrta Group are 
the Arumbera Sandstone, Quandong Formation, Todd River 

Giles Creek Dolostone, Tempe Formation, Hugh River 
Shale, Illara Sandstone, Deception Formation, Petermann 
Sandstone, Cleland Sandstone, Jay Creek Dolostone, 
Shannon Formation and Goyder Formation.

Arumbera Sandstone

formation of the Pertaoorrta Group by Wells et al (1967), 
following several earlier names. It is present in all three 
sub-basins in the north of the basin, but thins substantially 
to the west. The formation is divided into two depositional 
successions of upward-coarsening siltstone and sandstone; 
the lower is a transgressive-highstand systems tract formed 
during the Neoproterozoic, and the upper is part of an 
early Cambrian lowstand systems tract (Lindsay 1987, 
Kennard and Lindsay 1991). The lower succession has a 
maximum thickness of about 800 m in the Carmichael sub-
basin (Ambrose 2006) and is latest Neoproterozoic in age, 
whereas the upper succession is earliest Cambrian and has 
a maximum thickness of 500 m in this sub-basin. Many 
authors have described a disconformity between the upper 
and lower successions; this was disputed by Kennard in 

and Lindsay (1991) and Gravestock and Shergold (2001). 

were carried by braided streams from the southwest, and 
laid down as prograding delta and marine deposits in the 
three sub-basins and connecting troughs (Figure 23.5). 
Mapstone and McIllroy (2006) interpreted the lower 
succession to represent small-scale deltas prograding 
across the underlying carbonate platform of the Julie 

deltaic complexes prograding at the sub-basin scale. Thin 
transgressive successions have been recorded in petroleum 
wells to the south, eg in Wallara-1 (Ambrose 2006), 
indicating that the lower succession probably onlaps the 
Central Ridge. 

The lithostratigraphic succession of the Arumbera 
Sandstone in the Ooraminna sub-basin is shown in 
Figure 23.32. Wells et al
lithological units (Arumbera 1–4) and this subdivision has 
been used by many later workers (eg Conrad and Oaks 
1982, Mapstone and McIllroy 2006). The formation forms 
prominent red-brown strike ridges wherever it is exposed 
(Figure 23.33) and comprises red-brown to purple-brown, 

micaceous feldspathic sandstone (Figure 23.34), with 
minor pebble conglomerate, micaceous siltstone and 
dolostone. The unit overlies the Julie Formation with 
apparent conformity in the northeast, but in other areas, the 
Julie Formation appears to have been eroded prior to the 
deposition of the Arumbera Sandstone. 

et al 
(1965b) and forms a prominent strike ridge in the Gardiner 

LIEBIG, but this has now been mapped as Arumbera 
Sandstone (Warren and Shaw 1995, Scrimgeour et al 2005). 

A11-252.ai

Pebbly sandstone

Sandstone

siltstone

shale

sandstone, dolostone

limestone, siltstone, shale

dolostone, siltstone, shale

dolostone, sandstone, shale

halite, limestone, dolostone
shale
older Neoproterozoic strata

gradational contact

unconformable contact

Shannon Formation

Goyder Formation

Giles Creek Dolostone

Hugh River Shale

Chandler FormationArumbera Sandstone
Arumbera Sandstone

Namatjira Formation

Tempe Formation

Deception
Formation

Todd River
Dolostone

Cleland
Sandstone

Illara
Sandstone

Jay Creek Limestone
Petermann
Sandstone

? ?

WEST EAST

Mount Winter-1
Katapata Gap Ellery Creek

Orange-1,-2
Ross River

East Mereenie-4 Ooraminna-1
Jay Creek

Idirriki
Sub-basin

Carmichael
Sub-basin

Missionary
Plain Trough

Ooraminna
Sub-basin

Figure 23.31



23:25

Amadeus Basin

E
A

R
LY

Lo
w

er
U

pp
er

Lo
w

er
U

pp
er

LA
TE

M
ID

D
LE

P
R

O
TE

R
O

ZO
IC

C
A

M
B

R
IA

N

P
E

R
TA

O
O

R
TA

G
R

O
U

P

Goyder
Formation

Formation Lithology Facies

Outer shelf to
near shore

Peritidal with ooid
and sand shoals

Peritidal carbonates
and shallow marine
muds

Titdal flat

Ooid shoal

Open shelf

Barrier bar
Tidal flat

Delta front

Delta front

Delta slope

Delta slope

Pro-delta
Basinal

Lower delta slope

Coastal or delta plain

Microbial reef-flat
Archaeocyathan
reef-shoal

Shallow marine muds 
and peritidal carbonates

Shannon
Formation

Todd River
Dolostone

Arumbera
Sandstone

1

2

3

4

Giles Creek
Dolostone

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

–C1

–C2

–C3

–C4

–C5

100

Seq

A12-092.ai

Figure 23.32. Lithostratigraphic 
succession and sequence stratigraphy 
of Pertaoorrta Group at Ross River 
(Ooraminna sub-basin), northeastern 
Amadeus Basin, showing depositional 
sequences _C1–_C5 (redrawn and slightly 

Figure 23.33. South-dipping ridges 
of Arumbera Sandstone at Ross 
River, northeastern Amadeus Basin 
(ALICE SPRINGS, 53K 447340mE 
7390140mN), showing four-fold 
division of Arumbera Sandstone. 
Neoproterozoic–Cambrian boundary 
coincides with recessive topography 
between ridges (yellow line).
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Wells et al (1965b) noted its similarity to the Arumbera 
Sandstone. The unit comprises sandstone with minor 
siltstone and conglomerate, and is generally thinly bedded, 
cross-bedded, micaceous, feldspathic and immature. Thin 
beds of conglomerate, with clasts predominantly of chert 
and carbonate rocks, occur in places at the base of the 
formation, and also within the succession.

Many workers (eg Korsch and Lindsay 1989, Walters and 
Veevers 1997) have interpreted the Arumbera Sandstone 
to have been derived from uplifted basement rocks of the 
Musgrave Province in response to the Petermann Orogeny, 
and if so, it would be a direct correlative of foreland basin 

Arkose). However, other workers (Kennard and Lindsay 1991, 
Oaks et al 1991) have interpreted the Arumbera Sandstone to 
represent recycling of foreland basin sediments in response to 
late pulses of the Petermann Orogeny. During the Cambrian, 
the Central Ridge appears to have remained an effective 
barrier to the widespread transport of sediment northwards, 
and clastic material was largely diverted around the western 
edge of the Central Ridge into the northern sub-basins. This 
would account for the presence in the Cambrian succession of 

areas and carbonate-dominated successions in the east.

The lower Arumbera Sandstone has yielded specimens 
of the soft-bodied Ediacaran fauna (metazoan body 
fossils; Shergold 1986, Walter et al 1989, Shergold et al 
1991a, Warren and Shaw 1995). Mapstone and McIllroy 
(2006) described an Ediacaran discoid fauna associated 
with periodic storm-event beds in units 2 and 3 of the 
Ooraminna sub-basin (Figure 23.35), and the presence of 
wrinkle structures from a range of facies are interpreted 
to attest to the former presence of microbial mats. 
McIllroy et al (1997) have also reported trace fossils from 
the Neoproterozoic section of the Arumbera Sandstone 
(earlier reports of trace fossils were ruled out by Walter 
et al 1989). 

The upper (Cambrian) Arumbera Sandstone has yielded 
more than thirty different ichnospecies (eg Glaessner 1969, 
Kennard in Kennard and Nicoll 1986, Shergold 1986, 
Walter et al 1989, Shergold et al 1991a, McIllroy et al 
1997) (Figures 23.36a, b). Haines (1991) also reported 
indeterminate shelly fossils from the Cambrian section, 
and Glaessner and Walter (1975) have described Arumberia 
banksii, a large cup shaped animal that is probably a 
coelenterate, from bedding surfaces at three localities near 
Alice Springs. Recent work in the WA portion of the basin 
has found Arumberia specimens in the Carnegie Formation, 
suggesting that the two units might be correlatives (Haines 

Figure 23.36. Trace fossils in early Cambrian Arumbera 
Sandstone, Ross River, northeastern Amadeus Basin (ALICE 
SPRINGS 53K 447574mE 7389924mN. (a) numerous non-
diagnostic burrows at base of bedding plane and (b) Paleophycus 
(simple branching burrows) trails on bedding surfaces.

a

b

Figure 23.34. De-watering structures in red Arumbera Sandstone, 
Ellery Creek, north-central Amadeus Basin (HERMANNSBURG, 
53K 303800mE 7367000mN).

Figure 23.35. Unnamed Ediacaran discoid fossil with protruding 

Arumbera Sandstone, Ooraminna sub-basin (reproduced from 

B Mapstone).
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et al 2012a). Although the biogenic nature of Arumberia has 
been questioned (McIllroy and Walter 1997), it is likely that 
as a distinctive sedimentary structure, it is still useful as an 
early Cambrian stratigraphic marker within the basin.

The Arumbera Sandstone is interpreted to be late 
Neoproterozoic (Ediacaran) to early Cambrian in age. 
Detrital zircons from the unit have been dated using the 
SHRIMP U-Pb method, by Maidment (2005) from a 
sample in the east, and by Buick et al (2005) from a sample 
ca 80 km west of Alice Springs. Both samples showed a 
similar spectrum dominated by zircons in the age range 
1.2–1.0 Ga, suggesting that the dominant provenance is the 
Musgrave Province to the south. 

The Neoproterozoic–Cambrian boundary is traditionally 
considered to occur between the lower and upper successions 
(ie, between units 2 and 3) of the Arumbera Sandstone 
(Figure 23.32), coincident with a widespread seismic 

palaeomagnetic evidence supporting the placement of the 
Neoproterozoic–Cambrian boundary within the Arumbera 
Sandstone. However, McIllroy et al (1997) reported the 
Neoproterozoic–Cambrian boundary to lie above the 
unit II–unit III boundary, as elements of the Ediacara 
fauna occur in stratigraphic equivalents of the lower part of 
unit III in the Ooraminna Sub-basin.

Quandong Conglomerate 
The Quandong Conglomerate and former ‘Eninta Sandstone’ 

area of the Gardiner Range and James Range anticlines 
in the central part of the Amadeus Basin (HENBURY, 
Figure 23.4c). Both are locally developed successions that 
are interpreted to be laterally equivalent to one another.

et al (1965) as a succession of conglomerate, conglomeratic 
sandstone and sandstone that conformably underlies the 
Cambrian Pertaoorrta Group, and is stratigraphically 
above the Areyonga and Pertatataka formations, probably 
unconformably. Wells et al (1970) considered it to be a 
localised equivalent of the Arumbera Sandstone. The 
formation is exposed on a strike ridge south of the Gardiner 
Range Anticline and in the core of the easternmost structure 
of the James Range Anticline. It is estimated to have a 
maximum thickness of about 160 m, but can be less than 20 m 
thick. The conglomerate varies in thickness and lithology 
over short distances and has clasts up to 30 cm, but generally 
in the order of 2 cm, consisting largely of chert, sandstone 
and quartzite. 

A thin conglomerate that occurs within the Cambrian 
succession in the Erldunda Range (KULGERA) was 
correlated by Edgoose et al (1993) with the Quandong 
Conglomerate. Edgoose et al (1993) interpreted these 
coarsely immature rocks to be locally developed 
molasse-type deposits, comparable to the Mount Currie 

rocks during the Petermann Orogeny. 

Todd River Dolostone
The Todd River Dolostone (Wells et al 1967, formerly 
‘Todd River Dolomite’) forms a succession of thickly 

Figure 23.37. South-dipping beds of Todd River Dolostone, Ross 
River, northeastern Amadeus Basin (ALICE SPRINGS, 53K 
447300mE 7389770mN).

bedded, archaeocyathan-rich dolostone, and overlying 
thinly bedded sandstone, siltstone, mudstone and dolostone. 
It is restricted to the eastern Ooraminna Sub-basin in the 
northeast of the basin (Figure 23.31), and is exposed in the 
Ross River (Figures 23.8, 23.37), Fergusson, and Gaylad 
synclines (ALICE SPRINGS), the Ooraminna Anticline 
(RODINGA) and the northern part of HALE RIVER. The 
maximum thickness is approximately 155 m at Ross River 

Australia (Kennard 1991). It is probably equivalent to the 

the Arumbera Sandstone in the Carmichael Sub-basin to 
the west (Kennard 1991).

Six distinct lithofacies are recognised in the Todd River 

shoal; barrier bar; archaeocyathan bioherm and grainstone 
shoal; archaeocyathan bioherm and muddy carbonate shelf; 

detail by Kennard in Kennard and Nicoll (1986).
Kennard and Lindsay (1991) included the Todd 

River Dolostone in the upper part of their sequence 2 
(Figure 23.32
carbonate rocks, transgressive barrier bars, and highstand 
organic (archaeocyathan) build-ups. It is the only formation 
in the Amadeus Basin that contains skeletal organic build-
ups (Kennard in Kennard and Nicoll 1986).

The Todd River Dolostone contains archaeocyathids 
(Figure 23.38), small shelly fossils, problematica, 
inarticulate brachiopods, molluscs and hyoliths (Shergold 
1986). Daily (1972) suggested an early Cambrian 
(late Tommotian to Atdabanian in terms of Russian-
Kazakhian stages) age for this assemblage. However, the 
archaeocyathans indicate a slightly younger Atdabanian 
to Botomian age (Walter et al 1979, Kruse and West 1980, 
Shergold 1986).

Namatjira Formation

Nicoll 1986, Bradshaw 1988) is restricted to a 10 km strike 
section in the eastern part of the Gardiner Range Anticline 
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in the Carmichael Sub-basin (HENBURY, Figures 23.4c, 
23.31). Like the Todd River Dolostone, it overlies or 

is disconformably overlain by the Chandler Formation. 
Intervals in the formation pinch out laterally, so that in the 
west of its area of exposure, only the upper cycles can be 
recognised.

The formation is 50–100 m thick and consists of three 
sub units: a basal clastic unit, which rapidly transitions 
upwards to a mixed carbonate and clastic unit, which is 
topped by a carbonate unit, mostly comprising smaller 
depositional cycles. All three units are interpreted to 
represent deposition in high-energy shallow-water 
environments. Horizontal trails and steeply inclined 
burrows have been recorded from the formation (Bradshaw 
1988), which suggests a correlation with Unit II of the 
Arumbera Sandstone. However, other workers (eg Kennard 
and Lindsay 1991) have suggested that the formation is a 

Arumbera Sandstone Unit IV, and have correlated it with 
a similar transgressive facies in the Todd River Dolostone 
in the northeast of the basin.

Chandler Formation

et al (1965) as the ‘Chandler Limestone’, but subsequently 
has been referred to by its current name (eg Jackson et al 
1984). It is widespread, but generally poorly exposed in the 
central and eastern parts of the basin and is composed of 
halite, foetid carbonate mudstone, shale and siltstone. 

The formation is notable for its widespread bedding 
disturbance in the eastern and central outcrops, which 
are dominated by halite and evaporites. This is expressed 
by folding at the surface, in areas where the unit is better 
exposed. Its lithologies and thickness are variable: in the 
southeast, where carbonate and clastic rocks are absent, 
the formation consists of about 450 m of halite; in the east-
central areas of outcrop, the formation consists of about 
230 m of halite and 40 m of siltstone and carbonate rocks 
(Bradshaw in Kennard and Nicoll 1986); in the west where 
the unit is relatively undisturbed, halite is absent and the 
formation consists of carbonate and clastic rocks.

The Chandler Formation was probably deposited in a 
shallow-water, deep desiccated basin (Bradshaw 1991). The 
carbonate mudstone is widely distributed, but is generally 
thin (10 m) and dolomitised where it is not associated with 
evaporites. These are thick (230–450 m) and consist of more 
than 95% halite. Carbonate and evaporite deposits represent 
three distinct depositional phases: desiccation and evaporite 

of the salt indicate a marine source emanating from the east 
(Bradshaw 1991).

The Chandler Formation has varied stratigraphic 
contacts as a consequence of its widespread distribution 
and varying levels of disturbance. In central-west areas 
of outcrop, it is disconformably overlain by the Tempe 
Formation, Hugh River Shale, or upper Giles Creek 
Dolostone. It is laterally equivalent to the lower Giles Creek 
Dolostone and disconformably overlies the Arumbera 

and Bitter Springs Formation. In eastern areas of outcrop, 
halotectonic disruption has resulted in contacts with a range 
of older and younger units. 

The Chandler Formation contains some small domical 
stromatolites (Bradshaw 1991), but no diagnostic fossils. 
However, constraints given by recorded ages for overlying 
and laterally equivalent units indicate that it was probably 
deposited in late early or early middle Cambrian (Ordian–
early Templetonian) time (Shergold et al 1985, Gravestock 
and Shergold 2001). 

Giles Creek Dolostone
The Giles Creek Dolostone (formerly ‘Giles Creek 

et al (1967). The lower 
part of the formation disconformably overlies the Todd 
River Dolostone, and disconformably overlies or is partially 
laterally equivalent to the Chandler Formation. The upper 
Giles Creek Dolostone is laterally equivalent to the lower 
Hugh River Shale (Walter 1972) and Tempe Formation. It 
is paraconformably overlain by the Shannon Formation, 
with the contact marked by a subtle change in the relative 
proportion of shallow marine mudstone and peritidal 
dolostone (Gravestock and Shergold 2001). The Giles 
Creek Dolostone is only known to the north of the Central 
Ridge and has a maximum thickness of 383 m in drillhole 
Wallaby-1. The thickest section in outcrop is on the northern 

where it is approximately 330 m thick (Wells et al 1970). The 
succession comprises mainly carbonate rocks and mudstone/
siltstone, often variegated red-brown to green, and minor 
sandstone. Depositional environments include shallow 

shoal settings (Figure 23.32). The type section is at Ross 
River (Figure 23.8), where the succession is dominated 
by carbonate rocks (Figure 23.39) and lacks the clastic 
component found elsewhere. A second reference section is 
at Ulta Bank Creek on the southern limb of the Ooraminna 
Anticline (Deckelman and Oaks in Kennard and Nicoll 
1986). These authors provide comprehensive descriptions of 
the various lithofacies and sedimentary environments. 

The lower part of the Giles Creek Dolostone contains 
Girvanella (Shergold 1986), and unnamed stromatolites 

Figure 23.38. Archaeocyathids in Todd River Dolostone, Ross 
River, northeastern Amadeus Basin (ALICE SPRINGS, 53K 
447569mE 7389753mN).
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have been reported from the middle of the formation (Walter 
1972). Hyoliths, articulate and inarticulate brachiopods, 
gastropods, trilobites and echinodermal debris have also 
been recorded and partially described (Öpik 1968, 1970, 
1975, Gilbert-Tomlinson in Wells et al 1970, Laurie and 
Shergold 1984, Shergold 1986). These faunas collectively 
indicate a middle Cambrian (Ordian to Templetonian) 
age. The formation can therefore be included in both 
of two successive widespread sedimentary successions 
that have been recognised from sequence stratigraphic 
studies of middle Cambrian strata in the Georgina Basin 
(Shergold et al 1988, Southgate and Shergold 1991, Laurie 
2006, see Centralian Superbasin). These successions are 
characterised by distinctive invertebrate faunas and are 
informally named sequence 1 (Ordian) and sequence 2 
(latest Ordian–early Mindyallan). A middle Cambrian age 
is supported by a distinct positive excursion in stable carbon 

13Ccarb
18Ocarb) in the Giles Creek Dolostone 

at Ross River that correlates with similar events in the 
middle Gum Ridge Formation of the Georgina Basin, the 
Montejinni Limestone in the Wiso Basin, and the upper 
Tindall Limestone in the Daly Basin (Lindsay et al 2005). 

Tempe Formation
The Tempe Formation (Ranford et al
the central-west of the Amadeus Basin (Carmichael sub-
basin, Figures 23.31). It is poorly exposed (Wells et al 1970, 
Bradshaw 1991) in strike valleys in the Gardiner Range, 
Walker Creek, Petermann Creek and Parana Hill anticlines 
(HENBURY, Figure 23.4c), in a small unnamed anticline 
(LAKE AMADEUS), and may occur as far west as the 
Cleland Hills (MOUNT LIEBIG). It has also been described 
in petroleum drillhole Mount Winter-1 (Bradshaw 1991). 
The formation averages about 150 m in thickness and is a 
predominantly recessive unit that is dominated by shale and 
siltstone, with lesser dolostone, sandy dolostone, calcareous 
sandstone and locally glauconitic sandstone or dolostone. 
A persistent basal sandstone sheet is overlain by siltstone 
and shale, and is capped by a thin phosphatic carbonate 
rock, particularly in the Gardiner Range (Kennard and 
Nicoll 1986, Bradshaw 1991). Glauconite and phosphatic 
skeletal material are abundant. The upper part of the 
formation contains brachiopods, trilobites, hyoliths and 
gastropods that indicate an early middle Cambrian (Ordian 
or Templetonian) age (Wells et al 1970, Shergold 1986). 
The formation was interpreted by Bradshaw (1991) to be 
a nearshore to shallow-water shelf succession, containing 

The Tempe Formation unconformably overlies the 
Chandler Formation, with the contact marked by a weathered 
breccia interval, and is also unconformable on the early 
Cambrian Arumbera Sandstone, and on Neoproterozoic 
sedimentary rocks (Bitter Springs and Areyonga 
formations) in the west of the Petermann Creek and Parana 
Hill anticlines (HENBURY, LAKE AMADEUS). The 
Illara and Cleland sandstones disconformably overly the 
Tempe Formation, as inferred from a sharp lithological 

(Bradshaw 1991, Gravestock and Shergold 2001). To the 
north, there is a facies change from the Tempe Formation 
into the Hugh River Shale and the formation has also been 

equated with the Giles Creek Dolostone to the east, at least 
in part. The Tempe Formation thickens to the south and 
southwest (Bradshaw 1991).

Hugh River Shale

Formation’ by Wells et al (1965b). It was subsequently restored 
to formation rank and included within the Pertaoorrta Group 
by Ranford et al (1965). The unit consists of red-brown and 
grey-brown siltstone and shale (Figure 23.40), with minor 
thin beds of dolostone, limestone, sandstone and chert 

Figure 23.39. Lower (base of hill) and upper (scarp at top of hill) 
Giles Creek Dolostone, Ross River, northeastern Amadeus Basin 
(ALICE SPRINGS, 53K 447651mE 7389531mN).

Figure 23.40. Red-brown siltstone of Hugh River Shale, Ellery 
Creek, north-central Amadeus Basin (HERMANNSBURG, 53K 
303600mE 7366700mN).
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(Kennard in Kennard and Nicoll 1986). It is poorly exposed 
and has an estimated thickness of about 500 m.

A sequence stratigraphic study of the Pertaoorrta Group 
by Kennard and Lindsay (1991) suggested that the lower 
boundary of Sequence 4 occurs within the Hugh River 
Shale, and on that basis, they divided it into upper and lower 
successions. 

The relationship of the Hugh River Shale to other 
units of the Pertaoorrta Group is geographically variable 
(Figure 23.31). The lower part of the formation apparently 
disconformably overlies the Chandler Formation and 
Arumbera Sandstone, and is probably laterally equivalent to 

Dolostone. The upper parts of the formation are laterally 
equivalent to the Shannon Formation, Jay Creek Limestone, 
Illara Sandstone, Deception Formation, Petermann 
Sandstone and Cleland Sandstone. East of the Finke River, 
the Hugh River Shale is overlain conformably by the Jay 
Creek Limestone and elsewhere, it is conformably overlain 
by the lower Goyder Formation.

Wells et al (1970) reported the Hugh River Shale to 
be unfossiliferous. However, Walter (1972) has described 
stromatolites from the upper part of the succession 
(Figure 23.41), and Shergold (1986) described hyoliths, 
trilobite fragments and inarticulate brachiopods from 
the Gardiner Range, which indicate that the lower part 
is equivalent to the Tempe Formation to the south, and is 
therefore Ordian in age.

Illara Sandstone, Deception Formation and Petermann 
Sandstone

et al (1965b) and are 

Petermann Creek and Parana Hill anticlines (HENBURY) 
(Carmichael sub-basin, Figures 23.4c, 23.5, 23.31). They 
are essentially unfossiliferous, but their stratigraphic 
position indicates a middle to early late Cambrian age. 
The three formations are lateral equivalents of the Cleland 
Sandstone and Hugh River Shale (Kennard and Lindsay 
1991, Gravestock and Shergold 2001).

The Illara Sandstone forms prominent strike ridges and 
reaches a maximum thickness of about 200 m in the Gardiner 

feldspathic and micaceous quartz sandstone, with minor 
layers of micaceous siltstone and shale. The disconformable 
contact with the underlying Tempe Formation is marked by 
a sharp lithological break and a facies change from marine 

2001). The Illara Sandstone is a lateral equivalent of the lower 
Cleland Sandstone, lower part of the upper Hugh River Shale 
and lower Shannon Formation (Kennard and Lindsay 1991, 
Gravestock and Shergold 2001).

The Deception Formation is a recessive unit consisting 
mostly of red micaceous siltstone and shale. The unit also 
contains micaceous quartz sandstone, dolostone and limestone 
that form less than 10% of the succession, although they are 
the most visible rock types in outcrop (Owen in Kennard and 
Nicoll 1986). The formation has a maximum thickness of 
about 180 m in the Gardiner Range. Bioturbation was noted 
in siltstone over several intervals in drill core from BMR 
Hermannsburg-41 (Owen in Kennard and Nicoll 1986). The 

with the Illara Sandstone, and conformably underlies and 

The Petermann Sandstone forms prominent red-brown 
strike ridges. It has a maximum thickness of about 250 m 

medium-grained, thinly bedded micaceous sandstone, with 
common cross-beds and ripple marks (Owen in Kennard and 
Nicoll 1986). The Petermann Sandstone has a gradational 

Formation.
Kennard and Lindsay (1991) included the Illara 

Sandstone as part of the lowstand deposits of Sequence 4 of 
their sequence stratigraphic study of the Pertaoorrta Group, 
and related it to either a minor eustatic fall in sea level, or 
to tectonic uplift and a renewal of sediment sources to the 
south. They interpreted both the Deception Formation and 

systems as part of the highstand deposits of their Sequence 4, 
fed from the southwest into the Idirriki and Carmichael sub-
basins.

Cleland Sandstone
The Cleland Sandstone (Wells et al 1965b) was included 
in the Pertaoorrta Group by Ranford (1969). It is exposed 
in prominent strike ridges and low rounded hills in the 
western part of the Amadeus Basin (Idirriki sub-basin, 
Figures 23.5, 23.31) and appears to thicken northwards 
(Wells et al 1970). The maximum thickness is estimated to 
be about 1100 m in the hills to the north of Glen Edith Hills 
(MOUNT LIEBIG).

Wells et al (1965b) described the Cleland Sandstone 

pebbly, ferruginous, partly feldspathic and micaceous 
sandstone. Pebble beds and scattered pebbles occur 
throughout, but are most common near the base. In general, 
there is a coarsening of the succession towards the west. 
The Cleland Sandstone grades laterally into the Hugh 
River Shale and Goyder Formation along the northern 
margin of the Idirriki Range. It conformably underlies the 
Goyder Formation in the Idirriki Range and conformably 
underlies the Pacoota Sandstone further west, including 

Figure 23.41. Stromatolites in dolostone of Hugh River 
Shale, Ellery Creek, north-central Amadeus Basin 
(HERMANNSBURG, 53K 303600mE 7366700mN).
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in the Cleland Hills (MOUNT LIEBIG). The contact with 
underlying units is not exposed (Randford et al (1965), 
but it is probably unconformable on the Tempe Formation 
(Kennard and Lindsay 1991, Gravestock and Shergold 2001) 
and probably other early Cambrian units. No fossils have 
been found in the Cleland Sandstone, but its stratigraphic 
position indicates a middle to early late Cambrian age.

Jay Creek Limestone
The Jay Creek Limestone (Pritchard and Quinlan 1962) 
consists of limestone, siltstone, shale and lesser calcareous 
sandstone, and is restricted to the central part of the 
Amadeus Basin, between Alice Springs and the Finke 
River to the west (Missionary Plain trough, Figures 23.5, 
23.31). It is about 50 m thick at the type section at Jay Creek 
(ALICE SPRINGS), and thickens southwards to 150 m 
in the Waterhouse Range and to more than 250 m further 
south (HENBURY; Kennard in Kennard and Nicoll 1986). 
Wells et al (1967) reported a maximum thickness of 425 m 
at Mount Peachy (RODINGA). The limestones comprise 
grey and light yellow-brown, locally foetid, stromatolitic 
and thrombolitic boundstone, ooid and peloid grainstone 
(Figure 23.42), and calcareous mudstone, deposited in a 
ramp setting during rising sea levels (mid Sequence 4 of 
Kennard and Lindsay 1991). The Jay Creek Limestone 

also conformably overlies the Hugh River Shale. It is 
conformably overlain by and is partially laterally equivalent 
to the lower Goyder Formation (Shergold 1991).

Stromatolites are more abundant in the Jay Creek 
Limestone than in any other unit in the Amadeus Basin. 
Oncolitic grainstone and thrombolitic and stromatolitic 
limestone and dolostone are common (Shergold 1986), 
and Walter (1972) recorded the columnar stromatolite 
Madiganites mawsonii Walter. The formation has also 
yielded Girvanella, inarticulate brachiopods, molluscs and 
trilobite fragments, which Gilbert-Tomlinson in Wells et al 
(1970) considered to have a late Cambrian (Mindyallan) 
age. Ichnofauna are also present (Figure 23.43). An Ordian 
trilobite assemblage reported for the ‘lower part of the Jay 
Creek Limestone’ (Shergold 1986) is actually from the basal 
Giles Creek Dolostone (Kennard and Lindsay 1991).

Shannon Formation
The Shannon Formation (Wells et al 1967) disconformably 
overlies the Giles Creek Dolostone in the northeast 
(Ooraminna sub-basin, Figures 23.4b, 23.5, 23.8, 
23.31), where it reaches a thickness of over 700 m, while 
progressively thinning to the north and west. The upper 
carbonate-rich portion is equivalent to the Jay Creek 
Limestone, whereas the lower shaly portion is equivalent 
to the Hugh River Shale (Oaks and Kennard in Kennard 
and Nicoll 1986, Kennard and Lindsay 1991). The unit is 
conformably overlain by the lower Goyder Formation.

The lower Shannon Formation comprises up to 270 m 
of silty shale with interbeds of thin siltstone and dolostone. 
This was deposited in an oxygenated, low-energy marine 
environment in a ramp setting in the east of the Amadeus 
Basin (lower Sequence 4 of Kennard and Lindsay 1991). The 
upper Shannon Formation is carbonate rich and represents the 

rising sea levels (mid Sequence 4 of Kennard and Lindsay 
1991, Figure 23.32). Kennard and Nicoll (1986) interpreted 
depositional environments for the upper part to have been 
shallow subtidal (represented by ribboned carbonate and 
mudstone, grainstone and thrombolites lithofacies), intertidal 
(stromatolite lithofacies, Figure 23.44), and supratidal 

Figure 23.42. Ooid grainstone in Jay Creek Limestone, Ellery 
Creek, north-central Amadeus Basin (HERMANNSBURG, 53K 
303700mE 7366400mN).

Figure 23.43. Ichnofauna in sandstone bed of Jay Creek 
Limestone, Ellery Creek, north-central Amadeus Basin 
(HERMANNSBURG, 53K 303700mE 7366400mN).

Figure 23.44. Stromatolites in Shannon Formation, Ross River, 
northeastern Amadeus Basin (ALICE SPRINGS, 53K 448205mE 
7388826mN).
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(evaporite lithofacies). Walter (1972) recorded the columnar 
stromatolite Madiganites mawsonii Walter from the middle 
of the formation, and oncolitic and thrombolitic structures 
also occur (Shergold 1986). The sparse palaeontological data 
indicate an early late Cambrian (late Mindyallan) age for the 
upper part of the unit (Gilbert-Tomlinson in Wells et al 1970). 
By inference, a middle Cambrian age is possible for the lower 
section (Oaks and Kennard in Kennard and Nicoll 1986). 

Goyder Formation
The Goyder Formation forms the top of the Pertaoorrta 

Formation (Wells et al 1965b). It was subsequently restored 
to formation rank and included within the Pertaoorrta 
Group by Ranford et al (1965). The unit has a gradational 

successions and reaches a maximum thickness of 600 m 
in the northeastern Amadeus Basin (Ooraminna sub-
basin, Figures 23.4b, 23.5, 23.8, 23.31). It transgresses the 
Central Ridge, but generally thins to the south and west, 
and is only 95 m thick in drillhole Mount Winter-1. The 
formation is subdivided into lower and upper units, both 
deposited in shallow subtidal to intertidal environments 
(Kennard and Nicoll 1986). A sequence stratigraphic study 
by Kennard and Lindsay (1991) supports this division; 
the lower part of the formation coincides with highstand 
peritidal sands and oolitic carbonate rocks at the top of 
Sequence 4, and the upper part represents highstand, 
nearshore to outer shelf calcareous sands in the lower 
part of Sequence 5 (Figure 23.32). The lower part of the 
formation is lithologically and biologically related to the 
upper parts of the underlying Shannon Formation and Jay 
Creek limestone, whereas the upper formation is more 
closely related to the overlying Pacoota Sandstone of the 
Ordovician Larapinta Group.

The lower Goyder Formation is up to 300 m thick and 
consists of a basal carbonate-clastic unit and overlying 
sandstone. At the Ross River section, this interval consists 
of medium to thick interbeds of dolomitic ooid grainstone 
and cross-bedded sandstone, with minor siltstone, 
calcareous mudstone, cryptalgalaminate, and intraclastic 
conglomerate (Gorter and Nicoll in Kennard and Nicoll 
1986). Sandstones above this succession contain Cruziana 
and Skolithos ichnofacies. The lower interval contains 
trilobites, articulate and inarticulate brachiopods, hyoliths, 
gastropods, monoplacophorans, rostroconch molluscs and 
acritarchs (in drillhole Dingo-1; Owen 1982), and has been 
dated as early late Cambrian (Mindyallan) in age (Shergold 
1986). The upper Goyder Formation consists of up to 300 m 

less fossiliferous than the lower interval, but contains saukid 
trilobites that suggest a late Cambrian (Payntonian) age. 
However, there is evidence of an unconformity involving 
substantial palaeotopographical relief in places between the 
Goyder Formation and overlying Pacoota Sandstone, the 
base of which is dated as Payntonian, indicating that the 
upper Goyder Formation is more likely to be Iverian in age 
(eg Shergold et al 1991b).

The top of the lower Goyder Formation is marked by a 

iron oxide or manganese coating on sandstone or carbonate 
beds (Gorter and Nicoll in Kennard and Nicoll 1986). This 
may represent a weathering surface, and a faunal break has 
also been noted at this level (Oaks et al 1991, Shaw et al 
1991). The hiatus that occurs between the lower and upper 

and Georgina basins (Ambrose 2006). In the Georgina 
Basin, it extends from the late Mindyallan to the early 
Payntonian and spans 14 successive trilobite assemblage 
zones (Shergold 1986). 

Detrital zircons from two samples of the Goyder 
Formation have been dated by U-Pb analysis (Zhao et al 1992, 
Maidment 2005). Zhao et al (1992) determined a dominant 
Musgrave Province provenance, with lesser Arunta Region 
input. Younger populations were also present, including a 
concordant grain at 511 ± 20 Ma, close to the depositional 
age of the rock. These younger populations were interpreted 
to have been derived from late Neoproterozoic to early 
Cambrian igneous activity related to an unknown source. 
A sample from the lower Goyder Formation yielded a 
prominent Musgrave Province signature, with populations 
at 1.04–1.03 and 1.13–1.12 Ga (Maidment 2005). However, 

LATEST CAMBRIAN–ORDOVICIAN

Larapinta Group

in his report of the Horn Expedition of 1892. It went through 

constituent formations. These authors included sandstone 
of the Carmichael Formation in the upper part of the Stokes 
Siltstone; others (eg Ranford et al 1965) had mapped this 
sandstone as the lower part of the overlying Mereenie 
Sandstone. The Carmichael Sandstone was recognised as 
a separate formation in its own right by Wells et al (1970).

Most palaeogeographic reconstructions of Ordovician 
Australia (eg Webby 1978, Nicoll et al 1988, Walley et al 
1991) show an open east–west seaway (Larapintine Seaway) 
across the continent at that time. The Ordovician was a 
period of widespread deposition across Australia, with 
deeper water continental margin systems established in 
eastern Australia, and shallow-marine to paralic conditions 
prevailing in several inland and northern basins. Thick 
successions accumulated in the Amadeus and Canning 
basins, and most reconstructions show the two basins 
linked during this time, effectively operating as a large 
single depositional system. However, differences in the 
successions, depositional style, hydrocarbon systems, and a 
fairly high degree of faunal endemism have led some workers 
to doubt this connection (eg Veevers 1976, Haines and 
Wingate 2007), and detrital zircon data points to different 
source areas for the two basins (Haines and Wingate 2007). 
The eastern Canning Basin appears to have local basement 
rocks as its dominant source, whereas the Amadeus Basin 
shows evidence of having been open to the east and clastic 
material was sourced from eastern Australia.
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Because of the group’s potential for oil, gas and 
phosphate, it has been better studied than most of the other 
successions in the basin. 

Pacoota Sandstone
The Pacoota Sandstone outcrops extensively across the 
northern part of the basin and is best exposed in prominent 
strike ridges and high escarpments in the MacDonnell 
Ranges, Idirriki Range, James Ranges and Johnny Creek 
Anticline. It is the most areally restricted unit of the 
Larapinta Group, but at 700–800 m, is also the thickest. 
The formation is unconformable on the underlying Goyder 
Formation and is probably unconformable beneath the 
Horn Valley Siltstone (Nicoll et al 1991, Shergold et al 
1991b).

Huckaba (1970) subdivided the Pacoota Sandstone into 
four informal units (in descending stratigraphic order, 
P1 to P4), based on the gross lithology and wireline log 
characteristics of the local succession at the Mereenie gas 

et al 
(1976). Deckelman (1991) proposed a further subdivision 

stream) at the base of this unit, above a disconformable 
contact with the basal P4 unit. The lower unit P3B, 

mappable for hundreds of kilometres in the north-central 
and northwestern parts of the Amadeus Basin.

Shergold et al (1991b) provided detailed descriptions of the 
Pacoota Sandstone succession and introduced a basin-wide 
informal subdivision of the formation into four sequences, in 
ascending stratigraphic order, sequences 1–4, separated by 
unconformities or disconformities (Figure 23.2).

Sequence 1 is a transgressive succession, characterised 
by intervals with deeply incised sandstone channels that 
in places cut down deeply into the underlying Goyder 
Formation. This sequence is 205 m thick at Ellery Creek 

barrier and tidal inlet sedimentary rocks, often featuring 
trace fossil-bearing sandstones of the Skolithos ichnofacies. 
Trilobites, rostroconch molluscs and inarticulate 
brachiopods indicate that this interval is of Payntonian or 
early Datsonian age. 

Sequence 2 consists of strongly bioturbated 
sandstones with well developed Skolithos ichnofacies 
(Figure 23.45a, b), which was deposited in middle to outer 
shelf environments and as tidally generated sand bars. The 
sequence is ca 100 m thick at Ellery Creek, but is absent at 

was estimated by Shergold et al (1991b) in the absence of 
age-diagnostic fossils.

Sequence 3 represents a series of rapid transgressions 
and comprises outer shelf and tidally deposited sandstones 
overlain by glauconitic shale with dolostone layers, 
interpreted to represent maximum transgression. The 
sequence is 320 m thick at Ellery Creek, but is thicker in 
other areas. Trilobites, molluscs and conodonts give a latest 
Warendian age for this interval. Sequence 3 has beds with 
good porosity and includes the primary reservoir sandstone 
at Mereenie (unit P3B of Deckelman 1991).

Figure 23.45. Trace fossils in lower Pacoota Sandstone, Ellery 
Creek, north-central Amadeus Basin (HERMANNSBURG, 
53K 302800mE 7365600mN). (a) Skolithos (vertical burrows). 
(b) abundant trilobite resting traces (Rusophycus) on sole of bed.

a

b

The topmost sequence 4 is probably disconformable, at 
least in part, on sequence 3. It reaches a maximum thickness of 
305 m and contains storm and tidally dominated sedimentary 
rocks, consisting of shales interbedded with sandstones rich 
in ichnofossils, but impoverished in body fossils. Upward-
coarsening transgressive cycles are present. The limited 

et al 1991b).
The Pacoota Sandstone contains a diverse fossil fauna 

at a number of levels. Shergold (1986) provided a faunal 
list of trilobites, inarticulate and articulate brachiopods, 
gastropods, cephalopods, monoplacophorans, and 
rostroconch and bivalve molluscs from the Pacoota 
Sandstone. Shergold (1991) described twenty-seven trilobite 
species from the formation and Owen in Shergold (1986) 
described a chitinozoan from drillhole Tent Hill-1. 

Maidment (2005) dated detrital zircons from a sample of 
Pacoota Sandstone unit P3 from the eastern part of the outcrop 
tract (Ross River Syncline) using SHRIMP U-Pb analysis. 
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range 650–550 Ma, and a smaller proportion with Musgrave 
Province ages in the range 1.2–1.0 Ga than was seen in the 
underlying Goyder Formation. The youngest concordant 
zircon recorded an age of 540 ± 7 Ma. These ages suggest 

palaeocurrent data shows a westerly source for the Pacoota 
Sandstone in the west of the basin, so the above zircon data 
may imply that a different, or additional, easterly provenance 
component existed for the eastern part of the succession.

Horn Valley Siltstone
The Horn Valley Siltstone was originally named the ‘Horn 
Valley beds’ by Madigan (1932), who described the formation 
from the type section at Ellery Creek (Figure 23.7). Pritchard 
and Quinlan (1962) renamed it the ‘Horn Valley Formation’ 
and Wells et al (1965b) amended the name to the current 
Horn Valley Siltstone. The earliest description of the unit was 
by Tate (1896) who provided palaeontological descriptions. 
The formation has a broadly similar distribution to that of the 
Pacoota Sandstone, but is much more poorly exposed, largely 
in strike valleys. The best exposures are in the MacDonnell 

Downs homestead (Wells et al 1970). The Horn Valley 
Siltstone was described by Pritchard and Quinlan (1962) 
as being conformable on the Pacoota Sandstone; however, 
Gorter (1991c) has demonstrated an unconformable contact at 

Sandstone succession (Nicoll and Jones in Kennard and 
Nicoll 1986). The Horn Valley Siltstone is unconformably 
overlain by the Stairway Sandstone and the contact is a 

Horn Valley Siltstone in the east (Gorter 1991a). 
The Horn Valley Siltstone comprises thinly bedded shale 

and siltstone, with bedded nodular limestone abundant in some 
intervals (Figure 23.46). The shale is rich in organic material in 
the subsurface, and limestone is subordinate in the succession, 
with interbeds of sandy phosphatic and glauconitic layers 
(Shergold 1986). A maximum thickness of about 422 m occurs 
in the northern part of the basin, in the western MacDonnell 
Ranges. The succession, like the underlying Pacoota 
Sandstone, thickens northwards. The unit is characterised by 

which includes trilobites, brachiopods, pelecypods, nautiloids, 
ostracods, conodonts, chitinozoa, acritarchs, graptolites and 
gastropods, and simple spores and algae (Shergold 1986). 
Conodont and trilobite fossils (Figure 23.47) indicate a late 
Early–Middle Ordovician age (middle to late Arenigian2; 
equivalent to early Floian–middle Dapingian international 
stages and Bendigonian–Yapeenian Australian stages; Cooper 
1981, Nicoll and Jones in Kennard and Nicoll 1986, Shergold 
1986, Shergold et al 1991b, Laurie 2006).

The formation has been divided into 10 informal 

the interpreted shallow marine depositional environment 
(Elphinstone and Gorter 1991). It is the source rock and 
forms a regional seal for hydrocarbon reservoirs at the 

et al 2011).

Stairway Sandstone
The Stairway Sandstone is the most widespread of the 
Larapinta Group, outcropping or subcropping over 
approximately 50 000 km2, and is disconformable on the 
Horn Valley Siltstone in the northern part of the basin. 
In the southern part of the basin it is unconformable on 
the Cambrian Pertaoorrta Group or on Neoproterozoic 

2 
most of Dapingian international stages of current usage, as compared to 
more recent interpretation of Arenigian as corresponding to Floian stage 
only (following Gradstein et al 2004).

Figure 23.47.  Limestone bedding surface in Horn Valley 
Siltstone showing brachiopod valves and partial thorax/pygidium 
of trilobite (lower right), with abundant fragments of brachiopods 
and trilobites (HENBURY, near 53J 323120mE, 7286150mN).

Figure 23.46. Interbedded grey-green siltstone and limestone 
of Horn Valley Siltstone, Ellery Creek, north-central Amadeus 
Basin (HERMANNSBURG, 53K 303100mE 7364900mN, image 
courtesy of P Haines, Geological Survey of Western Australia).
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sedimentary rocks, and near the southwestern margin, 
on basement rocks of the Musgrave Province. Like the 
underlying units, the Stairway Sandstone thickens to the 
north where it reaches a maximum thickness of 544 m 
(Shergold 1986). The formation has a gradational upper 
contact with the conformably overlying Stokes Siltstone.

The Stairway Sandstone has been subdivided into three 
units (Cook 1972). The lower unit (Figure 23.48) varies from 
25–60 m in thickness, and is characterised by a prominent, 
massively bedded quartzic sandstone (Cook in Kennard and 
Nicoll 1986). It contains abundant sedimentary structures 
and ichnofossils, which give a ‘ropey’ structure to bedding 
surfaces. At the base are pyritic ooids that weather to give a 
vuggy appearance. The top of the lower unit is often marked 
by a thin quartz pebble layer. The middle unit is generally 
poorly exposed, but is expressed as strike valleys in the 
north. It can be up to 200 m thick and consists dominantly 
of thinly bedded sandstone, with residual phosphatic gravels 
in places and some fossils. Black shale and siltstone have 
been encountered in drilling intercepts. Thin limestone 
layers can be found in the middle of the unit in the south-
central part of the basin. The upper unit is best developed 
in the north and can be up to 300 m thick. It is a thinly 
bedded quartzic sandstone with interbeds of mudstone and 
siltstone, and rare phosphorites.

The Stairway Sandstone has abundant fossils, including 
trilobites, brachiopods, molluscs, sponges, rostroconchs, 
gastropods, cephalopods, pelecypods, monoplacophorans, 
vertebrates, chitinozoans, an acritarch and ichnofossils 
(Shergold 1986). Gibb et al (2009) described Cruziana, 
Diplichnites, Monomorphichnus and Rusophycus ichnofossils 
and three new ichnospecies from the upper part of the 
formation, and suggested a Dariwillian (Middle Ordovician) 
age for this interval (Figure 23.49 a, b). The age of the top 
of the formation is constrained by the securely dated base 
of the overlying Stokes Siltstone, which is early Gisbornian 
(Zhang et al 2003). A Dariwillian to early Gisbornian age is 
therefore probable for the formation. Maidment (2005) dated 
detrital zircons from a sample of Stairway Sandstone from 
the lower part of the succession, about 80 km west of Alice 
Springs near Ellery Creek. Like the Pacoota Sandstone, the 
sample had a large number of zircons with ages in the range 
0.65–0.50 Ga. The youngest ages at about 450 Ma were 
interpreted to have suffered lead loss.

Figure 23.48. Moderately dipping, well bedded lower Stairway 
Sandstone, Ellery Creek, north-central Amadeus Basin 
(HERMANNSBURG, 53K 302990mE 7364790mN). 

Figure 23.49. (a) Ichnofossils from Stairway Sandstone, described 
in Gibb et al  image courtesy of S Gibb). (b) Part of 
large enrolled trilobite (20 cm wide) in Stairway Sandstone, Ellery 
Creek, north-central Amadeus Basin (HERMANNSBURG, 53K 
302734mE 7364612mN).

a

b

The Stairway Sandstone was deposited in a broad 
epicontinental seaway with a roughly east–west orientation, 
and with palaeocurrents dominantly from the east (Cook in 
Kennard and Nicoll 1986). The fossil assemblage indicates 

intertidal conditions in the lower and middle units, whereas 
deeper-water conditions prevailed during deposition of the 
upper unit.
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Stokes Siltstone
The Stokes Siltstone was originally named the ‘Stokes 
Formation’ (Pritchard and Quinlan 1962, Wells et al 1965b), 

et al (1970). It is 
the most poorly exposed of the formations of the Larapinta 
Group, although it is probably nearly as extensive in 
distribution as the Stairway Sandstone. The formation 
conformably overlies the Stairway Sandstone with a 
gradational contact and is unconformably overlain by the 

of the basin where the Stairway Sandstone is absent, the 
Stokes Siltstone is unconformable on Proterozoic rocks. 
The Stokes Siltstone is a recessive valley forming unit, with 
a maximum thickness of about 650 m in the north-central 
part of the basin. It thins progressively southward to about 
300 m in the Gardiner, James and George Gill ranges, and 
to 20–100 m at its southernmost exposures.

Shergold (1986) described the formation as comprising 
a lower siltstone and limestone lithofacies (Figure 23.50), 
and an upper red and purple sandstone and shale 
lithofacies (Shergold 1986). Limestones are composed of a 
large number of fossil fragments, and siltstones and shales 
commonly contain halite pseudomorphs. Sandstones 

are commonly calcareous (Wells et al 1970). Nicoll in 
Kennard and Nicoll (1986), described three parts to the 
Stokes Siltstone: a lower interval of interbedded shale and 
siltstone, with thin (5–10 cm) beds of silty-sandy limestone 
containing abundant fossil debris; a middle interval, 
generally not exposed, that consists of red shale and lesser 
grey-green siltstone; and an upper interval that comprises 
interbedded red to green shale, grey-green siltstone and 

The Stokes Siltstone represents a range of depositional 
environments. Faunas in the lower interval of carbonate 
and clastic rocks indicate open shelf conditions. The 
thick shale and siltstone in the middle of the formation is 
characterised by red and grey-green shales, which suggest 
that anoxic conditions were not extensively developed. 
The upper interval of shale and thin carbonate rocks may 

represent a time of elevated salinity, as shown by halite 
hoppers on thin dolomitic carbonate beds.

The formation contains relatively few fossils, and these 
are found in the lower unit (Nicoll in Kennard and Nicoll 
1986). The fauna includes gastropods, a brachiopod, a 
bryozoan, rostroconch and bivalve molluscs, nautiloid 
cephalopods, trilobites and conodonts (Shergold 1986). 
Macrofossil species that have been described suggest a 

and Gilbert Tomlinson 1977, Nicoll in Nicoll and Kennard 
1986). Zhang et al (2003) described 27 conodont species 
(which included two new genera and seven new species) 
from two locations in the basin, including the type section 
at Stokes Pass. This work has securely dated the lower 
part of the formation as early Gisbornian (Erismodus 
quadridactylus–Drucognathus yirus zones). The top of 
the formation is of uncertain age, but is late Gisbornian or 
early Eastonian.

Carmichael Sandstone
The Carmichael Sandstone (Wells et al (1970) was 
previously included in the Stokes Siltstone (Pritchard and 
Quinlan 1962, Wells et al 1965b). Its name was derived from 
Carmichael Crag at the western end of the George Gill Range 
(LAKE AMADEUS, Figure 23.4c) and the type section is 
on the north side of the range, where it is about 100 m thick. 
The formation has a maximum thickness of about 150 m in 
the southern part of the basin (Owen in Kennard and Nicoll 
1986). It is poorly exposed across the western and central 
parts of the Amadeus Basin, and is absent in the east, where 
it was either eroded prior to deposition of the overlying 
Mereenie Sandstone, or never deposited. Over much of its 
extent, the Carmichael Sandstone is obscured by scree of the 
Mereenie Sandstone. It has an unconformable contact with 

complex relationship exists with the Mereenie Sandstone; 
in the central-west of the basin, the contact appears to be 
conformable (Figure 23.51), but to the east, the succession 
thins rapidly and the contact could be unconformable 
(Owen in Kennard and Nicoll 1986).

Figure 23.51. Contact between Mereenie Sandstone (scarp at top 
of range) and underlying Carmichael Sandstone (slopes of range), 
George Gill Range, central Amadeus Basin (LAKE AMADEUS, 
near 52J 761280mE 7314440mN, image courtesy of P Haines, 
Geological Survey of Western Australia).

Figure 23.50. Interbedded limestone and calcareous siltstone, 
Stokes Siltstone, Gosse Bluff, north-central Amadeus Basin 
(HERMANNSBURG, 53K 226320mE 7363320mN, see 
Figure 23.4c). 
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The Carmichael Sandstone comprises interbedded pale 
brown to red-brown sandstone, siltstone and mudstone. 

sorted, and has up to 5% feldspar and lithic components. 
Tabular and trough cross-beds are common; ripple marks 
are less abundant. Mudcracks and halite pseudomorphs 
sometimes occur in siltstone and mudstone. The only 
recorded fossils are rare ichnofossils, including Cruziana, and 

The varying characteristics of the sandstone indicate 
a mixed depositional environment, comprising shallow 

palaeocurrent information, supported by the overall coarser 
nature of the succession in the southern part of the basin, 

marine facies possibly had a bimodal source with a north–
south distribution (Owen in Kennard and Nicoll 1986).

succession; however, its stratigraphic position above 
the Stokes Siltstone indicates that it is Late Ordovician 
(Eastonian–Bolindian).

LATE ORDOVICIAN? TO EARLY DEVONIAN?

Ungrouped

Mereenie Sandstone

by Chewings (1894) for sandstone at the George Gill 
Range. Madigan (1932) used the term ‘Mareenie 
Sandstone’ and Pritchard and Quinlan (1962) amended 
the spelling to Mereenie Sandstone. The type section 
is in the west MacDonnell Ranges, west of Ellery Creek 
(HERMANNSBURG), with reference sections located 
at Stokes Pass and Areyonga Creek, further to the west 
(Owen in Kennard and Nicoll 1986). The formation has a 
maximum thickness of about 1000 m in the Gardiner Range 
(Figure 23.4c). It is one of the most widespread units of 
the basin, with a present-day east–west extent of about 
800 km and a north–south extent of about 200 km (Owen in 
Kennard and Nicoll 1986).

In the west, the Mereenie Sandstone is conformable on 
the Carmichael Sandstone, but in the east, it is regionally 

unconformable on older units of the Larapinta Group, 
or on the Cambrian Pertaoorrta Group. It is generally 
conformably, or even gradationally overlain by the Parke 
Siltstone (west) or Hermannsburg Sandstone (east) of the 

relationship appears to be locally unconformable.
The Mereenie Sandstone is variably thinly to thickly 

bedded and comprises white to pale brown, very pure quartz 

medium grained, with grains being well rounded and well 
sorted. Weathered surfaces are often medium brown to 
orange-red. The lower part of the succession is dominated 
by low-angle trough and wedge-shaped cross-beds 
(Figure 23.52), and trough cross-beds up to 10 m thick 
occur in the upper section, indicative of aeolian deposition. 
Ripple marks are also relatively common, with symmetrical 
ripples generally only occurring in the lower part of the 
succession. Vertical burrows, similar to Skolithos, can be 
found in the lower part of the succession and can be up to 
90 cm long. Horizontal burrows, and arthropod tracks also 
occur (Figure 23.53 a, b).

The depositional environment of the Mereenie Sandstone 
appears to be variable. Most of the lower part was deposited 

Figure 23.52. Extensive cross-bedding in shallow marine lower 
Mereenie Sandstone, Kings Canyon, central Amadeus Basin 
(LAKE AMADEUS, near 52J 761620mE 7316140mN, image 
courtesy of R Hocking, Geological Survey of Western Australia).

Figure 23.53. Ichnofossils from shallow marine lower Mereenie Sandstone, Kings Canyon, central Amadeus Basin (LAKE AMADEUS, 
near 52J 762123mE 7315604mN). (a) Horizontal burrows. (b) Arthropod tracks (12 cm wide).

a b
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under shallow marine conditions, particularly in the central 

settings for the upper part. Palaeocurrent data suggest an 
east-southeast-trending shoreline for the lower marine 
section, and sediment transport towards the east and south 
for the upper section (Owen in Kennard and Nicoll 1986).

Wells et al
Sandstone at Gosse Bluff; however, later workers attribute 

rocks (Owen in Kennard and Nicoll 1986), and therefore, 
there is no palaeontological evidence for the age of the 
Mereenie Sandstone. A palaeomagnetic study (Li et al 1991) 
indicated that the Mereenie Sandstone is probably of mostly 
Silurian age. The only other constraints are the ages of the 
underlying and overlying units; therefore, the age of the 
succession lies between the Late Ordovician and the Early 
Devonian. Maidment (2005) dated detrital zircons from a 
sample of Mereenie Sandstone from Ellery Creek, using 
SHRIMP U-Pb methods. The zircon grains are dominated 
by ages in the range 630–490 Ma. 

DEVONIAN

The Devonian succession in the Amadeus Basin comprises the 

western parts of the northern half of the basin, whereas the 

parts of the basin. These successions are entirely terrestrial, 
and were deposited in response to uplift associated with the 
early phases of the 450–300 Ma Alice Springs Orogeny.

Pertnjara Group

comprises the Parke Siltstone, Hermannsburg Sandstone and 
Brewer Conglomerate. It consists of a series of lacustrine, 

which accumulated on a southward-thinning depositional 
wedge. Variations in distribution, maturity and facies in 

the Alice Springs Orogeny, which was contemporaneous 
with sedimentation of the group (Jones 1991). There is 

removal of a substantial thickness of younger strata from 
the northern part of the basin during the later stages of the 
Alice Springs Orogeny, and it was at this time that folding 

from several localities within the Parke Siltstone (eg 
Gilbert-Tomlinson 1968, Young 1974, 1985, 1988). Intervals 

Member and upper Parke Siltstone, with the fauna giving a 
Givetian–Frasnian age (Young 1985). 

Parke Siltstone
The Parke Siltstone (Wells et al 1970) outcrops in the central 
part of the basin (Carmichael Sub-basin, Figure 23.5) and 
was not originally recognised as part of the sandstone 

described by Pritchard and Quinlan (1962). Jones (1972) 
divided the formation into four members, in ascending 

Sandstone Member, Dare Siltstone Member and Amulda 

by Young et al (1987) for a Devonian-aged sandstone that 
was originally mapped as the Pacoota Sandstone of the 
Ordovician Larapinta Group by Wells et al (1967). This 
is a probable equivalent of the basal Deering Siltstone 
Member. The type section for the Parke Siltstone is on the 
Dare Plain (MOUNT LIEBIG, LAKE AMADEUS), with 
some of the constituent members having type sections at 
other locations. The formation conformably overlies the 
Mereenie Sandstone and is conformably overlain by the 
Hermannsburg Sandstone. It has a maximum thickness of 
about 1000 m.

The Parke Siltstone consists of poorly outcropping, 
brown, purple and green micaceous siltstone, with thin 
interbeds of lithofeldspathic quartz sandstone. A thin 
dolomitic limestone occurs near the base locally (Owen 
in Kennard and Nicoll 1986). In the western MacDonnell 
Ranges, sandstone is dominant in the lower half of the 
succession. 

The N’Dahla Member is a dark red-brown, medium- 
to coarse-grained, poorly sorted sandstone and pebbly 
sandstone, which is glauconitic in places. Occasional 
conglomerate intervals contain poorly rounded cobbles 
and pebbles of siltstone and rarer limestone in a glauconitic 
matrix, and thin layers of limestone can also be present. 
Young et al
and some bone pieces in the N’Dahla Member, and 

It was formerly considered to be a member of the Pacoota 
Sandstone of the Ordovician Larapinta Group (eg Wells 
et al 1970). It is only known from the Ross River Syncline, 
where it unconformably overlies the Pacoota Sandstone, as 
the rest of the Larapinta Group and the Mereenie Sandstone 
are absent in this area (Figure 23.8). 

The Deering Siltstone Member has the most limited 
distribution of the Parke Siltstone members, being largely 

 has 
a maximum thickness of about 240 m. The type section 

(Figure 23.4c), where it comprises about 100 m of 
alternating laminated and massive red-brown siltstone 
(Jones 1972). Locally, thin limestone or calcareous siltstone 

marks, hydroplastic deformation structures, small-scale 
cross-beds, mudcracks and ball-and-pillow structures. 
The member is generally conformable on the underlying 
Mereenie Sandstone, except for isolated localities in 

siltstone unit below the dominantly sandstone beds of the 

Siltstone Member from a location on the Dare Plain. The 
specimen is indeterminable, but is not Bothriolepis.

The Harajica Sandstone Member

MacDonnell Ranges. The type section, near Stokes 
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Pass (Figure 23.4c), consists of a uniform succession of 

sandstone, with some mudclasts and rare subrounded clasts 
of quartzicsedimentary rocks derived from the Mereenie 
Sandstone (Jones 1972). This sandstone succession forms 

out. It has a maximum thickness of about 500 m and is 
absent to the east of Ellery Creek. The lower contact of 
the unit with the Deering Siltstone Member is generally 

Siltstone Member. Placoderm plates have been described 

(LAKE AMADEUS, MOUNT LIEBIG), (Gilbert-
Tomlinson 1968, Young 1985, 1988, 2005). Several taxa, 
including Bothriolepis, Placolepis (Pl. harajica) and 
phyllolepid placoderms, have been described and indicate 
a Fammenian age.

The Dare Siltstone Member has a much broader 
distribution than the underlying members, and consequently, 
in places, is disconformable on the Mereenie Sandstone, 
and in the far south, on sedimentary rocks of the Larapinta 
Group. Generally, it conformably and gradationally overlies 

LAKE AMADEUS), it is about 500 m thick and consists 
of a cyclic succession of laminated and massive siltstone 
(Jones 1972). Sedimentary structures include ripple marks, 
mudcracks and a few halite pseudomorphs. Near the base, 

Green siltstone at the base of each cycle may contain 
manganese oxides and malachite. Towards the top of the 

Member.
The Amulda Member represents a transitional interval 

between the Parke Siltstone and the overlying Hermannsburg 
Sandstone. It has the same approximate distribution as the 
underlying Dare Siltstone Member. At its type section to the 
east of Areyonga (Figure 23.4c), it is about 135 m thick and 

and sandy, micaceous siltstone (Jones 1972). Siltstone 
is more abundant towards the base and is laminated or 
massive. Sedimentary structures in the siltstone include 
mudcracks and rarer rain pits, but halite pseudomorphs 
are absent. The sandstones are frequently cross-laminated 
with cosets generally in the range 5–25 cm. Both upper and 
lower contacts are gradational. The thickness of the unit 
varies considerably, but it generally thins to the south. The 
Amulda Member probably comprises the bulk of the Parke 
Siltstone beneath the Missionary and Brewer plains.

Hermannsburg Sandstone
et al 

(1970) and has a type area near Stokes Pass in the western 
MacDonnell Ranges (Figure 23.4c). The formation is 
conformable on the Parke Siltstone in the central and western 
parts of the basin, but appears to be unconformable on older 
units in the east. It is conformably to transitionally overlain 
by the Brewer Conglomerate, except where local scouring 

produces slight disconformities, and to the east of Ellery 
Creek and in the Hale River area, where the relationship is 
unconformable. It has a wide distribution across the basin, 
with a maximum thickness of about 1100 m, and is the 

In general, the formation is comprised of poorly sorted red-
brown to grey-brown lithofeldspathic quartz sandstone, 

in Kennard and Nicoll 1986). Jones (1972) recognised three 
members in the Hermannsburg Sandstone: the Ooraminna 
Sandstone Member [originally described as the ‘Orange 
Creek Member’ by Pearce (1968)], Owen Springs Sandstone 

The Ooraminna Sandstone Member 
lower part of the formation in the northeast of the basin, 
particularly in the Waterhouse–Ooraminna anticlines 
(Figure 23.4c) and Camel Flat Syncline areas (RODINGA). 
The type section is 315 m thick along Orange Creek at 
the eastern end of the Waterhouse Anticline. The member 
is comprised of a uniform succession of planar bedded, 

rare siltstone and pebbly intervals (Jones 1972, 1991). It is 
disconformable on the Mereenie Sandstone.

The lenticular Owen Springs Sandstone Member occurs 
in the medial part of the Hermannsburg Sandstone. In its 

(Figure 23.4c), it consists of about 220 m of white, cross-
bedded medium- to coarse-grained sandstone with some 
pebble-sized clasts, probably of Mereenie Sandstone (Jones 
1972, 1991). It shows large-scale (1–3 m) trough cross-beds, 
either solitary, or forming cosets up to 5 m thick. Upper and 
lower boundaries are transitional to the more typical red-
brown sandstones of the formation. The unit thins to about 
100 m near its extremities, where it interdigitates with more 
typical sandstone units.

The Ljiltera Member comprises pebbly and 
conglomeratic sandstones, and forms the upper part of the 
formation, predominantly in the central part of the basin. 
The type section is at Glen Helen Gorge (Figure 23.4c), 
where it forms 480 m of orange to red-brown lithic 
and sublithic sandstone (Jones 1972, 1991). Bedding is 
commonly displayed in trough cross-beds with cosets 
1–5 m thick. The unit becomes more conglomeratic towards 
with top and features clasts composed of older Palaeozoic 
sedimentary rocks, with cobbles up to 15 cm across being 
common. The base of the unit is generally conformable 
with lower Hermannsburg Sandstone sedimentary rocks. 
The unit appears to thin rapidly to the south, where it is only 
present in the cores of synclines; this thinning is interpreted 
to represent post-depositional erosion.

Brewer Conglomerate
et al (1970), 

as a succession of pebble, cobble and boulder conglomerate, 
with subordinate interbedded sandstone and conglomeratic 
sandstone, overlying the Hermannsburg Sandstone and 

south of Stokes Pass in the western MacDonnell Ranges 
(Figure 23.4c); however, the succession is principally exposed 
in the Missionary Syncline to the south. Outcrops consist 
predominantly of mounds of clasts that have weathered out 
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of the massive to poorly bedded conglomerate, forming low 
rounded hills with a distinctive dendritic drainage pattern 
that contrasts strongly with the prominent strike ridges of 
underlying units (Figure 23.54). Generally, the formation is 
conformable on the Hermannsburg Sandstone, but at a few 
locations, it cuts down through the succession to sit directly 
on older units (eg Jay Creek Limestone). The formation is 
restricted to the northern part of the basin and is up to 3000 m 

upper succession of conglomeratic sandstones that can be 
distinguished from more massive conglomerates below. 

In general, the formation is a polymictic conglomerate with 
unsorted clasts up to 1 m across. Minor pebbly sandstone and 
rare mudstone are present towards the top of the succession 
(Owen in Kennard and Nicoll 1986, Figure 23.55). The 

older rocks in the uplifted northern source area; the lower 
part of the Brewer Conglomerate contains clasts from the 
Cambrian–Ordovician succession of the basin, followed 
up-section by clasts of older basin successions, and towards 

the top, the formation is dominated by clasts of igneous and 
metamorphic rocks of the basement Arunta Region. Owen in 
Kennard and Nicoll (1986) interpreted the formation to be a 
synorogenic molasse deposit, formed by coalescing piedmont 

margin of the basin and underlying basement.
The Undandita Member is restricted in occurrence to 

the Missionary and Brewer plains, south of the main Brewer 
Conglomerate outcrops. Its type section is south of Tylers 
Pass in the west MacDonnell Ranges (Figure 23.4c). The 
member consists of massive, or less commonly, trough 
cross-bedded, coarse- to very coarse-grained conglomeratic 
and pebbly lithic sandstone, interlayered with conglomerate 
(Jones 1972, 1991). Bedding appears to be a fairly uniform 
1–3 m thick. About 50% of clasts are of vein quartz and 
metamorphic and igneous rocks, and the remaining 50% 
are of Cambrian–Ordovician sedimentary rocks. The 

to determine, but is estimated to be up to 1000 m. Its contact 
with the lower Brewer Conglomerate is gradational, and in 

Member of the Hermannsburg Sandstone. The Undandita 
Member is the host to sedimentary uranium deposits at 
Angela and Pamela, and several other locations to the east.

The age of the upper part of the Brewer Conglomerate is 
constrained by spores from a mudstone near the top of the 
succession, which indicate a Late Devonian (Fammenian) 
age (Playford et al 1976).

Finke Group

(Figures 23.2, 23.4a). The term ‘Finke River Sandstone’ 

sedimentary rocks in the southeastern corner of the basin, but 

succession underlying the Pedirka and Eromanga basins, but 
overlying basement rocks of the Musgrave Province (Wells et al 
1966), or more rarely older successions of the Amadeus Basin. 

The group is comprised of four formations, in ascending 
stratigraphic order: Polly Conglomerate, Langra Formation, 
Horseshoe Bend Shale and Idracowra Sandstone. 
Sedimentary rocks of the Finke Group are interpreted 

Kulgera to the Camel Flat Syncline (Jones 1972, 1973). 
The Finke Group demonstrates an overall upward-

palaeocurrent directions towards the north and northeast 
(ie a southerly/southwesterly provenance), consistent with 
progressive uplift of the Musgrave Province to the south. 

southwards and has northerly and northwesterly source 
areas, suggesting a switch in provenance to the progressively 
emergent Arunta Region to the north.

The age of the Finke Group is not well constrained, 
as no fossils have been described from it. It is prescribed 
a Devonian age, on the basis of its correlation with the 

descriptions is taken from that work.

0 8 km4

Figure 23.54. Google Earth image of Brewer Conglomerate, 
central-northern Amadeus Basin, showing distinctive low, 
rounded relief and dendritic drainage, in contrast to linear ridge 
topography developed on underlying units to north (southwestern 

Figure 23.4c). 

Figure 23.55. Fresh surface of Brewer Conglomerate, showing 
polymictic clasts in a clast-supported texture (HERMANNSBURG 
53K 231313mE, 7315604mN).
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Polly Conglomerate
The Polly Conglomerate (Wells et al 1966) unconformably 
overlies basement rocks of the Musgrave Province, and the 
Inindia beds, Winnall beds and Stairway Sandstone of the 

of the Black Hill Range (FINKE), where the formation is 
about 40 m thick; the maximum recorded thickness is 393 m 
in drillhole McDills-1. In places, the Polly Conglomerate is 
absent from the Finke Group succession. 

The formation consists of polymictic conglomerate 
with interbeds of medium- to coarse-grained sandstone and 
rare brown or green siltstone (Jones 1973). Conglomerate 
varies from clast- to matrix-supported and contains 
pebbles, cobbles and boulders of granitic, metamorphic and 
sedimentary rocks. Clasts are up to a maximum of 30 cm 
in size, but are generally about 15 cm. The proportion of 
basement-derived clasts decreases to the north, away from 
the contact with the Musgrave Province. 

The coarseness of the unit, general lack of bedding 
structures and restricted distribution suggest that the Polly 
Conglomerate was deposited in an alluvial fan or proximal 
braided stream environment.

Langra Formation
The Langra Formation (Wells et al 1966) consists of 
moderately to poorly sorted sandstone, with interbeds 
of conglomerate and siltstone. It is interpreted to have a 
much broader subsurface distribution than is indicated 
by its outcrop extent. The formation conformably and 
gradationally overlies the Polly Conglomerate and to the 
north, where the Polly Conglomerate is not present, it is 
unconformable on the Larapinta Group and on the Parke 

Langra Formation is variable, with a recorded maximum of 
527 m in McDills-1 (Jones 1973). The formation becomes 

Jones (1973) divided the formation into three units. The 
lower part of the succession (unit 1a) is characterised by 
repeated depositional cycles of massive conglomerate beds 
overlain by cross-bedded sandstone and an upper sandy 
siltstone. This interval is overlain by a pebbly cross-bedded 
sandstone (unit 1b). The medial part of the succession 
(unit 2) comprises thick and laterally extensive, sandy 
micaceous siltstone. The upper part (unit 3
medium-grained, cross-bedded sandstone succession, with 
few pebbly intervals and a clear bedding cyclicity.

Sedimentary structures in the Langra Formation are 
dominated by trough and tabular cross-beds in coarser 
beds, and by mudcracks in siltstones. The formation was 

consists largely of point bar deposits.

Horseshoe Bend Shale
The Horseshoe Bend Shale (Wells et al 1966) is the most 
widespread of the units of the Finke Group, although it is 
the most poorly exposed. It consists of red-brown and lesser 

The formation is conformable on the Langra Formation, with 
either a sharp or gradational contact. It is 92 m thick at its type 
locality north of Horseshoe Bend homestead (FINKE), where 
the top has been removed by erosion. The thickest-known 

section (310 m) is south of the Black Hill Range (FINKE). It has 
been described (Jones 1973) in drillholes Mount Charlotte-1 
(140 m) and McDills-1 (85 m). The lowermost 20–30 m of 
the formation is distinctive and consists of green and brown, 
laminated and ripple bedded biotitic siltstone, with lenses of 

(Jones 1973). The central part of the formation is typically 
a cyclically bedded biotitic siltstone with thin interbedded 
lenses of dolomitic limestone in places. Sedimentary features 
include weakly asymmetrical ripple marks, mudcracks, and 
halite pseudomorphs. Salt casts are also preserved on the 
lower surfaces of beds; these range from 1 mm to 2 cm and 
have typical hopper shaped crystal faces. Predominantly, the 
upper part of the formation comprises cycles of laminated 

few beds, 1–2 cm thick and consisting entirely of biotite, are 
also present and become more numerous near the transitional 
contact with the overlying Idracowra Sandstone. The 
uppermost 30 m of the formation near the Black Hill Range 
(FINKE) contains primary selenite beds up to 5 cm thick. 

Most of the sedimentary structures are indicative of 

sized detritus from channels and marine biogenic material is 
unusual for such a setting. Also unusual for a marine setting 
is the transition from halite near the base to gypsum near 
the top of the succession. Possibly, the massive siltstones 
represent non-marine lake or wind-blown deposits. The 
weakly asymmetrical ripple marks were very likely to 
have formed from wave action, with the asymmetry 
probably formed from a weak current induced by wind. 
The mudcracks represent desiccation features. Overall, it 
is likely that the Horseshoe Bend Shale was deposited in 
an extensive non-marine ephemeral lake or playa system. 
The abundance and preservation of detrital biotite in many 
layers of the succession suggests that very dry conditions 
must have prevailed at times during its deposition.

Idracowra Sandstone
The Idracowra Sandstone (Wells et al 1966) outcrops in the 
northern part of the area of exposure of the Finke Group. 
Its extent now includes the ‘Santo Sandstone’ (Wells et al 
1967), which was previously considered a lateral equivalent 
of the Idracowra Sandstone, although it was not originally 
included in the Finke Group (Jones 1972). The name ‘Santo 
Sandstone’ has since been abandoned. The Idracowra 
Sandstone conformably overlies the Horseshoe Bend Shale, 
except where local minor disconformities are present. The 
top of the formation is considered to have been mostly 
removed by erosion. It is overlain by Cenozoic silcrete 
duricrusts, or unconformably by Permian or younger 
sedimentary rocks of the Pedirka and Eromanga basins. 
At the type section, 6.5 km south-southeast of Idracowra 
Station, the thickness of the unit is 52 m, but the succession 
thickens eastward to 280 m at Mount Hakea. In the southern 
areas of Finke Group exposure, the formation has been 
removed by erosion, or was not deposited. 

Like the Langra Formation, the Idracowra Sandstone is 
dominated by sedimentary cycles with an average thickness 
of about 2 m. The typical lithology is white to pale grey 
medium-grained sandstone, some of which is pebbly. Cycles 
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They comprise cosets of trough and tabular cross-beds 
overlying planar erosion surfaces, with the upper parts 
characterised by planar and ripple-bedded sandstones, 
sometimes kaolinitic. Sedimentary structures include 
mudclasts, current lineations and mudcracks.

Palaeocurrent directions in the Idracowra Sandstone 

a northwesterly source area), similar to those for the 

southwesterly sources for the lower Finke Group. These 

environment, possibly as distal deposits from a braided 
stream system.

CARBONIFEROUS–PERMIAN

Carboniferous–Permian sedimentary rocks, not associated 
with a recognised Late Palaeozoic basin, overlie older 
Palaeozoic rocks of the Amadeus Basin in the northwest. 
Permian-aged sedimentary rocks have also been 

of HERMANNSBURG, sitting directly on granite of the 
Arunta Region (Wells et al 1970). Exposed Carboniferous–
Permian rocks in the far northwest of the Amadeus Basin 
(Figure 23.4a) in the NT are assigned to the informally 
named Ligertwood beds, and outcrops are tentatively 

Australia.
The Ligertwood beds (Wells et al 1965b) were named 

after Ligertwood Cliffs (MOUNT RENNIE), which form 
the type area. This unit comprises a succession of breccia, 
sandstone, conglomerate and conglomeratic sandstone, 
which is exposed over a strike length of about 115 km 

distinguished: a lower unit of about 12 m of interbedded 
sandstone, calcareous sandstone and calcareous pebble 
and cobble conglomerate; and a disconformably overlying 

conglomeratic sandstone, and pebble conglomerate. Steep-
sided channels were incised into the lower unit prior to 
deposition of the upper unit. In places, the lower unit is 
absent. The Ligertwood beds are considered to have been 

Orogeny, as they are not affected by folding.
Small isolated outcrops of silty sandstone and micaceous 

in MOUNT RENNIE and are also tentatively correlated 

In the northeastern Amadeus Basin (HALE RIVER), 
U-Pb zircon SHRIMP dating of a tuff in a shallow 
subsurface (ca 22 m) drill core, originally interpreted to be 
Neoproterozoic Areyonga Formation, gave a robust age of 
224 ± 2.8 Ma (Worden et al 2006), suggesting that Permian 
sedimentary rocks may be more widespread across the 
northern part of the basin than previously thought.

TECTONIC HISTORY

The Amadeus Basin has had a complex tectonic evolution 

large-scale intracratonic tectonics. The northern and 

southwestern margins of the basin are considerably 

580–530 Ma Petermann Orogeny; and the northern margin 
during the 450–300 Ma Alice Springs Orogeny. These 
orogenies formed intracratonic fold-thrust belts that shaped 
the Amadeus Basin, with displacements accommodated in 
the footwalls of crustal-scale fault systems (Flöttmann et al 
2004). Sandiford and Hand (1998) and Hand and Sandiford 
(1999) interpreted both orogenies as extreme examples 
of basin inversion. The subsequent removal of covering 

strengthening of the lithosphere, which may account for the 
very large gravity anomalies that coincide with the basin. 

The southeastern basin margin is relatively tectonically 

much of the succession in this part of the basin does 
not outcrop, Finke Group sedimentary rocks onlap 
basement rocks of the Musgrave Province in places. On 
the southwestern margin, which was strongly deformed 
during the Petermann Orogeny, there are no structures 
that can be related to the Alice Springs Orogeny. In these 
areas, Ordovician sedimentary rocks onlap topographic 
highs formed of Neoproterozoic sedimentary rocks 
deformed during the Petermann Orogeny. In contrast, on 

related to the Petermann Orogeny, nor is there isotopic 
evidence in underlying basement of the Arunta Region for 
this deformation. One of the few areas where the effects 
of the Petermann and Alice Springs orogenies overlap is in 
the northwest of the basin, where there are dome-and-basin 
fold patterns that suggest the interaction of fold systems 
generated during the two orogenies (Flöttmann et al 2004).

The Amadeus Basin’s tectonic history includes several 
mostly localised movements that have been recognised for 
their effects on the distribution, thickness, or removal of 
parts of the basin succession. The Areyonga Movement is 
expressed as an unconformity between the Bitter Springs 
Formation and the overlying Areyonga Formation in the 
northeast of the basin. However, it is possible that this 
unconformity is related to halotectonic processes rather than 
to a discrete tectonic event (Kennedy 1993). The younger 
Souths Range Movement is represented by an apparent 
unconformity between the Inindia beds and Winnall beds in 
the southwest of the basin and was originally placed at the 
Cryogenian–Ediacaran boundary. However, a recent revision 
of the stratigraphic position of the Winnall beds (Haines et al 
2010, Figure 23.23) indicates that this unit was deposited 
in the early Cambrian after the Petermann Orogeny, and 
therefore, any unconformity would be related to that orogeny 
and would not be a separate event (Haines et al 2012b).

Halotectonics

and the distribution of sedimentary rocks has been recognised 
within the Neoproterozoic and Early Palaeozoic successions 
in various areas of the Amadeus Basin, but is best shown in 
the northeast. It is generally associated with evaporites in 
the Neoproterozoic Bitter Springs Formation and to a lesser 
extent, in the Cambrian Chandler Formation. Kennedy 
(1993) reported the effects of diapiric growth on local facies 
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Goyder Formation
silty  sandstone, limestone
Shannon Formation
siltstone, shale, limestone
Giles Creek Dolostone
dolostone, limestone, siltstone
Todd River Dolostone

Arumbera Sandstone

pink dolostone, sandstone, siltstone 

Julie Formation
dolostone, limestone, sandstone
Pertatataka Formation
siltstone, shale

platey evenly bedded sandstone

Olympic Formation
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Figure 23.56. Geological map of interpreted mini-basin south of Mount Benstead, northeastern Amadeus Basin (after Dyson and Marshall 

and structures in late Neoproterozoic successions, where 
salt withdrawal led to normal faulting and syn-sedimentary 

In the northeastern Amadeus Basin, unconformities 
occur in the Neoproterozoic succession in fold nappes. 
These folds have been interpreted as fold-thrust structures 
related to an earlier deformation (eg Arltunga Deformation; 
Ding et al 1992). Alternatively, the unconformities could 
be related to syn-sedimentation halotectonic processes that 
have disrupted the deposition of the units (eg Kennedy 1993, 
Marshall and Dyson 2007, Figure 23.56) and also produced 
local reorientation of parts of the succession. Dyson and 
Marshall (2007) interpreted Neoproterozoic and early 
Palaeozoic sedimentation in the Amadeus Basin to have 
occurred dominantly in a series of salt nappe complexes 

gravity gliding, gravity spreading and salt withdrawal.

Petermann Orogeny (580–530 Ma)

The Petermann Orogeny was a crustal-scale, bivergent 
intracratonic event localised in the Musgrave Province, 
which also affected overlying Neoproterozoic stratigraphic 

and Close 1999, Close et al 2004a, Edgoose et al 2004). 

In the Amadeus Basin, the Petermann Orogeny was 
traditionally considered to have resulted in only limited 
foreland basin development, despite north-vergent 
shortening of the order of 100 km and thickening that buried 
the basal basin succession to depths of 20 km (Flöttmann 
et al 2004). However, revised stratigraphic correlations now 
suggest that up to 6 km of sedimentary rocks in the west and 
southwest of the basin are synchronous with the Petermann 
Orogeny (Haines et al 2010).

Within the basal Amadeus Basin succession, 
progressive deformation during the Petermann Orogeny is 
recorded in at least three phases of folding, with the earlier 
phases involving both basement and sedimentary rocks 
along the southwestern margin of the basin (Scrimgeour 
et al 1999, Edgoose et al 2004). Large detachment zones 
exhumed interleaved basement rocks and sedimentary 
rocks of Supersequence 1 from mid crustal levels. These 
detachment zones transported a large-scale basement 

of younger (Supersequence 2 and 3) Neoproterozoic 
sedimentary rocks to the south accommodating the 
shortening (Figure 23.57). Recent seismic acquisition 
on the southeastern margin of the basin (Korsch et al 
2010) also records the interleaving of basement and 
Supersequence 1 rocks, and the transport of basement 
above the basal basin succession along a décollement 
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surface related to salt intervals in the Bitter Springs 
Formation. In the Petermann Ranges, the Dean Quartzite 
and Pinyinna beds have mineral assemblages that include 
kyanite-muscovite-quartz and pyrophyllite-muscovite-
quartz (England 1972, Scrimgeour et al 1999), indicating 
that these units have been metamorphosed to amphibolite-
facies, with metamorphic grade decreasing to greenschist 
facies to the north. In the Bloods Range, the basal Amadeus 
Basin succession was metamorphosed at approximately 
lower greenschist-facies conditions, whereas successions 
to the north of Bloods Range in the Amadeus Basin 
show no evidence of metamorphism. However, further 
east, the Mount Currie Conglomerate (AYERS ROCK) 

contains metamorphic epidote, suggesting that it was 
metamorphosed to greenschist-facies conditions. 

the Petermann Orogeny, resulting in fragmentation of the 
basin architecture, accompanied by the development of large 
sub-basins and troughs north of a central ridge, and of a 
platform in the south (Figure 23.5). Depositional loci moved 

depocentres. A total of 2800 m of clastic sediments were shed 
into the Carmichael Sub-basin and 1500 m into the Missionary 
Plains Trough (Lindsay 1993, Ambrose 2006). Palaeozoic 
sedimentation was apparently restricted, or for considerable 
time periods, absent in the southern part of the basin.
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Figure 23.57. Schematic cross-section showing 
detachment zones in southwest of Amadeus Basin, formed 
during Petermann Orogeny. Note interleaving of Dean 
Quartzite and Pinyinna beds with basement rocks, and 
backthrust of Inindia beds above décollement surface at 

from Edgoose et al
location of cross-section is shown in Figure 23.58.

Figure 23.58
NTGS 1:2.5M geological regions GIS datasets; legend as per Figure 23.4a. Folds derived from 1:250 000-scale mapsheets. Faults derived from 
1:250 000-scale mapsheets and from Lindsay (1993).
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Figure 23.59. Google Earth image of 
Ooraminna (A) and Todd River (B) 
anticlines, eastern Amadeus Basin (see 
Figure 23.58).

Figure 23.60. Google Earth image 
of central Amadeus Basin, showing 
(A) Gardiner Range Anticline, (B) 
Walker Creek Anticline, (C) Parana 
Hill Anticline, (D) Mereenie Anticline, 
(E) Petermann Creek Anticline, 
(F) syncline on George Gill Range, 
(G) syncline between Mereenie and 
Gardiner Range anticlines, and (H) 
unnamed syncline (see Figure 23.58).

Alice Springs Orogeny (450–300 Ma)

The Alice Springs Orogeny was a long-lived, multi-
phased, bivergent intracratonic event that resulted in 
large-scale uplift and exhumation of the Arunta Region 
and substantial deformation in the northern Amadeus 
Basin. Some of its earlier phases are recognised as discrete 
events largely related to unconformities within the basin 
succession. Its later phases resulted in basin inversion and 
the cessation of Palaeozoic deposition within the basin. 
The Alice Springs Orogeny involved considerable crustal 

shortening with estimates ranging from 50 km (Flöttmann 
et al 2004) to 60–125 km (Haines et al 2001). Flöttmann 
et al (2004) described two phases of shortening in the 
basin during the Alice Springs Orogeny: south-directed 
overthrusting of a basement wedge; and underthrusting 
that produced a large-displacement, north-vergent, 
passive back thrust in the north of the basin. Deformation 
related to the Alice Springs Orogeny accounts for most 
of the obvious structures (folds, domes and thrusts) in 
the present-day surface geology in the Amadeus Basin 
(Figures 23.58, 23.59, 23.60).
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Haines et al (2001) took a synorogenic sedimentological 
approach to assessing the distribution and timing of events 
associated with the Alice Springs Orogeny. The orogeny 
had a prolonged duration of about 150 million years 
with peaks of activity at 450–440 Ma (Rodingan Event), 

(Eclipse Event). A comparison of isotopic deformation 
data from the surrounding Aileron Province shows a broad 
similarity between deformation events in basement rocks 
and the interpreted stratigraphically constrained events 
(Figure 23.61). These episodes were also described by 
Bradshaw and Evans (1988), who also recognised spatial 
variation and divided the basin into several provinces with 
varied structural responses to the orogeny as it progressed. 

Dunlap and Tessyier (1995) described a series of large, 
south-directed, basement-cored nappes on the northeastern 
margin of the Amadeus Basin as the clearest manifestation 
of uplift associated with the orogeny. Such nappes are 
characteristic of Alpine mountain belts and are generally 
not typical of intracratonic settings. South of the nappes, the 
orogeny is expressed in sedimentary rocks of the Amadeus 
Basin as thrusts and folds. Dunlap and Tessyier provided a 
summary of isotopic data from basement rocks deformed 
during the Alice Springs Orogeny, and noted that the orogeny 
on the northeastern margin shows evidence for amphibolite-
facies reworking of Proterozoic shear zones.

A 2010 deep seismic traverse across the northeastern part 
of the Amadeus Basin also showed the presence of basement 
cored nappes in this area, to the north of the Casey Inlier 
(Carr and Korsch 2011, Figure 23.62). There, the basin 
is relatively thick, with over 3000 m of Neoproterozoic 
succession preserved in several thrust sheets in a typical thin-
skinned foreland fold-thrust belt. South of the Casey Inlier, a 

to Devonian strata is interpreted, with a pronounced angular 
unconformity evident between the Mereenie Sandstone and 
overlying Brewer Conglomerate.

The Larapinta Event (490–480 Ma) is a high-grade 

Arunta Region. No deformational effects from this event 
are recorded in the sedimentary rocks of the Amadeus 
Basin. However, the accumulation of a thick succession of 
transgressive sediments (Pacoota Sandstone) is evidence 
for some extension and subsidence in the basin at this time. 
The Rodingan Event (Cook in Wells et al 1970, Shaw 1991, 
Bradshaw and Evans 1988) presents as an unconformity 
between the Carmichael Sandstone and Mereenie Sandstone 
in the north and northeast of the basin. It is interpreted to be 
a low-angle feature that cuts down through the succession 
to the northeast, and it probably coincided with the end of 
marine sedimentation in the basin. The Rodingan Event is 
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Figure 23.61. Comparison between 
stratigraphically constrained events of 
the Amadeus and Ngalia basins (adapted 

metamorphic and deformation ages from 
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Amadeus Basin (Shaw et al 1991). It corresponds to the 
450–440 Ma Rodingan Event, which is expressed in the 

Aileron Province. The Rodingan Event led to localised 
basin inversion (northeast), sudden incoming of immature 
sediments of the deltaic Carmichael Sandstone, and 
disruption of the Larapintine Seaway (Haines et al 2001).

Devonian phases of the Alice Springs Orogeny are referred 
to as the Pertnjara-Brewer events. The Pertnjara Event is 
expressed as an unconformity between the Mereenie Sandstone 

basin. It initiated deposition of the Parke Siltstone, the basal 

folding or thrusting in the northeast, and progressive tilting 

(Jones 1991). The Brewer Event is related to substantial uplift 
and erosion in the northeast of the basin that resulted in the 
removal of up to 1200 m of the Hermannsburg Sandstone 
followed by deposition of the Brewer Conglomerate (Jones 
1972, Bradshaw and Evans 1988). Both events correspond to 

the Arunta Region during the Devonian, such as the Redbank 
Thrust (see Aileron Province).

The Eclipse Event is best known from the Ngalia Basin, 
where Carboniferous foreland sedimentation (Mount Eclipse 
Sandstone), followed by deformation, was widespread. 
In the Amadeus Basin, isotopic evidence from the eastern 
Arunta Region for Carboniferous cooling indicates that in 
the east of the basin at least, some deformation may have 
been Carboniferous in age (Haines et al 2001). Fission 
track studies indicate that a phase of rapid cooling occurred 
during the Permian (280–260 Ma), interpreted to be related 
to removal of about 2 km of the sedimentary succession 
(Tingate et al 1986, Tingate 1991). 

MINERAL RESOURCES

The Amadeus Basin has had comparatively little exploration 
for mineral commodities. Historical and more recent mineral 

locations. Mineral and industrial commodities present in the 
sedimentary rocks of the basin include uranium, base metals 
(copper, lead-zinc), manganese, iron ore, phosphate, barite, 
gypsum and dimension stone (Figure 23.63). The Amadeus 
Basin is also highly prospective for both conventional and 
unconventional oil and gas, and has two operating commercial 

Gold

Gold mineralisation is only known from within deformed 
Heavitree Quartzite at in the White Range area at the 

associated with basement rocks of the Arunta Region. The 
following summary of these deposits is mainly sourced 
from Ahmad et al (2009). 

The Arltunga  was mined intermittently from 

White Range area (White Range vein camp), which provided 
81% of the gold produced by the Arltunga battery during 
1899–1934 (Mackie 1986). White Range was reopened in 
1989 and operated until 1991 (Figure 23.64), where recorded 
production was 1726 kg from 0.7 Mt of ore, at an average 
grade of 2.5 g/t. Historically, the biggest producers were the 
Luces and Excelsior mines which, together with several other 
old workings, were incorporated into the 1989–1991 mining 
operation. Total recorded production from the Arltunga 
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the waste rock dump, was 2344 kg Au.
The White Range reefs, which have been mined to a 

depth of 30 m, comprise quartz veins striking 070–090°, 
often arranged in an en echelon pattern and dipping 

within the White Range Nappe (Figure 23.65). Auriferous 
quartz occupies tension gashes, fractures and breccia 
zones related to the Alice Springs Orogeny. The reefs are 
composed of milky quartz, which contains veins, stringers 
and small pods of pyrite, together with chalcopyrite, 
minor covellite and chalcocite (Figure 23.66). At the 

is associated with the iron oxide boxwork. In the primary 
zone, gold forms minute inclusions in chalcopyrite and, 
to a lesser extent, in pyrite (Mackie 1986). Where reefs 

intersect siltstone interbeds, sericitic and argillic alteration 
can be observed along vein edges.

Deformed and retrogressively metamorphosed 
Arunta Region basement rocks host most of the gold at 
the . However, some mineralisation 
also occurs in deformed and metamorphosed Heavitree 
Quartzite (eg Ciccone) and Bitter Springs Formation of 
the Amadeus Basin succession (eg Patsys Show). The 

in 1901–1905 and, to a lesser extent, between 1933 and 
1937. During the mid-1980s, Australian Anglo-American 

including the Ciccone workings (Piggot 1984, 1985). 
Sampling of underground workings at Golden Goose 
indicated that relatively high gold grades occur below the 
zone of oxidation, but follow-up drilling failed to intersect 
economic mineralisation (Piggot 1985).

Heavitree Quartzite

Cavenagh Metamorphics

A08-435.ai

Figure 23.64. Mine workings at White Range 
gold mine, hosted in Heavitree Quartzite, 
northeastern Amadeus Basin (ALICE SPRINGS, 
near 474000mE 7406000mN, after Ahmad et al 
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auriferous pyrite was precipitated in localised zones of rapid 
pressure decrease, resulting from local rock failures, such 
as small-scale faults, shears and other discontinuities, that 
appeared within quartz lodes during structural movements 
of the White Range Nappe. 

Uranium

Sandstone of the Undandita Member of the Brewer 

mineralisation in the Amadeus Basin. Known uranium 
deposits and prospects lie on the southern limb and eastern 
closure of the Missionary Syncline (Figure 23.67). The 
following summary is largely sourced from Lally and 

The Brewer Conglomerate is predominantly a polymictic 
conglomerate with minor pebbly sandstone, and is a wedge-
shaped body in the north of the Amadeus Basin that thins 
to the south. Source rocks for the Brewer Conglomerate 
included uranium-rich granites of the Arunta Region. Lithic 
sandstone, pebbly sandstone, siltstone and conglomerate 
comprise the Undandita Member. Undandita Member 
sandstone is generally oxidised, but contains a wedge of 
reduced sedimentary rocks, between regionally extensive 
upper and lower redox boundaries (Borshoff and Faris 1990).

Uranium mineralisation is associated with a regional 

contain higher concentrations of reductants. The development 
of the redox boundary has been interpreted to be associated 
with the movement of oxidising groundwater through 
partially cemented reduced sandstone. The preservation of 
reduced sandstone on the southern limb of the Missionary 
Syncline and hinge of the Orange Creek Syncline indicates 

uranium-enriched Arunta Region rocks in what is now the 
MacDonnell Ranges. Most uranium precipitation occurred at 
the redox boundary, where permeability contrasts between 

focusing in higher permeability beds. High-grade continuous 
mineralisation at the Angela I deposit occurs where 
permeable coarse to very coarse sandstone overlies a thin, 
impermeable calcite-cemented layer. At the Julia, Daria and 
Nonouba prospects, the Undandita Member is dominated by 
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Figure 23.66. Quartz vein containing patches of auriferous 

northeastern Amadeus Basin (ALICE SPRINGS, near 474000mE 
7406000mN, after Ahmad et al

Figure 23.67. Uranium deposits and occurrences in Amadeus Basin. Base map derived from GA 1:1M geology GIS dataset. Location 
shown in Figure 23.63.

The model for ore genesis in the region, including for 
deposits located in the basal Amadeus Basin succession, as 
proposed by Burlinson and Mackie (1985), suggests that 
gold was hydrothermally leached from volcanic assemblages 

greenschist-facies retrograde metamorphic event during the 
Alice Springs Orogeny. It was then deposited in structurally 
favourable sites associated with regional thrusts and nappes 
generated during the orogeny. There is some evidence that 
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development of multiple redox boundaries and weak uranium 
mineralisation. Development of the redox boundary and 
mineralisation ceased in the Late Carboniferous, probably 
due to hydrological changes resulting from tectonic activity 
and a deepening of the Missionary Syncline. 

Angela is located 25 km south of Alice Springs 
(Figure 23.68). The mineralisation and its association 
with redox boundaries in sandstone of the Undandita 
Member was discovered by Uranerz Australia Pty Ltd in 
1973–1974. Detailed drilling in 1975–1979 found a number 
of mineralised bodies subordinate to the main deposit at 
Angela I, which were designated Angela III to V. Deep 

in excess of 5.7 km, with mineralisation open down-plunge 
to the west. Following an extended period of no exploration 

Paladin Energy Ltd recommenced exploration in 2009. 

U3O8, for a total of 13 980 t of U3O8. 
Mineralisation at Angela is associated with gently 

north-dipping upper and lower redox boundaries, within 
medium- to coarse-grained, feldspathic lithic sandstone 
of the Undandita Member. The upper and lower redox 
boundaries can both be mineralised, but concentrations are 
generally higher on the upper boundary. On a regional scale, 
the redox boundaries are planar, but at prospect scale, they 
step across bedding to higher or lower stratigraphic levels 
(Figure 23.69). This stepping is controlled by permeability 
contrasts between different layers in the Undandita Member 
sandstone.

zone, 70 –250 m wide, that coincides with a complex 

30 – 40 m-high step zone on the upper redox boundary. This 
step zone strikes east, plunges 9° west, and may be related 
to a small fault, parallel to the axial plane of the Missionary 
Syncline. In detail, the mineralised zone consists of a series 
of stacked intervals, which consist of one or more small 
uranium roll-fronts, as shown in Figure 23.69.

The primary uranium mineralisation consists of poorly 

occurring as grain coatings, void linings and blebs. The 

Secondary minerals include carnotite, autunite, tyuyamunite 

grained to amorphous haematite (occurring as grain coatings 

organic material.
Pamela is located 4 km north of Angela (Figure 23.68) 

and lies at the northeastern end of the reduced sandstone 
facies wedge, where the steps and irregularities on the 
upper and lower boundaries meet to form a succession of 
alternating oxidised and reduced sandstones. Although 
multiple redox boundaries and step zones up to 50 m thick 
are present, the mineralisation is thinner, weaker and less 
continuous than that at Angela, with no zone of enrichment 
being recognised that may continue down dip.

Minor mineralisation was discovered by scout drilling 
along the regional redox boundary to the west of Angela 

promising, but more detailed work generally showed grades 
to be thin and discontinuous, as at Pamela. At Nonouba, 
grades from 0.004–0.41% U3O8 were intersected in a zone 
of interdigitation of reduced and oxidised sandstone. At 
Daria, grades were less than 0.1% U3O8 over intersections 
generally less than 1 m. At Julia, weak mineralisation is 
developed in sandstone with multiple redox boundaries, 
similar to Nonouba.
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Orange Creek prospect is hosted in sandstone of 
the Undandita Member of the Brewer Conglomerate 
in the axis of the Orange Creek syncline, to the south 
of the Missionary syncline (Figure 23.67). Uranerz 
Australia Pty Ltd undertook exploration for uranium at 
Orange Creek during the period 1977–1981, with more 
recent exploration undertaken by Cauldron Energy Ltd 
(Cauldron Energy 2012). Uranerz reported that in general, 

gradational oxidation at the boundaries, combined with 
surface weathering effects that extend to depths in excess 
of 30 m (Taylor 1980). Drilling at part of the prospect 

upper oxidised sediments in the centre of the syncline The 

synclinal feature, dipping at shallow angles to a maximum 
depth of 90 m in the centre of the syncline. Broadly spaced 
percussion drilling intersected uranium mineralisation 
associated with the regional redox front at depths in the 

intersections were recorded, including 3.40 m at 413 ppm 
eU3O8, 1 m at 328 ppm eU3O8, 1.25 m at 421 ppm eU3O8, 
0.45 m at 864 ppm eU3O8 and 1.55 m at 370 ppm eU3O8.

Lead-zinc-silver

There are no known resources of lead and zinc in the 
Amadeus Basin, although several occurrences and zones 

include those encountered during drilling for water bores 

(eg RN006131, located near Uluru), and two unnamed 
occurrences in the Aralka Formation (mapped as 
Ringwood member of the Pertatataka Formation) in the 
Limbla Syncline, in the northeast of the basin (ILLOGWA 
CREEK).

In 1965, Planet Mining Company Pty Ltd explored for 
base metals in the southwest of the basin (Scrimgeour et al 
1999), targeting ferruginous caps and veins, developed 
over the Pinyinna beds, that were anomalous in lead, 
zinc and cobalt. However, the exploration program failed 
to intersect any notable concentrations of base metals, 

enrichment. Highly strained and ferruginised Pinyinna 
beds from within the Piltardi Detachment Zone contain 
anomalous Co (87 ppm), Cu (0.15%), Pb (0.44%), V 
(0.33%) and Zn (0.22%; Scrimgeour et al 1999).

Blueys base metals and silver prospect is within the 
Bitter Springs Formation in the northeast of the basin. 
Initial rock chip sampling returned maximum values of 
6.55 kg/t Ag, 18% Cu, 0.8 g/t Au and 27.5% Pb (Fabray 
2010). A subsequent RC percussion drilling program, 
together with further rock chip sampling, was completed 
at the prospect, but the drill intersections, although 
anomalous, were of sub-economic grades and the best 
intersection was 1 m at 300 g/t Ag, 4.1% Pb and 0.13% 
Sb from 11 m. The drilling program indicated that the 
high soil and rock chip values originated from a shallow 
discontinuous zone of supergene enrichment. A low-level 
regional magnetic and radiometric survey delineated 
three uranium anomalies and a large coincident uranium/
thorium anomaly south of Blueys prospect. 
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Copper

Numerous occurrences of sediment-hosted copper have 
been reported from across the basin, hosted in a range of 
stratigraphic units. 

Owen Springs consists of several small occurrences of 
secondary copper in the Waterhouse Range in northeastern 
HENBURY. Visible Cu-Pb-Zn mineralisation occurs 
within the Goyder Formation and probably in the 
underlying Jay Creek Limestone. Exploration in 1997 
by CRA Exploration Pty Ltd focused on soil samples, 
which had maximum assays of 5000 ppm Cu, 95 ppm Co, 
1700 ppm Pb and 860 ppm Zn, and rock chip samples, 
which had maximum assays of 11.6% Cu, 6100 ppm Pb, 
2500 ppm Zn, 560 ppm Co and 210 ppm U. This sampling 

Cu-only anomaly over a strike length of 12 km along the 
northwestern limb of a large anticline, and a 3 km Cu 
(± Pb) anomaly on the southern limb. RAB drilling at the 

below the depth of weathering, but no economically 

returned a best assay of 1.26% Cu (McKay 1997). 
Namatjiras prospect is a minor non-economic 

occurrence of azurite and malachite that is dispersed 

in the eastern part of the Gardiner Range Anticline 
(HENBURY). Minor copper occurrences are known within 
the Arumbera Sandstone at other localities, for example 
at Ellery Creek (Figure 23.70
discovered and mined by the Aboriginal artist, Albert 

Areyonga Copper 
Deposit. The best mineralisation is in a fault breccia, and 
there is also interpreted syngenetic Cu in the nearby former 
‘Eninta Sandstone’ (now Arumbera Sandstone). The copper 
occurs as malachite, azurite, chalcocite and several other 
forms, and some gold has also been reported (Cook 1968). 
This locality contains specimen-quality azurite. 

Several copper occurrences occur in the northeast of the 
basin. At Ringwood (HALE RIVER), traces of malachite, 
azurite and chalcocite occur along a strike length of about 
13 km in green dolomitic shale of the Neoproterozoic 
Areyonga Formation. Two holes were drilled in the 
eastern end of the zone of mineralisation and drill samples 
returned highest assays of 2500 ppm Cu and 1200 ppm Cu 
respectively, with average grades in the mineralised interval 
of 280 ppm Cu and 540 ppm Cu respectively (Youles 1967). 
Other prospects include Pipeline (HALE RIVER), Waldo 
Pedlar Bore (Aralka Formation), Bronco Bore (Loves Creek 
Member of Bitter Springs Formation, possibly associated 

occurrences in ILLOGWA CREEK. In the Alice Springs 
area, a number of waterbores have intersected copper 
mineralisation. Undoolya Gap Cu prospect occurs at the 
contact zone between carbonate rocks and basalt in the 

east of Alice Springs (ALICE SPRINGS). At the surface, the 

along a strike length of about 900 m (Youles 1966). Diamond 
drilling of the prospect has revealed only minor amounts of 
visible chalcocite and generally low metal values.

Some other named Cu occurrences within the basin 
include: Haags (HENBURY), which reported 5% and 
8% Cu from a fault in the Bitter Springs Formation in 
the central part of the basin; Boggy Hole (HENBURY) 
where malachite is hosted in the Stairway Sandstone; and 
Alalgara (HENBURY), where malachite pellets occur in 
sedimentary rocks of the Cambrian Pertaoorrta Group.

Manganese

Several manganese occurrences have been reported from 
the Amadeus Basin. 

Fenn Gap Mn prospect is located in the MacDonnell 
Ranges, about 25 km to the southwest of Alice Springs, 
and is in dolostone assigned to the Loves Creek Member 
of the Bitter Springs Formation (Ferenczi 2001). Seven 
chip samples by NTGS taken in 1970 averaged 39.0% Mn 
(maximum 50.9% Mn). The prospect is in a west-trending, 
sub-vertical, pyrolusite-stained brecciated dolostone, 
which has a strike length of at least four kilometres. The 
fault-controlled manganiferous horizon is gossanous in 
places, but manganese mineralisation is limited to surface 

to the east of Fenn Gap (eg Knob Hill, Hole Hill, Coco etc) 
and are currently under investigation.

At Wangatinya in the northwest of the basin (MOUNT 
LIEBIG), manganiferous lenses are exposed in two 
outcrops. The deposit occurs in the basal portion of the 
late Cambrian Pacoota Sandstone (unit P4 of Gorter 
1991b). Mn-Fe mineralisation can be traced for 260 m 
along strike and occurs as a series of massive, bedding 
concordant lenses, the largest being 53 m in length and 
7.6 m in thickness (Morlock 1972, Ferenczi 2001). These 

30 m in thickness. A network of Mn veinlets envelops 

Mineralisation is in the form of pyrolusite, psilomelane 
and iron oxides (mainly goethite and limonite). Nine 
grab samples from this deposit averaged 44.3% Mn, 
with a range of 13.6% to 55.0%, and seven of the nine 
samples contained >40% Mn. A hydrothermal origin is 
suggested by various features, and secondary supergene 

Figure 23.70
Arumbera Sandstone, Ellery Creek, north-central Amadeus Basin 
(HERMANNSBURG, 53K 303350mE 7367110mN).
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Figure 23.71
Camel prospect 1 area, central Amadeus Basin (HENBURY, 53J 
297665mE 7278300mN, see Figure 23.63).

mineralisation (Morlock 1972). 
Several manganese occurrences are located in the 

southern and central parts of the basin [NTGS Mineral 
Occurrence Database (MODAT)]. At Horseshoe Bend, a 
grab sample of Winnall beds assayed at 52.54% Mn, 0.8% 
Fe and 0.068% P. At the Camel Prospect in the central part 
of the basin, an assay result of 15.6% Mn was obtained 
from a sample of the Inindia beds at Area 1 (Figure 23.71), 
and assays of 45.6% Mn and 28.6% Mn were obtained 
from samples of Jay Creek Limestone at Area 2 (Northern 
Mining Ltd, ASX Announcement, 22 September 2010). At 

an unnamed occurrence in the central west of the basin 

been noted in the Winnall beds.

Iron ore

Oolitic ironstone beds have been recorded in the Lower 
Ordovician Horn Valley Siltstone and Pacoota Sandstone 
(Ranford et al 1965, Forman 1966b). The relatively thin 
beds reach a maximum thickness of 1.3 m in drillhole Tent 
Hill-1 (Figure 23.4a
(Ferenczi 2001).

A minor unnamed occurrence of iron ore has been 
described from the Gillen Member of the Bitter Springs 
Formation in the northeast of the basin (MODAT reference 
05466).

Phosphate

Pelletal phosphate rock has been reported from a number 
of Neoproterozoic to Cambrian–Ordovician units within the 
Amadeus Basin, the most prospective being the Ordovician 
Stairway Sandstone (NTGS 2004). The approximate 
locations of these occurrences are shown in Figure 23.72. 

The Stairway Sandstone records six occurrences 
that range in grade from 5 to 27% P2O5, in beds from 3 
to 30 cm thick. The phosphate is predominantly pelletal, 
although nodular phosphate also occurs; both types range 
in colour from grey or brown to purple and white, which is 
rare. Mineralisation occurs predominantly in a succession 

Figure 23.72. Approximate locations of phosphate occurrences in Amadeus Basin, compiled from data and descriptions in NTGS (2004). 
Base map shows distribution of Larapinta Group, which includes the most prospective unit, Stairway Sandstone. Geological regions from 
NTGS 1:2.5M GIS dataset.
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of interbedded shale and sandstone with minor carbonate 
rocks and phosphorites, over an interval varying between 
30 and 549 m in thickness. The succession is fossiliferous 
and contains trilobites, brachiopods, pelecypods, 
gastropods, nautiloids, sponge spicules, numerous trace 
fossils and microfossils. Pelletal phosphate is believed 
to have originated from cold, upwelling, shallow-marine 
oceanic currents (Wells et al 1970). The pellets are probably 
lag deposits, concentrated by winnowing action, which 

quartz and phosphate pellets and nodules (Wells et al 1970, 
Cook 1972). Prospective locations are therefore ancient 
strandlines associated with palaeohighs, eg the southern 
margin of the basin, where the Stairway Sandstone onlaps 
older successions or basement, and possibly a line of 
thinning through the Seymour, Chandler and James ranges 
(Cook 1972). 

At RR2 prospect, two diamond drillholes penetrated 
phosphatic calcareous silty shale of the Todd River 
Dolostone. Drillhole RR2 intersected 6 m at 22.8%P2O5, 
whereas RR1 intersected 2 m at 4.3% P2O5 (BHP 1976). 

Barite

Springs Formation in the core of the Parana Hill Anticline 
(Figure 23.4c). The veins are up to 20 cm wide and extend 
as irregular veinlets parallel to the strike of the structure 
(Willis and Newton 1975, NTGS 2004).

Gypsum

Amadeus Basin in the Bitter Springs Formation. Mostly, 

dolostone host (NTGS 2004). These diapiric structures 
form lenticular, usually coarsely to very coarsely 
crystalline bodies, interbedded with dolostone-anhydrite 
rock and sandstone-siltstone. Deposition of the sediments 
appears to have been cyclical, with gypsum forming later 
by hydration of the anhydrite-rich units (Wells 1980).

An example of this form of gypsum deposit in the 
Gardiner Range (Figure 23.4c) was drilled by BMR in the 
early 1970s. Mount Liebig-1 was spudded on an outcrop 
covered by secondary gypsum and encountered gypsum 
in the Bitter Springs Formation to a depth of 90 m, above 
a body of coarsely crystalline halite rock which extends 
to the bottom of the hole at 306 m (Kennewell in Wells 
and Kennewell 1972). The gypsum occurs both as massive 
beds up to 1 m thick and as elongated fragments with long 
axes oriented subvertically in a matrix of recrystallised 
evaporite breccia. It is associated with bedded and 
fragmented dolostone, and with anhydrite rock, which is 
rare at the surface but increasingly abundant at depth.

Dimension stone

The Mereenie Sandstone from the Ooraminna area, 
south of Alice Springs, has been quarried for bricks and 
facing blocks, which have been used in local building and 

Petroleum

The Amadeus Basin is among the most prospective onshore 
areas in the NT for both conventional and unconventional 

under development at Surprise. However, despite this, 
it remains very underexplored by world standards. Key 
publications include Weste (1989, 1990, 1994), Marshall 
(2003, 2004), Marshall et al (2007), Young and Ambrose 
(2007), Warburton et al (2005), Ambrose (2006) and Tiem 
et al (2011).

Exploration history

Petroleum exploration began in the Amadeus Basin in the 
1950s with a period of reconnaissance work by the then 
BMR. The basin has intermittently been the focus of oil 
industry activity since the discovery of hydrocarbons in 
the 1960s, culminating in the development of the Mereenie 
(Figure 23.73) and Palm Valley (Figure 23.74

the Ordovician Pacoota Sandstone–Horn Valley Siltstone–
Stairway Sandstone succession. Since this discovery, 

largely focused on the Ordovician petroleum system in the 
northern and eastern part of the basin (Korsch and Kennard 
1991). Initial reserves at Mereenie were 24 MMSTB of oil 
and 462 BCF of gas, and at Palm Valley, 230 BCF of gas. 
However, only minor exploration occurred from the time of 
discovery until 1992, when the last exploration well of that 
period was drilled. By the early 1990s, 33 wells had been 
drilled and approximately 2700 km of seismic had been 

per 5200 km2 (Figure 23.75a, b
located away from the central ridge to the south and west, 
and much of the data in these areas is of 1960s vintage; 
therefore, the greater Amadeus Basin can be considered 

exploration. 
Exploration interest in the basin was renewed in the 

late 1990s, with Central Petroleum Ltd embarking on a 

have been conducted and three wells have been drilled 
(Central Petroleum 2011). Drillhole Ooraminna-2 tested a 
large gas prospect close to Alice Springs which had already 

was designed to have a deviated hole section through the 
main Pioneer Sandstone target in an attempt to intersect an 
anticipated vertical fracture system. Ooraminna-2 reached 

surface from a tight reservoir zone. Johnstone West-1 was 
spudded on 19 August 2010 with a planned total depth (TD) 
of 1367 m in the Goyder Formation (Figure 23.75a). There 
were multiple oil targets, as well as shale oil/gas targets. The 
well reached a TD of 1666.0 m in the lower Pacoota Sandstone 

basement feature in the Amadeus Basin. After the processing 
of new seismic data acquired in early 2010, Surprise-1 was 
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a deeper portion of the basin, some 8 km to the southwest 
of Johnstone West-1 (Figure 23.75a). This well intersected 
excellent live oil shows in the top of the lower Stairway 
Sandstone, but was suspended following a problem with the 
drilling rig in December 2010 (Central Petroleum Ltd, ASX 
Announcement, 11 February 2011). It was re-entered and 
deepened in November 2011 (as Surprise-1 REHST1) to a 

total vertical depth of 2534 m, and a 230 m lateral was drilled 
which encountered continuous oil shows. The horizontal well 

In 2012, Central Petroleum completed a 3D seismic program 
over the prospect, and conducted an extended production test 
of the discovery.
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Petroleum Australia Ltd, supplied domestic gas to Darwin, 

to Alice Springs. Contracts for this supply ceased in 2009, 
and the NT’s domestic supply is currently sourced from the 

Source rocks

The potential source rocks of the Amadeus Basin were 
discussed in McKirdy (1977), Gorter (1982b, 1984), Jackson 
et al (1984), Summons and Powell (1991) and Marshall 

(2004). Potential hydrocarbon source rocks in the Amadeus 
Basin are commonly considered to be absent below the 
Ordovician Horn Valley Siltstone, the source rock for the 

there is also some potential in some other early Palaeozoic 
units and in the Neoproterozoic succession (Marshall 2004). 
The Horn Valley Siltstone represents the most likely to 
produce oil (and gas) north of the Central Ridge. Marshall 
(2004) analysed samples of this formation from a number 
of wells and presented Total Organic Content (TOC) values 
ranging from 0.2–9.0%, with an average of 1.26% (n = 55) 
and an average TMAX of 445°C (n = 37). Two samples 
analysed by Tiem et al (2011) returned moderately high TOC 
values of 3.16–3.42%, a moderate Production Index (PI) of 
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ca 0.2 and TMAX in the range 445–449°C. Kerogen in this 

both oil and gas. TOC, Rock Eval pyrolysis, Hydrogen 
Index, TMAX and microscopy of the Horn Valley Siltstone 
demonstrate a clearly discernible westward increase in the 
oil-prone nature of the kerogen toward the central northwest 
(Gorter 1984, Figure 23.76). A northwesterly increase in 
the quantity of potential source rock kerogen (TOC) also 
occurs. Source rock intervals may potentially also be 
present in the Cambrian–Ordovician succession within the 
Petermann Sandstone, lower Shannon Formation, Illara 
Sandstone, Giles Creek Dolostone, Tempe Formation, 
Chandler Formation and Winnall beds (Marshall 2004).

The most likely candidates for oil- and/or gas-prone 
Neoproterozoic rocks, depending on maturity, are the 
Pertatataka Formation in the northeast of the basin, Inindia 
beds/Areyonga Formation in the south, Aralka Formation, 
Loves Creek Member (Bitter Springs Formation) in the 
southeast and Gillen Member (Bitter Springs Formation) 
throughout the basin. Oil is present in the Neoproterozoic 
succession at Finke-1, Mount Winter-1 and possibly at 
Ooraminna-1, and minor bituminous shows are abundant 
in intersections of the Johnnys Creek beds. The presence 
of these liquid hydrocarbon indicators strongly suggests 
that oil-prone kerogens are present somewhere in the 
Neoproterozoic succession. The southern and southwestern 
Amadeus Basin hold the greatest potential for the discovery 
of liquids sourced from below the Ordovician.

There are extensive source rocks for gas over almost the 

Ooraminna-1, West Walker-1 and Orange-1 and -2 has been 
sourced from different parts of the stratigraphic succession, 
indicating that there is still plenty of scope for commercial 
discoveries throughout the basin.

Reservoirs and seals

Fair to good potential reservoirs occur at a number of 
levels within the basin succession. The most promising 
Neoproterozoic reservoirs are in the Heavitree/Dean 
quartzites, Finke beds, Bitter Springs Formation and 

Areyonga Formation (Weste 1989, 1990, Warburton et al 
2005). Most reservoirs at this level are affected by long-

quality therefore hinges on fracture porosity and this 
provides the main risk in the basin at this stratigraphic 
level. This is especially true for the Heavitree Quartzite, 
which has potential as a gas/helium play in large structural-
stratigraphic traps in the southern half of the basin. The 
overlying Bitter Springs Formation contains source beds 
and seals, as well as good potential reservoir rocks, and gas 

demonstrate that this formation also has some reservoir 
potential. All of these reservoirs are poorly explored to date. 

Palaeozoic reservoirs occur at several Cambrian and 
Ordovician levels. The Arumbera Sandstone has provided 
numerous gas shows throughout the eastern part of the basin 

and permeabilities in this formation are in the range 2–14% 
and 0.1–11.9 mD, respectively (Weste 1990). Potential 
reservoirs in the Winnall beds are poorly explored to date 
and are considered to have low prospectivity (Warburton 
et al 2005). The main reservoirs for the Amadeus Basin, 
the Ordovician Pacoota and Stairway sandstones, have 
very variable marginal porosities and permeabilities, due 
to the presence of shale interbeds and authigenic growth 
within intergranular pore spaces (Weste 1990). The porosity 
and permeability of the Pacoota Sandstone is variable, 
but averages 8% and 10 mD, respectively (Havord 1990), 
whereas the Stairway Sandstone has porosities in the range 
8–12% and permeabilities up to 5 mD (Ozimic et al 1986). 
At both Mereenie and Palm Valley, Ordovician reservoir 
quality is improved by fracture porosity (Warburton et al 
2005). In general, Cambrian and Ordovician depositional 
environments became more terrestrial to the south and 
west, so that sandstones are more common and reservoir 
characteristics are therefore probably better in these areas 
than in the east of the basin (Weste (1990). 

Both top seals and fault seals may be present in the 
Amadeus Basin (Weste (1990, Warburton et al 2005). 
Regional salt seals are locally very thick and occur at 
the level of the upper Gillen Member over Heavitree/
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Dean Quartzite reservoirs, and Chandler Formation over 
Arumbera Sandstone reservoirs in the eastern part of the 
basin. Additional seals relate to thick shales at the level of 
the Aralka Formation over Areyonga Formation reservoirs, 
Pertatataka Formation over older Neoproterozoic 
reservoirs, ?Giles Creek Dolostone over Arumbera 
Sandstone reservoirs, Horn Valley Siltstone over Pacoota 
Sandstone reservoirs and Stokes Siltstone over Stairway 
Sandstone reservoirs. The Tempe Formation could also 
provide a good seal over porous sandstone in the Arumbera 
Formation or over karst porosity in older carbonate rocks 
(Marshall 2004). Faults exhibit both sealing and leaking 
characteristics depending upon fault geometry and the 

footwalls (Warburton et al 2005). Small-displacement faults 

of reservoirs against intraformational seals. According to 
Warburton et al (2005), it is unlikely that footwalls will 
be sealed by large faults in the Amadeus Basin and larger 
faults are therefore more likely to provide migration paths 
for hydrocarbons into hangingwall prospects.

Thermal maturity / tectonic controls

Maturation distribution for petroleum systems was largely 
controlled by the distribution of foreland sedimentary 
loading successions at various times during the basin’s 

instances removed evidence of the loading section, 
thereby masking maturity trends in source rocks currently 
at shallow depths (Ambrose 2006, 2007, Young and 
Ambrose 2007). Thick clastic wedges prograded into the 
basin during both the 580–530 Ma Petermann Orogeny 
(northward progradation over Neoproterozoic successions) 
and the 400–300 Ma Alice Springs Orogeny (southward 
progradation over Ordovician and older Palaeozoic 
successions), initiating hydrocarbon maturation in the 
underlying source rocks. Burial under the thick clastic 
wedge associated with the Alice Springs Orogeny pushed 
the Horn Valley Siltstone through the dry gas window 
and charged the Palm Valley and Mereenie structures. 

of Devonian–Carboniferous loading decreased, enabling 
oil expulsion from the Horn Valley Siltstone, which 
charged the Mereenie structure (Gibson et al 2004). In the 
southern Amadeus Basin, maturity data from Wallara-1 

probably at the end of the Alice Springs Orogeny and 
later during the Cenozoic; this negates earlier notions of 
increasing maturation from south to north, and suggests that 
hydrocarbon generation from Neoproterozoic successions 
was more pervasive than previously recognised. 

role in controlling maturation trends. The Central Ridge 
effectively partitioned depositional phases into separate 

Neoproterozoic through to the end of the late Cambrian. The 
Ordovician Horn Valley Siltstone appears to be mature for 
hydrocarbons north of the ridge, whereas Neoproterozoic 
petroleum systems were generative both to the north and 
south of this feature. 

The thermal history of the Amadeus Basin has been 
reviewed by Gibson et al (2004, 2007), using maturity 
data and Apatite Fission Track Analysis (AFTA). This 
work indicates that up to four synchronous post–Early 
Carboniferous cooling episodes occurred in the Amadeus, 
Georgina and Pedirka basins, and that these events were 
probably even more widespread, but have not been evaluated 
in other areas. In the northern Amadeus Basin, peak 
palaeotemperatures associated with each of these events 
decreased with each progressively more recent episode. 
In the northern Amadeus Basin, cessation of hydrocarbon 
generation from the Horn Valley Siltstone (Ordovician), the 
only known commercial petroleum system, occurred in the 
Late Carboniferous to Early Permian. 

Petroleum systems

The Amadeus Basin contains elements of the Neoproterozoic 
Centralian petroleum supersystem of Bradshaw et al (1994) 
and, in particular, the very prospective early Palaeozoic 
Larapintine supersystem of Bradshaw (1993) and Draper 
(2000). Five petroleum systems (numbered 1–5) are 
recognised, three in the Neoproterozoic, one in the latest 
Neoproterozoic–Cambrian and one in the Ordovician (see 
Figure 23.2). These were described in Marshall (2003), 
Warburton et al (2005) and Marshall et al (2007), but all 

of review, particularly in the light of recent revisions 
of the Amadeus Basin succession (see Haines et al 

systems encompass the following intervals, in ascending 
stratigraphic order: (1) the early Neoproterozoic Heavitree 
Quartzite to Gillen Member (Bitter Springs Formation); (2) 
the middle Neoproterozoic Loves Creek Member (Bitter 
Springs Formation) to Pioneer Sandstone; (3) the late 
Neoproterozoic Pertatataka Formation to Julie Formation; 
(4) the latest Neoproterozoic–middle Cambrian Arumbera 
Sandstone to Chandler Formation; and (5) the Ordovician 
part of the Larapinta Group. Warburton et al (2005) included 
different parts of the succession within system 2 (Finke 
beds and Bitter Springs Formation above Gillen Member) 
and system 3 (Areyonga Formation and Winnall beds, 
both of which were presumed to be Neoproterozoic). The 

unclear. However, the Winnall beds are now considered 
to be equivalent to the Arumbera Sandstone (Haines et al 
2010) and thus should be included in system 4. Three of 

are proven: petroleum system 1 (gas/helium in Magee-1); 
petroleum system 4 (gas in Dingo-1, Ooraminna-1, Orange-1); 
and petroleum system 5 (gas/oil at Mereenie and Palm 
Valley, and oil in Johnstone West-1, Surprise-1). Currently, 
the only commercially productive petroleum system and 
best target for petroleum exploration is system 5. This 
Ordovician system encompasses the Mereenie, Palm Valley, 
West Walker, Johnstone West and Surprise hydrocarbon 
occurrences and is responsible for the accumulations of oil 

Sub-economic Neoproterozoic discoveries of hydrocarbons 
(gas) have been made within system 4 (Orange-1 and -2, 
Dingo-1 to -5), system 2 (Ooraminna-1 and -2) and system 1 
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(Magee-1). Despite numerous oil shows, the general view 
of the exploration community has been that anything older 
than Ordovician would be a gas-prone target only. However, 
Marshall et al (2007) have shown that a 50+ m palaeo-oil 
column in drillhole Finke-1 must have been sourced from 
Neoproterozoic rocks.

The Ordovician petroleum system (System 5) is 
responsible for the charge of the Mereenie oil-gas, Palm 

in a highly structured terrane (north of the Central Ridge), 
which predates hydrocarbon migration, suggesting that 
that there is considerable potential for further moderate-

sandstone reservoirs in this part of the basin. 
Petroleum system 1 provides the second best target 

in the basin and although gas charge was probably 
widespread, there may be potential for oil near the basin’s 
margins. Helium deposits in the target reservoir, the 
Heavitree Quartzite, would probably be dependent on 
deliverability from fracture porosity, but would provide 
additional commercial options in the case of a discovery. 
Regional blanket seal, provided by Gillen Member salt, 
together with the fact that multi-TCF-sized leads have 

The two other Neoproterozoic petroleum systems, 
(systems 2 and 3) appear to be largely gas prone, but data 
are very limited. A palaeo-oil column below the Chandler 
Formation salt seal in Finke-1 (Marshall et al 2007) 
demonstrates the possibility of an oil charge from this part 
of the section, but once again, data are very sparse.

Prospectivity

The Amadeus Basin has organically rich source rocks, 
reservoirs with effective vertical seals at a number 
of stratigraphic levels and a wide variety of potential 
stratigraphic and structural traps. Five petroleum systems 

Ordovician rocks remain the primary exploration targets, 
but there is also potential for economic petroleum in the 
Neoproterozoic succession. 

The most successful play types in the Amadeus Basin 

West Walker prospect) and 4-way dip closed anticlines 

and Ordovician sections are productive in these structures. 
Footwall/hangingwall, subthrust and 3-way dip/fault traps 
are also common within the basin and are prospective 
(Central Petroleum Ltd, ASX Announcement, 27 September 
2010). Most of the Ordovician structural plays occur north 
of the Central Ridge and there is considerable remaining 
oil potential in this area. Neoproterozoic structural closures 
are valid targets over most of the basin and the relatively 

over wide areas. If reservoir facies have pinched-out or 
deteriorated across structural highs, such as the Central 

stratigraphic traps to be present (Warburton et al 2005). 
There are numerous examples of salt-related hydrocarbon 

plays, and salt halotectonics in the basin is discussed in 

detail in Dyson and Marshall (2007). They described 
a halotectonic basin, where sedimentation occurred 
dominantly in a series of salt nappe complexes formed under 

withdrawal. Both the Gillen and Chandler salt successions 
have undergone halokinesis, forming a myriad of potential 
petroleum traps. 

Unconventional petroleum

The Ordovician Horn Valley Siltstone has considerable 
potential for non-conventionally reservoired gas. Tiem et al 
(2011) investigated the gas shale potential of samples from 
this formation, which was assessed as having good shale 
gas potential, because of a high TOC, moderate PI and a 
relatively high TMax. According to Ambrose (2007), the 
formation is mature into the gas window over a total area of 
ca 10 000 km2 and is estimated to host ca 12, 67 and 90 TCF 
of Original Gas Equivalent in Place (OGEIP) at ‘low’, ‘best’ 
and ‘high’ estimates respectively, in primary porosity, 
fractures and adsorbed gas in kerogens. A proportion of 
this potential gas resource may be accessible by drilling 
fracture zones, fracture stimulation and/or horizontal 
drilling techniques. 

Tiem et al (2011) investigated the gas shale potential of 
a number of other units from the Amadeus Basin, including 
the Bitter Springs Formation, lower Giles Creek Dolostone 
and Goyder Formation. However, these sampled formations 
had very low TOCs, high production indexes and a wide 
range of TMax values, which in combination, indicated that 
the samples were overmature, with relatively low shale gas 
potential. Ambrose (2007) suggested that the Pacoota and 
Stairway sandstones could have unconventional petroleum 
potential in out-of-closure resources, categorised as 
‘indirect’ basin-centred gas, formed by the transformation 

of 1.35 to 1.75.

Helium

Reservoirs in petroleum system 1 (Neoproterozoic Heavitree 
Quartzite sealed by Gillen Member salt) in the south of the 
basin may be prospective for helium as well as gas/condensate. 

commercial quantities of gas with a helium content of 6.3% 
to surface (Wakelin-King and Austin 1992). The much larger 
Mount Kitty prospect has an aerial closure of ca 250 km2, a 
vertical closure of 1000 m, and might contain up to 105 BCF 
of helium, in addition to up to 5 TCF of gas (Central 
Petroleum Ltd website, http://www.centralpetroleum.com.
au/exploration.php, accessed June 2012).
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rt  the r t , wh h re te   the re e e 
 the tr e . The er e  t e  

rre te  w th the e r  r  er Ar er  
t e  e e t t   the A e   ee 

),   e   the 
4 e e e e   2 2).

Walbiri Dolostone
The r  t e r  w r e  h   tr e 
r e   the r  e ,  the rther  r  

 the   , ). It  t e e t  
  the rther    the r e . It er e , r  

r , the e  t e  e r  r  
r h e t  t  e r  er   the w  
r t  r er 19 9, e    19 ). The 
r t  h    th e   t 2    
t r , t er 1   w  ter e te   ewh e 1  

the e tr  rt  the   199 ). 
The wer rt  the r t   the r  e  

t   ter e e  ree   e re  er  
h e, t  t e, t , e th   

e  t e,  t   t  t e. 
The er rt  te   wh te t  e  r 

re , th  e e  t  e, t , er   
tr t  t e, w th r ter e   tr t t  

t e  r te re  t e  t e. 
Three r   were re e    
199 ) w th  the r t   ewh e 1 e  

 r e  t e:  wer t  ter e e  
t e  t e   e t  e 
t e    er t  ter e e  t e  
t e. The e  r te r , the re e e 

 te  the t e  the  e e  
te  h w r e e t  e r e t 

thr h t. The wer  er t  re ter rete  t  
h e ee  e te    he  e r e t w th re tr te  

r t  t t e , where  the e  e t e 
w  r  e te    e r e ett .  

 the t e  h e e r h , h th  
 tr te , t   r e r  e. The 

r t   rre te  w th e tr   er  t  
e  t  e e e 1 r ), the wer  tw  e e 

e e t r  e  th t h e ee  re e  r  

.  r tr t re, ter rete  t  re re e t 
re    r t e,   t e, t ree  

r t , r   re  ter  et al 199 : te 2 ).

.  t e e er  t ree  
r t , h w    e    re  er  
 te  t e, r   re  ter  

et al 199 : te 2 ).
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e e e tr t r h  t e   e r  tr t  
 the e r   her  et al 19 , th te  

her  1991, r e 2 , ee Centralian Superbasin: 
). The e e the wer e  ree  t e 

 h er r t   the A e   the 
Th r t  e t e  e e t t   the e r  

  the ter  te  e t e t  th r  
 t e  the  . The r  t e  

e   the 4 e e e e   2 2).

Bloodwood Formation 
The re e e w  r t   e t e e  where t 

er e   r te t e   the t e t e. 
A  th e   t 2    e t te  r  tw  

e re  e t  e    19 ) t the t e e t  
 the rther  r  e   the rther   r  

, ). A r te  44  w  ter e te  
 ewh e 1  the e tr  rt  the   199 ). 

The r t  e r , r  r  ter e t , t  r  
 r t  er e the r  t e r er 

19 9). It  er  r   the t e 
t e   te  t the r  r  

r t . 
The w  r t  t   r  re r w , 
r e  er  t e  r, re r w , e

r e , et e  e  th  e e  t e. 
e e t r  tr t re  e te e , r  
r  re , r  tr t re   r e 

r . e tr r t  re  r   the  
rt  the r t  r er 19 9).  e 

e t e  th   w   e  e ), the 
 Helcionella,  the tr e  Protichnites and 

Rusophycus  the e are nd at e  an ear  a r an a e. 
we er, ert T n n pers comm n e  and  

19 ) e ted that the  a e a e  ar t  that 
nd n the a a  art  the h n er rd an 

a ta and t ne  the A ade  a n, a th h the 
th e  are te d erent. The  a na e t  that 

de t n  the dw d r at n t  a e nder 
ha w ar ne t  ntert da  nd t n , w th the re en e 
 red ed a e  ed entar  r  e t n  that the 

en r n ent wa  aer a  at t e .
The r at n  rre ated w th entra an  er a n 

n t  a ned t  e en e 2 ate t rd an ear  nd a an), 
the er  tw  e e ed entar  e n  that 
ha e een re n ed r  e en e trat ra h  t d e  

 dd e a r an trata n the e r na a n her d 
et al 19 , th ate and her d 1991, a r e 2 , ee 

). The e n de the 
er e  ree  t ne, wer h er ha e and 

Te e r at n  the A ade  a n  the wer Arth r 
ree  r at n and e a ent n t   the e r na a n  

and the nt a e e d ed   the  a n. It  n ded 
n the 4 e a e en e  nd a  2 2).

Djagamara Formation
The a a ara r at n t r  d nt n  

r a t 12   n the n rthern ar n  the a n 
c, ). It ha  an e t ated th ne    t  

2   at a a ara ea  n the n rth an   the a r a 
, t th n  ra d  thward  t  n  2  n the th 

an , and t wa  n t nter e ted n dr h e ewha en 1 
n the entra  art  the a n  199 ). A t 14   

 a a ara r at n wa  nter e ted n a 1 near 
the n rthern ar n  the a n e  and  19 ). 
The r at n n t   ean, wh te t  re  we  rted 
and t ne that ar e  r  th n  t  th  edded. In a e , 

th  nter ed   reen and dar  re  t t ne r near 
the dd e  the r at n. The re at e  ed and t ne 

th a e  ten r  r nent r d e , wherea  the 
re e e t t ne th a e   n  e ed n n ed ree  
ed  and n e  the tee er e  e w the and t ne . 

and t ne  n  h h  ed, and a n t , 
and ed  are d nant  at  t  a . ed entar  
tr t re  n ed th ne  and t ne ed  n de 

tra e , r e ar  and w a t . In re th n  
edded and t ne, ed entar  tr t re  n de rrent 
neat n, rrent re ent  and a ndant a  e et . 

e t e , the e tr t re  nd ate de t n n a 
ha w ar ne en r n ent, w th a na  tr n  

rrent a t n. The re en e  a n te rt  a 
ar ne ett n  h we er, a n te  n r a  a ated 

w th w ed entat n n art  re tr ted en r n ent .
The a a ara r at n n n r a  er e  

the nt reen r at n and  n erred t  e a  
n n r a e n the dw d r at n, a r  

t ne and end  and t ne. It  er a n 
n n r a  r d n r a   the err d  
and t ne. A e rre at e n the A ade  a n  the 
a ta and t ne, a th h a n ant d eren e  that 

the a ta and t ne nta n  a ndant tra e  and 
n a r , wherea  the a a ara r at n 

n  nta n  a  tra e  that are n t d a n t   a e. 
er et al 19 1) re rted a a n te date  a 44  a, 

n tent w th a ate rd an a e, a th h an der 
a e  e  Ar  ha  rred e  and  
19 ). I  the a e deter nat n  rre t, t w d e t a 

rre at n w th the ar hae  and t ne  the A ade  
a n a ne  et al 2 1). The a a ara and t ne wa  

n ded w th n the  e a e en e  nd a  2 2).

Kerridy Sandstone
The err d  and t ne r  d nt n  w r d e  
and ar , ea t  the a r  an e  and n the a r a 

 c, ). It    th  n the 
t e e t n n the ea tern a r  an e . In rea hed 
ant ne  n the ea tern a r  an e  and n the ea tern 
n e  the at n a a n ne, t  e arated r  the 

nder n  a a ara r at n and the er n  nt 
e and t ne  an ar n n r t e  h we er, at 

the t e e t n, the nta t w th the nder n  a a ara 
r at n a ear  t  e n r a e. The r at n wa  

n t nter e ted n dr h e ewha en 1 n the entra  art 
 the a n  199 ) and ht  re than 12   wa  

en ntered n a 1 near the n rthern ar n e  
and  19 ). The r at n  d nated  th n  
t  ed  edded, r wn red ar  and a e  
and t ne, w th a ndant t ed ent de r at n 
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tr t re , h a  n te edd n , ad a t , e et 
a t  and  d , a  we  a  r e ar  and h h

an e r ed . n r d t ne  nter edded w th the 
and t ne. A a  t  de ta  r n  n dered e , n 

the a   th  and ed entar  tr t re . 
The er rd an ar hae  and t ne and the 

rd an r an ereen e and t ne  the A ade  
a n ha e een e ted a  r a e t e rre at e   

the err d  and t ne. e  and  19 ) e ted 
that t  a  n r a e re at n h  w th the a a ara 

r at n nd ate  that t a  n t e n ant  n er 
than that r at n, and a ned t an rd an t  e n an 
a e. we er, t  th a e  re e  re e e th e  
the e n an ertn ara r   the A ade  a n, wh h 

er e  the ar hae  and t ne haw 1994). 
The ar  nat re  the and t ne and the re en e 

 detr ta  te nd ate a a e ent r enan e r 
the err d  and t ne, n  that t  A er n 

r n e r e area  wed de t n  the nder n  
a a ara r at n, and nd at n  that there wa  a 

h at  etween the tw . The a e  the err d  and t ne 
 r  n tra ned etween the rd an a a ara 
r at n and the ate e n an t  ar n er  nt 

e and t ne. A ate e n an a e  n tent 
w th e hr n a  data  haw et al 1992), wh  
nter reted 4 Ar 9Ar data t  nd ate t and er n at 

 a n the re n rder n  the a a a n. The 
err d  and er n  nt e and t ne  were 

n ded w th n the  e a e en e  nd a  2 2).

Mount Eclipse Sandstone
The nt e and t ne  w de  e ed a r  the 

a a a n and n n r a  er e  an   the der 
n t  , ). It ha  a a  th ne   

re than   e e an and a d n 199 ) and r  
tr e r d e  and ated e ta  and e a . A t    

the r at n wa  nter e ted n dr h e ewha en 1 n the 

entra  art  the a n  199 ) and near  1   wa  
en ntered n a 1 near the n rthern ar n e  and 

 19 ). The nt e and t ne n n r a  
er e  the a han r n  art te n the n rthern art 
 the a n, where t t r  n ded and a ted tee  

d n  ed  ).
The r at n n t   ar  and t ne, e er 
re wa e, n r e and e e n erate, 

and rare th n en e   d d t ne, t t ne and ha e. 
and t ne  t  ar e ra ned, an ar, r  
rted, and n art a e  r a are . It  th n  

edded t  a e and ha  an a ndan e  ed a e, 
anar and tr h r trat ed nter a  e  and  

19 ). The and t ne  red r wn t  a e re  where re h, 
t weather  t  a e ran e r wn. t t ne and ha e are 

red r reen, and are t  a e . n erate 
en e  near the a e nta n we  r nded e  and 
e e   art te, e n art  and, re rare , d t ne 

). a t   d ra , de ated d 
a e , and a  t  are a n  the ed entar  tr t re  
re er ed. n ant ar na e  ater a  ha  een 

de r ed n th and t ne and ner a t  ed entar  
r  e  e  and  19 ), and n dr  tt n  e  

ar  19 ). we er, re ent w r  n the nt e 
and t ne n the r  area h d et al 2 12) d d n t 

dent  an  ar na e  ater a . 
The nt e and t ne wa  de ted n a 

re and a n ett n , re ated t  the ater ha e   the 
A e r n  r en  ), and the we  
de e ed r ed  and re en e  ant  nd ate 
a nt nenta  a  and ed nt) en r n ent. h d 
et al 2 12) de r ed three ed entar  a e  r  

a  hanne , d a n and a a a tr ne) n the 
red ed e n  the r at n, r  n e t at n  
n the r  area. The a  hanne  and d a n 

de t  e t that de t n rred n a h h re e  
nt nenta  a n hara ter ed  e d  ra n a  and 

dr n  e . The a r t   the a  de t  were 
a ated n the d ta  art   a a  an  n a e

. ert a  edd n  n nt e and t ne, 
th  r , n rthern a a a n.

. n erate and e  at re and t ne n 
ha w  d n  nt e and t ne.
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ar d en r n ent. d  te t n  a t t  d r n  the 
A e r n  r en  ed t  th , at re, ta ed 

a  hanne  de t  nter a ated w th d a n
a a de t  d r n  t e   ta nat n. ne  19 1) 

nter reted the n erat  a e   the nt e 
and t ne a  r a  an a at n , and the 
ar er and t ne  a  w n t  r ra ded hanne  

n the d ta  rt n   a and  ed nt a a  an. 
ner a t  nter ed  t t ne and red ha e) re re ent 
er an  de t  n the a a  an. ed ha e  were 

nter reted t  e  nter a , nd at n  that den e 
wa  re at e  w. The a ndan e  e d ar and 

an ar ra n , n add t n t  the at r t   
the r at n, e t that t wa  ar e  r ed r  
an e er n  h nter and  a ae r ter  A er n 

r n e, t t r a  a  n de  detr t  der ed 
r  e re   der a a a n n t . ne  19 1) 

de r ed a ar a e t n ant eta r h  detr ta  
nent n a etr a  t d   the r at n. 

a ae rrent and ra n e data nd ate that r enan e 
area  a  t  the n rth e  and  19 ), and a ne  
et al 2 1) e ted that area   h h thr t enerated 
re e  t  the n rthea t  the a n r ed a n ant 

r e r the detr t . we er, ne  19 1) re rted a 
tr n  re erred r entat n  a ae rrent data t ward  

the we t r t  h  at n , w th the e e t n  the 
thwe t  the a n n rthea t trend), and thea t  
end , where there  a thea ter  trend. 

ate e n an t  ar n er   ha e een 
dent ed n the nt e and t ne h te n e  

and  19 ,  et al 19 9, 1991,  Tr we  er  
 199  n n  et al 199 a)  the e n de r a e 

n erte rate tra  tra e , ant  ar , tr n , 

te  and ea ) and r . h te dent ed the ant 
 Lepidodendron sp and Triphyllopteris austrina 

rr s. a n  st d es, rep rted n nes 19 1) r 
sa p es r  r , ran e n a e r  a en an t  
T rna s an, and he nterpreted the era  t e span  
dep s t n t  e a en an t  sean, w th the p ss t  

 an e tens n nt  the a r an. 
The nterpreted a e  ar n er s r the pper 

nt pse andst ne s ests that t s n er than 
the na  sta es  sed entat n n the ad a ent A ade s 

as n e n an ertn ara r p). we er, a nes et al 
2 1) s ested that the pa n a  a e r the pper 
rewer n erate  the ertn ara r p s r  the 

n rth entra  part  the A ade s as n, and n t r  the 
eastern part where ar n er s n  a es ha e een 
re rded r ad a ent ase ent  the Ar nta e n. 
There re, t s p ss e that dep s t n  the pper 

rewer n erate s nte p rane s w th the pper 
nt pse andst ne. The nt pse andst ne 

s n ded n the  e ase en e  ndsa  2 2).

The a a as n s a str t ra  re nant  the h re 
e tens e, p phase, e pr ter ear  a ae  

entra an per as n. It s essent a  a de r ed, 
as etr a , s n na  ntra rat n  depress n, w th a 
th er preser ed s ess n n the n rth. The n rthern 

ar n  the as n s ar ed  n rther  d pp n , w
an e thr st a ts and h h an e re erse a ts, whereas 
the s thern ar n, a th h d sr pted  p e  
a t n , s h ess de r ed and s an n n r a e 

nta t etween a th n se t n  ent  n rth d pp n  

Ngalia

NS

Arunta
thickest
sediments

localised
deformation

sediment
sourced from
thrust belt

foreland basin

flexural subsidence
due to sediment
loading

Yuendumu
Thrust

Waite
Creek

Thrust

ASO

Mid-Ordovician: sag phase 
sedimentation ceases; thickest 
sediments are in northern part 
of basin.
Thickest sediments resulted in 
insulating blanket, raising Moho 
temperatures and localising 
deformation at northern end 
of basin.

Deposition of Mount Eclipse 
Sandstone in foreland basin 
setting resulting in wedge-shaped 
sediment pile.

Model implies that early sediments 
would be dominated by reworked 
basin fill and later sediments 
would be dominantly sourced from 
basement.
Very large structures like 
Yuendumu and Waite Creek 
thrusts may have developed on 
older basement thrusts reactivated 
during ASO. 

Devonian–Carboniferous Alice 
Springs Orogeny (ASO): south 
directed thrusts; steeply and 
shallowly dipping thrusts in basins 
and thick-skinned thrusting in 
basement (reactivation of older 
structures, eg Redbank Thrust).

A11-326.ai

Treuer Range
Fault

. ep s t n  nt 
pse andst ne n re and as n 

sett n  a ter h d et al 2 12). 
a) d rd an. ) pr ress e 

sta es  e n an ar n er s 
A e pr n s r en .

a

b

c

d
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sed entar  r s and a n  r sta ne ase ent r s 
 the A er n r n e  the Ar nta e n e s and 

ss 19 , ). The western ar n  the 
as n s tr n ated  an erthr st, whereas the eastern 
as n ar n s p r  de ned w th a eneer  en  

sed ents er n  the a a as n s ess n, a th h 
t a s  appears t  e a t ntr ed. ep s t n n the 

as n was nterr pted nter ttent   re na  te t n  
e ents n the ate e pr ter , p ss  re ated t  
the 4  a eter ann r en , and d r n  the 

a ae , st  re ated t  the 4  a A e 
pr n s r en  ). The t p e per ds 
 press n and e tens n ha e res ted n p e  

str t r n  w th n the as n. e s and ss 19 ), haw 
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1994) and n  et al 199 a) pr ded deta s  the 
ar s te t n  e ents that pr d ed n n r t es 

and d astr ph s  w th n the as n s ess n. ne  the 
sed entar  r s  the a a as n has een re na  

eta rph sed.
Interpretat n  re na  aer a net , ra t  and 

se s  s r e s s est the presen e  western and 
eastern depress ns that nta n th  sed entar  se t ns 
that are separated  a n rther  trend n  ase ent ar h 

ps  2 1). re re ent , h d et al 2 12) ha e 
de e ped a  de   the ar h te t re  the as n 

ased n e st n  e ph s a  data, t r p e  and 
petr e  we s ). It sh ws a p e  
ar h te t re, w th the a r eat res e n  a entra  h h, 
a western s as n and an eastern s as n. The entra  
h h s t  n er s re erse a ts, an   wh h n  
a e t the h her a ers n the s ess n e  nt pse 

andst ne). The western s as n n t a  had tw  a n 
dep entres, ne re ated t  the end  Thr st and 
the ther re ated t  h h an e a ts that appear t  ha e 

een na t e d r n  the dep s t n  the nt pse 
andst ne. era  the western se t n  the as n r s 

a wed e shape wh h th ens ns dera  t wards the 
n rth and s deepest ar nd the n t n  the end  
and a te ree  thr sts. The eastern s as n s 
d nated  a er  d st n t east west str t ra  trend, 
and n des the dw d Tr h and sha wer tr hs 

that e a n  ts n rthern and s thern an s. er  ar e 
a ts a  r  the ar ns  the as n and ts s
as ns, and s a er a ts appear t  ntr  the nterna  

str t re  the as n. The ar er a ts a  ha e r ed 
n rea t ated ase ent str t res, and an  a ts 

appear t  ha e a p e  h st r  n d n  ear sta e 
n r a  a t n  d r n  e tens na  de r at n, wed 

 rea t at n as re erse a ts d r n  press n.

Faults and folds

a ae  te t n s  n and ar nd the a a as n s 
hara ter sed  tw  a r t pes  a ts: h h an e 

re erse a ts. and w de  spa ed, w an e thr st a ts 
haw 1994). High-angle reverse faults ten ha e ar e 

thr ws and ha e res ted r  press na  rea t at n 
 ear er n r a  a ts. st  these a ts t ase ent 

and d  n t appear t  e n ed  at deta h ent nes 
haw 1994). The r eat res are ns stent w th the 

nterpretat n  a th s nned te t n  st e. h
an e re erse thr st n  n the n rthern part  the 

a a as n t  p a e d r n  the atter part  the 
A e pr n s r en , when the end  and a te 

ree  thr sts were r ed ). These 
str t res d sp a ed ase ent r s s thwards er 

as n sed entar  r s, wh h de e ped steep d ps t  
ert rned eds. sp a e ents n e ess  1   are 
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. Te t n  e ents and strat raph  rre at ns n a a as n adapted r  e s and ss 19 ).
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.  de   a a as n a ter h d et al 2 12). Interpreted ase  a han pr n s art te n e w and ase ent 
de  draped w th rst ert a  der ate  ra t : th de s sh w sa e r ss e a  eat res: deep as n n the n rthwest  

e n ate tr h n east an ed  sha wer tr hs n e ther s de str n   trend t  str t re)  sha w re n w th p e  str t re 
n entre. ert a  s a e has een e a erated t  enhan e eat res.

e dent r  se s  data n s e str t res e s and 
ss 19 ). The end  and a te ree  thr sts are 

part  a ar e thr st p e  that n des w th a a r 
e ph s a  ndar , wh h s e dent n ra t  and 
a net  data. Th s thr st p e  was p ss  n t ated 

n the a ae pr ter  and ht a nt r d eren es 
n the e a  h st r  and e ph s a  hara ter  

the A er n r n e t  the n rth and the s th  the 
as n haw 1994). st  the strat raph  eat res 
 the as n  tr hs, ss  se t ns, n n r t es, 

re enated s r e areas  an e e p a ned  h h an e 
re erse a t n  er the e  the dep s t na  h st r  

 the as n. A h na  pt rn, ass ated w th a  
ert rn n   the s ess n at the n rthern ar n  

the as n, an a s  e e p a ned  h h an e re erse 
a t n  r n  part  an r ate an p e  d r n  

the pse ent haw 1994).
Low-angle thrust faults, ass ated w th r ate 

str t res and d n , r awa  r  the n rthern 
as n ar n near the ase  the s ess n. These are 

a s  ass ated w th the ater sta es  the A e pr n s 
r en  and are representat e  a th n s nned te t n  

st e. e s  data sh w that the str t res are a tated 
 s h r nta  de e ent s r a es w th n e ap r te 
nes n the Tre er e er near the ase  the a han 

pr n s art te haw 1994). The a s and a r  
ant nes are ds w th a   wa e en ths that a  

e re ated t  de e ents w th n the Tre er e er. 
a a es  s a  ds n the e er, n the Tre er 
an e n the n rthwestern as n ar n, are a s  pr a  
ntr ed  ntra r at na  deta h ent nes. 

?Petermann Orogeny (580–530 Ma)

n r te t n s  n the a a as n at the end  the 
e pr ter  pr d ed r ad pen d n  and n r 

a t n  that s e dent n se s  se t ns a ds n 199 , 
a ds n and e e an 199 ). Th s te t n s  s rre ated 

w th the eter ann r en , wh h a e ted the s ra e 
r n e and s thern A ade s as n,  these and ther 

w r ers e  haw 1994). Three phases  ear  de r at n 
are re n sed  the a han pr n s e ent, n a eena 

e ent and an nna ed e ent , e s 
and ss 19 , haw 1994). 

The Vaughan Springs Movement wed dep s t n  
the a han pr n s art te and a nts r the ens n  
er s n that str pped h  th s s ess n. e s and 

ss 19 ) ns dered that the e ent a  ha e een 
e tens na  and a  ha e res ted n the r at n  se era  
s a  h rst  and ra en e str t res n the s theastern 
part  the as n ewha en str t res). e e an and 

a ds n 199 ) a s  re arded the ewha en str t res as 
e pr ter . 

The Rinkabeena Movement was de ned  e s 
and ss 19 ) as pr s n  n r d erent a  p t 
a pan ed  er s n  parts  the e pr ter  

a a  s ess n. we er, s se ent  a red se s  
data s ests that s e str t res a s  r ed w th n the 
as n at th s t e a ds n and e e an 199 ). These 

str t res n de p e  h rst e eat res enerated  
de tra  shear n the entra s th  the as n, nterpreted 
t  e s ar n st e t  th se r ed d r n  the eter ann 

r en  n the s thern A ade s as n.
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An unnamed movement e s and ss 19 , haw 
1994) s e pressed  a s ht an ar n n r t  at 
the ase  the end  andst ne and a s   a s ht 

n n r t  w th n t. The ar s  at re nat re  
the end  andst ne a s  s ests the e er en e 

 a pr a  s r e re n at the t e  ts dep s t n. 
art ar str t res that a  e re ated t  th s r en  

e ent n de p e  h rst e str t res n the entra  
s th  the as n, a wer str t re n n  ase ent 
and a han pr n s art te that has een t ned  
se s  data, and d n   the a han pr n s art te 
and n a eena ha e at the est Tre er pr spe t,   
s thwest r  dr h e a s 1.

Early Palaeozoic tectonism

A er  n r e ent was a s  pr p sed  e s and ss 
19 ) t  a nt r the re a   part  the end  
andst ne r  the entra  part  the as n. The  na ed 

t the Yuendumu Movement, t ater w r ers e  haw 
1994) d d n t reta n the na e.

The Bloodwood Movement nter ened etween 
te t n s  rre ated w th the eter ann r en , and 
that ass ated w th the a n phases  de r at n  
the A e pr n s r en  e s and ss 19 , haw 
1994). It n ed d sp a e ent a n  the Tre er Thr st 
and a sed the p t and re a   a ar e part  the 

a r an s ess n. Th s e ent r h  rresp nds 
t  the t e  the a 14  a e a er an r en   
the Ade a de d e t, t d es n t appear t  ha e had a 
d re t rre at e n the nter en n  A ade s as n.

Alice Springs Orogeny (450–300 Ma)

The A e pr n s r en  was a n ed ntrap ate 
press na  e ent that a e ted ar e re ns  entra  

A stra a, part ar  the Ar nta e n and ad a ent 
as ns ns and Te ss er 19 9, a nes et al 2 1, see 

). The r en  de r ed the as n nt  ts 
present str t ra  n rat n and t r ht s n ant 
sed entat n n the a a as n t  an end. e the 
A ade s as n, the a a as n was ns dera  red ed 
n s e thr h thr st n . The r en  part ar  a e ted 

the n rthern ar n  the as n, where d n  and 
a t n   the s ess n was st ntense. In add t n t  

the de r at n  the n rthern an , where ase ent was 
thr st s thward er sed entar  r s, the sed entar  
s ess n n the entra  part  the as n nter r was 
de r ed nt  a p e  s ste   ds and a ts, pr a  
w th ass ated sa t te t n s. p t and er s n  the 
sed entar  r s t  the n rth and s th  the a a as n 
pr a  en ed e re, and nt n ed d r n  the 
dep s t n  the nt pse andst ne. A ter the A e 

pr n s r en , th  sed entar  nter a s er n  
the p ted ase ent t  the n rth and s th were re ed 
and ase ent was e p sed. A prehens e s ar   
the re at nsh p etween the A e pr n s r en  and 
s n r en  sed entat n n entra  A stra an as ns s 

en  a nes et al 2 1).
The A e pr n s r en  n ded the re na  

4 44  a ate rd an) d n an, e n an 

ertn ara rewer and ar n er s pse e ents. In the 
a a as n, the re a sed a a ara and err d  

e ents are pr a e rre at es  the d n an 
and ertn ara rewer e ents, at east n part. The err d  

e ent and pse ent were the st ntense  the 
A e pr n s r en  w th n the as n ). 

The Djagamara Movement res ted n p t, d n  
and er s n, part ar   the rd an s ess n and 
was st  n entrated n the west  the as n.

The Kerridy Movement n ed d n , re erse 
a t n  and t t n , a  n entrated n the n rtheastern 
ar n  the as n, and er s n. It res ted n the re a  
 h  the pre ate e n an s ess n, part ar  

n the s thern and eastern parts  the as n and s 
e pressed as an n n r t  at the ase  the nt 

pse andst ne. The at re, e dspath  nat re 
 the err d  andst ne nd ates that th s r at n 

was dep s ted d r n  the ear er phase s  e h at n 
ass ated w th th s e ent. The a n t de and e tent  
the err d  e ent s est that t rre ates w th ne 

 the ate e n an e ents  the A ade s as n  st 
e  the ertn ara ent, t p ss  the ater rewer 
ent haw 1992, a ds n and e e an 199 ). Its 

a e s p r  nstra ned, as there s n  d re t e den e 
r the a e  the pre ed n  err d  andst ne. we er, 

the s t p  re rd  the e h at n h st r   A er n 
r n e ase ent r  etween the A ade s and a a 
as ns s ests an a e   a r p t n the 

a a as n re n. The h h an e re erse h te nt 
a t was a t e at the t e  the err d  e ent, as 
s sh wn  er ap  the nt pse andst ne er 

th s str t re. er s n r ds a n  deta h ent 
nes n the err d  andst ne a  re ate t  the err d  

e ent.
Th  nes  p e  art  e n n , p t  tens 

 etres n , r n an  a ts n the n rthern 
part  the as n. a p es n de the h te nt a t 
and parts  the end  Thr st east  the a r  

an es ). The a ts appear t  ha e had a 
n  and p e  h st r , predat n  and e a  w th the 
e pr ter  nt reen r at n, t the a r t  
 the art  e ns are nterpreted t  e ass ated w th 

the err d  e ent. ar e es  s a present 
a n  the str t res s est that en r s a nts  

ds wed thr h the ra t res, p ss  der ed r  
the der sed entar  r  n ts  the as n. The pattern 

 a t n  s ests transpress na  te t n s . 
The Eclipse Event s we  e pressed as de r at n 

n the nt pse andst ne. arse asse e 
th es n th s r at n nd ate that the e ent 

pr a  e an w th ear  thr st n  that reated e er ent 
s r e areas. A t t  n the end  and a te ree  
thr sts res ted n Ar nta e n ase ent e n  thr st 
s thwards er a a as n sed entar  r s, w th 
ass ated d n  n the as n s ess n haw 1994). 
Th s d n  was a  ntense  the nt pse 

andst ne s ert a  t  ert rned n p a es at, r near 
the n rthern ar n  the as n, r e a p e near the 

r  ran  dep s t ). w an e thr st 
a ts, ass ated w th de e ent s r a es n the Tre er 

e er, are a s  ass ated w th the pse ent. 
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. a) e arth a e sh w n  nt pse andst ne n n r a  er n  a han pr n s art te near r  
ran  dep s t. b) eta   e   the area sh wn n a), w th a  ntense, as etr  d n  and n er s a ts pr d n  
ert a  t  ert rned edd n .

The a a as n s er  pr spe t e r ran  and h sts 
se era  n wn ran  dep s ts and pr spe ts. It s a s  
pr spe t e r anad  n ass at n w th ran , and 
has een e p red r ase eta s and petr e . n wn 

nera  rren es are sh wn n .

arts  th s se t n are s r ed r  a  and a wah 
2 ). The a a as n s ns dered t  e ne  

A stra a s st pr spe t e as ns r sandst ne h sted 
ran  nera sat n, en that t nta ns pr en 

reser es  ran  n th sandst ne t pe dep s ts and 
n near s r a e n entrat ns, and that the s rr nd n  
ase ent h sts ran r h ran tes as a s r e. In 19 , 

a pr spe t r w r n  r entra  a  nera s  
d s ered ran er s hae at te art  e ns at Rankins 
Reward, n the n rthern ar n  the as n. The d s er  
n t ated nterest n the sed entar  r s  the as n as 

p ss e tar ets r sandst ne h sted ran  dep s ts, 
ana s t  th se n wn n the n ted tates I ana  and 

par  19 ), and t was s e ted t  ntense e p rat n 
r ran  n the 19 s and ear  19 s, pr n pa   

A p ear A stra a) td, entra  a  nera s 
, ran ese s ha t A stra a t  td and A  

t  td. h  the e p rat n was arr ed t  a nt 
ent re perated  entra  a  nera s that n ded 
ran ese s ha t and A p, w th the A stra an At  
ner  ss n ta n  er e p rat n and assess ent 

n 19 . e te sens n , e he a  and e ph s a  
s r e s, and e tens e dr n  was nd ted d r n  the 
ne t ten ears. r nd pr spe t n  d r n  19 19  
d s ered arn t te n t r ps  the nt pse 

andst ne at se era  at ns a n  the n rthern a a 
as n. r n  d r n  th s per d de neated three s a  

dep s ts at r , a r  and ner a that, t ether, 
nta ned res r es  4  t  O . These and a number 

 ther sma  pr spe ts, m st  ated n the n rthern and 
eastern parts  the bas n, are des r bed be w. 

A se nd phase  uran um e p rat n n the bas n 
mmen ed n 2 , w th mu h  the w r  us n  n 

dr n  and res ur e de n t n at the r  dep s t. 
p rat n awa  r m the n wn pr spe ts has a s  been 

underta en, tar et n  m nera sat n w th n the unt 
pse andst ne and a s  w th n er n  en  

pa ae hanne s e  A han wan d s er , see 
). 

Bigrlyi

r  s ated n the entra  n rthern mar n  the a a 
as n ). ran um m nera sat n was rst 

d s ered n 19  b  entra  a  nera s , dur n  
r und rad metr  tra ers n . h rade m nera sat n 

was nterse ted n ur  e ht s ut dr h es at the s te. 
teen rad metr  an ma es were de ned er a str e 

en th  11 m, wh h were re ated t  sur a e r near
sur a e arn t te m nera sat n ). An ear  
res ur e    t at . 4  O , e u a ent t  2  t 

 nta ned O  was rep rted b  d er et al 199 ). 
es ur e dr n  at r  b  ner  eta s td s n e 

2  has ed t  the de n t n  nd ated and n erred 
res ur es  .  t at .1  O  and .11  2O , r a 
t ta   9  t O  and 9  t 2O , at a ut  rade  

 ppm ner  eta s td, A  ann un ement, 2  une 
2 11). st  the res ur es are w th n 2  m  the sur a e 
and are p tent a  a ess b e a pen ut m n n , and 
there s p tent a  t  n rease res ur es at depth and a n  
str e at a   the urrent res ur e areas.

The r  dep s t s h sted w th n u a  hanne  and 
dp a n p a a sandst ne dep s ts  the unt pse 

andst ne hm d et al 2 12). It s hara ter sed b  re at e  
h h rades and e e ent meta ur a  re er es, w th the 
uran um m nera sat n a mpan ed b  s n ant e e s 

 anad um. The dep s ts are h sted n steep  d pp n  t  
erturned beds n the wer part  the rmat n. d er 

0 2 km
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et al 199 ) n rma  subd ded the wer part  the 
unt pse andst ne at r  nt  e ht un ts A ) 

and ns dered that m st m nera sat n s h sted b  the 
basa  part  un t , wh h was ns dered t  d er r m 

the ther un ts b  the presen e  mm n t  abundant 
arb na e us matter, as we  as p r te. we er, deta ed 

stud es b  hm d et al 2 12) und n  e den e r 
arb na e us matter at r . A n  the str e en th  
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the an ma es at r , bedd n  d ps steep  s uth r s 
ertured t  the n rth ). 

nera sat n urs w th n tabu ar b d es that are 
r ented para e  t  bedd n . The pr mar  m nera sat n 
ns sts  uran n te and m ntr se te. n te has a s  

been re rded. arn t te urs n the weathered ne 
d wn t  2  m depth, and a s  urs d wn t  1  m depth at 
An ma  2, where t s the pr n pa  re m nera . ran n te 

urs as nd dua  ra ns, 1 mm a r ss, that mm n  
rm a re ates up t  1 m n d ameter. There s a str n  
rre at n between uran um and anad um, w th uran um 

n  urr n  n r h un ts hm d et al 2 12). 
hm d et al 2 12) nterpreted the m nera sat n 

at r  t  be ass ated w th u a  sandst nes w th 
abundant r n r h detr ta  asts n ud n  r s e te, 
hea  m nera s and b t te), and t  ha e urred pr r t  
arb nate ementat n and mpa t n. The  nterpreted 

that uran um was transp rted n r undwater and was 
pre p tated due t  ads rpt n dr en b  the sur a e e e ts 

 m as, and redu t n due t  r n r h m as and a ess r  
m nera s. anad um was s ur ed r m anad um bear n  
detr ta  m a r s e te) and was subse uent  pre p tated 
as m ntr se te. arb nate ementat n and mpa t n 
redu ed p r s t  and a ded n preser n  the pr mar  
uran um m nera sat n.

Walbiri

Walbiri s ated 2 m east s utheast  r  
) and was d s ered n 19 1 b  entra  

a  nera s td. arn t te was und n e p sures  
the unt pse andst ne er a str e en th   m. 

w up dr n  de ned wea  m nera sat n a n  12 m 
 str e n a strat raph  nter a  1  m th . A res ur e 
 42  19 t  re w th an a era e rade  .1  O  was 

de ned e s and ss 19 ).
n e ther pr spe ts n the a a as n, the bedd n  

at a b r  d ps ent  at ab ut 14  t  the s uthwest. 
nera sat n s h sted b  wh te t  p n  uart e dspar 

sandst ne and ar se. At depth, these rade t  a re
reen ur, and nta n m n r p r te and arb na e us 

matter.
The re ne p t hes at a w an e t  the s utheast, as 

a s nu us n rmab e ens, 4  m n , 11  m n a era e 
w dth and 2.1 m n a era e th ness. arn t te urs as 
need es and d ssem nat ns w th n and ar und ra tures, 
and s a s  und w th a  pe ets. t  uran n te urs 
n tw  ent u ar b d es, wh h are rre u ar  d spersed 

thr u h the h st sandst ne at depth, and at ne at n, 
urs w th n b a  sha e e s and ss 19 ).

Minerva/Malawiri

Minerva/Malawiri s a b nd dep s t that es 142 m east
s utheast  r  ). It was d s ered 
b  A p u ear Austra a) td, dur n  re nna ssan e 
dr n   the unt pse andst ne n 19 . eta ed 
dr n  dur n  19 19  de ned an a m st nt nu us 

ne  m nera sat n er a str e en th  2.  m, w th 
an apparent w dth   m. nera sat n was pen 
d wn d p and a n  str e. es ur es were est mated at 

.  t  re, w th an a era e rade  .1  O , and 
were ns dered at the t me t  be sube n m  A p 19 ).

nera sed, steep  s uth d pp n  t  erturned 
ar s  sandst ne and sha e, near the base  the unt 

pse andst ne, s n ea ed beneath  m  en  
sed mentar  r s. nera sat n s h sted b  arse t  
pebb  ar se beds, 1 4  m th , that are nterbedded 
w th th nner sha e bands er a t ta  strat raph  th ness 

 1  m. ran n te urs se t  a b undar  between 
haemat t  and redu ed re  t  wh te sandst ne.

nera sat n e tends r m ner a nt  the 
ne hb ur n  a aw r  pr spe t, d s ered b  entra  

a  nera s between 19  and 19 . ner  eta s 
td a u red 2   a aw r  n 2 . r n  nter epts 

at th s pr spe t n ude .  m at .  O  and 2.  m at 
.  O  nda ee 2 ). 

Other prospects

Dingos Rest n udes the Dingos Rest North and Dingos Rest 
South pr spe ts, wh h are 2.  m apart ). 

nera sat n at b th pr spe ts s se ndar  and s 
h sted b  med um  t  arse ra ned, wh te, ream 
and purp e, m tt ed ar s  unt pse andst ne. 

arn t te urs as d ssem nat ns, ra ture and p re 
n s, at n s n sand ra ns, rre u ar se re at ns 

and  m d ameter a ret ns. rades are d s nt nu us 
w th depth, and ma  be re ated t  ater t sat n, rather 
than t  pr mar  sandst ne h sted uran um m nera sat n 

e s and ss 19 ).
At Anungka, dr n  nterse ted wea  m nera sat n 

er an area  m n  b   m w de, h sted b  ar se and 
sha e that d ps  n rth. The best nterse t ns were  m at 
.1  O  and  m at .12  O  A p 19 ).  urther 

w r  appears t  ha e been arr ed ut n the pr spe t.
ma  am unts  arn t te, ass ated w th ar s  

and e dspath  sandst ne, ur at Sunberg and Coonega, 
at the same strat raph  e e  as r  e s and ss 
19 ). At Karins Anomaly, arn t te and uran n te ur 
n wh te t  re  med um  t  arse ra ned sandst ne, 

d pp n  1  s uth s uthwest. ran n te urs be w 
the weathered ne as ra n at n s, n n s  p re 
spa es, and as d ssem nat ns and b ebs. nera sat n 
s enera  pat h  and w rade e s and ss 19 ).

ran um m nera sat n was d s ered beneath a 
eneer  sand er at Camel Flat,  m s utheast  

r , n the 19 s.  dr n , mp eted n ate 2  
b  ner  eta s td, nterse ted 2.  m at .2  O , 
and th s was wed up b  dr n  n 2 1  that nterse ted 
2  m at .2  , n ud n   m at 1.   and .29  
V2O  ner  eta s td, A  Ann un ement, 14 O t ber 
2 1 ). nera sat n at ame  at s ar und 4 m n true 
w dth, d ps steep  t  the n rth, and s ass ated w th red  
b undar es n the unt pse andst ne.

Other pr spe ts n the bas n n ude 4 , t A an, 
m ths t,  and 2 , but n ne  these pr spe ts has 

been tested n deta . At CB-43, the best nterse t n was 1.1 m 
at .19  O , whereas at Mt Allan, 4 h es dr ed between 
19  and 19  en untered wea  m nera sat n n ur ar s  
un ts. At Smiths Gift, dr h es tar et n  ab e ba r und 
sur a e rad a t t  were aband ned be re the pr spe t had 
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been u  n est ated. At Y66, the best nterse t n was .  m 
at . 2  O , and at Y206, the best nterse t n was .  m at 
.12  O . e era  ther pr spe ts n the a a as n ha e 

been de ned e ther as sur a e rad metr  an ma es r r m 
wea  m nera sat n n re nna ssan e dr h es. esu ts 
r m these areas were enera  n t en ura n  and n ne has 

been u  n est ated.

On  m n r base meta s urren es ha e been re rded 
w th n a a as n sed mentar  r s ). ead 
as a ena n ass at n w th bar te) urs n the a b r  

st ne at the White Point pr spe t arren et al 19 4), 
but dr  test n   an I  an ma  at th s urren e a ed t  

nd an  s n ant sub sur a e m nera sat n. n r u has 
been re rded r m the Hills pr spe t, but th s m nera sat n 
has n t been re ated n subse uent s ts b  T  T  

O AT database). There has been n  s stemat  base meta s 
e p rat n n the a a as n r de ades, ma n  be ause 
the a a ab e r und s he d b  uran um e p rers. 

ma  sube n m  am unts  u r te ur n sma  
uart  e ns n the unt reen rmat n, ab ut 1.  m 

n rth  unt a amara e s et al 19 ).

The a a as n was nterm ttent  e p red r 
petr eum n the 19 s and 19 s, w th renewed a t t  
n the m d 199 s b  a e an etr eum Austra a 
td e s 19 , e s and ss 19 , uesta 19 9, 
e e man and a ds n 199 , ps  199 ). In 2 9, 

Tamb ran es ur es t  td app ed r petr eum 
e p rat n perm ts er a m st a   the bas n. Ab ut 
1  ne m  2  se sm  s a a ab e, but n  tw  
petr eum dr h es ha e been dr ed n the bas n 

), ne ther  wh h wed e n m  
h dr arb ns. a s 1 1 99 m) dr ed b  a e an 
n 19 1, ared as r se era  h urs when the we  was 

be n  n erted t  mud dr n  r b tt m h e r n . 
The s ur e  the as was n t n us e  dent ed 
b  dr stem test, but t was be e ed t  ha e me r m 
ra tures n r be w the unt pse andst ne 

aarda and u n ham 19 2). The stru ture tar eted 
b  a s 1 s n w n wn t  a  sure at depth. 

ewha en 1, dr ed b  a e an n 199 , sh wed tra e 
am unts  methane r m 12 4 1  m ps  199 ).  
s n ant ra ture p r s t  was en untered and the we  
was p u ed and aband ned at a t ta  depth  1 9  m. 

ren h et al 19 9) and the we  mp et n rep rt r 
a s 1 aarda and u n ham 19 2) des r bed an 

A O t  td red uran um e p rat n dr h e 
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AV 1 wh h was dr ed n 19  t  9 4.  m. It was 
s ted n the rest  a t p raph  and p ss b  stru tura ) 
eature a ed the a s me, ab ut 1.  m s uthwest 

 a s 1. A ter as n  was emented at  m, dr n  
pr b ems n ra tured rmat n were a mpan ed b  the 
es ape  d ss ed as r m the water at ab ut  m. The 

n  rmat n pen at the t me  the as w was the 
unt pse andst ne  thus, the as had t  be r m that 

rmat n aarda and u n ham 19 2, unster 2 9). 
The n  ther h dr arb n sh w rep rted r m the bas n 
was r m dr h e  apperb , where  s s  
n dr n  mud were rep rted dur n  r n   the unt 

reen rmat n uesta 19 9).

Source rocks

e t e s ur e r s ma  be present n b th the 
e pr ter  and a ae  su ess ns  the a a 
as n. In the e pr ter , the A b n a and aburu a 
rmat ns, and n abeena ha e are ns dered 

t  ha e s me s ur e r  p tent a  e s and ss 
19 , uesta 19 9, e e man and a ds n 199 ). 

tr mat t  d st ne, and et d b a  sha e  the 
A b n a rmat n s rre ated w th a s m ar su ess n 
n the tter pr n s rmat n  the Amadeus as n, 

wh h has a T ta  Or an  arb n TO ) ntent  up 
t  1.  and wh h has pr du ed  sh ws. we er t  
date, there has n t been a deta ed e hem a  stud   
the A b n a rmat n. The aburu a rmat n n udes 
an  m th  nter a   b a  sha e, ut r pp n  n the 
n rthern mar n  the bas n, wh h appears t  er 
e e ent s ur e p tent a  uesta 19 9). ha e r m res 
r m  apperb , wh h were ed as aburu a 

rmat n r n abeena ha e, were ns dered t  ha e 
ean t  a r s ur e r  p tent a  w th up t  1.2  TO  

and 221 ppm t ta  e tra tab e h dr arb ns a b  19 , 
e s and ss 19 ). The n abeena ha e nta ns 

re  t  b a , a are us sha e w th a ma mum re rded 
TO   . , and e e man and a ds n 199 ) 

ns dered t t  be a p st mature s ur e r as. The  
n uded that th s rmat n s a pr en s ur e r , 

based n the rep rted s ur e  as that was ared r m 
a s 1 be n  r m the n abeena ha e. we er, t s 
e  that the s ur e  th s as was the mu h sha wer 
unt pse andst ne unster 2 9), and the s ur e 

r  p tent a   the rmat n there re rema ns ar e  
untested. 

th n the wer a ae  su ess n, the a amara 
rmat n and a b r  st ne n ude p ss b e s ur e 

r s, n ud n  dar  re  s tst ne and a st ne.  
deta ed e hem a  stud   these rmat ns has been 
underta en, and the s ur e p tent a  s there re ar e  
un n wn e e man and a ds n 199 ). arb na e us 
sandst ne and sha e  the arb n er us unt pse 

andst ne a s  ha e s ur e r  p tent a , where the  ha e 
been bur ed su ent  deep en u h r the enerat n 

 h dr arb ns, m st e  as. th the as are 
r m a s 1 and a as sh w n  a 1 were e ther 

s ur ed r m th s rmat n, r were p ss b  m rated 
r m deeper n the sed mentar  se t n e e man and 
a ds n 199 , unster 2 9).

Reservoirs and seals

tent a  reser rs are present at a number  e e s w th n 
the a a as n su ess n, n ud n  the Vau han pr n s 

uart te, uendumu andst ne, a b r  st ne, 
dw d rmat n, a amara rmat n, err d  

andst ne and unt pse andst ne e s and 
ss 19 , enb w et al 19 , uesta 19 9, e e man 

and a ds n 199 ). eser r r s, where bser ed n 
ut r p and r m m ted subsur a e dr n , are enera  
 re at e  w p r s t  and permeab t  uesta 19 9, 
ps  2 1). we er, t sh u d be ta en nt  a unt 

that e p rat n we s are ew and are et t  penetrate the 
ent re bas n su ess n. e e man and a ds n 199 ) 

ns dered the best n ent na  reser r p tent a  t  be n 
the uendumu andst ne, w th the err d  andst ne and 

unt pse andst ne ha n  s me p tent a  a . 
eser r ua t  ma  be best n areas s uth  ma r 

thrust nes a n  the n rthern mar n, where te t n sm 
ma  ha e redu ed p r s t , and ra ture p r s t  m ht be 
s n ant n mpr n  reser r ua t  n parts  the 
su ess n that ha e e per en ed s at n, part u ar  
n the r ter  se t n uesta 19 9). 

st p tent a  reser r un ts w th n the bas n e ther 
under e e e t e sea n  strata r nta n ntra rmat na  
sea s uesta 19 9). The best p tent a  sea s are e  t  
be n the n abeena ha e, the a b r  st ne and 
n mpermeab e sha e and s tst ne  the dw d 

rmat n. The th  n abeena ha e sh u d pr de an 
e e t e sea  r h dr arb ns reser red n the Vau han 

pr n s uart te, whereas the a b r  st ne and 
dw d rmat n are p tent a  sea s r h dr arb ns 

reser red n the uendumu andst ne e e man and 
a ds n 199 ).

Thermal maturity

ur a  h st r  re nstru t ns and maturat n m de n  
nd ate that the ma n phase  h dr arb n maturat n 

w th n the bas n was pr bab  n dent w th the dep s t n 
 the unt pse andst ne uesta 19 9, e e man 

and a ds n 199 ), and that h dr arb ns m rated nt  
stru tures rmed subse uent  dur n  the pse ent. 

e pr ter  s ur e r s pr bab  entered the r pea   
enerat n phase pr r t , r dur n  dep s t n  th s un t. 

we er, pea  enerat n and m rat n ma  ha e been 
rea hed ear er, be re an  s n ant stru tures had rmed, 

 e therma  rad ents were re at e  h h. nt nued 
sed mentar  ad n  dur n  dep s t n  the unt pse 

andst ne ma  ha e pr ressed the maturat n pr ess 
t  the as enerat n sta e pr r t  the end  dep s t n 
w th n the bas n. ar  a ae  s ur e r s w u d ha e 
rema ned re at e  mmature  e therma  rad ents were 

w, but ma  ha e rea hed the  w nd w dur n  dep s t n 
 the unt pse andst ne  e therma  rad ents 

were re at e  h h. st p tent a  s ur e r s n the 
unt pse andst ne, e ept perhaps r th se at the 

base  the rmat n, pr bab  ne er rea hed a pea   
r as enerat n phase e e man and a ds n 199 ). 

de n  nd ates that n the deeper parts  the bas n, 
e pr ter  s ur e r s w u d pr bab  be ermature 
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r the preser at n   and there re, n  wet and n 
s me p a es, dr  as w u d be e pe ted. we er, ear  

a ae  s ur e r s are e  t  ha e rema ned w th n 
the  w nd w uesta 19 9). st n  data su est that 
the th est su ess ns  sed mentar  r s n the bas n 
m ht ur w th n the a b r  d ne n the n rth
entra  bas n area n r nt  the uendumu Thrust. ar  
a ae  s ur e r s n the dw d Tr u h n th s 

area ) ha e been bur ed t  er 4  m, the 
deepest the  ha e been bur ed an where n the bas n, and 
are e  t  ha e rea hed pea  h dr arb n enerat n 

nd t ns dur n  the A e pr n s Or en  ps  2 1). 

Prospectivity

The a a as n s enera  undere p red r 
h dr arb ns and ts petr eum p tent a  s ar e  
spe u at e. There are n  tw  petr eum we s, ew 
se sm  sur e s, and er  sparse e a  data a a ab e 
part u ar  n s ur e r s). we er, the ereen e
a m Va e  t  arw n as p pe ne r sses the eastern 

mar n  the bas n, enab n  e en sma  d s er es t  be 
mmer a  ab e. The a a as n s a stru tura  and 

dep s t na  ana  t  the  and as bear n  Amadeus 
as n t  the s uth, a th u h the sed mentar  su ess n 

s ess mp ete and s m re ndensed. r spe t e 
sed mentar  nter a s ur at a number  e e s r m the 

e pr ter  t  the arb n er us, but a th u h there 
s s me e den e r h dr arb n enerat n w th n the 

bas n see ab e), n  ab e petr eum s stems ha e et 
been dent ed. The ma n phase  h dr arb n m rat n 
w u d ha e m st e  been at the t me  dep s t n  
the unt pse andst ne. Th s un t was dep s ted 

n dent w th the pse ent  the A e pr n s 
Or en , wh h e e t e  a e the bas n ts present 
stru tura  n urat n, w th stru tur n  pr bab  

urr n  ear  en u h t  trap m rat n  h dr arb ns 
uesta 19 9). 

n eptua  m de n  and se sm  nterpretat n 
ha e de ned a number  as et untested h dr arb n 
pr spe ts n ant nes r stru tura  h hs e e man and 

a ds n 199 ), wh h appear t  be mm n w th n the 
bas n. umer us sur a e  and se sm de ned ant na  
eatures ur w th n the a b r  d ne n the n rth
entra  bas n area n r nt  the uendumu Thrust see 

, ). we er, add t na  se sm  w u d 
be re u red t  better de neate man   these pr r t  
dr n  uesta 19 9). ar e au ted ant na  stru tures 
ha e a s  been dent ed n th s area, ass ated w th the 

ewha en au t s ps  2 1 ewha en stru tures 
n ) . me  these eatures n ed w

s a e thrust au t n  and s me d sp a  au t ndependent 
sure. These stru tures ha e n t under ne the ntense 

de rmat n seen n the n rthern bas n mar n. 
ub thrust eatures beneath the a te ree  and a s 

thrust nappes n the n rthwestern part  the bas n see 
, ) present a m re ha en n  p a  

uesta 19 9). The western and n rthwestern bas n mar ns 
were ad a ent t  the deep depress n  the aburu a 
Tr u h pr r t  the pse ent ). tent a  
arb nate and ast  reser rs n the western mar ns  

the bas n ma  ha e been n a s tuat n t  attra t enerated 
h dr arb ns r m sed mentar  r s w th n the tr u h. 
The subse uent  ntr du ed nappe mp e  sh u d ha e 
pr ded the ne essar  sed ment ad t  mature under n  

a ae  p tent a  s ur e r s t  a enerat e phase. 
In p a es, basement r s ma  rm part  the erthrust 
sheet. Th s p a  t pe s n eptua  at th s sta e, but has 
been tested a n  the n rthern mar n  the Amadeus 

as n w th ut su ess t  date.
ear t  the s uthern bas n mar n, an  trap a n  

the n rther  d pp n  tan e  at rm w u d pr de a 
re at e  sha w dr n  tar et uesta 19 9). we er, 
n  sur a e ant nes ha e been dent ed a n  the 
p at rm t  date and there s urrent  n  se sm  era e. 
A a   strat raph  ntr  n th s area means that 
an  assessment  s ur e and reser r p tent a  w u d 
be pure  n e tura . There has a wa s been a n ern 
ab ut a ess b t  t  mature s ur e r s n th s area 
and the a   sh ws n ewha en 1 t  the n rth has 
n reased th s r s . ewha en 1 was dr ed n a ar e 

stru ture n the entra  s uthern part  the bas n, and d d 
n t penetrate an  s n ant s ur e r reser r nter a s, 
thus d wn rad n  th s part  the bas n. we er, th s 
dr h e tested a strat raph  su ess n mu h der 
than the pr du n  Ord an petr eum s stem n the 
Amadeus as n and ann t be seen as a de n t e test  
the a a as n ps  2 1).
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Murraba Basin

INTRODUCTION

Neoproterozoic rocks units exposed along the Northern 
Territory/Western Australia border in parts of THE 
GRANITES1, HIGHLAND ROCKS and LAKE MACKAY 
are included in the Murraba Basin (Figure 25.1). The 
succession (Table 25.1) is predominantly exposed in 
the Western Australian mapsheets of BILLILUNA, 
STANSMORE and LUCAS, and probably extends further 
west beneath the Canning Basin. It unconformably overlies 
Palaeoproterozoic metasediments and granites, or the 
Birrindudu Group of the Birrindudu Basin, and is overlain 
by Devonian sediments of the Lucas Outlier of the Canning 
Basin and at least in part by the early Cambrian Antrim 
Plateau Volcanics in THE GRANITES. The Murraba Basin 
is a remnant of the Neoproterozoic Centralian Superbasin 
(Walter et al ) and is lled predominantly with siliciclastic 
sediments of the Redcliff Pound Group and correlatives (Blake 
et al ). However, the apparent absence of thick evaporitic 
units or unequivocal glacial units in the Murraba Basin, which 
are found in other Centralian Superbasin remnants, make 
precise correlations uncertain. Much of the Murraba Basin is 
concealed beneath Cenozoic sediment.

NEOPROTEROZOIC

Redcliff Pound Group

The Redcliff Pound Group (LP  division of Ahmad ) 
is composed almost exclusively of siliciclastic sedimentary 
rocks and is probably greater than  m thick (Blake et al 

). The basal unit of the group is the Munyu Sandstone, 
which is inferred to be conformably overlain by the Murraba 
Formation, which, in turn, is conformably overlain by the 
Erica Sandstone. This succession probably correlates with a 
conformable stratigraphic package, comprising the Denison, 
Jawilga and Boee beds, in BILLILUNA in Western Australia 
(Blake et al , Blake et al ). Based on correlations 
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Hidden Basin beds

Boee beds / 
Erica Sandstone

Erica Sandstone Erica Sandstone Erica Sandstone*

Jawilga beds / 
Murraba Formation

Murraba Formation Murraba Formation Murraba Formation*

Denison beds / 
Lewis Range Sandstone

Munyu Sandstone / 
Muriel Range Sandstone / 
Lewis Range Sandstone

Munyu Sandstone Muriel Range Sandstone / 
Lewis Range Sandstone

Munyu Sandstone

Palaeoproterozoic

* Highland Rocks only.

Table 25.1. Stratigraphic succession of Murraba Basin in Western Australia and Northern Territory (after Blake et al , Vandenberg et al in press).

Current as of July 2010

1 Names of   mapsheets are shown in large capital letters 
eg THE GRANITES.



Murraba Basin 

with Neoproterozoic successions in the Amadeus and Ngalia 
basins, the Redcliff Pound Group is interpreted to represent 
the basal part of the early Cryogenian Centralian Superbasin 
Supersequence  (Walter et al ).

The Munyu Sandstone outcrops on the eastern ank 
of the Murraba Basin and is stratigraphically equivalent 
to the Muriel Range and Lewis Range sandstones in THE 
GRANITES, LUCAS and BILLILUNA (Table 25.1). It 
unconformably overlies metasediments of the Lander Rock 
Formation (Figure 25.2) and granite of the Grimwade 
Suite. The unit has an estimated total thickness of  m 
in STANSMORE (Blake et al ), but is probably less 
than  m thick in HIGHLAND ROCKS (Vandenberg 
et al in press). It is composed of medium to thickly bedded, 

ne to coarse quartz sandstone (Figure 25.3) with minor 
pebble conglomerate and rare thin beds of sublithic 
siltstone. The Munyu Sandstone represents an upward-

ning succession, deposited in a large-scale uvial 
setting. Interbedded non-fossiliferous limestone lenses 
near the top of the Munyu Sandstone in STANSMORE 
indicate, at least in part, a shallow-marine setting (Blake 
et al ). The age of the Munyu Sandstone is poorly 
constrained, but it is inferred to correlate with the Dean 
and Heavitree quartzites (Amadeus Basin) and Vaughan 
Springs Quartzite (Ngalia Basin).

The Muriel Range Sandstone is correlated with the 
Munyu Sandstone and outcrops in the southeast of the 
Tanami Region, mainly in THE GRANITES. It reaches 
a maximum thickness of about  m (Blake et al ) 
and unconformably overlies Palaeoproterozoic strata. This 
unit consists predominantly of sublithic arenite and quartz 
arenite, but also include minor siltstone, shale, arkose, 
conglomerate and breccia.

The Lewis Range Sandstone is also correlated with 
the Munyu Sandstone (Blake et al ) and outcrops 
in LUCAS and BILLILUNA. It unconformably overlies 
Palaeoproterozoic strata and consists of well sorted 

medium- to ne-grained quartz arenite, sublithic arenite, 
conglomerate and rare siltstone.

The Murraba Formation has a maximum thickness of 
 m in STANSMORE and is composed of conglomerate 

and sublithic and quartz sandstone, with rare mudstone 
and dolostone (Hodgson , Blake et al ). The 
most extensive exposures are in Western Australia, but 
some outcrops occur in the Sydney Margaret Range 
in HIGHLAND ROCKS. The Murraba Formation is 
interpreted to have been deposited in uvial to less common 
shallow-marine environments and at times was emergent 
(Vandenberg et al in press). The formation is inferred to be 
conformable above the Munyu and Lewis Range sandstones 
and is conformable beneath the Erica Sandstone.

The Erica Sandstone is the uppermost unit of the 
Redcliff Pound Group and has a maximum thickness of 

 m in Western Australia, where it is most extensively 
exposed (Blake et al ). In the Northern Territory, the 
Erica Sandstone occurs in western HIGHLAND ROCKS, 
but is only about  m thick (Vandenberg et al in press). 
The unit is predominantly composed of well sorted, 
medium to ne sublithic sandstone, with up to  clay 
matrix, and some glauconitic sandstone  (Hodgson , 
Blake et al ). The Erica Sandstone is interpreted as 
having been deposited under uvial to partly shallow-
marine conditions. It conformably overlies the Murraba 
Formation and may be conformable beneath the Hidden 
Basin beds, although the contact is faulted or concealed. 
The Erica Sandstone is unconformably overlain by the 
Devonian Lucas Formation and Pedestal beds of the 
Canning Basin. 

The Denison beds are con ned to the Denison Range in 
the southwest of the Birrindudu Basin, in BILLILUNA. This 
unit consists of predominantly of quartz arenite and appear 
to be unconformable on the underlying Pindar beds. The 
Denison beds are inferred to be overlain conformably by the 
Jawilga beds and probably correlate with the lithologically 
similar Lewis Range Sandstone (Blake et al ).

The Jawilga beds outcrop on both sides of a major 
anticline between the Baines Hills and Denison Range in 
BILLILUNA. This unit consists of conglomerate, ne- 
to medium-grained sublithic arenite and thinly bedded, 
chert granule conglomerate similar to the Murraba 

Figure 25.2. Basement–Munyu Sandstone unconformity. 
Basement, comprising intensely weathered, strongly foliated 
quartz-mica-feldspar schist of the Lander Rock Formation, 
pegmatite and quartz veins is unconformably overlain by Munyu 
Sandstone, comprising planar, thickly bedded (  cm) quartz 
sandstone and poorly sorted, vein quartz pebble conglomerate. 
Hammer (centre) positioned on unconformity ( K mE 

mN). Photo L Vandenberg (NTGS).

Figure 25.3. Munyu Sandstone. Peaked ripples in gently dipping, coarse 
quartz sandstone, ow direction (left to right) is towards the northwest 
( K mE mN). Photo L Vandenberg (NTGS). 



Murraba Basin

Formation, with which it probably correlates (Blake et al 
). The Jawilga beds are conformably overlain by the 

Boee beds.
The Boee beds outcrop as narrow strike ridges east of 

the Baines Hills in BILLILUNA. The main rock type is 
sublithic arenite similar to that of the probably correlative 
Erica Sandstone (Blake et al ). Conglomerate beds are 
also known from the reference area in the southwest part of 
their outcrop area. 

The Hidden Basin beds in STANSMORE and WEBB 
(WA) are up to  m thick and form parallel strike 
ridges, developed on resistant quartz arenite and sublithic 
arenite, and separated by sand plains. Some thinly bedded 
to laminated shale is also present. The Hidden Basin beds 
possibly conformably overlie the Erica Sandstone and form 
the top of the Murraba Basin succession.

MINERAL RESOURCES

The Murraba Basin area was rst prospected by Davidson s 
 expedition to the Granites and Tanami regions. 

Remoteness and sur cial cover have generally precluded 
mineral exploration and there is no record of any work in the 
NT portion of the Murraba Basin prior to . Since then, 
several companies have held tenure over the Murraba Basin, 
often in conjunction with work on the surrounding older rocks. 
Geophysical targets within, or beneath, the Murraba Basin 
were drill-tested (Rovira ). Limited empirical exploration 
for gold, uranium and base metals which relied on surface 
sampling failed to identify any economic mineralisation. 
Although the area is currently under application for mineral 
exploration, most of this interest relates to the uranium 
potential of the overlying Cenozoic sediments.
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Victoria Basin

INTRODUCTION

The Neoproterozoic Victoria Basin is exposed in the Victoria 
River area of the northwestern NT, where it unconformably 
overlies the Palaeo–Mesoproterozoic Birrindudu Basin 
(Figure 26.1). Previous workers (eg Blake et al 1975, Sweet 
1977) recognised the Birrindudu and overlying Victoria 
basins as being distinct depositional basins separated by 
an unconformity, but there was no consensus as to which 
of several unconformities within the overall succession 
marked the break. Dunster et al (2000) and Cutovinos et al 
(2002) used the unconformity at the base of the Wattie 

the basins by positioning the break at the unconformity 
between the Tijunna and Auvergne groups, so that only 
the Auvergne Group is assigned to the Victoria Basin. This 
is supported by the presence of detrital zircons within the 

underlying strata than with those of the Auvergne Group 

an area of >32 500 km2 within the NT, although its total 
extent under younger covering rocks is somewhat greater. 
It spans the Western Australian–Northern Territory border, 
but is much more widely distributed in the latter.

The Auvergne Group contains seven formations 
(Table 26.1) that were initially deposited in a northeast-
trending intracratonic sag basin in southwestern 
AUVERGNE1 and western WATERLOO (Figure 26.2). 
In ascending order, these are the Jasper Gorge Sandstone, 
Angalarri Siltstone, Saddle Creek Formation, Pinkerton 
Sandstone, Lloyd Creek Formation, Spencer Sandstone 
and Shoal Reach Formation. The succession attains a 
thickness of 950 m and forms most of the Pinkerton, 
Spencer, Yambarra and Newcastle Ranges. It is best 
exposed in AUVERGNE, but extends to all the adjacent 
NT mapsheets (Figure 26.1). The Victoria River Fault 
Zone limits its present northwestern distribution. In 
drillhole Bullo River-1 (Figure 26.2), the Auvergne Group 
directly overlies granite basement. This demonstrates that 
the Birrindudu Basin is not present beneath the Victoria 
Basin in the northwest. 

from the Auvergne Group, but it is believed to have 

Supersequence 1 of the Centralian A Superbasin (Walter 
et al 1995, see Centralian Superbasin), which includes the 
Amadeus, Ngalia, Murraba, Wolfe and Georgina basins in 
the Northern Territory. SHRIMP U-Pb dating of detrital 
zircons from the basal Jasper Gorge Sandstone have given 
a conservative maximum deposition age of 1322 ± 22 Ma, 
with two isolated younger grains at ca 1243 Ma and 
1171 Ma (Carson 2010). A poorly constrained Rb-Sr 
wholerock age of 838 ± 80 Ma has been obtained for the 
Angalarri Siltstone from the lower part of the Auvergne 
Group (Webb and Page 1977), and this is the best existing 

estimate of the age of the group. The minimum age of 
the succession is constrained by an inferred age of about 
635 Ma or younger for the Moonlight Valley Tillite of 
the overlying Wolfe Basin, based on correlations of this 
unit with the Olympic and Elatina formations from the 
Amadeus Basin and Adelaide Fold Belt, respectively 
(Grey and Corkeron 1998, see Centralian Superbasin).

The most current references for the Auvergne Group are 
Sweet et al (1974) and Dunster et al (2000) and the following 
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Victoria Basin

discussion is based on those works, with only minor 
amendments.

?MESOPROTEROZOIC–?LATE NEOPROTEROZOIC

Auvergne Group

The Jasper Gorge Sandstone is spectacularly exposed in 
Jasper Gorge in Gregory National Park in DELAMERE 
and as the escarpment above Timber Creek township 
in AUVERGNE, where mesas and ranges are scenic 
attractions (Figure 26.3). The formation is typically 
50 m to 70 m thick, but it ranges up to 130 m locally. It 
overlies the Timber Creek and Skull Creek Formations 
of the Birrindudu Basin with a low-angle unconformity. 
A 6 m-thick basal conglomerate is present 24 km 
southeast of Auvergne homestead, where the sandstone 
is 130 m thick. Around Timber Creek, the Jasper Gorge 
Sandstone contains decimetre-thick basal pebble 

AUVERGNE, the contact is less obviously erosional 
and the basal conglomerate is lacking; however, thin 
conglomerate beds are present at stratigraphically higher 
levels in the formation. Mud clasts, now weathered to 
moulds, are common throughout the lower portion of the 
formation. In thin section, the rock is an orthoquartzite. 
Up to 10% of the quartz grains were derived from 
volcanic or metamorphic sources within the surrounding 
Palaeoproterozoic orogens. This is consistent with a 
SHRIMP U-Pb detrital zircon study by Carson (2010), 
who reported that the sandstone contains almost 
no detritus older than ca 1800 Ma, a ubiquitous age 
population present in the underlying sedimentary rocks. 
Carson obtained a conservative maximum depositional 
age of 1332 ± 22 Ma for the Jasper Gorge Sandstone. The 
distribution and petrology of the unit indicate that it was 
deposited as a mature sand on a stable, broad continental 

platform. Sedimentary structures indicate a nearshore 
marine environment.

The Angalarri Siltstone is apparently conformable 
on the Jasper Gorge Sandstone and forms a 25 km-wide 
northeast-trending belt that underlies the Whirlwind Plain. 
It is generally very poorly exposed, but a complete section 
of 753 m was intersected in cored drillhole Bullo River-1 
(52K 567666mE 8275746mN, Figure 26.2). On a regional 
scale, the Angalarri Siltstone shows some lateral lithological 
variation. In DELAMERE, FERGUSSON RIVER and 
northeast AUVERGNE, it is almost entirely recessive and is 

more resistant siltstone and sandstone are exposed in the 
southwest. Smaller-scale lateral and vertical variations 
include dolomitic, glauconitic, pyritic and carbonaceous 
facies (Figure 26.4). Various ripple morphologies, including 
oscillation ripples, are common on exposed pavements. 
Overall, the Angalarri Siltstone is interpreted as a moderately 
deep-water shelf deposit, deposited mostly below fair-

Figure 26.3. Cliff-forming Jasper Gorge Sandstone caps the ranges 
looking north from the escarpment near the township of Timber 
Creek (AUVERGNE, 52K 656434mE 8269641mN). 

UNIT, THICKNESS LITHOLOGY DEPOSITIONAL  
ENVIRONMENT

STRATIGRAPHIC RELATIONS

Shoal Reach Formation
<100 m, thins to northeast

Quartzose and silty dolostone, 
dololutite, dolarenite, dolostone, 
sandstone, minor siltstone and shale

Conformable on Spencer Sandstone, 
gradational contact

Spencer Sandstone Quartz sandstone, silty sandstone, 
dolomitic sandstone

Shallow marine with periods of 
subaerial exposure

Conformable on Lloyd Creek 
Formation

Lloyd Creek Formation
Typically <90 m,  
up to 162 m locally

Dolostone (oolitic and microbial), 
quartzose and silty dolostone, 
dololutite, dolarenite, dolomitic 
siltstone, quartz sandstone

siliciclastic with wave action, 
storm deposits and brine-logging of 
sediment

Conformable on Pinkerton Sandstone

Pinkerton Sandstone

375 m locally

Silica cemented quartz sandstone, 
minor siltstone and mudstone

Marine transgression, rare periods of 
brine-logging

Conformable on Saddle Creek 
Formation

Saddle Creek Formation
Typically <160 m, 
>222 m locally,  
upper siltstone thins to northeast

Basal sandstone, upper siltstone 
and minor oolitic dolostone and 
dolarenite

Very shallow to emergent, high-
energy clastic phases with brine-
logging, ooid shoals, argillaceous 
phases are slightly deeper water

Regionally conformable on Angalarri 

locations

Angalarri Siltstone
>300 m in outcrop,  
753 m Bullo River 1

Siltstone and shale, minor 
dolostone and sandstone, more 
arenaceous in southwest

Relatively deep water, hummocky 

base

Conformable on Jasper Gorge 
Sandstone

Jasper Gorge Sandstone
 

up to 130 m locally

Silica cemented quartz sandstone, 
siltstone and basal conglomerate

Near-shore marine on broad platform Unconformable on Timber Creek 
and Skull Creek Formations (Bullita 
Group)

Table 26.1. Lithostratigraphic succession of the Auvergne Group in AUVERGNE.
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weather wave base, but at least partly above storm wave 

water ripple morphologies. Webb and Page (1977) obtained 
a Rb-Sr poorly constrained whole-rock age of 838 ± 80 Ma 
for this unit.

The Saddle Creek Formation appears to be regionally 
conformable on the Angalarri Siltstone, but locally, the 
contact can be erosional and an angular unconformity 
of about 10º has been documented in AUVERGNE 
( ). Its overall thickness is typically less than 
160 m, but a maximum of 222 m has been measured in 

AUVERGNE (Dunster et al 2000). The formation contains 
a basal sandstone usually less than 10 m thick, overlain 

sandstone, dolarenite and minor shale. An ooid grainstone 

of metres below the top of the formation. Sedimentary 
structures in the basal sandstone include cross-bedding, 

morphologies, mudcracks, synaeresis cracks in ripple 
swales, pseudomorphs and casts after halite, sole marks 
and current lineations. The Saddle Creek Formation was 
deposited in very shallow to emergent conditions, initially 
with intermittent high-energy clastic phases and brine-
logging of the sediment. The siltstone represents slightly 
deeper, stable conditions and the oolitic dolostone was 
probably deposited in higher energy shoals.

The Pinkerton Sandstone conformably overlies the 
Saddle Creek Formation and forms a resistant capping on the 
main escarpments and dissected plateaux of the Pinkerton 
and Yambarra ranges. It also outcrops in Spencer Range and 
forms a prominent hogback ridge along the southeastern 
side of the Victoria River Fault Zone. A basal medium-

sandstone and siltstone up to 30 m thick that contains 

pavements (Figure 26.6

exposed. Dolomitic phases, and rare cm-scale cubic casts 
after halite, which are associated with various ripple 
morphologies, are also present. The Pinkerton Sandstone 

The Pinkerton Sandstone probably represents a marine 
transgression with high-energy nearshore conditions and 
more terrigenous clastic input than the formations above or 
below.

Sparse outcrops of the Lloyd Creek Formation are 
characterised by oolitic (Figure 26.7) and stromatolitic 

present in the carbonate rocks. Subordinate lithologies 
include laminated dolostone, dolomitic siltstone and 
imbricated plate breccia. Recessive intervals may be of 

A09-244.ai

. Probable unconformable contact (shown) between 
Angalarri Siltstone (below) and Saddle Creek Formation (AUVERGNE, 
52K 570730mE 8253670mN, after Dunster et al 

Figure 26.4. Angalarri Siltstone (after Perring and Jones 1991). (a) 
Grey-green siltstone underlying darker carbonaceous shale. Cliff is 
about 10 m high. (b) Limonite, probably after pyrite, occurring as 
thin laminae in Angalarri Siltstone in Koolendong Valley. 

b

a
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dolomitic shale. Pseudomorphs of swallow-tail gypsum 
twins, and casts of pagoda halite and of halite hoppers up 
to 4 cm across indicate an evaporitic overprint. Pinolitic 
prisms of ferroan carbonate are interpreted as a diagenetic 

pseudomorphs of primary evaporite. The formation is 
conformable on Pinkerton Sandstone and is typically less 
than 90 m thick, but ranges up to 162 m. A shallow-marine 
mixed carbonate/siliciclastic environment of deposition, 
characterised by wave action and occasional brine-logging 
of the sediment, is postulated. Imbricated plate breccias are 
interpreted as storm deposits.

The Spencer Sandstone is conformable on the Lloyd 
Creek Formation and typically ranges between 140 m 
and 165 m in thickness. In most areas, the basal Spencer 

sandstone up to 15 m thick. It contains abundant small-
scale cross-lamination and ripple marks. Moulds after mud 

sandstone and friable quartzose siltstone. Mudcracks, ripple 
marks, cross-beds and thin pebble lags are common. The 
uppermost Spencer Sandstone is typically dolomitic. Halite 
casts and pseudomorphs up to several centimetres across 
occur in swales between ripples. The Spencer Sandstone 
was probably deposited in a shallow-marine environment 
with periods of subaerial exposure.

The Shoal Reach Formation conformably overlies the 
Spencer Sandstone and the contact is gradational. The 
formation is poorly exposed, apart from low benches and 
ground-level outcrops of quartzose and silty dolostone, 
dololutite, dolarenite, siltstone and sandstone, and 
intraformational conglomerate in places. It is probably 
between 70 m and 100 m thick over most of its distribution, 
but thins to the northeast. The Shoal Reach Formation was 
deposited on a mixed carbonate-siliciclastic marine shelf. 

ripple marks and graded beds indicates a shallow protected 
environment above fair-weather wave base.

STRUCTURE, METAMORPHISM AND IGNEOUS 
ACTIVITY

The rocks of the Victoria Basin are unmetamorphosed and 

is no known evidence of igneous activity. In contrast to 
the underlying Birrindudu Basin, there is little evidence 
of syndepositional fault activity or uplift during the 
Victoria Basin’s depositional history, other than possible 
differential uplift prior to the deposition of the Saddle 
Creek Formation. However, subsequent locally intense 
deformation is associated with major faults. The greatest 
fault movements probably occurred prior to the Cambrian, 
but some reactivation postdates the early Cambrian Antrim 
Plateau Volcanics. 

The Victoria River Fault Zone (Figure 26.2) is a 1 km-
wide belt of intense deformation affecting the Auvergne 
Group. There were several periods of movement in the 
fault zone and it includes a major strike-slip component. 
Sweet (1977) and Slade (1987) interpreted the present 

south compression. A major left-lateral component was 
also inferred. This is consistent with a continuation of the 
Victoria River Fault Zone into the Halls Creek Fault to the 
south, as interpreted by Thorne and Tyler (1996). However, 
a right-lateral sense is more consistent with a possible 
extension of the Victoria River Fault Zone into the Giants 
Reef Fault to the north. Rocks within the Victoria River 
Fault Zone are steeply dipping and overturned by up to 
75° from vertical. Shear zones that are tens of metres wide 
indicate both near-vertical and strike-slip components to the 
latest fault movements. Conspicuous quartz blows occur in 
dilational zones, and areas of isoclinal folding are present. 

Figure 26.6. Ripples in Pinkerton Sandstone in Pinkerton Range 
(AUVERGNE, 52K 569700mE  8256100mN, after Dunster et al 

Figure 26.7
(AUVERGNE, 52K 569700mE 8256100mN, after Dunster 1998). 
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Several major faults parallel to the Victoria River Fault Zone 
offset the Auvergne Group to varying extents. An unnamed 
fault parallels the Newcastle Range and is conspicuous on 
air-photos, where it can be traced over 50 km, but there is 
little apparent vertical displacement. 

The Pinkerton Range and Spencer Range faults are 
parallel, separated by 7 km, and extend discontinuously 
southwest for over 100 km from the Victoria River into 
WATERLOO. There appears to be varying vertical 
displacements associated with their component faults. 
The maximum offset on the Pinkerton Range Fault is 
along Lloyds Creek where the Pinkerton and Spencer 
sandstones are juxtaposed. This indicates an apparent 
vertical displacement of 120 m. The Spencer Range Fault 
has a maximum throw of 500 m and there is a narrow band 
of intense deformation on its northwest side. This fault 
has been interpreted as either a steeply dipping normal 
fault with two episodes of movement and collapse on the 
northwestern side, or as a low-angle reverse fault (Sweet 
1977). The north side of the Spencer Range Fault has a 

River Fault Zone and they probably share a common 
history. 

Northeast trending faults are cut by numerous shorter 
orthogonal faults. These are nearly vertical and are 
generally downthrown to the southwest by less than 200 m 
(Sweet et al 1974). Some appear to have a similar lateral 
displacement. A series of northeast-trending anticlines and 
synclines, and relatively more intense faults occur in the 
area surrounding the junction of the Victoria River Fault 
Zone and Halls Creek Fault. Synclines and anticlines, tens 
of kilometres long, are developed along the southeastern 
side of the Victoria River Fault Zone. Examples at Paperbark 
Creek and west of Koolendong Valley are associated with 
bends in the fault zone. An area east of Koolendong Valley 
contains several broad synclines and anticlines, and a basin-
shaped syncline, 15 km across, is present in the southeast of 
AUVERGNE.

MINERAL RESOURCES

Base metals

Carbonate and shale units of the Auvergne Group are 
prospective for base metals. The earliest mineral exploration 
in the basin related to conceptual targeting for stratiform 
copper and this theme was revisited when a BHP Minerals 
Pty Ltd–Carnegie Minerals NL joint venture investigated 
the potential for sediment-hosted copper mineralisation in 
the Auvergne Group along the Victoria River Fault Zone, 
using semi-detailed stream sediment sampling (Stephens 
1997). The Angalarri Siltstone is known to contain pyritic 
shale units and may be prospective for stratiform sediment-
hosted base metals mineralisation, but exploration to date 
has been unsuccessful. This unit has not been explored 
systematically, because so much of it is under cover. As part 
of an exploration program for diamonds and base metals, 
BHP drilled six shallow (6–60 m) percussion holes in the 
Angalarri Siltstone on Whirlwind Plain (Taylor 1981). 
Although the holes were targeted on magnetic anomalies, 

Petroleum

The Proterozoic rocks in and around AUVERGNE were 

Laing and Allen (1956) and Laing (1982), who followed 
up 1890s reports of bitumen in water wells and petroleum 
seeps in the Spencer Range. The Angalarri Siltstone was 
believed to be the source of a water sample from a spring 
near the Bullo River access road that contained 2.3 ppm 
of hydrocarbons (Laing and Webby 1982). A fully-cored 
970 m petroleum well, Bullo River-1, was drilled by 
Queensland Petroleum during 1984. It intersected the 
Auvergne Group, from the Saddle Creek Formation to the 
Jasper Gorge Sandstone, and was terminated in granite 
basement. No shows were reported and there has been no 
further exploration since then.

Uranium

The Auvergne Group in the Spencer and Pinkerton ranges 
was explored for uranium by Broken Hill Proprietary Co Ltd 
in the late 1960s. Scintillometer and magnetometer surveys 

1970 (Gunn 1970). This area was again under exploration 
licence by several companies in the mid 2000s uranium 
boom, but little work was undertaken. 

Diamonds

Early exploration for diamonds in the Victoria Basin was 
focused in the vicinity of the Victoria River Fault Zone 
(Geopeko Ltd) and Pinkerton Ranges (BHP, Aberfoyle 
Resources Ltd). More regional programs were undertaken 
by Ashton Mining NL and Stockdale Prospecting Ltd. 
Collectively, these surveys provided at least reconnaissance 
stream sediment coverage over most of the Victoria Basin. 
However, later work focused on the older Birrindudu Basin 
after the discovery of the Timber Creek kimberlite pipes.

Industrial minerals

Pods and veins of barite occur in the Angalarri Siltstone 
and Saddle Creek Formation. Barite veins up to 30 cm 
wide have been reported in the Angalarri Siltstone in the 
southern Koolendong Valley (Perring and Jones 1991). A 
lens of barite 6 m long and 2 m wide occurs as part of a 
fault blow near the highway 1.5 km northwest of Saddle 
Creek (Pontifex and Sweet 1972). This, and other nearby 
occurrences have been mapped, costeaned, drilled and 
sampled (Willis and Newton 1975), but no commercial 
exploitation has been reported.
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INTRODUCTION

The Wolfe Basin records the deposition of several thousand 
etres of eoprotero oic lacial and uvio lacial sedi ents  

It has also been referred to as the Wolfe Creek Basin (Shaw 
et al 1994, Sheppard et al 1999 and Dunster et al 2  The 
shorter form of the name follows Grey and Blake (1999) and 
Blake et al (2 )  The basin spans the Western ustralian
Northern Territory border and is more widely distributed in 
the former (Figure 27.1)  In the NT, it is mostly con ned 
to GN 1, where it contains the Duerdin Group 
(Figure 27.2, Table 27.1)  In the ad acent area of Western 

ustralia, the Wolfe Basin contains the uby lains, Duerdin 
and lbert dward roups (Blake et al 2 )  

The lithostratigraphic succession of the basin and 
regional correlations remain problematic, because of poor 
outcrop, lateral equivalence and/or the lenticular nature of 
some units and historically different mapping across the 
W /NT border  The original depositional margins of the 
Wolfe Basin have been mostly eroded, but small isolated 
outcrops are commonly preserved in present gorges or 
creek channels and the full extent of preserved Wolfe Basin 
sedimentary rocks is almost certainly underestimated  In the 
Northern Territory, the Wolfe Basin unconformably overlies 
sedimentary rocks of the ictoria Basin and older rocks  It is 
overlain by basalts and sedimentary rocks of the alkarind i 

rovince and by Cretaceous sedimentary rocks of the 
onshore Carpentaria Basin (formerly Dunmarra Basin)

NEOPROTEROZOIC

Duerdin Group

The Duerdin Group contains the latina (formerly 
Marinoan) glacial succession that is common to the 
Centralian  Superbasin and is part of Supersequence  
of Walter et al (1995; see Centralian Superbasin)  s 
originally de ned by Dow and Gemuts (19 9) and Sweet 
et al (1974a), the Duerdin Group comprised ve formations; 
these are the Skinner Sandstone, Fargoo Tillite, Blackfellow 
Creek Sandstone, Moonlight alley Tillite and anford 
Formation  Dunster et al (2000) also included the previously 
unassigned Bullo iver Sandstone and Big nob beds in 
the group, because they are believed to disconformably or 
unconformably overlie the uvergne Group of the ictoria 
Basin and they have sedimentological af nities with the 
Duerdin Group  ther previously assigned units, including 
the niya Formation and undifferentiated diamictite in 

IMB N , are included herein; these greatly extend the 
preserved distribution of the Wolfe Basin in the Northern 
Territory (Figure 27.2)  Sweet et al (1974a), Dundas et al 
(19 7), dgoose et al (1989) and Dunster et al (2000) are 
the de nitive references for the Wolfe Basin in the Northern 
Territory and form the basis for the following discussion

The Bullo River Sandstone occupies 20 km2 of 
inaccessible country in central and southwestern 

GN  and is not known from outside this area  It is 
probably in excess of 00 m thick  The Bullo iver Sandstone 
overlies the Shoal each Formation ( uvergne Group) with 
a disconformity or low angle unconformity  owever, 
one possible exception is an apparent transitional contact 
described by Sweet et al (1974a)  Sweet (1977) interpreted 
these relationships as indicative of synsedimentary uplift 
in the southwest  The Bullo iver Sandstone is typically 
cross bedded and quart ic  It is poorly sorted with a red
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brown to maroon colour caused by disseminated haematite 
in the matrix/cement  

The Black Point Sandstone Member occurs at the base 
of the Bullo iver Sandstone  It was differentiated from 
the rest of Bullo iver Sandstone during mapping in the 
1970s, because it has a distinct photo pattern  It is also 
distinctively feldspathic, with up to 10% microcline and 
perthite, and tends to be less ferruginous than the remainder 
of the formation (Sweet et al 1974a)  The member contains 
lenses of pebble conglomerate and rare cobbles, and ranges 
from 45 m to 70 m thick  The Bullo iver Sandstone and 
Black oint Sandstone Member probably contain both 
marine and uvial facies  Detrital ircons from the Black 

oint Sandstone Member indicate a maximum depositional 
age of 1018  1  Ma (Carson 2010)

The Skinner Sandstone unconformably overlies several 
formations in the uvergne Group, including the ngalarri 
Siltstone and Saddle Creek Formation near Skinner 

oint  It is exposed in three elongate northeast trending 
ridges in GN  and is also exposed in cliff faces in 
W T  The Skinner Sandstone varies considerably in 
thickness, ranging up to 0 m in GN  and thinning 
to the southwest  It is absent at the southern end of Skinner 

oint, but is 100 m thick 7 km to the south in W T  
 basal diamictite, consisting of polymictic boulders, cobbles 

and pebbles in green shale, is present in a number of outcrops  
bove the diamictite, the bulk of the formation is a medium

grained cross bedded dolomitic sandstone containing lenses 
of conglomerate  Sweet et al (1974a) reported palaeocurrent 
directions from the north and northeast  The northern ridge of 
the Skinner Sandstone and the mesas immediately northeast 
of Skinner oint are mostly of conglomerate and overlying 
pebbly quart  sandstone  Where the base is exposed, there 
is no diamictite and the lower units of the Skinner Sandstone 
lack discernible bedding (Sweet et al 1974a)  The Skinner 
Sandstone was deposited on a land surface with a palaeo
topographic relief in excess of 120 m  inearity of outcrop 
is evidence for uvio glacial deposition in glacially incised 
valleys ( ontifex and Sweet 1972, see Figure 27.2)  These 
valleys parallel the direction of ice movement as determined 
for other tillites in the Duerdin Group, and palaeocurrents 
as determined from uvial sandstones  The basal diamictite 
in the Skinner Sandstone may be a lateral equivalent to the 
Moonlight alley or Fargoo Tillite

The Fargoo Tillite occurs extensively in Western 
ustralia, where it is exposed on the eastern side of the 
alls Creek Fault  In the Northern Territory, it is exposed in 

the Skinner oint mesa (Figure 27.3) and further exposures 
occur in southern GN  extending into northwestern 
W T  The tillite conformably overlies the Skinner 
Sandstone and may be in part laterally equivalent to it  It is 
over 100 m thick, and is characterised by a predominance of 
dolostone boulders, some of which are stromatolitic  Sweet 
(1977) noted that many of the boulders have a foetid odour 
when broken  The Fargoo Tillite is interpreted as a true 
glacial deposit, with only minor reworking by meltwater 
(Sweet et al 1974a)  

The Blackfellow Creek Sandstone is exposed in the Skinner 
oint mesa, where Sweet et al (1974a) measured a minimum 

thickness of 2 m and recognised a low angle unconformity 
on the underlying Fargoo Tillite  The Blackfellow Creek 
Sandstone also directly overlies the Skinner Sandstone 
where the Fargoo Tillite is absent  The Blackfellow Creek 
Sandstone is massive to thinly bedded, medium grained and 
quart ic, and contains abundant sole marks and ripples  It 
is interpreted as a uvial unit derived from glacial debris  
The stratigraphic af nity, if any, with possible correlative 
sandstones in Western ustralia is unknown

The Moonlight Valley Tillite is poorly exposed in the 
Northern Territory but can be recognised by the presence 
of abundant erratics scattered on the residual weathering 
surface  It is dif cult to measure thickness, but it is estimated 
at about 280 m in ISS D  in Western ustralia  rratics 
consist of attened, subrounded, striated, gouged and chatter
marked cobbles and boulders  The most common dropstones 
are orthoquart ite, sandstone, meta siltstone, schist ( alls 
Creek Group), volcanic rocks, granite and dolostone  Clast 
counts have been reported by Sweet (1977)  The Moonlight 

alley Tillite unconformably overlies the uvergne Group 
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and other older rocks and it may be a partial lateral equivalent 
of the Bucket Spring Member of the anford Formation 
(Sweet et al 1974a)   striated glacial pavement of sandstone 
in the Saddle Creek Formation, 1  km north of Beasly nob, 
has striations trending 200º (Sweet et al 1974a)  These 
striations are attributed to grounded ice that also deposited 
the Moonlight alley Tillite, but it is not possible to determine 
if the direction of ice movement was southwest or northeast  
The former is consistent with directions measured elsewhere 
by Corkerson (2008)  t least 1 0 m of tillite is preserved as a 
palaeo valley in ll near the southern end of the Spencer ange 
Fault, but this is almost certainly a minimum  The tillite is 
regarded as representing a true continental ice sheet deposit  
Sweet (1977) reported a distinctive laminated dolostone 
capping to this unit in W T  Such dolostone was 
also mapped in GN , in close proximity to glacial 
striae  This thin (20 cm), pink dolostone with 1  mm 
laminae is characteristic of "carbonate caps" that have been 
observed overlying Neoproterozoic glacial successions 

Unit, thickness Lithology Depositional environment Stratigraphic relations

Big Knob beds
>20 m

Quartzic and lithic sandstone, 
polyrnictic conglomerate

ossibly kames and eskers robably unconformable on Shoal each 
Formation and Spencer Sandstone 
( uvergne Group)

Ranford Formation

Ernie Lagoon Member
<10 m

Medium grained sandstone, 
conglomerate

Fluvio glacial Conformable on Beasly Knob Member

Beasly Knob Member
>1 0 m 

Medium grained sandstone, 
conglomerate

Fluvio glacial Conformable on and gradational to Bucket 
Spring Member; conformably overlies 
Moonlight alley Tillite; unconformably 
onlaps Saddle Creek Formation

Bucket Spring Member 
<55 m 

Siltstone, ne grained sandstone Fluvial or marine glacial resumed to be conformable on Bullo 
iver Sandstone; partial lateral equivalent 

of Moonlight alley Tillite

Jarrad Sandstone Member 
>50 m

Ferruginous sandstone ossibly uvio glacial resumed to be conformable on Moonlight 
alley Tillite

Moonlight Valley Tillite 
>280 m in ISS D  (W )

Diamictite, dolostone Glacial nconformably overlies uvergne Group 
and older rocks

Uniya Formation
Typically 0 80 m, 1 7 m in 
drillhole NTGS 8 /1 (WINGATE 
MOUNTAINS)

olymictic conglomerate or 
diamictite, subordinate interbedded 
sandstone, varved carbonate/
siltstone

Glacial and uvio glacial, 
glaciolacustrine

nconformably overlies Soldiers Creek 
Granite, Stray Creek Sandstone, inde 
Dolostone, Saddle Creek Formation 
and ngalarri Siltstone; overlain by the 

ntrim lateau olcanics and Cretaceous 
sedimentary rocks

Blackfellow Creek Sandstone
 > 0 m

Medium grained sandstone Fluvial, sourced from glacial 
sediments

ow angle unconformity on Fargoo Tillite

Fargoo Tillite
>100 m

Diamictite Glacial Conformable on Skinner Sandstone

Skinner Sandstone 
ighly variable thickness, 0  0 m 

in GN , thicker in palaeo
valleys elsewhere

Basal diamictite, dolomitic 
sandstone, conglomerate

Glacial at base, upper uvio
glacial

nconformable on uvergne Group

Bullo River Sandstone 
> 20 m 

Quartz sandstone, conglomerate Not determined, possibly 
uvial

Mostly dis/unconformable on Shoal each 
Formation ( uvergne Group), gradational 
at one location

Black Point Sandstone Member 
45  70 m 

Feldspathic and quartz sandstone, 
minor conglomerate

Not determined, possibly 
uvial

1018  1  Ma maximum deposition age 
(Carson 2010)

Table 27.1  ithostratigraphic succession of the Wolfe Basin

Figure 27.3  Fargoo Tillite at base of cliff face on east slope of Mount 
Skinner ( GN , PINKERTON, precise location unknown)
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worldwide (Knoll et al 199 )  In a study of similar tillites in 
the Kimberley area to the west, Grey and Corkeron (1998) 
correlated the Fargoo and Moonlight alley tillites with the 

lympic and latina formations from the madeus Basin and 
delaide Fold Belt, respectively, suggesting an age of 5 Ma 

or younger for the Moonlight alley Tillite, depending on the 
age of the latina glaciation (see Centralian Superbasin)

The Ranford Formation is widespread in Western 
ustralia, where it ranges up to 00 m thick  It is more 

restricted and thinner in the Northern Territory, where it 
contains four members: the Jarrad Sandstone Member, 
Bucket Spring Member, Beasly Knob Member and rnie 

agoon Member
The Jarrad Sandstone Member occurs at the unction 

of GN  and W T  and extends across the 
West ustralian border  The sandstone is in excess of 50 m 
thick in the Northern Territory, but exceeds 100 m in Western 

ustralia where it contains a basal cobble conglomerate  Some 
of the cobbles of this conglomerate have glacial striations and 
chatter marks  utcrop is highly ferruginous in the Northern 
Territory, but is more dolomitic in Western ustralia  

alaeocurrents were from a generally northerly quadrant  
The Jarrad Sandstone Member may be a delta fan ( lumb 
199 ) and was probably deposited contemporaneously with 
other members of the anford Formation

The 55 m thick Bucket Spring Member overlies the 
Bullo iver Sandstone with presumed conformity and 
may be a partial lateral equivalent of the Moonlight alley 
Tillite  The Bucket Spring Member comprises interbedded 
siltstone and ne grained micaceous sandstone  arious 
ripple forms (Figure 27.4) are abundant at the top  

The Beasly Knob Member conformably overlies the 
Moonlight alley Tillite and unconformably onlaps the 
Saddle Creek Formation  Dunster et al (2000) showed that 
it is conformable on, and gradational to the Bucket Spring 
Member  The Beasly Knob Member is both laterally and 
vertically variable from medium grained sandstone and pebble 
conglomerate to siltstone  Sandstone dominates exposures and 
ranges from quartzic to feldspathic and ferruginous  arge
scale cross beds (Figure 27.5) are locally common  Sweet 
et al (1974a) suggested that the basal Beasly Knob Member 
may be equivalent to the Jarrad Sandstone Member

The Ernie Lagoon Member conformably overlies the 
Beasly Knob Member and has a more restricted distribution  
The most common lithology is medium grained sandstone; 
subordinate conglomerate occurs as interbeds and lenses  ess 
than 10 m thickness is preserved in the Northern Territory

The informally named Big Knob beds outcrop as 
clusters of knolls and short whaleback ridges up to 20 m 
high with near vertical relief (Figure 27.6)  Sweet et al 
(1974a) mapped at least 1 0 separate knobby exposures in 
three regional clusters to the southwest of inkerton ange  
The Big Knob beds consist of poorly sorted ferruginous 
sandstone and polymictic conglomerate/diamictite 

Figure 27.4  Megaripples with planed tops in upper Bucket Spring 
Member, anford Formation in GN  (precise location 
unknown, after Dunster et al 2000: gure 18)

Figure 27.5  arge scale cross beds in Beasly Knob Member, 
anford Formation  JD is indicating top of main bedding plane 

(52K 524428m  82 99 9mN, after Dunster et al 2000: gure 19)

Figure 27.6  Isolated outcrops of Big Knob beds in GN  
(precise location unknown, after Dunster 1998)
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(Figure 27.7)  Sandstone is variable in composition from 
quartzic to lithic  p to 10% muscovite is present locally  
Bedding is poorly de ned or absent  The unit overlies 
either the Shoal each Formation or Spencer Sandstone 
and this suggests an erosional base  owever, extensive 
colluvium and scree invariably mask the actual contact  s 
noted by Sweet et al (1974a), the Big Knob beds have some 
lithological similarity to the Bullo iver Sandstone and 
Beasly Knob Member of the anford Formation  owever, 
a correlation with the northernmost outcrops of the lower 
Skinner Sandstone is also lithologically consistent and is 
supported by the similarity of stratigraphic relationships 
and the present geographic distribution of both units  
Dunster et al (2000) interpreted the Big Knob beds as 
glacial deposits, possibly remnants of eskers or kames, 
preserved in areas of lowest palaeo topographic relief

The glaciogenic Uniya Formation (Dundas et al 1987, 
dgoose et al 1989) includes and supersedes the former niya 

Tillite' and the enigmatic 'Jarong Conglomerate' described 
by ontifex and Mendum (1972) and Sweet et al (1974b)  It 
is only known from F G SS N I  and DALY RIVER 
( IN  C K)  It typically ranges up to 0 m to 80 m thick in 
outcrop, but dgoose et al (1989) reported that 1 7 m has been 
intersected in drillhole NTGS 8 /1 in WINGATE MOUNTAINS 
(F G SS N I )  It unconformably overlies the Soldiers 
Creek Granite, Stray Creek Sandstone, inde Dolostone, 
Saddle Creek Formation and ngalarri Siltstone, and is 
overlain by the early Cambrian ntrim lateau olcanics and 
by Cretaceous sedimentary rocks  This indicates that it should 
be included as a lithostratigraphic component of the Wolfe 
Basin  It is a dominantly a true tillite, variously described 
as polymictic conglomerate or diamictite with subordinate 
interbedded sandstone, varved carbonate/siltstone (possibly 
a "cap carbonate")  The erratics are up to several metres in 
diameter and vary in composition from one location to another  

verall, boulders, cobbles and pebbles of quartzite, sandstone, 
schist, dolostone, granite, basement volcanic rocks and chert 
dominate   few carbonate clasts are present  t least some 
of these erratics are demonstrably dropstones (Figure 27.8) 
and some have chatter marks and glacial gouges  Striated 
pavements (Figure 27.9), rst recognised by Mobil nergy 
Minerals ustralia Inc, are described by Dundas et al (1987) 
as indicating a south southwest direction of ice ow  Dundas 
et al (1987) also documented polygonal structures caused 

by ice cracking in soft sediment  The niya Formation is 
correlated with the Moonlight alley Tillite

Undifferentiated diamictite was discovered by Stockdale 
rospecting in IMB N  during a stream sediment 

survey in 1998 and was mapped by Cutovinos et al (2002)  
It is preserved as a small bench, which is approximately 
0 5 km in area and 20 m thick  The massive diamictite 
unconformably overlies the ngalarri Siltstone and is overlain 
by the ntrim lateau olcanics  It contains scattered clasts 

Figure 27.7  Typical polymictic conglomerate of Big Knob beds in 
GN , precise location unknown (after Dunster et al 2000: 

gure 21)

Figure 27.8  niya Formation in F G SS N I , 
WINGATE MOUNTAINS, precise location unknown (photos 
C dgoose NTGS). (a) Bedded exposure showing dropstones  

eight of cliff face about  m  (b) Glacial tillite  

a

b
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in an olive purple clay matrix  Sedimentary dropstones 
(Figure 27.10) provide unequivocal evidence of a glacial 
origin  ther abundant erratics up to 40 cm in diameter, 
which are attened, subrounded and glacially striated 
(Figure 27.11), are scattered on the residual weathering 
surface and in the ad acent creek bed  Sandstone, dolostone, 
siltstone, meta siltstone, schist, possible volcanic rocks and 
granite are represented amongst the erratics  p to 90% of 
clasts are of sandstone, siltstone or dolostone; igneous and 

Figure 27.9  Striated pavement on Stray Creek Sandstone at base 
of niya Formation, indicating south to southwest direction of 
ice ow (F G SS N I , WINGATE MOUNTAINS, precise 
location unknown, photo C dgoose NTGS). 

a

b

Figure 27.10  ndifferentiated diamictite of Duerdin Group in 
IMB N , precise location unknown  (a) Typical dropstones in 

section of bed (after Cutovinos et al 2002)  (b) Bedding surface 
with dropstones

metamorphic rocks make up the remainder  Cutovinos et al 
(2002) considered this diamictite to be equivalent to either 
the Moonlight alley Tillite or Fargoo Tillite

Kinevans Sandstone

The undated Kinevans Sandstone was mapped in the First 
dition W T , but not assigned to any group or 

basin (Sweet 197 )  Based on Second dition mapping by 
NTGS (Dunster et al 2010), the Kinevans Sandstone may be 
equivalent to the Mount Forster Sandstone ( lbert dward 
Group) of the Wolfe Basin in Western ustralia  The 
Kinevans Sandstone consists of red brown medium grained 
sandstone with subordinate calcareous cement locally

STRUCTURE

The sedimentary rocks of the Wolfe Basin are at lying 
or gently dipping  The most conspicuous exceptions are 
open synclines and anticlines developed to the southwest 
of the alls Creek ictoria iver Fault one  There is also 
some folding ad acent to the  Spencer ange Fault, but the 
Moonlight alley Tillite was deposited after the last ma or 
movement on this fault  ll of the Duerdin Group is affected 
by near vertical north northwest trending faults  Some of 
these have had several hundred metres of sinistral movement

MINERAL RESOURCES

Diamonds

The Wolfe Basin has been included in regional diamond 
exploration programs by Stockdale rospecting td  owever, 
the Duerdin Group has not been speci cally targeted

Ornamental stone

The anford Formation contains a leached white siltstone 
that locally develops distinctive red to black Fe oxide 
stripes  It been commercially exploited as an ornamental 
stone in Western ustralia, where it is marketed as 
'zebrastone'  Some of the best areas were ooded by the 

Figure 27.11  Glacial striae on dropstone in undifferentiated 
diamictite of Duerdin Group in IMB N , precise location 
unknown
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rd iver Dam  oor quality zebrastone also occurs in the 
Northern Territory and has been collected by fossickers and 
quarried on a small scale

Barite

 small uneconomic vein of barite, 1 5 m wide and over 100 m 
long, occurs in a minor fault in the Fargoo Tillite at Newry 
prospect (Sweet 197 )   resource of 0 475 Mt barite was 
estimated for this prospect by Cornish and associates (199 )
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Chapter 28: GEORGINA BASIN PD Kruse, JN Dunster and TJ Munson

Current as of February 2011

INTRODUCTION

The Georgina Basin is a polyphase intracratonic basin 
containing unmetamorphosed Cryogenian to Devonian 
sedimentary rocks (Figure 28.1). It covers an area of 
330 000 km2 in the central-eastern NT and extends into 
western Queensland. The basin is bounded to the northeast 
and east by Proterozoic terranes of the McArthur Basin, 
South Nicholson Basin, Lawn Hill Platform and Mount 
Isa Inlier, and to the west by the Proterozoic Tomkinson, 
Warramunga and Davenport provinces of the Tennant 
Region. To the south, the contact with the Palaeoproterozoic 
Aileron Province of the Arunta Region is a steep south-
side-up thrust fault system. The Georgina Basin is 
continuous with the Daly and Wiso basins, to the northwest 
and southwest of the Tennant Region, respectively. These 
neighbouring basins contain stratigraphic successions 

of similar age to the Georgina Basin and form distinct 
depocentres that are separated from the Georgina Basin by 
basement ridges formed by basaltic rocks of the Kalkarindji 
Province (Tickell 2005, see ). In the 
middle Cambrian, the interconnected Georgina, Wiso and 
Daly basins collectively formed part of a vast depositional 
area that extended across northern, central and southern 
Australia; contiguous portions of this depositional system 
in northern and central Australia are referred to in this 
volume as the Centralian B Superbasin (see Centralian 
Superbasin). The northern and southeastern portions of 
the Georgina Basin are overlain by Mesozoic sedimentary 
rocks of the onshore Carpentaria and Eromanga basins, 
respectively.

The Georgina Basin comprises two distinct domains: 
a southern basinal depocentre (southern Georgina Basin), 
essentially south of latitude 21°S, incorporating Cryogenian, 
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Ediacaran, Cambrian, Ordovician and Devonian 
successions (Dunster et al 2007); and a central-northern, 
quiescent platform (central and northern Georgina Basin) 
north of that latitude, including some late Neoproterozoic 
sedimentary rocks, early Cambrian Kalkarindji Province 
rocks and a relatively thin, platformal middle Cambrian 
succession. Neoproterozoic rocks in the southern Georgina 
Basin form a part of the ‘Centralian Superbasin’ succession 
of Walter et al (1995), referred to in this volume as the 
Centralian A Superbasin (see Centralian Superbasin).

Basement

Palaeo–Mesoproterozoic strata of the McArthur Basin 
are presumed to underlie the central and northern parts of 
the Georgina Basin; these rocks are probably continuous 
with equivalent strata of the Tomkinson Province of 
the Tennant Region. Similarly aged strata of the South 
Nicholson Basin, Lawn Hill Platform and Mount Isa Inlier 
underlie the basin in the east. Older Palaeoproterozoic 
rocks, equivalent to those in the Murphy Province and/
or Warramunga Province of the Tennant Region, may in 
turn underlie these strata, at least in part. Basaltic rocks of 
the Kalkarindji Province immediately underlie and form 
basement for middle Cambrian successions over most of 
the central and northern Georgina Basin and the contiguous 
northern Wiso and Daly basins. In the southern Georgina 
Basin, basement consists of probable Palaeoproterozoic 
rocks that were assigned by Teasdale and Pryer (2002) 
and Dunster et al (2007) to three proposed basement 
domains (Figure 28.2): the Davenport domain was 
interpreted as being a ca 10 km-thick Palaeoproterozoic 
rift-basin succession; the Dulcie domain was interpreted 
as a Palaeoproterozoic felsic gneiss terrane intruded by 
voluminous syn- to post-tectonic non-magnetic granitoids; 
and the Altjawarra domain was interpreted as comprising 
large ma c-intermediate intrusive bodies and late non-

magnetic granitoids, forming a region of thickened, 
stable crust with relatively low heat ow and low crustal 
temperatures. These last two domains were inferred to 
underlie the majority of the southern Georgina Basin.

The age of the Altjawarra domain is controversial. 
Several authors, including Elkedra (2001), inferred an 
Archaean age, but all available geochronological data (Cross 
et al 2005) and extrapolation of the magnetic signature 
in the subsurface from the Jervois district suggest that it 
is Palaeoproterozoic. The lack of any preferred mineral 
orientation in the oldest absolutely dated granitoids in the 
domain (1846 Ma in NTGS99/1, 1805 Ma in Lucy Creek-1), 
together with the lack of any pervasive geophysical grain, 
suggest that the domain has behaved as a rigid block, at 
least since that time. A second major phase of moderately to 
non-magnetic granitoids was intruded into the Altjawarra 
domain at about 1750 Ma.

Southern Georgina Basin

The NT portion of the southern Georgina Basin, south of 
latitude 21°S, encompasses the following mapsheets: in 
the southeast, northern HAY RIVER1, TOBERMOREY, 
SANDOVER RIVER, HUCKITTA and ELKEDRA; 
and in the southwest, northern ALCOOTA, BARROW 
CREEK, northeastern NAPPERBY and eastern MOUNT 
PEAKE (Kruse and Mohammed 2005, Figure 28.1). The 
southern part of the basin includes the thickest sedimentary 
successions and is the most structured.

The southern Georgina Basin includes strata of 
Neoproterozoic (Cryogenian to Ediacaran), early 
Palaeozoic (Cambrian to Ordovician) and Devonian age 
( , 28.4). The Neoproterozoic succession 
comprises the Plenty, Aroota, Keepera and Mopunga groups; 

1  Names of 1:250 000 and 1:100 000 mapsheets are in large and 
small capital letters respectively, eg HAY RIVER, WOODGREEN.
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early Palaeozoic rocks are assigned to the Shadow, Narpa, 
Cockroach and Toko groups. Devonian strata are included 
within the Cravens Peak beds and Dulcie Sandstone. In 
excess of 1.5 km of Neoproterozoic sedimentary rocks are 
preserved in downfaulted blocks and half-grabens along the 
southern margin of the basin in the NT. Depocentres and 
synclines contain up to 2.2 km of Cambrian to Devonian 
section.

Central and northern Georgina Basin

The NT portion of the central Georgina Basin, north 
of latitude 21°S, embraces much of AVON DOWNS, 
RANKEN, southern MOUNT DRUMMOND, northern and 
eastern FREW RIVER, ALROY, BRUNETTE DOWNS, 
southern WALHALLOW, northeastern BONNEY 
WELL, eastern TENNANT CREEK and eastern HELEN 
SPRINGS. That portion concealed beneath the onshore 
Carpentaria Basin and exposed northward of it is assigned 
to the northern Georgina Basin. The southern boundary 
of this latter region approximates to latitude 18°S, so that 
the northern Georgina Basin is present in parts of northern 
MOUNT DRUMMOND, CALVERT HILLS, ROBINSON 
RIVER, WALHALLOW, BAUHINIA DOWNS, MOUNT 
YOUNG, BEETALOO, TANUMBIRINI and HODGSON 
DOWNS (Figure 28.1).

The central-northern Georgina Basin includes 
Ediacaran rocks of the Kiana Group and a relatively 
thin, entirely middle Cambrian platform succession 
( ). Intervening volcanic and minor sedimentary 
rocks of the early Cambrian Helen Springs Volcanics are 
assigned to the Kalkarindji Province (Glass 2002, Glass 
and Phillips 2006), which extends across large parts of 
northern Australia, central Western Australia and western 
South Australia. The central portion of the basin is divided 
by the meridional Alexandria-Wonarah Basement High 
(Howard 1971) into a western Barkly Sub-basin (Brunette 
Basin of Howard 1989, Brunette Sub-basin of Howard 
1990), and an eastern Undilla Sub-basin which extends 
into western Queensland (Figure 28.5). Other than middle 
Cambrian rocks of the Narpa Group in eastern MOUNT 
DRUMMOND, all exposed formations in the NT portion 
of the region are included in the Barkly Group (Noakes and 
Traves 1954, Kruse in Kruse and Radke 2008). Both sub-
basins are oored by early middle Cambrian (sequence 1 
of Southgate and Shergold 1991) rocks, but these did not 
overtop the Alexandria-Wonarah Basement High, which 
is mantled by early sequence 2 rocks. The high appears to 
have been a topographically positive feature delineated by 
the Helen Springs Volcanics and/or the Mesoproterozoic 
South Nicholson Group, and was a focus of phosphatic 
sedimentation. The successions in the two sub-basins differ 
in detail and bear differing lithostratigraphic nomenclatures.

NEOPROTEROZOIC

Neoproterozoic sedimentary rocks outcrop adjacent to 
the faulted southern basin margin (Figure 28.4), where 
initial siliciclastic sedimentation took place in fault-
bounded grabens and half-grabens (Walter 1980, Greene 
2010, see Structure). Deposition was episodic through 

the Cryogenian and Ediacaran, producing discrete hiatus-
bounded tectosomes, termed supersequences by Walter et al 
(1994, 1995). Group names (Figure 28.6) that are broadly 
coincident with these supersequences were introduced 
by Dunster et al (2007), where these were lacking. Their 
constituent lithostratigraphic nomenclature is essentially 
that of Walter (1980), with additions by Stidolph et al 
(1988) and Haines et al (1991). Neoproterozoic stratigraphic 
correlation charts for the Georgina and other NT basins are 
presented in , b.

The Neoproterozoic succession in the southern Georgina 
Basin is signi cantly thinner than counterparts in other 
component basins of the Centralian A Superbasin. The best-
constrained section on the fault-dissected southwestern 
margin of the Georgina Basin occurs at Mount Skinner, 
and is modelled as having a maximum preserved thickness 
of around 1150 m (Dunster et al 2007). Geophysically 
modelled sections further east, in HUCKITTA, indicate 
that signi cant thicknesses (hundreds of metres) of 
Neoproterozoic sedimentary rocks are associated with 
fault-controlled depocentres near the preserved southern 
edge of the basin, but wedge out to the north. Within the NT 
portion of the basin, preserved Neoproterozoic successions 
are both most extensively exposed and deepest (up to 2 km) 
in HAY RIVER, west of the Toomba Fault. Subtle strike-
concordant magnetic anomalies in that area are traceable 
southwestward under cover into Irindina Province rocks. 
Slight changes in apparent magnetic susceptibility are 
postulated to be due to differences in metamorphic grade, 
rather than to primary lithology.

Widespread Neoproterozoic rocks along the relatively 
quiescent northern Georgina Basin margin are included 
within the Kiana Group (Kruse and Rawlings in Rawlings 
et al 2008). This Neoproterozoic succession is relatively 
thin compared to that in the southern Georgina Basin 
and reaches a maximum thickness of about 300 m in 
BAUHINIA DOWNS (JW Smith 1964). Widespread 

ood basalts that occur between the Kiana Group and the 
Palaeozoic succession of the northern Georgina Basin are 
referred to the Kalkarindji Province.

Plenty Group

The early Cryogenian Plenty Group (Kruse in Dunster 
et al 2007) includes the Yackah beds and Amesbury 
Quartzite, which are exposed in relatively small areas 
along the southern margin of the basin (Figure 28.4). The 
group is included within Supersequence 1 of Walter et al 
(1995) and is equivalent to the LP101 subdivision of Ahmad 
and Scrimgeour (2006). It is correlated with the Heavitree 
Quartzite and Bitter Springs Formation of the Amadeus 
Basin, and with the Vaughan Springs Quartzite and Albinia 
Formation of the Ngalia Basin. 

Yackah beds
The informally named Yackah beds (Walter 1980) attain a 
maximum thickness of about 250 m and are poorly exposed 
in the southeastern Georgina Basin in the NT. The unit 
nonconformably overlies basement Proterozoic granitoids 
and is disconformably overlain by the Yardida Tillite in the 
Desert Syncline and Field River Anticline in HAY RIVER 
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and the Mount Cornish Formation at Mount Cornish in 
HUCKITTA. It consists of a lower interval of interbedded, 

ne to very coarse (to granule) arkose, sandstone and 
laminated shale, overlain by or interbedded with an upper 
interval of silici ed, locally stromatolitic dolostone (Dunster 
et al 2007). Based on their similar stratigraphic positions, 
lithological similarities and the mutual occurrence of the 
stromatolite Acaciella australica (Walter 1972, Walter et al 
1979), the lower interval of the Yackah beds is correlated 

with the Heavitree Quartzite and the upper interval with the 
Bitter Springs Formation of the Amadeus Basin. The lower 
siliciclastic interval probably correlates with the Amesbury 
Quartzite of the southwestern Georgina Basin. The lower 
Yackah beds are considered to be dominantly uviatile, 
with minor intertidal to very shallow-marine constituents, 
by analogy with Heavitree Quartzite, whereas the upper 
interval is considered to have been deposited under partially 
emergent metahaline–hypersaline lacustrine to anoxic 
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deep marine conditions, by analogy with the Bitter Springs 
Formation (Walter and Veevers 1997).

Amesbury Quartzite
The unfossiliferous Amesbury Quartzite (Haines et al 
1991) is about 20 m thick, and forms cuestas and low 
rounded ridges in central eastern MOUNT PEAKE and 
central western BARROW CREEK. It nonconformably 
overlies basement Palaeo–Mesoproterozoic granitoids 
or unconformably overlies Palaeoproterozoic 
metamorphic rocks, and is unconformably overlain by 
the latest Neoproterozoic Boko and Central Mount Stuart 
formations. The unit consists of rippled and cross-bedded 
orthoquartzite and quartz sandstone (Figure 28.7) with 
desiccation cracks and clay galls. Bimodal quartz granule 
to pebble beds occur near the base of the formation and 
a thin basal conglomerate occurs locally (Dunster et al 
2007). Based on their similar stratigraphic positions and 
lithological similarities, the Amesbury Quartzite probably 
correlates with the lower siliciclastic interval of the 
Yackah beds. The depositional environment is uncertain, 
but probably uviatile (Dunster et al 2007).

Aroota Group

The mid-Cryogenian Aroota Group (Kruse in Dunster et al 
2007) contains the Yardida Tillite and the correlative Mount 
Cornish Formation. It is included within Supersequence 2 
of Walter et al (1995) and is equivalent to the LP102 
subdivision of Ahmad and Scrimgeour (2006). The group 
is essentially a glaciogene succession that is correlated 
(Walter 1980, Walter et al 1995) with the Sturtian glaciation 
of the Adelaide Fold Belt (Preiss et al 1978). It is therefore 
equivalent to the Areyonga Formation and lower Inindia 
beds of the Amadeus Basin and to the Naburula Formation 
of the Ngalia Basin. A disconformity between the Plenty 
and overlying Aroota groups was attributed to the Areyonga 
Movement by Walter (1980).

Yardida Tillite
The unfossiliferous Yardida Tillite (Walter 1980) outcrops 
in the in the Desert Syncline and Field River Anticline 
in the southeastern Georgina Basin, in southwestern 

TOBERMOREY and northeastern HAY RIVER in the 
NT and western MOUNT WHELAN in Queensland. 
It is generally recessive and poorly exposed, except 
for scattered erratics and a shale cap, which forms low 
ridges. The formation consists of diamictite and laminated 
siltstone, and minor ne to very coarse (to pebbly) quartz 
sandstone and arkose. This is locally capped by laminated 
dolomitic shale and lenticular dolostone, which ranges up 
to 100 m in thickness (Shergold and Walter 1979). The 
unit is probably about 650 m thick; the 2900 m claimed 
for the composite type section (Walter 1980) is either a 
local variation, or contains structural repeats (Dunster 
et al 2007). The Yardida Tillite overlies the Yackah beds 
with an inferred disconformity and is disconformably 
overlain by the Black Stump Arkose. It was deposited in 
glacial and periglacial environments; the upper dolomitic 
shale-dolostone interval is interpreted as a postglacial cap 
succession (Kruse et al 2002a).

Mount Cornish Formation
The unfossiliferous Mount Cornish Formation (KG Smith 
1964) forms small discontinuous outcrops in the southern 
Georgina Basin in south-central (Elua Range) and 
southeastern (Mount Cornish) HUCKITTA. It consists 
of diamictite with interbeds of varvite and siltstone, and 
minor sandstone, arkose and dolostone. Some clasts within 
the diamictite are faceted and striated and an interpreted 
moraine deposit was reported by Condon (1958). The unit 
reaches a thickness of 680 m in the type section (Walter 
1980), although this may include some fault repetition 
(Freeman 1986), and a thickness of 365 m was reported 
for a measured section by Dunster et al (2007). In other 
areas, the formation is much thinner and generally in 
the range 12–34 m (Smith 1972). The Mount Cornish 
Formation is nonconformable on Proterozoic granite, or is 
disconformable on the Yackah beds, and is disconformably 
overlain by the Oorabra Arkose. It was deposited in glacial 
and periglacial environments (Dunster et al 2007).

Keepera Group

Uplift associated with the Rinkabeena Movement 
preceded deposition of the Keepera Group (Walter 1980, 
rede ned by Kruse in Dunster et al 2007). This group 
contains late Cryogenian glaciogene and post-glacial 
units in the southern Georgina Basin, including the Black 
Stump Arkose, Oorabra Arkose, Boko Formation and 
Wonnadinna Dolostone in the NT, and the Sun Hill Arkose 
and Little Burke Tillite in adjacent Queensland. The group 
is included within Supersequence 3 of Walter et al (1995) 
and is equivalent to the LP103 subdivision of Ahmad and 
Scrimgeour (2006). It is equated with glaciogene and 
post-glacial deposits related to the widespread Elatina 
(previously Marinoan) glaciation of the Adelaide Fold Belt, 
including the Olympic Formation, Pioneer Sandstone, and 
the middle–upper Inindia beds and Boord Formation of 
the Amadeus Basin, and the Mount Doreen Formation 
of the Ngalia Basin. The age of the Elatina glaciation 
is uncertain and may be about 635 Ma (Grey 2008) or a 
much younger 580 Ma (Calver et al 2004, see Centralian 
Superbasin).

Figure 28.7. Amesbury Quartzite. Thin interval of dark, 
ferruginised and feldspathic ne-grained sandstone (MOUNT 
PEAKE, 53K 330986mE 7604505mN, after Donnellan 2008: 

gure 25a).
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Black Stump Arkose
The Black Stump Arkose (Walter 1980) outcrops 
in northeastern HAY RIVER and southeastern 
TOBERMOREY in the NT, and in western MOUNT 
WHELAN (Queensland). It reaches a thickness of greater 
than 700 m and consists of micaceous, ne to very coarse (to 
pebbly) arkose, sandstone, laminated micaceous mudstone 
and siltstone (Dunster et al 2007). The unfossiliferous 
unit disconformably overlies the Yardida Tillite and is 
conformable and gradational beneath the Wonnadinna 
Dolostone (Walter 1980). It is interpreted as a glacial 
outwash deposit resulting from rapid erosion and mass 
transport of eroded material from proximal source areas 
(Walter et al 1995, Walter and Veevers 1997).

Oorabra Arkose
The unfossiliferous Oorabra Arkose (Joklik 1955) forms 
rugged outcrops with tors in the southern Georgina Basin 
in southern HUCKITTA (Mopunga, Elua and Jervois 
ranges) and northern ALCOOTA. It consists of medium-
grained to pebbly arkose to lithic arkose, micaceous 
siltstone, shale and conglomerate, and minor dolostone and 
sandstone (Dunster et al 2007, Figure 28.8), and is very 
variable in thickness over relatively short distances within 
the range 17–1165 m (Smith 1963b, Shergold and Druce 
1980). A local basal conglomerate features glacially faceted 
and striated clasts. The Oorabra Arkose disconformably 
overlies the Mount Cornish Formation, or where this is 
absent, overlies a variety of Palaeoproterozoic units with 
angular unconformity. It is possibly locally conformable on 
the Boko Formation (Haines et al 2007). The unit underlies 
the Elyuah Formation with an intervening disconformity, 
or slight angular unconformity (Walter 1980, Haines et al 
2007). It is interpreted as a glacial outwash deposit, similar 
to the Black Stump Arkose (Freeman 1986).

Boko Formation
The Boko Formation (Haines in Haines et al 1991) is poorly 
exposed in western BARROW CREEK and northern 
ALCOOTA as low rounded hills mantled by rounded 
cobbles and boulders, many of which are glacially faceted 
and striated. The unfossiliferous formation consists of 
massive diamictite with a mudstone matrix (Figure 28.9) 
and is interpreted as a glacial tillite. It is 20 m thick at its type 
locality, but is ‘considerably thicker’ elsewhere (Haines et al 
1991). The formation is unconformable on the Amesbury 
Quartzite, or where this is absent, is nonconformable 
on unnamed ?Palaeoproterozoic granite. It is overlain 
disconformably by the Central Mount Stuart Formation and 
possibly conformably by the Oorabra Arkose, or where this 
is absent, unconformably by the Elyuah Formation (Haines 
et al 2007).

Wonnadinna Dolostone
The Wonnadinna Dolostone (Walter 1980) outcrops in 
northeastern HAY RIVER and southern TOBERMOREY, 
where it forms low rises, hills and moderate ridges of 
dolostone, but is otherwise recessive (Shergold and Walter 
1979). It is up to 460 m thick and consists of dolostone and 
quartzose dolostone, interbedded with dolomitic arkose, 
siltstone and shale. The dolostone bears oncoids, fenestrae 

and possible columnar stromatolites (Dunster et al 2007). 
The formation conformably and gradationally overlies the 
Black Stump Arkose, and probably overlies or is partly 
laterally equivalent to other units of the Keepera Group. 
It underlies the Gnallan-a-Gea Arkose disconformably, 
or with slight angular unconformity. The unit occupies 
a stratigraphic position equivalent to the widespread 
‘cap dolostone’ that characterises post-glacial deposits 
associated with the Ediacaran Elatina (formerly Marinoan) 
glaciation (Priess et al 1978) in the Adelaide Fold Belt and 

Figure 28.8. Oorabra Arkose. Coarse massive arkose (behind 
hammer) overlain by sharp-based, channelised cobble 
conglomerate (ALCOOTA, WOODGREEN, 53K 432780mE 
7551039mN, after Haines et al 2007: gure 15).

Figure 28.9. Boko Formation. (a) Clasts of quartzite, granite 
and other rock types are supported by dark red-brown mudstone 
matrix; boulder-size granite clast above and to right of hammer 
(ALCOOTA, WOODGREEN, 53K 428590mE 7554789mN, 
after Haines et al 2007: gure 12). (b) Well developed glacial 
striations on large quartzite clast (ALCOOTA, WOODGREEN, 53K 
434259mE 7535454mN, after Haines et al 2007: gure 13).

a

b
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Centralian A Superbasin (see Centralian Superbasin). It was 
deposited in a range of environments, including intertidal, 
shallow subtidal and deeper marine (Dunster et al 2007).

Mopunga Group

Postglacial Ediacaran sediments of the Mopunga Group 
(Noakes 1956, rede ned by Kruse in Dunster et al 2007), 
deposited following the Toomba Movement, include the 
Gnallan-a-Gea Arkose, Elyuah Formation, Grant Bluff 
Formation, Elkera Formation, Central Mount Stuart 
Formation and Andagera Formation. The group is widely 
distributed through the southern Georgina Basin in MOUNT 
PEAKE, NAPPERBY, BARROW CREEK, ALCOOTA, 
HUCKITTA, TOBERMOREY, HAY RIVER and MOUNT 
WHELAN. Patchy outcrop of this group also extends across 
the present faulted margin of the Georgina Basin over parts 
of the northernmost Aileron Province (Arunta Region), and 
across the Davenport and southern Warramunga provinces 
(Tennant Region). Walter et al (1995) and Walter and 
Veevers (1997) assigned most of the Mopunga Group to their 
Supersequence 3, which is equivalent to the LP103 subdivision 
of Ahmad and Scrimgeour (2006). However, the upper part 
of the Central Mount Stuart Formation and questionably, the 
uppermost sandstone of the Elkera Formation were placed 
in Supersequence 4, equivalent to the LP104 subdivision of 
Ahmad and Scrimgeour (2006). The Andagera Formation is 
presumably also a part of Supersequence 4. The group as a 
whole is correlated with the Gaylad Sandstone, Pertatataka 
Formation, Julie Formation, uppermost Inindia beds, upper 
Boord Formation and lower Arumbera Sandstone of the 
Amadeus Basin, and with the Mount Doreen Formation and 
lower Yuendumu Sandstone of the Ngalia Basin.

Gnallan-a-Gea Arkose
The Gnallan-a-Gea Arkose (Walter 1980) forms moderate 
to prominent outcrops in northeastern HAY RIVER and 
southern TOBERMOREY in the NT and western MOUNT 
WHELAN in Queensland. It consists of unfossiliferous, ne 
to very coarse pebbly arkose, sandstone, siltstone and shale, 
and ranges considerably in thickness from as little as 10 m to 
greater than 1450 m (Kruse et al 2002a). Arkose and sandstone 
are commonly cross-strati ed. The formation overlies the 

Wonnadinna Dolostone with an inferred disconformity, and 
it both laterally interdigitates with and is gradational upwards 
into the Elyuah Formation. It is also apparently conformably 
and gradationally overlain by the Grant Bluff Formation. 
The arkose is interpreted as a shallow-marine deposit with a 
proximal source (Dunster et al 2007).

Elyuah Formation
The Elyuah Formation (KG Smith 1964, modi ed by Walter 
1980) is a poorly exposed, recessive unit that occurs in 
southern HUCKITTA (Mopunga, Elua and Jervois ranges 
and environs), southwestern TOBERMOREY (Keepera 
Ridges), and northeastern and north-central ALCOOTA, 
including a few small outliers on the northernmost Aileron 
Province. It consists of micaceous shale and siltstone, and has 
a thin but persistent basal sandstone or pebbly arkose. Minor 
black micaceous shale and minor micaceous and quartz 
sandstone interbeds are also present (Kruse et al 2002a). The 
formation is 36 m thick in the type section and ranges up to 
210 m elsewhere. It overlies the Boko Formation and Oorabra 
Arkose disconformably or with a slight angular unconformity, 
and is also conformable on and/or interdigitates with the 
Gnallan-a-Gea Arkose. Where these units are absent, the unit 
is unconformable on Palaeoproterozoic units. It is apparently 
conformably and gradationally overlain by the Grant Bluff 
Formation. The environment of deposition is interpreted to 
have been low-energy, shallow- to moderately deep-marine, 
mainly below wave base (Dunster et al 2007).

Grant Bluff Formation
The Grant Bluff Formation (KG Smith 1964, modi ed by 
Walter 1980) forms widespread prominent strike ridges 
and hills in southwestern BARROW CREEK, northern 
ALCOOTA, southern HUCKITTA, southwestern 
TOBERMOREY and northeastern HAY RIVER, including 
scattered outliers on the northernmost Aileron Province. 
It consists mainly of laminated to medium undulose-
bedded quartz sandstone and quartzite (Figure 28.10) with 
micaceous partings (Freeman 1986). Quartz greywacke, 
arkose, siltstone, shale, minor dolostone and a local basal 
polymict conglomerate were also listed by Dunster et al 
(2007). The sandstone is medium to coarse and contains 
common centimetre- and rare decimetre-scale asymmetric 
and some symmetric ripples, small- to large-scale trough 
cross-beds and dewatering structures, including synaeresis 
features (Freeman 1986). The thickness of the Grant Bluff 
Formation is in the range 20–30 m in ALCOOTA, 50–100+ m 
in HUCKITTA, >248 m in TOBERMOREY and reaches a 
maximum of 1170 m in HAY RIVER (Dunster et al 2007). 
It is apparently conformable and gradational above the 
Gnallan-a-Gea Arkose and Elyuah Formation, or where 
these are absent, unconformably overlies Palaeoproterozoic 
sedimentary and metamorphic rocks, or nonconformably 
overlies Palaeoproterozoic intrusive rocks. The formation 
is conformably and gradationally overlain by the Elkera 
and Central Mount Stuart formations. Its stratigraphic 
position above Elatina-equivalent glacigene units indicates 
an Ediacaran age and ichnofossils (simple horizontal trails) 
are consistent with this age assignment. The formation was 
deposited as a transgressive sand sheet in a shallow- to 
marginal-marine depositional environment.

Figure 28.10. Grant Bluff Formation. Thickening-upward 
interval of tabular white sandstone and quartzite (ALCOOTA, 
WOODGREEN, 53K 421402mE 7564646mN, after Haines et al 
2007: gure 17).
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Elkera Formation
The generally recessive Elkera Formation (Walter 
1980, modi ed by Freeman 1986) outcrops in southern 
HUCKITTA, northeastern ALCOOTA, and possibly 
southeastern MOUNT PEAKE, including a few scattered 
outliers on the northernmost Aileron Province. It consists 
of a succession of interbedded siltstone, quartz sandstone 
to sublithic sandstone, and shale, which is capped by 
dolostone (locally with columnar stromatolites) and which 
is locally evaporitic (Freeman 1986, Dunster et al 2007). 
Freeman (1986) also included an additional 43 m of silty 
sandstone and a granule orthoquartzite bed in the Jervois 
Range (HUCKITTA) within the formation, where the upper 
stromatolitic dolostone is absent. The thickness of the Elkera 
Formation is in the range 70–270 m, largely depending on the 
level of sub-Cambrian erosion (Walter 1980, Freeman 1986). 
The unit is conformable and gradational on the Grant Bluff 
Formation and is disconformably overlain by the Mount 
Baldwin Formation, or where this is absent, by the Red Heart 
Dolostone. It is a partial lateral equivalent of the Andagera 
Formation (Haines in Haines et al 1991) and of the Central 
Mount Stuart Formation. Like the Grant Bluff Formation, the 
stratigraphic position of the Elkera Formation above Elatina-
equivalent glacigene units, and the presence of ichnofossils 
(simple horizontal trails) and distinctive stromatolites indicate 
an Ediacaran age. A peritidal to shallow-marine environment 
is interpreted for the formation (Dunster et al 2007).

Central Mount Stuart Formation
The Central Mount Stuart Formation (Offe 1978, after 
Smith and Milligan 1964 and modi ed by Walter 1980, 

Figure 28.11. Central Mount Stuart Formation on southern anks 
of Central Mount Stuart (MOUNT PEAKE, near 53K 338500mE 
7573750mN, after Donnellan 2008: gure 27c).

Figure 28.12. Tops Member of Central Mount Stuart Formation. 
Exploration costean exposing characteristic red-brown sandstone 
and mudstone, with green mudstone-dominated interval in 
foreground (beneath hammer at bottom right). Such green 
intervals typically display minor malachite staining at surface 
(Mount Skinner area, ALCOOTA, WOODGREEN, 53K 429223mE 
7543511mN, after Haines et al 2007: gure 18).

. Adnera Member of Central Mount Stuart 
Formation. Trough cross-bedded sandstone (Mount Skinner area, 
ALCOOTA, WOODGREEN, 53K 429170mE 7540342mN, after 
Dunster et al 2007: gure 41).

Haines in Haines et al 1991 and Haines et al 2007) 
outcrops in southeastern MOUNT PEAKE, southwestern 
BARROW CREEK, northern ALCOOTA and northeastern 
NAPPERBY, including a few scattered outliers on the 
northern Aileron Province. The formation consists of a 
basal polymict conglomerate and succeeding quartzic, 
feldspathic and lithic sandstone, arkose, siltstone, dolostone 
and minor conglomerate (Figure 28.11). It reaches an 
estimated maximum thickness of 780 m in north-central 
ALCOOTA (Haines et al 2007) and contains two members, 
in ascending order, the recessive Tops Member and the 
Adnera Member, the latter forming prominent hills and 
uplands (Haines 1990, 2004, Haines in Haines et al 1991). 
The Tops Member comprises a lower interval of evaporitic 
and cherti ed dolostone and dolomitic sandstone, and an 
upper interval of arkose, feldspathic sandstone, siltstone, 
mudstone and minor conglomerate (Figure 28.12). This is 
generally conformably and gradationally overlain, probably 
diachronously, by the Adnera Member, which consists of 
cross-bedded, medium-grained feldspathic quartz sandstone 
and orthoquartzite, with a local upper interval of red-brown 
sandstone and siltstone ( ). The formation 
conformably overlies the Elkera and Grant Bluff formations 
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in northeastern ALCOOTA, and elsewhere, unconformably 
overlies Palaeoproterozoic sedimentary and metamorphic 
rocks, or nonconformably overlies Palaeoproterozoic 
intrusive rocks. It is overlain with probable disconformity 
by the Octy Formation. The unit is a probable correlative of 
the Andagera Formation (Haines et al 1991) and is a partial 
lateral equivalent of the Elkera Formation.

The Central Mount Stuart Formation bears a fossil 
assemblage that includes soft-bodied medusoids and 
problematic macrofossils (Dunster et al 2007), a dubiofossil 
(Walter et al 1989), and indeterminate leiospheres, other 
spheroidal and undifferentiated acritarchs, vendotaeniid 
fragments, laments and large organic amorphous fragments 
(Grey 2005). These collectively indicate a terminal 
Ediacaran age. The formation was deposited at a time of 
mild tectonism, broadly coincident with the beginning of the 
580–530 Ma Petermann Orogeny. Sediments were shed into 
southeast-trending fault troughs in the southern Georgina 
Basin from granitic and metamorphic source terranes to the 
west and northwest of the current exposures (Haines et al 
1991). The Tops Member was probably deposited under 
conditions ranging from marginal marine sabkha in the 
lower third to deltaic in the upper two thirds, whereas the 
Adnera Member accumulated under shallow-marine and 
deltaic conditions similar to those interpreted for the upper 
Tops Member (Haines et al 2007). High-energy uviatile 
facies may also be present in the Tops Member (Shaw and 
Warren 1975, Haines et al 1991).

Andagera Formation
The Andagera Formation (Bagas et al in Stidolph et al 
1988) is exposed as terraces and mesas within extant 
valleys and on the tops of ridges within and around 
the margins of the Davenport Range in northwestern 
ELKEDRA, southwestern FREW RIVER, northeastern 
BARROW CREEK and southeastern BONNEY WELL. 
Most exposures therefore occur across the Davenport and 
southern Warramunga provinces of the Tennant Region 
with only small areas exposed along the margin of the 
Georgina Basin, mainly in ELKEDRA. The formation 
is up to 50 m thick and consists of pebble to boulder 
conglomerate, pebbly sublithic sandstone and minor 
siltstone. Coarser beds are poorly sorted and feature normal 
grading, ripples and cross-beds (Haines et al 1991). The 
unit is generally unfossiliferous, except for ‘bioturbated 
beds and burrows’ in FREW RIVER (Walley 1987) and 
Neoproterozoic microfossils in sandstone considered to be 
a distal equivalent of the Andagera Formation in NTGS 
drillhole ELK3 (Stidolph et al 1988, Haines et al 1991, 
Figure 28.14). The formation overlies the Palaeoproterozoic 
Hatches Creek Group with angular unconformity, or is 
nonconformable on the Palaeoproterozoic Elkedra Granite; 
these rocks were a major source of sediment for the unit. It 
is disconformably overlain by the Thorntonia Limestone, 
or is transitionally or disconformably overlain by the Gum 
Ridge Formation. The age of the formation was initially 
thought to be early to early middle Cambrian (Walley 1987, 
Wyche and Simons 1987, Stidolph et al 1988), on the basis of 
inferred correlation with the basal Red Heart Dolostone and 
an inferred transitional contact with overlying early middle 
Cambrian Gum Ridge Formation, but a Neoproterozoic age 

was preferred by Haines et al (1991), who postulated that 
the Andagera and Central Mount Stuart formations were 
both direct results of the 580–530 Ma Petermann Orogeny. 
The environment of deposition is considered to have been 
mainly uviatile, ranging from proximal high-energy valley 

ll to distal alluvial fan to braidplain, but more distal parts 
of the formation are possible shoreline or shallow-marine 
deltaic deposits (Haines et al 1991).

Kiana Group

Kalkarindji Province volcanic and minor sedimentary 
rocks in the northern Georgina Basin are underlain by 
a 300 m-thick sedimentary succession referred to the 
Kiana Group (Rawlings et al 2008). The constituent 
Bukalara Sandstone (Dunn 1963) is widespread, tracking 
the onshore Carpentaria Basin margin from northern 
MOUNT DRUMMOND to northwestern HODGSON 
DOWNS. This predominantly coarse siliciclastic formation 
passes conformably upward in southwestern MOUNT 
YOUNG and adjacent HODGSON DOWNS into the more 
geomorphically subdued, ner-grained Cox Formation. 
Strong lithological similarities permit correlation of these 
two formations, respectively, with the Buckingham Bay 
Sandstone and Raiwalla Shale of the Wessel Group in 
the onshore Arafura Basin (see Centralian Superbasin: 

, b). Earlier reports of the Cambrian-aspect 
ichnofossil Skolithos in the Bukalara Sandstone and 
Buckingham Bay Sandstone (Plumb et al 1976) were 
discounted by Rawlings et al (1997), who reinterpreted 
these features as dewatering structures. The later nd of the 
carbonaceous macrofossil Chuaria in the Raiwalla Shale 
(Haines 1998) favours a Neoproterozoic age. The absence 
of glacial deposits in the Kiana Group, in conjunction 
with its undisturbed, at-lying attitude and stratigraphic 
position immediately below fossiliferous middle Cambrian 
rocks, suggests that the group is equivalent to post-glacial 
(Ediacaran) Supersequence 3 (Walter et al 1995) units of 
the Centralian A Superbasin (LP103 subdivision of Ahmad 
and Scrimgeour 2006).

Bukalara Sandstone
The Bukalara Sandstone (Dunn 1963) outcrops as 
sandstone mesas and plateaux with a characteristic strongly 
jointed photopattern along the northeastern margin of the 
Georgina Basin in HODGSON DOWNS, southeastern 
MOUNT YOUNG, northeastern TANUMBIRINI, 
BAUHINIA DOWNS, northeastern WALHALLOW, 
southern ROBINSON RIVER, CALVERT HILLS and 
northern MOUNT DRUMMOND. The formation rests 
unconformably on various Palaeo- and Mesoproterozoic 
units of the McArthur and South Nicholson basins and 
Murphy Province, the youngest of these (topmost units of 
Roper and South Nicholson groups) being of Calymmian 
age. It is overlain unconformably by the early Cambrian 
Helen Springs Volcanics of the Kalkarindji Province, 
and conformably by the unfossiliferous Cox Formation 
in MOUNT YOUNG (Haines et al 1993). The formation 
reaches a maximum thickness of about 300 m in 
BAUHINIA DOWNS (JW Smith 1964) and consists of 

ne- to medium-grained quartz sandstone and associated 
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pebble conglomerate, ne- to very coarse-grained 
feldspathic sandstone, friable, medium- to coarse-grained 
lithic sandstone, lesser ne-grained sandstone and cobble 
conglomerate, and minor interbedded shale (Smith and 
Roberts 1963, Plumb and Rhodes 1964, Jackson et al 1987, 
Rawlings et al 2008, Figure 28.15). Sandstone bedding 
is thick to very thick, with metre-scale planar and trough 
cross-beds (locally slumped), mudclasts and symmetric 
ripples; ner-grained lithofacies locally bear desiccation 
cracks (Rawlings et al 2008). A high-energy braided 

uviatile to shallow-marine depositional environment has 
been interpreted for the formation (Rawlings 2004).

Cox Formation
The Cox Formation (Dunn 1963) outcrops as rubbly 
outcrops on low plateaux in southwestern MOUNT 
YOUNG and eastern HODGSON DOWNS, but unlike the 

Bukalara Sandstone, does not display strong joint patterns 
on aerial photographs. The unfossiliferous formation 
conformably overlies the Bukalara Sandstone and is 
unconformably overlain by Cretaceous and Cenozoic 
rocks. It reaches a maximum thickness of about 50 m and 
consists of very ne- to ne-grained, usually micaceous 
sandstone, thinly interbedded with micaceous siltstone 
and shale, overlain by nely laminated siltstone and 
shale. Finer-grained lithofacies may be low-angle cross-
strati ed. The environment of deposition was relatively 
deeper (storm-in uenced subtidal marine) than that of the 
Bukalara Sandstone (Haines et al 1993).

EARLY CAMBRIAN–EARLY LATE CAMBRIAN

All early Cambrian strata of the southern Georgina Basin are 
included within the Shadow Group. Overlying middle and 
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early late Cambrian rock units in the southern and eastern 
Georgina Basin, including much of the Undilla Sub-basin, 
are included within the Narpa Group, whereas correlative 
middle Cambrian rock units in the central, western and 
northern Georgina Basin, including the Barkly Sub-basin 
and some exposed units of the Undilla Sub-basin, are 
referred to the Barkly Group. All middle Cambrian units of 
the Narpa and Barkly groups are included in one or the other 
of two successive sedimentary successions that have been 
recognised from sequence stratigraphic studies of middle 
Cambrian strata in the basin (Shergold et al 1988, Southgate 
and Shergold 1991, Laurie 2006). These successions are 
characterised by distinctive invertebrate faunas and are 
informally named sequence 1 (Ordian) and sequence 2 
(latest Ordian–early Mindyallan). Sequence 1 and 2 faunas 
are widespread and have been documented from middle 
Cambrian strata in other northern and southern Australian 
basins, enabling all of these successions to be readily 
correlated (see ).

Shadow Group

The early Cambrian Shadow Group (Kruse in Dunster 
et al 2007) is widely distributed in the southern Georgina 
Basin in BARROW CREEK, ALCOOTA, ELKEDRA, 
HUCKITTA, TOBERMOREY and HAY RIVER in the NT, 
and MOUNT WHELAN, GLENORMISTON, URANDANGI 
and DUCHESS in western Queensland. It embraces all early 
Cambrian rocks in the southern Georgina Basin, although these 
do not span the entire epoch, including the Octy Formation, 
Neutral Junction Formation, Mount Baldwin Formation, Adam 
Shale and Red Heart Dolostone in the NT; and the Mount Birnie 
beds, and provisionally the Sylvester Sandstone and Riversdale 
Formation in western Queensland. The group represents 
a renewal of sedimentation in the southern part of the basin 
following the regional Huckitta Movement, evidently a distal 
effect of the Petermann Orogeny, which was centred in the 
Musgrave Province and southern Amadeus Basin. As a likely 
result of this tectonism – with the possible exception of the Mount 
Baldwin Formation – no Georgina Basin succession spans 
the Neoproterozoic–Palaeozoic boundary. The distribution 
of all the sedimentary units is discontinuous, implying some 
lingering in uence of discrete depocentres inherited from the 

Neoproterozoic. Constituent fan-delta to marine sandstone-
dominated units [Octy Formation and overlying Neutral 
Junction Formation in the southwest (ALCOOTA–BARROW 
CREEK; Haines et al 1991) and Mount Baldwin Formation in 
the southeast (HUCKITTA; KG Smith 1964, Walter 1980)] 
preserve a varied Cambrian-aspect ichnofauna, correlative 
with the early early Cambrian (Walter et al 1989).

The Shadow Group unconformably or disconformably 
overlies formations of the Mopunga and Keepera groups 
(Shergold 1985, Haines et al 1991, Dunster et al 2007). It is 
unconformably (Shergold and Druce 1980) to conformably 
and gradationally (Shergold et al 1985) overlain by 
the Thorntonia Limestone, or where this is absent, 
unconformably overlain by the Beetle Creek or Chabalowe 
formations (all Narpa Group), or by Mesozoic sedimentary 
rocks. The group is correlated with the upper Arumbera 
Sandstone, Winnall beds, Quandong Conglomerate, Eninta 
Sandstone, Mount Currie Conglomerate, Mutitjulu Arkose, 
Namatjira Formation and Todd River Dolostone of the 
Amadeus Basin, and with the upper Yuendumu Sandstone 
of the Ngalia Basin (Shergold et al 1985, Young et al 2002, 
see ).

Octy Formation
The Octy Formation (Haines in Haines et al 1991) is a 
resistant range-capping unit that outcrops in southwestern 
BARROW CREEK and northern ALCOOTA in the 
southwestern Georgina Basin. The formation is up to 
150 m thick (Haines et al 2007) and consists of locally 
glauconitic, predominantly medium-grained, cross-
bedded and planar laminated feldspathic quartz sandstone 
(Figure 28.16), interbedded with minor siltstone, mudstone 
and silty sandstone. A thin basal conglomerate occurs 
locally. Depositional environments ranged from open marine 
to tidal with occasional exposure (Dunster et al 2007). 
The formation overlies the Adnera Member of the Central 
Mount Stuart Formation with probable disconformity, and 
is overlain by the Neutral Junction Formation with probable 
disconformity, or where this is absent, by chert and sandstone 
rubble tentatively assigned to the Chabalowe Formation. It 
is correlated with the lower Mount Baldwin Formation, and 
possibly with the Sylvester Sandstone of the southeastern 
Georgina Basin in Queensland (Dunster et al 2007).

Figure 28.15. Bukalara Sandstone. Cobble conglomerate and 
planar strati ed coarse-grained lithic sandstone from lower 
part of formation (CALVERT HILLS, NICHOLSON RIVER, 53K 
713800mE 8009650mN, after Rawlings et al 2008: gure 53).

Figure 28.16. Octy Formation. Cross-bedded sandstone with 
surface silici cation (ALCOOTA, WOODGREEN, 53K 421092mE 
7556678mN, after Dunster et al 2007: gure 42).
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Neutral Junction Formation
The Neutral Junction Formation (Haines in Haines et al 
1991) is a recessive unit that is generally poorly exposed on 
low hills and plains in south-central BARROW CREEK in 
the southwestern Georgina Basin. The formation overlies 
the Octy Formation with probable disconformity and is 
disconformably overlain by the Chabalowe Formation. It is 
39 m thick and consists of silty and micaceous sandstone 
and siltstone, with minor thin intervals of silty and 
glauconitic limestone. Sandstone is commonly calcareous 
and glauconitic, and is ripple cross-strati ed (Haines et al 
1991). The unit was probably deposited under low-energy 
subtidal marine conditions (Dunster et al 2007). It is 
correlated with the upper Mount Baldwin Formation, and 
possibly with the Sylvester Sandstone (Dunster et al 2007).

Mount Baldwin Formation
The Mount Baldwin Formation (KG Smith 1964, rede ned 
by Walter 1980) outcrops in the Elua, Johannsen and 
Jervois ranges in southern HUCKITTA. It overlies the 
Elkera Formation with angular unconformity and is 
unconformably overlain by the Red Heart Dolostone. 
The formation is 60–320 m thick and consists of quartz 
sandstone, sublithic sandstone, quartz greywacke, 
siltstone, shale and minor subarkose. Freeman (1986) 
noted the presence of rare granule-bearing beds, pebble-
sized claystone intraclasts in some beds, prominent cross-
beds throughout the formation and various ichnofossils, 
including networks of ne branching burrows near the 
base of the unit. The basal beds are recessive, but the 
remainder of the formation is ridge-forming; less-resistant 
beds are more thinly bedded and more ssile (Freeman 
1986). Ichnofossils together with the stratigraphic position 
of the formation beneath the mid-early Cambrian Red 
Heart Dolostone indicate an early early Cambrian age 
(Dunster et al 2007). The formation is correlated with the 
Octy and Neutral Junction formations, the Adam Shale 
and possibly with the Sylvester Sandstone. An alluvial 
fan-delta environment of deposition has been interpreted 
for the unit (Stidolph et al 1988, Eyre 1994).

Adam Shale
The Adam Shale (Walter in Walter et al 1979) is a generally 
recessive unit that outcrops very poorly in the Desert 
Syncline of northern HAY RIVER and also probably 
occurs in the subsurface in southern TOBERMOREY 
(Shergold and Walter 1979). It is disconformable on the 
Grant Bluff Formation and disconformably underlies 
the Red Heart Dolostone. The formation is 16 m thick in 
the type section in cored drillhole BMR Hay River-11B 
(northeastern HAY RIVER, Figure 28.14) and consists of 
laminated pyritic shale with sandy laminations, and minor 
medium–coarse sandstone. Acritarchs and bioturbated 
beds (Walter et al 1979), together with the position of the 
unit stratigraphically beneath the mid-early Cambrian Red 
Heart Dolostone, indicate an early early Cambrian age. The 
Adam Shale is correlated with the Mount Baldwin, Octy 
and Neutral Junction formations, and possibly with the 
Sylvester Sandstone in Queensland. A marine depositional 
setting is indicated (Dunster et al 2007), presumably below 
storm wave base.

Red Heart Dolostone
The Red Heart Dolostone (Walter in Walter et al 1979) 
denotes the rst Palaeozoic carbonate package within the 
Georgina Basin succession. It is only exposed in the Desert 
Syncline of northern HAY RIVER as a gently inclined bench, 
but occurs in the subsurface in southern TOBERMOREY, 
HUCKITTA and southwestern ELKEDRA. The formation 
ranges in thickness from just 9 m in the type section to an 
estimated 126 m in uncored drillhole Exoil Huckitta-1 in 
HUCKITTA (Figure 28.14). In the type section (cored 
drillhole BMR Hay River-11B), the formation consists of 
stylolitic, mottled, brecciated and vuggy dolostone above 
a basal arkose or sandstone (Figure 28.17), with thin 
mudstone interbeds. HAY RIVER exposures consist of a 
basal sandstone and quartzose siltstone grading upward 
into dolomitic sandstone and quartzose dolostone. Other 
rock types include dolomitic granule conglomerate and 
marly mudstone (Walter et al 1979, Kruse et al 2002a, 
Dunster et al 2007). The Red Heart Dolostone contains 
mid-early Cambrian small skeletal fossils and reef-building 
archaeocyaths (Kruse and West 1980, Laurie 1986), 
correlated with the late Atdabanian stage of Siberia (Laurie 
and Shergold 1985, Debrenne et al 1989, 1990, Gravestock 
and Shergold 2001). An identical archaeocyathan fauna in 
the correlative Todd River Dolostone of the northeastern 
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Figure 28.17. Red Heart Dolostone. Basal dolomitic quartz 
sandstone from drillhole NTGS Elkedra-7A. Arrow marks contact 
with Palaeoproterozoic basement (ELKEDRA, AMMAROO, 53K 
516221mE 7605451mN, after Dunster et al 2007: gure 43).
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Amadeus Basin indicates basin interconnection at that 
time, via the intervening Irindina Province. The ichnofossil 
?Diplocraterion sp (Walter et al 1979, 1989) has also been 
recorded from the basal beds. The formation is probably 
disconformable on the Adam Shale, or where this is 
absent, is unconformable on the Grant Bluff Formation 
or nonconformable on Palaeoproterozoic granite. It is 
disconformable beneath the Thorntonia Limestone. The 
basal beds accumulated in a low- to high-energy marginal 
marine environment. The remainder of the formation 
was deposited under shallow-marine conditions with the 
development of calcimicrobial-archaeocyathan reefs (Kruse 
and West 1980, Kennard 1991).

Narpa Group

Following a depositional hiatus in the late early Cambrian 
coinciding with the outpouring of continental ood 
basalt in northern Australia (see Kalkarindji Province), 
a widespread marine transgression in the early middle 
Cambrian for the rst time inundated the central-northern 
platform domain of the Georgina Basin as well as the 
areas of the present northern Wiso, Daly and Ord basins. 
These basins were interconnected and shared a similar 
invertebrate fauna (Kruse 1990, 1991, 1998, Kruse et al 
2004, see Centralian Superbasin). All middle and early 
late Cambrian rock units in the southern and eastern 
Georgina Basin, including much of the Undilla Sub-basin, 
are included within the Narpa Group.

The Narpa Group (Kruse in Dunster et al 2007) is 
widely distributed in the NT through BARROW CREEK, 
ALCOOTA, ELKEDRA, HUCKITTA, SANDOVER 
RIVER, TOBERMOREY, HAY RIVER, eastern 
MOUNT DRUMMOND, southern AVON DOWNS, and 
the subsurface in RANKEN. In Queensland, the group 
occurs in MOUNT WHELAN, northwestern BOULIA, 
GLENORMISTON, URANDANGI, DUCHESS, MOUNT 
ISA, CAMOOWEAL and LAWN HILL. Within the NT, 
constituent units occurring in the southern Georgina 
Basin include the Thorntonia Limestone, Arthur Creek 
Formation, Steamboat Sandstone, Chabalowe Formation 
and Arrinthrunga Formation. In the Undilla Sub-basin, 
Narpa Group units include the Thorntonia Limestone, 
Border Waterhole Formation and Currant Bush Limestone. 
Constituent units occurring within Queensland include the 
Beetle Creek Formation, Blazan Shale, Inca Formation, 
Quita Formation, Roaring Siltstone, Devoncourt Limestone, 
Kajabbi Formation, Georgina Limestone, Mungerebar 
Limestone, Selwyn Range Limestone, O’Hara Shale, 
Pomegranate Limestone, Gowers Formation, V-Creek 
Limestone, Mail Change Limestone, Age Creek Formation 
and Split Rock Sandstone.

The Narpa Group is conformable, unconformable and 
disconformable on various units of the Shadow Group, or 
where these are absent, is unconformable on Proterozoic 
rocks (Shergold and Druce 1980). In Queensland, the 
group is also conformable and gradational on the Colless 
Volcanics of the Kalkarindji Province (Carter et al 1961, 
Carter and Öpik 1961). The group passes laterally into the 
Wonarah Formation, Ranken Limestone and Camooweal 
Dolostone (Barkly Group) of the central Georgina Basin. It 

is conformably or disconformably overlain by various units 
of the Cockroach Group, or by Mesozoic sedimentary rocks 
(Casey 1959, Shergold et al 1976, 1985).

The Narpa Group is correlated (Shergold et al 1985, 
see ) with the Gum 
Ridge Formation, Anthony Lagoon Formation, Wonarah 
Formation, Ranken Limestone and Camooweal Dolostone 
of the central and western Georgina Basin, Top Springs 
Limestone of the northern Georgina Basin, and various 
units of the Amadeus, Ngalia, Wiso, Daly, Ord, Bonaparte 
and Arafura basins.

A diverse fauna (particularly of trilobites) in many 
units indicates an early middle Cambrian (Ordian) to 
medial late Cambrian (early Iverian) age for the group 
(Shergold et al 1985). Middle Cambrian units are included 
within stratigraphic sequences 1 and 2 of Southgate and 
Shergold (1991).

Thorntonia Limestone
The lowermost unit of the Narpa Group is the Thorntonia 
Limestone (Öpik 1956a), which is widely distributed in 
the southern Georgina Basin in the NT, as generally poor 
exposures through HUCKITTA, southern ELKEDRA, 
southern SANDOVER RIVER, TOBERMOREY and 
northern HAY RIVER. It also oors the Undilla Sub-basin 
proper in southern RANKEN and probably more widely, 
and evidently onlaps the eastern ank of the Alexandria-
Wonarah Basement High. It is not exposed within the 
NT portion of that sub-basin, but has been intersected in 
cored drillhole NTGS01/1 (Kruse 2003, ). 
In the northeastern parts of the basin in Queensland, the 
formation is poorly to well exposed, regionally forming 
cliffs and plateaux, through eastern URANDANGI, 
central DUCHESS and questionably northeastern 
GLENORMISTON. It includes cherti ed dolostone of 
the Yelvertoft Bed (David 1932) and the ‘Ardmore Chert 
Member’ (Henderson and Southgate 1978), both at the top. 
The formation unconformably (Shergold and Druce 1980) or 
conformably and gradationally (Shergold et al 1985) overlies 
the Riversdale Formation. It is conformable and gradational 
on the Colless Volcanics of the Kalkarindji Province (Carter 
et al 1961, Carter and Öpik 1961) and the ‘Mount Hendry 
Formation’ (de Keyser and Cook 1972, Rogers and Keevers 
1976), which is probably basal Thorntonia Limestone. 
It is presumed to be unconformable on the Mount Birnie 
beds and disconformable on the Red Heart Dolostone, or 
where these are absent, is unconformable on Proterozoic 
rocks (Shergold and Druce 1980), or nonconformable on 
Palaeoproterozoic granite. The formation is conformably 
to disconformably overlain by the Beetle Creek Formation 
(Shergold et al 1985, Southgate and Shergold 1991) and 
is also disconformably overlain by the Arthur Creek 
Formation, Inca Formation, Gowers Formation or Bronco 
Stromatolith Bed (Southgate 1986, Shergold and Southgate 
1986).

The Thorntonia Limestone ranges in thickness 
from 23 m to >400 m, but is usually less than 100 m 
(Dunster et al 2007). It consists mostly of marine 
bioclastic carbonate rocks, including limestone, partially 
dolomitised limestone, dolostone, pyritic-carbonaceous 
dolostone, marl and mudstone, with minor nodular chert 
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and phosphorite (Figure 28.18). A thin basal quartz 
sandstone or arkosic conglomerate lag occurs locally. A 
diverse fossil assemblage containing numerous species of 
trilobites, brachiopods, hyoliths, bradoriides, echinoderms, 
molluscs, chancelloriids, a demosponge, sponge spicules, 
calcimicrobes and stromatolites was listed by Dunster 
et al (2007) and indicates an early middle Cambrian 
(Ordian) age (Shergold et al 1985). The bulk of this unit 
therefore represents stratigraphic sequence 1 of Southgate 
and Shergold (1991). A thin, high-energy upper interval 
evident in TOBERMOREY (Kruse et al 2002a) is possibly 
attributable to basal sequence 2, if correlative with the 
Bronco Stromatolith Bed in Queensland (Gravestock and 
Shergold 2001). The depositional environment is interpreted 
to have been peritidal to marine, and was partly dysoxic to 
anoxic in the southern and southwestern Georgina Basin 
(Dunster et al 2007).

Arthur Creek Formation
The top of the Thorntonia Limestone was at least locally 
exposed and karsti ed prior to rapid inundation that 
initiated the thick Arthur Creek Formation (Freeman 1986 
after KG Smith 1964, modi ed by Kruse et al 2002a) in 
the southern part of the basin. This formation is poorly to 
moderately exposed through ELKEDRA, HUCKITTA, 
TOBERMOREY and northern HAY RIVER, and occurs 
in the subsurface in southern SANDOVER RIVER in 

the NT, and in URANDANGI and GLENORMISTON in 
Queensland. Exposures are generally scattered and low 
on open ground, or moderate along watercourses; locally, 
outcrops form broad rounded prominences. The formation is 
disconformable on the Thorntonia Limestone, or where this 
is absent, the Red Heart Dolostone, or is nonconformable on 
Palaeoproterozoic granite. It is conformably overlain by the 
Steamboat Sandstone and Chabalowe Formation.

The Arthur Creek Formation has been divided into two 
informal intervals. The lower interval  consists of foetid 
pyritic-carbonaceous black shale and laminated dolostone 
(Figure 28.19a), and minor dolomitic quartz sandstone 
and conglomerate. The paler upper interval comprises 
dolostone, limestone and minor quartzose dolostone and 
siliciclastic mudstone (Figure 28.19b). The transition 
between the two intervals can be abrupt, or gradational and 
interdigitating (Kruse et al 2002a). Overall, the formation 
ranges in thickness from <30 m in HUCKITTA to a 
maximum thickness in the NT of >483 m in cored drillhole 
BHD9 (TOBERMOREY, Figure 28.14). Its thickness is 
possibly as much as 720 m in uncored drillhole Netting 
Fence-1 (GLENORMISTON) in Queensland, but this might 
be a result of structural repetition (Dunster et al 2007). The 
lower black shale interval is 272.1 m thick in cored drillhole 
NTGS99/1 (TOBERMOREY, Kruse et al 2002a). The 
Arthur Creek Formation is richly fossiliferous and contains 
a variety of miomeran and polymeran trilobites, lingulate 

Figure 28.18. Thorntonia Limestone. (a) Bioclast coquina of dark medial interval. Packstone of hyolith conchs and some opercula 
(mainly Guduguwan hardmani) at bottom. Wackestone of phosphatic hyolith steinkerns at top. Scale bar = 2 mm (photomicrograph 
C72845, crossed nicols; 575.2 m depth in drillhole NTGS99/1; TOBERMOREY, MARQUA 53K 746996mE 7474345mN, after Kruse et al 
2002a: gure 17). (b) Erosive contact between phosphatic and glauconitic, bioclast intraclast peloid dolograinstone of upper light grey 
interval (above) and marly dolomudstone of medial interval. Phosphatic grains in upper interval include originally phosphatic lingulate 
brachiopods (light brown) and phosphatised hyolith steinkerns (dark brown). Scale bar = 2 mm (photomicrograph C72844, plane polarised 
light; 558.7 m depth in drillhole NTGS99/1; TOBERMOREY, MARQUA 53K 746996mE 7474345mN, after Kruse et al 2002a: gure 18).

a b
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and calciate brachiopods, hyoliths, molluscs, echinoderms, 
sponge spicules, acritarchs and lamentous algae, species of 
which are listed in Dunster et al (2007). These collectively 
indicate an early middle Cambrian (latest Ordian) to early 
late Cambrian (Boomerangian) age. The formation thus 
spans most of the middle Cambrian and constitutes the 
bulk of stratigraphic sequence 2 of Southgate and Shergold 
(1991). The environment of deposition for the Arthur Creek 
Formation is interpreted as being dysoxic to anoxic, deeper 

marine with some deposition from turbidity currents and 
debris ows for the lower interval, steadily shallowing 
upward to aerobic, restricted platform marine, above wave 
base for the upper interval (Dunster et al 2007).

Steamboat Sandstone
The Steamboat Sandstone (Noakes et al 1959) forms 
mesa caps and plains (Dunster et al 2007) in southeastern 
SANDOVER RIVER, eastern and southern TOBERMOREY 
and eastern HUCKITTA in the NT, and in northeastern 
GLENORMISTON and southeastern URANDANGI in 
Queensland; it also occurs in the subsurface in southwestern 
GLENORMISTON and western MOUNT WHELAN. 
The formation is conformable above the Arthur Creek 
Formation and beneath the Arrinthrunga Formation in the 
NT. In Queensland, it conformably (Noakes et al 1959) or 
disconformably (Öpik 1960) overlies the Quita Formation, 
and laterally interdigitates with and is conformably 
overlain by the Mungerebar Limestone (Reynolds 1965). 
The Steamboat Sandstone ranges in thickness from 17 m up 
to 221 m, and consists of quartz sandstone and calcareous 
sandstone, with interbeds of quartzose grainstone and 
quartzose dolostone, and minor siltstone. It contains a diverse 
fauna of agnostine and polymeran trilobites that indicates a 
latest middle Cambrian (Boomerangian) age (Shergold et al 
1985, Shergold 1997). The formation is interpreted to have 
been deposited as a nearshore sand (Reynolds and Pritchard 
1964) to shallow-marine (Harrison 1979), platform-edge 
grainstone (Southgate and Shergold 1991) and was possibly 
a shallow-marine barrier bar system that rimmed peritidal 

ats represented by the Arrinthrunga Formation.

Chabalowe Formation
The Chabalowe Formation (Morris et al in Stidolph et al 
1988) is poorly exposed as low rises, mainly of ferruginised 
sandstone, in eastern BARROW CREEK, northern 
ALCOOTA and western ELKEDRA. It also occurs in the 
subsurface elsewhere in ELKEDRA and in HUCKITTA 
and SANDOVER RIVER. The formation conformably 
overlies the Arthur Creek Formation, or where this is 
absent, disconformably overlies the Neutral Junction 
Formation, unconformably overlies the Hatches Creek 
Group (of the Davenport Province), or nonconformably 
overlies Palaeoproterozoic granite. It is conformably 
overlain by and partially laterally interdigitates with the 
basal Arrinthrunga Formation. A single constituent unit, the 
basal Hagen Member, is known only from the subsurface 
in HUCKITTA, ELKEDRA, SANDOVER RIVER and 
possibly BARROW CREEK.

The formation reaches a maximum thickness of 342 m 
in cored drillhole Randall-1 (HUCKITTA; Wakelin-King 
1992, Figure 28.14). It comprises evaporitic, medium 
to coarse, cross-bedded dolomitic quartz sandstone 
and dolomitic siliciclastic siltstone, commonly with 
intraformational breccias, and minor quartzose, silty and 
peloid-intraclast dolostone and mudstone (Dunster et al 
2007). The proportion of quartz sandstone decreases 
eastward in ELKEDRA, where the unit comprises ning-
upward cycles of sandstone, shale and dolostone, separated 
by erosional cycles (Stidolph et al 1988). A basal arkosic 
conglomerate may occur above Palaeoproterozoic granite. 

a
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Figure 28.19. Arthur Creek Formation. (a) Pyritic-carbonaceous 
dololaminite of lower interval. Laminations are highlighted 
by variations in proportions of organic matter and clays (dark) 
versus ne xenotopic dolomite spar, quartz silt and bedding-
subparallel muscovite (light). Scale bar = 2 mm (photomicrograph 
C72843, crossed nicols; 530.0 m depth in drillhole NTGS99/1; 
TOBERMOREY, MARQUA, 53K 746996mE 7474345mN, after 
Kruse et al 2002a: gure 19). (b) Centimetre-scale interbeds of 
calcimudstone (pale grey) and dolomitic-siliciclastic mudstone 
(brown) of upper interval (TOBERMOREY, TOKO, 53K 
770500mE 7466400mN, after Kruse et al 2002a: gure 21).
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The lenticular Hagen Member reaches a maximum 
thickness of 160 m in Randall-1 and is characterised by a 
relative abundance of evaporite and a greater proportion 
of dolostone to siliciclastic rocks than the rest of the 
formation. The dolostone includes microbial (stromatolitic 
and thrombolitic) and intraclast types, together with 
dolomudstone, and is characterised by the presence of 
massive and bedded gypsum and lesser anhydrite (Kruse 
et al 2002b). The entire Chabalowe Formation was deposited 
under nearshore, restricted marine to peritidal (including 
hypersaline sabkha) conditions. Its stratigraphic position 
above the Arthur Creek Formation and lateral to the basal 
Arrinthrunga Formation suggests an early late Cambrian 
age for the unit (Kruse et al 2002b, Dunster et al 2007).

Arrinthrunga Formation
The overlying very thick Arrinthrunga Formation (KG Smith 
1964) forms low, rubbly exposures to substantial ridges in 
eastern BARROW CREEK, ELKEDRA, HUCKITTA, 
TOBERMOREY, SANDOVER RIVER, southern AVON 
DOWNS and northern HAY RIVER in the NT, and 
westernmost MOUNT WHELAN, GLENORMISTON and 
URANDANGI in Queensland. The formation conformably 
and gradationally overlies the Chabalowe Formation 
and Steamboat Sandstone, or where these are absent, the 
Arthur Creek Formation. It laterally interdigitates with the 
Georgina Limestone (in Queensland) and its basal beds are 
partly equivalent to the Chabalowe Formation. The unit is 
disconformably overlain by the Tomahawk and Ninmaroo 
formations. The Eurowie Sandstone Member is recognised 
in the medial Arrinthrunga Formation in central and eastern 
HUCKITTA, southeastern ELKEDRA and the subsurface 
in western TOBERMOREY (Dunster et al 2007).

The Arrinthrunga Formation attains a maximum 
thickness of 975 m in HUCKITTA (Smith 1972) and is in the 
range 300–900 m over most of its wide geographic extent. 
It comprises locally silici ed and evaporitic limestone 
and dolostone, minor quartz sandstone, siltstone and 
shale (Figure 28.20). Kennard (1981) described a variety 
of component carbonate rock types including microbial, 
peloid, ooid and minor mudstone textures, together with 
quartzose carbonate, marl and minor quartz sandstone. 
Sedimentary structures include stromatolites, thrombolites, 
ripple cross-lamination, at-pebble conglomerate, gypsum 

pseudomorphs and nodular anhydrite. The formation 
contains planar, wavy, domical and columnar stromatolites, 
and rare trilobites, brachiopods, hyoliths, molluscs (Smith 
1972) and ichnofossils. These, together with stratigraphic 
relationships, indicate an early–?mid late Cambrian age. 
The depositional environment is interpreted to have been 
shallow subtidal to peritidal on a restricted carbonate 
platform with intermittent local emergence (Shergold and 
Druce 1980, Kennard 1981). The formation therefore marks 
the widespread regional shoaling of the depositional system 
from a more open shallow subtidal setting (upper Arthur 
Creek Formation) through a seaward high-energy quartz 
sand barrier (Steamboat Sandstone) into characteristically 
restricted, shallow subtidal to peritidal conditions (Kruse 
et al 2002b).

The medial Eurowie Sandstone Member (KG Smith 
1964) is 40–60 m (maximum 107 m) thick and consists of 
quartz sandstone and quartzose dolostone with distinctive 
halite hopper casts, and minor shale, deposited in an 
intermittently emergent hypersaline shoreline setting 
(Kennard 1981). This member is associated with the SPICE 
(Steptoean Positive Isotopic Carbon Excursion) event 
(Lindsay et al 2005), recognised on several continents and 
correlated with the middle Steptoean Dunderbergia Zone 
of Laurentia (Saltzman et al 2004) and late Idamean stage 
of Australia (Shergold 1997, Geyer and Shergold 2000). 
The SPICE event denotes a sudden reversal of the anoxia 
that had steadily spread throughout oceans and atmosphere 
during the Cambrian. After the SPICE event, atmospheric 
oxygen levels may have risen to as high as 30% (cf 21% 
today). This sudden increase in oxygen led to a substantial 
increase in biodiversity worldwide (Saltzman et al 2011).

Border Waterhole Formation
Isolated exposures of the Border Waterhole Formation 
(Öpik 1960) occur in eastern MOUNT DRUMMOND 
(NT) and adjacent western LAWN HILL (Queensland) 
along the northern margin of the Undilla Sub-basin. The 
formation is typically obscured by a regolith of chert 
breccia and pebbles, so that outcrop is mainly limited to 
creek beds, although the basal beds are better exposed. The 
unit overlies the Lawn Hill Formation (McNamara Group, 
Lawn Hill Platform) with angular unconformity and is 
apparently conformably (Smith 1972), or disconformably 

Figure 28.20. Arrinthrunga Formation. (a) Light grey, thinly bedded marly dolomudstone in hilltop quarry (SANDOVER RIVER, 
GEORGINA, 53K 775800mE 7646000mN, after Kruse et al 2002b: gure 5). (b) Thick tabular beds of quartz sandstone in medial part of 
formation (SANDOVER RIVER, CARBEEN, PS803339, after Kruse et al 2002b: gure 12).

a b
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(Shergold et al 1985, Rawlings et al 2008) overlain by 
the Currant Bush Limestone. According to de Keyser 
(1969), it grades laterally into and inter ngers with the 
Thorntonia Limestone, so is a lateral equivalent of this 
unit, at least in part. The formation comprises 30–180 m 
(Shergold and Druce 1980) of siliceous shale, siltstone, 
grey and black chertifed limestone (including bioclast 

oatstone and rudstone), irregularly bedded to nodular 
chert, chert breccia, chert conglomerate and a basal pebble 
conglomerate (Carter and Öpik 1961, Smith and Roberts 
1963, McMahon 1969). Fossils reported from the formation, 
but as yet undocumented, include trilobites, molluscs, 
hyoliths and sponge spicules (Öpik 1960, Carter and Öpik 
1961, de Keyser 1969); the trilobites are indicative of the 
early middle Cambrian (Ordian) stratigraphic sequence 1 
(Southgate and Shergold 1991). A shallow-marine 
depositional environment has been interpreted for the 
formation (Rawlings et al 2008).

Currant Bush Limestone
The Currant Bush Limestone (Öpik 1956a, 1960) has a 
similar distribution to the Border Waterhole Formation 
along the northern margin of the Undilla Sub-basin, in 
eastern MOUNT DRUMMOND (NT), and in western 
LAWN HILL and western CAMOOWEAL (Queensland). 
The relationships of this formation to other units in the 
northern Georgina Basin are complicated and unclear. It 
is apparently conformable (Smith 1972) or disconformable 
(Shergold et al 1985, Rawlings et al 2008) on the Border 
Waterhole Formation, or unconformable on the Thorntonia 
Lst (Shergold et al 1985), or disconformable on the 
Gowers Formation (Southgate 1986). It also overlies and 
partially inter ngers with the Age Creek Limestone and 
Inca Formation in Queensland (Shergold et al 1985). The 
formation is conformably overlain with a transitional 
contact (Rawlings et al 2008) by the Camooweal Dolostone 
and is also partially equivalent to this unit (Shergold et al 
1985).

The Currant Bush Limestone mainly consists of bedded, 
partially dolomitised foetid argillaceous, quartzose and 
bioclast limestone (Figure 28.21) and dolomitic limestone, 
with interbeds of ooid grainstone, shale, siltstone, marl and 
chert, which occurs as discrete layers or irregular patches 

(Shergold et al 1985, Rawlings et al 2008). In eastern 
MOUNT DRUMMOND, limestone beds are composed of 
partially dolomitised, centimetre-scale, wavy- to nodular-
bedded ribbon limestone (mainly bioclast oatstone). The 
formation is generally 50–75 m thick, but thickens eastward 
to 116 m in drillhole Morstone-1 in CAMOOWEAL 
(Stewart and Hoyling 1963). A shallow-marine, carbonate 
ramp depositional environment has been interpreted for the 
unit (Southgate and Shergold 1991, Rawlings et al 2008).

A very diverse fossil assemblage of trilobites, 
bradoriides, brachiopods, molluscs, cystoid echinoderms, 
sponge spicules, algae and hyoliths has been listed and 
described in numerous publications including Whitehouse 
(1936, 1939, 1945), Öpik (1956a, 1960, 1970, 1979, 
1982), Carter and Öpik (1961), Jell (1975, 1977, 1978), 
Runnegar and Jell (1976), McKenzie and Jones (1979), 
Jones and McKenzie (1980), Henderson and MacKinnon 
(1981) and Rawlings et al (2008). Öpik (1956a) initially 
dated the formation as ranging from the Ptychagnostus 
(=Triplagnostus) gibbus to Ptychagnostus punctuosus 
trilobite zones (late Templetonian–early Undillan). Smith 
(1972) revised the age of the base of the formation to the 
slightly younger Ptychagnostus (=Acidusus) atavus zone 
(early Floran) and this was supported by Shergold et al 
(1985) and followed by Rawlings et al (2008). Shergold et al 
(1985) also revised the age of the top of the formation to the 
slightly younger Goniagnostus nathorsti trilobite zone (late 
Undillan). PA Jell (Geological Survey of Queensland, in 
litt 2011) has proposed that a late Templetonian age for the 
base of the formation may still be valid, since Shergold et al 
(1985) restricted their study to only a single section of the 
formation in the Thorntonia area (central CAMOOWEAL) 
and the initial age determination by Öpik (1956a), which is 
based on a more regional study, is yet to be discounted. Jell 
also queried the presence of a Goniagnostus nathorsti zone 
fauna within the formation and preferred a slightly older 
early Undillan date for the top of the unit. The formation 
is assigned to early sequence 2 of Southgate and Shergold 
(1991).

Barkly Group

Strata of the Barkly Group (Noakes and Traves 1954, 
modi ed by Kruse and Radke 2008) are widespread in 
the central and northern Georgina Basin within both the 
Undilla and Barkly sub-basins. The group encompasses all 
middle Cambrian sedimentary rocks in the central, western 
and northern Georgina Basin, exclusive of the Thorntonia 
Limestone (Narpa Group). Correlative middle Cambrian 
rock units in the southern and eastern Georgina Basin are 
included within the Narpa Group.

The Barkly Group is widely distributed in the NT in 
AVON DOWNS, RANKEN, MOUNT DRUMMOND, 
FREW RIVER, ALROY, BRUNETTE DOWNS, 
WALHALLOW, southern BAUHINIA DOWNS, 
northeastern BONNEY WELL, eastern TENNANT 
CREEK and HELEN SPRINGS. It is also known from 
the subsurface in BEETALOO, TANUMBIRINI and 
HODGSON DOWNS. In Queensland, the group occurs 
in western URANDANGI, western MOUNT ISA, 
western CAMOOWEAL and southwestern LAWN HILL. 

Figure 28.21. Currant Bush Limestone. Partly dolomitised 
grey/tan, wavy- to nodular-bedded bioclast oatstone (MOUNT 
DRUMMOND, CARRARA, 53K 815800mE 7935050mN, after 
Rawlings et al 2008, gure 58).
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Constituent units include the Gum Ridge Formation, Top 
Springs Limestone and Anthony Lagoon Formation (all 
Barkly Sub-basin); and the Wonarah Formation, Ranken 
Limestone and Camooweal Dolostone (all Undilla Sub-
basin).

The Barkly Group unconformably overlies the early 
middle Cambrian Thorntonia Limestone (Narpa Group) 
in the Undilla Sub-basin. It also unconformably overlies 
the early Cambrian Helen Springs Volcanics (Kalkarindji 
Province), or where this is absent, the Mesoproterozoic 
Renner Group (Tomkinson Province) and correlative South 
Nicholson Group (South Nicholson Basin). The group is 
conformably overlain by the late Cambrian Arrinthrunga 
Formation (Narpa Group), or where this is absent, is 
unconformably overlain by Mesozoic rocks. It is (in part) 
correlated with and passes laterally into the Narpa Group, 
and is also correlated with the lower Goulburn Group of the 
Arafura Basin; the Daly River Group of the Daly Basin; the 
Montejinni Limestone, Hooker Creek Formation, Lothari 
Hill Sandstone and Point Wake eld beds of the Wiso 
Basin; the Goose Hole Group of the Ord Basin; the Tarrara 
Formation, Hart Spring Sandstone, Skewthorpe Formation 
and Pretlove Sandstone of the Bonaparte Basin; and the 
Pertaoorrta Group of the Amadeus Basin (in part).

All Barkly Group rocks are middle Cambrian in age 
and are included within stratigraphic sequences 1 and 
2 of Southgate and Shergold (1991). The oldest strata are 
Ordian, based on the fossiliferous Gum Ridge Formation 
(Öpik in Ivanac 1954, Kruse 1998) and Top Springs 
Limestone (JW Smith 1964, Plumb and Rhodes 1964, 
Kruse 1991), whereas the youngest strata are putative latest 
middle Cambrian, based on the late Cambrian age of the 
conformably overlying Arrinthrunga Formation. 

Gum Ridge Formation
The Gum Ridge Formation (Öpik in Ivanac 1954) outcrops 
discontinuously as low, rubble-covered plateaux and rises 
along the eastern margin of the exposed Tennant Region 
from HELEN SPRINGS southward through TENNANT 
CREEK and BONNEY WELL into western FREW 
RIVER. It also extensively underlies the Barkly Sub-basin 
in ALROY and BRUNETTE DOWNS, where it onlaps 
the western ank of the Alexandria-Wonarah Basement 
High (Kruse 2008). Exposures are commonly pervasively 
ferruginised and/or silici ed to chert, which typically 
occurs as subequant rubble on or beside topographic 
highs. The formation disconformably overlies the Helen 
Springs Volcanics (Kalkarindji Province), or where these 
are absent, Mesoproterozoic siliciclastic sedimentary rocks 
of the Renner Group (Tomkinson Province) and equivalent 
South Nicholson Group (South Nicholson Basin), or 
Palaeoproterozoic sedimentary and igneous rocks. It is 
overlain with apparent conformity by the Anthony Lagoon 
Formation, or in the vicinity of the Alexandria-Wonarah 
Basement High, by the Wonarah Formation. The Gum 
Ridge Formation is likely to be continuous with the Top 
Springs Limestone of the northern Georgina Basin beneath 
Cretaceous cover in the central WALHALLOW subsurface 
and it is correlated with the Tindall and Montejinni 
limestones, respectively of the interconnected Daly and 
Wiso basins.

The Gum Ridge Formation comprises commonly 
partially dolomitised, massive, ribbon, bioclast, lithoclast 
and minor oncoid limestone, and minor cryptomicrobial 
dololaminite and siliciclastic mudstone. A thin (8–10 m) 
basal siltstone occurs in HELEN SPRINGS and a thin 
(1 m) basal conglomerate in eastern BRUNETTE DOWNS. 
Limestones may be laminated, massive or nodular, and 
feature stylolites, solution seams, spheroidal concretions, 
mottling and bioturbation. Evaporite nodules, including 
cauli ower anhydrite, and solution-collapse breccias occur 
throughout the formation. Drillhole data indicate a consistent 
thickness of 141–151 m for the Gum Ridge Formation across 
the Barkly Sub-basin (Kruse 1996), thinning to around 51 m 
on the western ank of the Alexandria-Wonarah Basement 
High (Kruse 2008). The formation contains a diverse fossil 
assemblage of trilobites, brachiopods, hyoliths, molluscs 
and an archaeocopide (Kruse 1998) that is indicative 
of middle Cambrian stratigraphic sequence 1 (Ordian) 
of Southgate and Shergold (1991). The environment of 
deposition is interpreted to be a restricted marine shelf, 
subject to episodic peritidal in uence (Kruse et al 2010).

Top Springs Limestone
The Top Springs Limestone (Plumb and Rhodes 1963, 1964) 
outcrops on at to undulating plains in southern BAUHINIA 
DOWNS and northern WALHALLOW, where it forms 
scattered to substantial exposures, characterised by karstic 
pavements with lapies, solution basins, towers and dolines. 
The formation is disconformably sandwiched between the 
Neoproterozoic Bukalara Sandstone below and Cretaceous 
rocks of the onshore Carpentaria Basin above. However, as 
it is a lateral equivalent of the Gum Ridge Formation of the 
central Georgina Basin, it is likely to be continuous with 
that unit beneath Cretaceous cover, and may therefore be 
conformably overlain by the Anthony Lagoon Formation 
in the central WALHALLOW subsurface. The formation 
comprises partially dolomitised, mottled bioclast, peloid 
and oncoid limestone, minor brecciated limestone and 
microbial laminite, and rare fenestral limestone (Kruse 
in Pietsch et al 1991, Kruse et al 2010). All limestone 
types are prone to patchy or fabric-selective silici cation. 
Evaporite lenses, nodules and veins (mainly of anhydrite), 
and associated collapse breccias occur throughout the 
formation. A maximum thickness of 92 m is attained in the 
stratotype section in cored drillhole DD86SC2 in central-
northern WALHALLOW (Colliver and Bubner 1987, 
Pietsch et al 1991, Figure 28.14). The limestone contains 
a fossil assemblage of trilobites, brachiopods, molluscs, 
sponges and a hyolith (Kruse 1991), indicative of the middle 
Cambrian (Ordian) stratigraphic sequence 1 of Southgate 
and Shergold (1991). A restricted marine shelf environment 
of deposition has been interpreted for the formation (Kruse 
et al 2010).

Anthony Lagoon Formation
The virtually unfossiliferous Anthony Lagoon Formation 
(Kruse et al 2010 after Plumb and Rhodes 1963, 1964) is a 
heterolithic carbonate-siliciclastic unit that outcrops poorly 
over much of the central and northern Georgina Basin 
(Barkly Sub-basin), including southern WALHALLOW, 
BRUNETTE DOWNS, ALROY, northeastern TENNANT 
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CREEK and HELEN SPRINGS. To the northwest, Howard 
(1990) tracked the unit beneath the Carpentaria Basin at 
least as far as northern BEETALOO and questionably 
into southern TANUMBIRINI. Exposures are typically 
subdued and consist of rubble tracts on undulating plains 
and low rises, and occasional cobble and boulder elds; 
sandstone intervals are locally ridge-forming or occur 
as subcrop beneath low hills. The formation overlies 
the Gum Ridge Formation and possibly the Top Springs 
Limestone with apparent conformity, and possibly directly 
overlies the Mittiebah Sandstone (South Nicholson Basin) 
with angular unconformity. It is unconformably overlain 
by at-lying Cretaceous rocks, or where these are absent, 
by the Miocene Brunette Limestone. Correlative units 
include, in the central Georgina Basin (Alexandria-
Wonarah Basement High and western Undilla Sub-basin), 
the Wonarah Formation; in the eastern Undilla Sub-basin, 
the Inca Formation, Gowers Formation, Beetle Creek 
Formation, Currant Bush Limestone and Blazan Shale; 
and in the southern Georgina Basin, the lower Arthur 
Creek Formation (Kruse and Radke 2008).

The Anthony Lagoon Formation is between 50 m 
and a maximum of 244.2 m in thickness. Comparison 
of cored drillholes across the sub-basin (NTGS96/1 in 
HELEN SPRINGS, BN04DD01 in western BRUNETTE 
DOWNS, NTGS02/1 in eastern BRUNETTE DOWNS; 
Kruse 1996, 2003, Figure 28.14) establishes that the 
formation is primarily a distinctive maroon dolomitic–
siliciclastic siltstone interbedded with pale grey dolostone 
(Figure 28.22a). Dolomitic sandstone-siltstone interbeds 
and beds of quartz sandstone (Figure 28.22b) are also 
present, and nodular and bedded evaporite and siliceous 
(chert) concretions are common. Carbonate rock types 
include dolomudstone/dolosparstone, intraclast and oncoid 
dolostone, sucrosic dolostone, ooid dolograinstone and 
microbial dololaminite. The silt source was clearly to the 
west at the time of deposition: in NTGS96/1, the formation is 
almost entirely of maroon siltstone, whereas in BN04DD01 
siltstone and dolostone are in subequal proportions, and 
in NTGS02/1 dolostone predominates, with only thin 
interbeds of maroon siltstone at the bases of metre-scale 
cycles (Kruse 2003, 2008). The easterly extent of maroon 
sediment has been mapped by Howard (1971, 1986), using 
drill core and waterbore data, and the unit appears to 

pass laterally into the Wonarah Formation on or about the 
western ank of the Alexandria-Wonarah Basement High. A 
striking similarity between the Anthony Lagoon Formation 
in drillhole NTGS96/1 and the Jinduckin Formation of the 
Daly Basin invites correlation, and the latter unit, together 
with the overlying Oolloo Dolostone in that basin, is now 
regarded as middle Cambrian in age (see Daly Basin). The 
depositional environment for the formation is interpreted 
to have been peritidal: a mixed carbonate-siliciclastic tidal 

at subject to recurring supratidal exposure (Hussey et al 
2001). The age of the formation is middle Cambrian and 
it is referred to stratigraphic sequence 2 of Southgate and 
Shergold (1991), based on its stratigraphic position overlying 
the Gum Ridge Formation (sequence 1), coupled with its 
lateral transition into the fossiliferous Wonarah Formation 
(latest Ordian–Templetonian; sequence 2), which likewise 
overlies sequence 1 units (Kruse 2008).

Wonarah Formation
The Wonarah Formation (Kruse in Kruse and Radke 
2008, after Öpik 1956b) outcrops as low hills and 
plateau caps in the central Georgina Basin (Undilla 
Sub-basin and Alexandria-Wonarah Basement High), in 
AVON DOWNS, RANKEN, MOUNT DRUMMOND, 
FREW RIVER, ALROY and BRUNETTE DOWNS 
in the NT. It also possibly occurs in the subsurface in 
western URANDANGI, western MOUNT ISA, western 
CAMOOWEAL and southwestern LAWN HILL in 
Queensland. It is the only middle Cambrian unit known 
to mantle the Alexandria-Wonarah Basement High. 
The formation disconformably overlies the Gum Ridge 
Formation and Thorntonia Limestone, or where this 
is absent, unconformably overlies the Helen Springs 
Volcanics (Kalkarindji Province), or where this is absent, 
unconformably overlies the Mesoproterozoic Renner 
Group (Tomkinson Province) and correlative South 
Nicholson Group (South Nicholson Basin). The formation 
is conformably overlain by the Ranken Limestone and 
Camooweal Dolostone, and appears to pass laterally 
westward into the Anthony Lagoon Formation of the Barkly 
Sub-basin on or about the western ank of the Alexandria-
Wonarah Basement High. The basal 3 m of this formation 
in drillhole NTGS01/1 (Figure 28.14) is a distinctive dark 
grey, nely carbonaceous, marly planar laminite bearing 

Figure 28.22. Anthony Lagoon Formation. (a) Boulders of light grey dolomudstone (BRUNETTE DOWNS, BRUNETTE 53K 576075mE 
7934938mN, after Kruse et al 2010: gure 16). (b) Quartz sandstone boulder eld (BRUNETTE DOWNS, ROCKHAMPTON DOWNS, 53K 
551087mE 7920867mN, after Kruse et al 2010: gure 26).

a b
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Xystridura trilobites and draping an erosional surface 
of the Thorntonia Limestone. This interval con rms the 
lateral continuity of the formation with the more basinal 
lower Arthur Creek Formation of the southern Georgina 
Basin. Other correlative units include the Inca Formation, 
Gowers Formation, Beetle Creek Formation, Currant Bush 
Limestone and Blazan Shale of the Undilla Sub-basin 
(Kruse and Radke 2008, Kruse et al 2010).

The Wonarah Formation ranges in thickness from 118 m 
in BMR Cattle Creek-1 to greater than 191 m in NTGS00/1. 
It consists mostly of silty dolostone with calci/dolomudstone 
and siliciclastic mudstone interbeds ( ). 
These two principal lithotypes are intergradational, locally 
recrystallised to dolosparstone, and exhibit varying degrees 
of pressure solution ‘boudinage’ and possible bioturbation. 
Some dolostone intervals are stylobedded or stylonodular. 
Other lithotypes include local micaceous siltstone and 
minor intraclast and bioclast wacke- to grainstone. Early 
and late diagenetic dolomitic concretions, siliceous (chert) 
concretions and pyrite recur throughout the formation 
(Kruse and Radke 2008). Evaporites are locally present as 
nodular and vein- lling anhydrite or bedding-subparallel 
gypsum veins, as in basal beds of the formation in NTGS00/1 
(Kruse et al 2010). At surface, carbonate rocks are typically 

extensively silici ed (Rawlings et al 2008, Kruse and 
Radke 2008, ). The Wonarah Formation has 
yielded a moderately diverse fauna [listed in Shergold et al 
(1985) and Kruse and Radke (2008)] that includes trilobites, 
bradoriides, brachiopods, hyoliths, molluscs and eocrinoids. 
These indicate a latest Ordian–?Floran (middle Cambrian) 
age (Gravestock and Shergold 2001, Laurie 2004), equivalent 
to early stratigraphic sequence 2 of Southgate and Shergold 
(1991). The depositional environment for the Wonarah 
Formation is interpreted as being subtidal platform marine 
(Kruse et al 2010).

Ranken Limestone
The Ranken Limestone (Öpik 1956a, b) forms scattered 
bouldery outcrops on grey-black clay-rich soil along 
the eastern ank of the Alexandria-Wonarah Basement 
High in the Undilla Sub-basin (central Georgina Basin), 
in northern AVON DOWNS, RANKEN and southern 
MOUNT DRUMMOND. The formation is conformable 
between the Wonarah Formation below and Camooweal 
Dolostone above, but is lenticular and also passes laterally 
into the Camooweal Dolostone. It is correlated with the 
Anthony Lagoon Formation of the Barkly Sub-basin; 
with the Age Creek Formation, Currant Bush Limestone, 

. Wonarah Formation. (a) Light grey silty dolostone with pale laminations rich in angular to subangular, medium silt- to very 
ne sand-sized quartz, mica akes and interstitial ne dolospar; interleaved with dark laminations rich in iron oxides  clays, with ner 

silt-sized quartz and muscovite, and dolomicrospar. Bioclast rudstone (at bottom) of trilobites and hyoliths in coarse ferroan calcite spar 
cement. Scale bar = 2 mm (photomicrograph 00/1-37.3, stained with Alizarin red S and potassium ferricyanide, crossed nicols; RANKEN, 
RANKEN, 53K 691310mE 7802951mN, 37.3 m depth in drillhole NTGS00/1, after Kruse and Radke 2008, gure 8). (b) Outcrop of orange 
cherti ed mudstone capped by grey Cenozoic silcrete (AVON DOWNS, BARRY CAVES, 53K 678731mE 7782748mN, after Kruse and 
Radke 2008, gure 11).
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V-Creek Limestone, Mail Change Limestone, Devoncourt 
Limestone and/or Roaring Siltstone of the Undilla Sub-
basin in Queensland; and with the medial Arthur Creek 
Formation of the southern Georgina Basin (Kruse and 
Radke 2008).

Two principal lithofacies comprise the Ranken Limestone, 
which is at least 74 m thick in drillhole BMR GRG16 
(Milligan 1963, Figure 28.14). The dominant lithofacies 
is a bioclast, bioclast-ooid and bioclast-intraclast rudstone, 
with bioclasts of hyoliths, trilobites and echinoderm plates, 
and occasional brachiopods and molluscs (Figure 28.24a). 
A subordinate low-energy lithofacies locally interdigitates 
with the rudstone and is a bioclast wacke/ oatstone that 
features similar bioclasts in a calcimudstone matrix 
(Figure 28.24b). Other minor rock types are millimetre-
scale interbeds of ribbon calcimudstone, at-pebble 
conglomerate and calcimudstone with calcite-replaced 
evaporite nodules (Kruse and Radke 2008). The age of the 
formation is considered to be ?Floran to late Undillan or 
early Boomerangian (middle Cambrian), based on a poorly 
documented trilobite fauna (Öpik 1956b). The environment 
of deposition is interpreted to have been a marine ramp, 
where bioclast-rich debris accumulated under intermittent 

peritidal to low-energy marine conditions, subject to high-
energy reworking. This was seaward of a high-energy 
shallow subtidal barrier represented by the lower interval 
of the Camooweal Dolostone. These deposits collectively 
denote a high-energy transition between the generally 
deeper (below wave-base) marine Wonarah Formation and 
the peritidal to epeiric back-barrier Camooweal Dolostone 
proper (Kruse and Radke 2008).

Camooweal Dolostone
The essentially unfossiliferous Camooweal Dolostone (Öpik 
1954, 1956a) outcrops in the central and eastern Georgina 
Basin (Undilla Sub-basin) in AVON DOWNS, RANKEN 
and MOUNT DRUMMOND in the NT, and URANDANGI, 
MOUNT ISA, CAMOOWEAL and LAWN HILL in 
Queensland. It forms prominent hills to low rubbly outcrops, 
and is well exposed in dissected terrains, or expressed 
as disoriented boulders on clay-rich soil plains. Exposed 
Camooweal Dolostone commonly has been subjected to 
signi cant silici cation. The formation is conformable 
above the Ranken Limestone, Wonarah Formation and 
Currant Bush Limestone, and is apparently conformable 
beneath the Arrinthrunga Formation (Rawlings et al 2008, 

Figure 28.24. Ranken Limestone. (a) Light grey ooid-bioclast grainstone with grain-supported texture of ooids, trilobites and echinoderm 
plates; grains locally selectively silici ed to chert + chalcedony  megaquartz (black). Micrite envelopes around some bioclasts are also 
silici ed. Scale bar = 2 mm (photomicrograph GRG16-90.0, stained with Alizarin red S and potassium ferricyanide, crossed nicols; 
RANKEN, RANKEN, 53K 695550mE 7814006mN, 90.0 m depth in drillhole BMR GRG 16, after Kruse and Radke 2008, gure 12). (b) 
Light grey bioclast wackestone with tracts of trilobites, echinoderm plates, hyoliths, sponge spicules and minor angular to subrounded, 
medium silt- to very ne sand-sized detrital quartz in lime mud, now a microspar mosaic with interstitial iron oxides  clays. Scale bar 
= 2 mm (photomicrograph RK001, stained with Alizarin red S and potassium ferricyanide, crossed nicols; RANKEN, RANKEN, 53K 
708543mE 7787880mN, after Kruse and Radke 2008, gure 13).
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Kruse and Radke 2008). Laterally, it interdigitates to the east 
with the Age Creek Formation in CAMOOWEAL (Shergold 
et al 1985, Southgate and Shergold 1991) and it also passes 
laterally westward into the Ranken Limestone along the 
eastern ank of the Alexandria-Wonarah Basement High. 
Other correlative units include the V-Creek Limestone, Mail 
Change Limestone, Devoncourt Limestone and/or Roaring 
Siltstone of the Undilla Sub-basin in Queensland; and the 
upper Arthur Creek Formation of the southern Georgina 
Basin, which is likewise overlain by the Arrinthrunga 
Formation. It is also possibly correlated with the Anthony 
Lagoon Formation of the Barkly Sub-basin (Kruse and 
Radke 2008).

The formation consists of dolostone [including 
dolosparstone (Figure 28.25) and minor peloid and ooid 
dolostone], dolomitic limestone with nodular chert, minor 
marl, and basal high-energy rocks, including locally 
cross-bedded intraclast, ooid and oncoid dolostone and 
quartz sandstone. This lower interval is 73 m thick in 
cored drillhole NTGS01/1 (Figure 28.14) and thickens 
westward to the eastern ank of the Alexandria-Wonarah 
Basement High, where it also includes high-energy 
bioclastic sediments of the Ranken Limestone. The bulk 
of the formation consists of planar to crinkly microbial 
dololaminite, variably recrystallised to dolosparstone 
and bearing early diagenetic spheroidal and lobate chert 
nodules. Thin bands of intercalated dolomudstone may 

be desiccation-cracked or horizontally bioturbated. Local 
cross-beds and intraformational conglomerates denote brief 
higher-energy episodes within this generally lower-energy 
succession (Rawlings et al 2008, Kruse and Radke 2008). 
The Camooweal Dolostone is notionally 240–300 m thick 
(Shergold et al 1976), but is usually less than 200 m thick 
in drill intersections (Kruse and Radke 2008). Most of the 
formation was deposited under peritidal conditions in a 
restricted to epeiric back-barrier environment. The basal 
high-energy interval was probably a peritidal to shallow 
subtidal barrier between the generally below-wave-base 
marine Wonarah Formation to the west and the back-
barrier Camooweal Dolostone proper to the east (Rawlings 
et al 2008). The age of the formation is interpreted to be 
latest Floran or early Boomerangian to notionally early 
Mindyallan (middle Cambrian). The lower age limit is 
based on its stratigraphic position above the fossiliferous 
Ranken Limestone and Wonarah Formation; the upper 
age limit is based on apparent conformity with the 
overlying unfossiliferous, but notionally late Cambrian 
Arrinthrunga Formation (Rawlings et al 2008, Kruse and 
Radke 2008). Southgate and Shergold (1991) limited the 
formation to the highstand systems tract of their middle 
Cambrian stratigraphic sequence 2 (ie late Templetonian/
Floran or younger).

MEDIAL LATE CAMBRIAN–EARLY EARLY 
ORDOVICIAN

Cockroach Group

The Cockroach Group (Kruse in Dunster et al 2007) 
is widely distributed through the southern and eastern 
Georgina Basin in BARROW CREEK, ALCOOTA, 
ELKEDRA, HUCKITTA, SANDOVER RIVER, 
TOBERMOREY and HAY RIVER in the NT, and 
MOUNT WHELAN, GLENORMISTON, URANDANGI, 
BOULIA and DUCHESS in Queensland. The group is 
disconformable on various units of the Narpa Group and, 
in the NT, includes the Ninmaroo Formation and laterally 
interdigitating Tomahawk Formation. The depositional 
hiatus between these groups is represented in Queensland 
by the Chatsworth Limestone. Trilobites and conodonts 
in this formation indicate that the equivalent hiatus spans 
much of the Iverian and Payntonian stages of the late 
Cambrian/Furongian (Druce et al 1982, Shergold and 
Nicoll 1992). The Ninmaroo Formation denotes open 
to restricted marine and emergent evaporitic carbonate 
sedimentation on a broad epeiric platform extending into 
western Queensland. Deposition of this unit continued into 
the Warendan stage (equivalent to early part of international 
Tremadocian stage) of the Early Ordovician (Shergold and 
Nicoll 1992). Concomitantly, at least to end-Datsonian 
(end-Cambrian) time (Jones et al 1971, Shergold and Druce 
1980), siliciclastic deposits of the Tomahawk Formation 
were introduced onto the platform from emergent land areas 
to the west, to interdigitate with the Ninmaroo Formation. 
The Swift Formation in Queensland is included in the 
group as it was regarded by Shergold et al (1976) and Druce 
et al (1982) to be a subaerial regolith discordant on the 
uppermost Ninmaroo Formation. The upper extent of the 

Figure 28.25. Camooweal Dolostone. Cliff section mainly of pale 
yellow dolosparstone with mid- to dark grey patina. Jacobs staff 
(at bottom) is 1.5 m long (RANKEN, GALLIPOLI, 53K 815016mE 
7881750mN, after Kruse and Radke 2008, gure 23).
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Cockroach Group is therefore diachronous: late Warendan 
or Bendigonian (ie early Tremadocian or mid-Floian) atop 
Ninmaroo Formation–Swift Formation to the east, but latest 
late Cambrian (late Datsonian) atop Tomahawk Formation 
to the west (Shergold and Druce 1980, Jones et al 1971, 
Shergold and Nicoll 1992).

The Cockroach Group is conformably to locally 
disconformably overlain by the Kelly Creek Formation of 
the Toko Group, or where this is absent, is unconformably 
overlain by Mesozoic sedimentary rocks (Casey 1959, 
Shergold et al 1976, 1985). It is correlated with the Pacoota 
Sandstone 1–3 of the Amadeus Basin and possibly with 
the poorly dated Djagamara Formation of the Ngalia Basin 
(Webby et al 1981, Shergold et al 1985).

Ninmaroo Formation
The Ninmaroo Formation (Casey 1959 after Whitehouse 
1936) forms extensive tracts of smoothly rounded hills to 
isolated low rises in southeastern SANDOVER RIVER, 
eastern TOBERMOREY and northeastern HAY RIVER 
in the NT, and south-central DUCHESS, central BOULIA 
(Burke River Structural Belt), northern MOUNT WHELAN, 
GLENORMISTON and southwestern URANDANGI 
in Queensland. Five formal constituent members are 
recognised in the type section in BOULIA (Shergold and 
Druce 1980), but these have not been identi ed in the NT 
(Kruse et al 2002a, b). The formation conformably overlies 
the Chatsworth Limestone in Queensland, or where this 
is absent, disconformably overlies the Arrinthrunga 
Formation (NT), or the Georgina or Mungerebar limestones 
(Queensland). It laterally interdigitates with the more 
westerly, sandstone-rich Tomahawk Formation, with the 
zone of interdigitation exposed in northern TOBERMOREY 
and southern SANDOVER RIVER (Kruse et al 2002a, b). 
The formation is conformably overlain by the Swift 
Formation in Queensland, or where this is absent, is 
conformably to locally disconformably overlain by the 
Kelly Creek Formation (Toko Group).

The Ninmaroo Formation consists of ooid, peloid, 
bioclast, intraclast, microbial and mixed-lithology limestone 
and dolostone (Figure 28.26), and minor quartz sandstone 
and conglomerate. Microbial carbonate rocks include 
microbial dololaminite, stromatolitic doloboundstone and 

stromatolitic biostromes. Sedimentary features include 
laminated and bioclast-rich beds, low- ow-regime parallel 
bedding, millimetre- to decimetre-scale low- to high-angle 
cross-beds (including bidirectional ripples), at-pebble 
conglomerates, domical and columnar stromatolites, 
occasional ichnofossils, occasional synaeresis features and 
stylobeds (Kruse et al 2002a, b). Shoaling cycles have been 
described from within the Queensland succession (Radke 
1980), but these have not been recognised in the NT. The 
thickness of the formation ranges from >58 m (incomplete) 
in Mulga-1 (SANDOVER RIVER) to >220 m (incomplete) 
in Owen-2 (TOBERMOREY), up to a maximum of 795 m 
in the type section. A diverse fossil fauna (listed by Dunster 
et al 2007) includes trilobites, conodonts, brachiopods, 
molluscs (including nautiloids, monoplacophorans, 
gastropods, a polyplacophoran and rostroconchs), 
echinoderms, calcimicrobes, domical, clavate and columnar 
stromatolites and ichnofossils, including horizontal trails 
or burrows and arthropod tracks. The conodonts indicate 
an age range for the formation from medial late Cambrian 
(mid-Payntonian) to earliest Early Ordovician (Warendan 
or early Tremadocian; Shergold and Nicoll 1992). The 
depositional environment is interpreted to have been a 
broad epeiric marine platform under normal open-marine 
to restricted and emergent evaporitic conditions, subject 
to recurring high-energy episodes (Radke 1980, 1981, in 
Druce et al 1982).

Tomahawk Formation
The Tomahawk Formation (Kruse in Dunster et al 2007, 
after KG Smith 1964) outcrops as contiguous tracts of hilly 
country, or isolated low to moderate hills, or prominent ridges. 
It anks the Dulcie Range in eastern BARROW CREEK, 
northeastern ALCOOTA, southwestern ELKEDRA and 
northwestern HUCKITTA, and is extensive northward of 
the Tarlton Range in eastern HUCKITTA, southeastern 
ELKEDRA, western TOBERMOREY and southwestern 
SANDOVER RIVER. The formation is disconformable on 
the Arrinthrunga Formation and is conformably overlain by 
the Kelly Creek Formation. It laterally interdigitates with 
the more easterly, carbonate-rich Ninmaroo Formation 
in northern TOBERMOREY and southern SANDOVER 
RIVER (Kruse et al 2002a, b). 

a b

Figure 28.26. Ninmaroo Formation. (a) Outcrop of interbedded dolostone and dolomitic quartz sandstone. SANDOVER RIVER, 
GORDON CREEK, QR299707, after Kruse et al 2002b, gure 22). (b) Ooid dolograinstone with reworked ooid dolograinstone pebbles. 
Scale bar = 2 mm. Photomicrograph C75139, plane polarised light, SANDOVER RIVER, GORDON CREEK, 53K 713100mE 7579300mN, 
after Kruse et al 2002b, gure 20).



28:27

 Georgina Basin

The Tomahawk Formation is dominated by ne to 
medium (to coarse), locally dolomitic, glauconite-bearing 
quartz sandstone (Figure 28.27) with minor quartz wacke, 
subarkose and sublithic sandstone, plus thin interbeds of 
conglomerate, micaceous siltstone and shale. The dominant 
sandstone bears horizontal planar lamination, cross-beds 
(including solitary and festoon sets and rare herringbone 
cross-beds), ripples, synaeresis features, mud pebble moulds, 
current markings, wrinkle marks and tabular sandstone 
intraclast beds (Kruse et al 2002a, b). Dolostone interbeds 
are also developed within the formation, particularly towards 
the top. These are westerly continuations of Ninmaroo 
Formation carbonate facies in the zone of interdigitation 
between these two units that have been included within 
the Tomahawk Formation. Dolostones are generally 
recrystallised to dolosparstone or dolomicrosparestone and 
original depositional textures are rarely preserved; nely 
laminated dolomudstone also occurs. The thickness of the 
formation is in the range 150–190 m; 149 m was intersected 
in the type section in NTGS Elkedra-6 (Kruse et al 2002a). 
A moderately diverse fossil assemblage (listed by Dunster 
et al 2007) of trilobites, conodonts, brachiopods, hyoliths, 
molluscs (including pelecypods, nautiloids, gastropods 
and rostroconchs), echinoderms, possible sponge spicules, 
columnar stromatolites and ichnofossils occurs within 
the formation. Trilobites and rostroconchs in the basal 
beds (Casey and Gilbert-Tomlinson 1956, Jones et al 
1971, Pojeta et al 1977) indicate a medial late Cambrian 
(Iverian or Payntonian) age. Conodonts suggest a probably 
latest late Cambrian age (Shergold and Druce 1980, Jones 

et al 1971, Shergold and Nicoll 1992) for the uppermost 
beds. A putative Early Ordovician fauna listed from the 
Tomahawk Formation by Laurie (2000) is stratigraphically 
below an uppermost Tomahawk Formation limestone 
bearing Datsonian conodonts. The Tomahawk Formation 
represents the episodic shedding of terrigenous sand from 
exposed Aileron or Davenport province basement rocks in 
the present west. It was deposited in littoral to sublittoral 
conditions extending for a considerable distance offshore on 
a broad marine platform within restricted to open-marine 
waters. It was locally subject to reversing tidal currents, but 
extended into moderately deep settings above storm wave 
base (Brakel in Kruse et al 2002a). 

ORDOVICIAN

Toko Group

The Toko Group (Casey in Smith 1963a after Whitehouse 
1936) forms scarps, plateaux and hills in the southern 
Georgina Basin in eastern BARROW CREEK, northeastern 
ALCOOTA, southwestern ELKEDRA, northern 
HUCKITTA, southern TOBERMORY and northeastern 
HAY RIVER in the NT, and western GLENORMISTON 
and MOUNT WHELAN in Queensland. Only the lower 
units of the group are exposed in more westerly areas, 
whereas the entire group is exposed to the east. The 
group conformably overlies the Tomahawk Formation 
and conformably to locally disconformably (Reynolds 
1968, Jones et al 1971) overlies the Ninmaroo Formation 
(both Cockroach Group), or where these are absent, 
unconformably overlies the Georgina Limestone (Narpa 
Group). It is unconformably overlain by the Cravens Peak 
beds (Devonian) or where these are absent, by Mesozoic 
sedimentary rocks. Constituent units, in ascending 
stratigraphic order, include the Kelly Creek Formation, 
Coolibah Formation, Nora Formation, Carlo Sandstone, 
Mithaka Formation and Ethabuka Sandstone. These attain 
a combined maximum known thickness of 1678 m in 
AOD Ethabuka-1 (MOUNT WHELAN; Mulready 1975, 
modi ed by Draper 1980), although the upper part may 
have been eroded. The Toko Group spans the Early to Late 
Ordovician and is correlated with the Pacoota Sandstone 4, 
Horn Valley Siltstone, Stairway Sandstone, Stokes Siltstone 
and Carmichael Sandstone of the Amadeus Basin; possibly 
with the poorly dated Djagamara Formation and Kerridy 
Sandstone of the Ngalia Basin; Hanson River beds of the 
Wiso Basin (Webby et al 1981, Shergold et al 1985); and 
Florina Formation of the Daly Basin.

Kelly Creek Formation
The Kelly Creek Formation (Casey in Smith 1965) forms 
prominent hills, scarps and dissected plateaux within the 
Tarlton and Toko ranges in HUCKITTA, ELKEDRA, 
BARROW CREEK, ALCOOTA and TOBERMOREY 
in the NT, and southwestern GLENORMISTON and 
northwestern MOUNT WHELAN in Queensland. It also 
occurs in the subsurface in southwestern and south-central 
MOUNT WHELAN. The formation conformably overlies 
the Tomahawk Formation in the west and conformably to 
locally disconformably overlies the Ninmaroo Formation 

Figure 28.27. Tomahawk Formation. Typical orange-brown 
quartz sandstone exposed as prominent ridge above at-lying 
yellow-grey dolostone interbed. Dolostone ledge is about 1 m 
high. SANDOVER RIVER, ARGADARGADA, 53K 679200mE 
7574100mN, after Kruse et al 2002b, gure 13).
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further to the east in GLENORMISTON and MOUNT 
WHELAN (Reynolds 1968, Jones et al 1971), or where this 
formation is absent, unconformably overlies the Georgina 
Limestone. It is conformably overlain by the Coolibah 
Formation, or where this is absent, by the Nora Formation.

The Kelly Creek Formation is a resistant unit that can be 
divided into informal lower and upper portions. The lower 
portion comprises calcareous and dolomitic quartz-lithic 
and quartz  glauconite sandstone, intraclast-lithoclast-
bioclast dolostone, siltstone, and minor conglomerate and 
coquinite. The upper portion consists of quartzose to sucrosic 
dolostone, dolomitic quartz sandstone, dolomudstone, 
quartzose dolomitic limestone and minor conglomerate. In 
general, the proportion of carbonate within the formation 
diminishes westward (Dunster et al 2007). Sedimentary 
structures include streaming lineations, thin at-pebble 
intraclast, mud pebble and mud cobble intervals, symmetric 
to asymmetric linear, linguoid and interference ripples, 
low- to high-angle cross-beds (including bidirectional to 
herringbone types), bioclast-bearing granule beds, microbial 
lamination (in dolostone), local synaeresis features and 
ichnofossils (Kruse et al 2002a). The formation is 92 m 
thick in TOBERMOREY (Kruse et al 2002a), but thickens 
to the east to a maximum of 290 m in drillhole AOD 
Mirrica-1 in MOUNT WHELAN (Gausden 1980). A sparse 
fossil assemblage includes rare trilobites and brachiopods, 
molluscs including gastropods and endoceratid nautiloids, 
conodonts and ichnofossils (Figure 28.28). The conodont 
faunas suggest an age of early Early Ordovician (early 
Warendan to early Floian; Druce in Shergold 1979a, revised 
according to Shergold and Nicoll 1992). Jones et al (1971) 
also reported late late Cambrian (late Datsonian) conodonts 
for the basal Kelly Creek Formation, but it is likely that 
the sampled interval is a part of the underlying Ninmaroo 
Formation (Radke 1981, Shergold 1985, Nicholl et al 
1992). A peritidal to unrestricted open-marine depositional 
environment has been interpreted for the formation 
(Shergold and Druce 1980).

Coolibah Formation
The Coolibah Formation (Casey in Smith 1965) is poorly 
exposed in low hills and ridges (Smith 1972) and contiguous 
terraced tracts around the Toko Syncline in TOBERMOREY 

and HAY RIVER in the NT, and GLENORMISTON and 
MOUNT WHELAN in Queensland. It conformably to 
disconformably overlies the Kelly Creek Formation and is 
conformably overlain by the Nora Formation, but as both the 
lower and upper contacts are diachronous (Stait and Druce 
1993), the formation might also be partially equivalent to 
the uppermost and lowermost beds of these formations 
respectively. The Coolibah Formation consists of limestone 
(Figure 28.29), quartzose limestone, dolostone, marl and 
local lenticular chert, with a basal interval of sandstone, 
conglomerate or silici ed microbial boundstone (Kruse 
et al 2002a). Its thickness ranges from as little as 7.5 m in the 
type area in southeastern TOBERMOREY (Stait and Druce 
1993) up to 110 m in MOUNT WHELAN (Smith 1972). A 
varied fossil fauna of trilobites, an ostracode, conodonts, 
brachiopods, molluscs (nautiloids, pelecypods, gastropods, 
rostroconchs), sponges, algae, acritarchs, a cyanobacterium 
and sh is listed by Dunster et al (2007). Conodonts 
indicate a Lower Ordovician (mid- to late Floian) age for 
the formation (Stait and Druce 1993). The depositional 
environment is interpreted to have been intertidal to 
shallow-subtidal marine with uctuating energy conditions 
(Shergold et al 1976).

Nora Formation
The Nora Formation (Casey in Smith 1963a) is a recessive 
unit, poorly exposed in plateau scarps that are generally 
covered by scree of the overlying cap rock of Carlo Sandstone. 
It outcrops along the eastern Dulcie Range in HUCKITTA, 
Tarlton Range in western TOBERMOREY, and Toko 
Range in eastern TOBERMOREY, northeastern HAY 
RIVER, western GLENORMISTON and western MOUNT 
WHELAN. The formation conformably overlies the Coolibah 
Formation and Kelly Creek Formation, and might also be 
partially equivalent to the uppermost beds of the former (Stait 
and Druce 1993). It is conformably overlain by the Carlo 
Sandstone, or where this is absent, is unconformably overlain 
by the Dulcie Sandstone. The Nora Formation consists of 
thinly bedded, micaceous and glauconitic siltstone, claystone, 

ne sandstone and minor dolostone, with a basal bioclast 

Figure 28.28. Kelly Creek Formation. Cruziana and Rusophycus 
ichnofossils on sole of medium-grained quartz sandstone bed 
(TOBERMOREY, TARLTON, 53K 688600mE 7465800mN, after 
Kruse et al 2002a, gure 35).

Figure 28.29. Coolibah Formation. Intraclast bioclast grainstone-
rudstone of intraclasts, echinoderm ossicles and trilobites in 
coarse calcite spar. Intraclasts include reworked calcimudstone 
and bioclast grainstone with trilobites, echinoderm ossicles, 
bryozoans (top centre) and pelecypods or ostracodes. Scale 
bar = 2 mm (photomicrograph C75154, plane polarised light, 
TOBERMOREY, TOKO, 53K 776500mE 7490600mN, after Kruse 
et al 2002a, gure 38).
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grainstone-rudstone ( ). Some siliciclastic units 
are rippled and cross-laminated (Shergold and Druce 1980). 
The formation is 42 m thick in TOBERMOREY, but thickens 
considerably to the southeast to reach a maximum thickness 
of 250 m in MOUNT WHELAN. The lower part of the unit 
is richly fossiliferous and contains trilobites, ostracodes, 
conodonts, brachiopods, molluscs (nautiloids, gastropods, 
rostroconchs, pelecypods), echinoderms, bryozoans, 
sponges, corals, sh remains, questionable foraminifers 
and ichnofossils (listed by Dunster et al 2007), consistent 
with a mid-late Arenig age (Shergold et al 1976; equivalent 
to Floian to Dapingian or early Darriwilian). The upper 
part of the formation contains fewer body fossils, but does 
contain some ichnofossils. Shergold et al (1976) and Shergold 
and Druce (1980) interpreted an intertidal to low-energy, 
shallow subtidal marine environment for the formation, with 
the coarser basal interval representing an offshore bar. In 
contrast, Draper (1977) interpreted an offshore, below-wave-
base setting for the entire formation.

Carlo Sandstone
The Carlo Sandstone (Casey in Smith 1963a) is a resistant 
sandstone unit that caps the Tarlton and Toko ranges in 
TOBERMOREY, HAY RIVER, GLENORMISTON and 
MOUNT WHELAN. It conformably and gradationally 
overlies the Nora Formation, and is conformably and 
gradationally overlain by the Mithaka Formation, or where 
this is absent, is unconformably overlain by the Cravens 
Peak beds. The formation consists of medium to thick beds 
of ne to medium quartz sandstone, and minor feldspathic 
sandstone and siltstone. Characteristic current features 
include streaming lineations, ute casts, thick cross-bed 
sets and ripples. A prominent clay-pellet bed forms the 
base of the formation. The Carlo Sandstone is 22 m thick 
in southwestern TOBERMOREY (Kruse et al 2002a), but 
thickens considerably to the southeast to reach a maximum 
thickness of 174 m (or 190 m; Draper 1977) in Ethabuka-1 
in MOUNT WHELAN (Mulready 1975). Body fossils 
(listed by Dunster et al 2007) are sparse and are mainly 
found toward the base and top of the formation; they include 
molluscs (nautiloids, rostroconchs, gastropods, pelecypods), 
brachiopods, conodonts and sh. In contrast, ichnofossils are 

relatively common and diverse throughout ( ). 
An Middle-Late Ordovician (Darriwilian to Sandbian) age 
is indicated for the Carlo Sandstone from its conformable 
position beneath the Mithaka Formation, which contains 
a relatively well dated Late Ordovician conodont fauna 
(Kuhn and Barnes 2005). Shergold et al (1976) interpreted a 
shallow littoral depositional environment for the formation 
in a shoaling or barrier island setting. Draper (1977) 
subsequently developed a high-energy barrier depositional 
model with barrier island, at and bay subfacies.

Mithaka Formation
The recessive Mithaka Formation (Casey in Smith 1963a) 
is poorly exposed in the Tarlton and Toko ranges in 
TOBERMOREY, HAY RIVER, GLENORMISTON and 
MOUNT WHELAN. It conformably and gradationally 
overlies the Carlo Sandstone and is conformably and 
gradationally overlain by the Ethabuka Sandstone, or where 
this is absent, is unconformably overlain by the Cravens Peak 
beds. The formation consists of thinly bedded gypsiferous 
shale, calcareous siltstone, minor calcareous, glauconitic and 
micaceous quartz sandstone, and minor coquinite and granule 
conglomerate. The formation ranges in thickness from 20 m 
up to 120 m in the Tarlton and Toko ranges respectively (Smith 
1965, 1972), and reaches a maximum thickness of 156 m in 
drillhole Mirrica-1 (MOUNT WHELAN; Gausden 1980). It 
contains a mostly undescribed fossil fauna (listed by Dunster 
et al 2007) of trilobites, ostracodes, conodonts, brachiopods, 
molluscs (nautiloids, gastropods, pelecypods), bryozoans, 
sponges, receptaculitaleans, probable echinoderms, 
conodonts, sh, a chitinozoan and ichnofossils. Conodonts 
indicate a Late Ordovician (late Gisbornian, equivalent to 
Sandbian and/or Katian) age (Kuhn and Barnes 2005). The 
depositional environment was probably a low-energy marine 
lagoon with limited tidal range, inshore of a high-energy 
barrier of Carlo Sandstone (Draper 1977), or alternatively, 
a more open shallow subtidal setting is possible (Kuhn and 
Barnes 2005).

Ethabuka Sandstone
The Ethabuka Sandstone (Draper 1980 after Mulready 1975) 
forms prominent ridges and uplands in the Toko Range in 
TOBERMOREY, HAY RIVER, GLENORMISTON and 

. Nora Formation. Basal ferruginous echinoderm 
grainstone-rudstone bed with echinoderm plates and minor 
gastropods, nautiloids, trilobites and possible brachiopod 
fragments. Scale bar = 2 mm (photomicrograph C75155, 
plane polarised light, TOBERMOREY, TOKO, 53K 776500mE 
7490600mN, after Kruse et al 2002a, gure 39).

. Carlo Sandstone. Arthropod scratch marks on 
sole of medium quartz sandstone bed. Pen is 13.5 cm long 
(TOBERMOREY, TARLTON, 53K 683900mE 7496300mN, after 
Kruse et al 2002a, gure 40).
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MOUNT WHELAN. It conformably and gradationally 
overlies the Mithaka Formation and is unconformably 
overlain by the Cravens Peak beds, or where these are 
absent, by the Jurassic Hooray Sandstone (Eromanga 
Basin, Queensland). The formation is 1147 m thick in the 
type section in drillhole Ethabuka-1 in MOUNT WHELAN 
in Queensland (Mulready 1975, Draper 1980), where it has 
been subdivided into four informal subunits. In the NT, 
only about 35 m of the lowest subunit is exposed within the 
axial Toko Syncline as an escarpment around the junction 
of TOBERMOREY, HAY RIVER and GLENORMISTON 
(Shergold et al 1976). There, the formation consists of 
sublabile to quartzic sandstone with minor siltstone and 
claystone interbeds, and rare conglomerate. The thinly 
to medium-bedded sandstone bears clay pellets, cross-
laminations, asymmetric linguoid and interference 
ripples, load casts, parting and streaming lineations, ute 
casts and other current structures, and minor phosphate 
pellet conglomerate, aser bedding and ichnofossils 
(Kruse et al 2002a). An undescribed fossil fauna 
comprises trilobites, brachiopods, molluscs (nautiloids, 
gastropods, pelecypods) and ichnofossils. The age of the 
formation is probably medial Late Ordovician from its 
conformable stratigraphic position above the Mithaka 
Formation, which has yielded a late Gisbornian (Sandbian 
and/or Katian) conodont fauna (Kuhn and Barnes 2005). 
The depositional environment is interpreted (Draper 
1977, 1980) to have been a high-energy shallow-marine 
barrier, but with bioturbated intervals also indicating 
subordinate lower-energy subtidal conditions. Haines et al 
(2001) considered that this unit was possibly generated as 
a result of the Rodingan Event (Wells et al 1970) in the 
Late Ordovician, regarded as the earliest episode of the 
450–300 Ma Alice Springs Orogeny. This event evidently 
terminated Ordovician sedimentation in the basin.

DEVONIAN

After deposition of the Ordovician Toko Group, no further 
sedimentation took place in the Georgina Basin until the 
mid-Devonian, when the Pertnjara–Brewer events of the 
Alice Springs Orogeny instigated deposition of synorogenic 
siliciclastic sediments of the Dulcie Sandstone in the Dulcie 
Syncline, and the Cravens Peak beds in the Toko Syncline of 
the southern Georgina Basin. These units are the youngest 
sedimentary deposits within the basin.

Dulcie Sandstone
The Dulcie Sandstone (KG Smith 1964 after Joklik 1955) 
outcrops in the Dulcie Syncline in western HUCKITTA, 
southwestern ELKEDRA, northeastern ALCOOTA and 
southeastern BARROW CREEK. It forms prominent 
cliff-forming caps and scarps atop the southeastern and 
central Dulcie Range, with outcrops becoming lower and 
more discontinuous in the northwestern Dulcie Range. The 
formation is a correlative of the Cravens Peak beds of the 
southeastern Georgina Basin, and unconformably overlies 
the Nora Formation, or where this is absent, the Kelly Creek 
Formation. There is no overlying unit. The Dulcie Sandstone 
ranges in thickness from about 450 m up to a maximum of 
650 m, and consists of prominently cross-bedded, medium- 

to thickly bedded quartz sandstone, with rare beds of silty 
calcareous sandstone and pebble conglomerate (Freeman 
1986). It contains an Early–Middle Devonian (Pragian–
early Eifelian) sh fauna (Young and Goujet 2003) and 
rare ichnofossils (Freeman 1986). Hills (1959) interpreted 
a continental aeolian and braided uviatile depositional 
environment for the formation.

Cravens Peak beds
Strata of the Cravens Peak beds (Reynolds in Smith 1965) 
are distributed around the Toko Syncline along the Toomba 
and Toko ranges in HAY RIVER, MOUNT WHELAN, 
GLENORMISTON and southeastern TOBERMOREY. The 
unit is well exposed as strike ridges or steep cuestas along the 
Toomba Range, particularly in Queensland, but is generally 
less well exposed elsewhere as low, rubble-covered rises or 
low dip slopes (Reynolds 1968, Smith 1972). The formation 
is a correlative of the Dulcie Sandstone of the southwestern 
Georgina Basin, and unconformably overlies the Ethabuka 
Sandstone, or where this is absent, the Mithaka Formation or 
Carlo Sandstone. It is unconformably overlain by Mesozoic 
sedimentary rocks of the Eromanga Basin. The unit is at 
least 280 m thick (Shergold 1985) and is informally divided 
into a lower interval of calcareous siltstone, calcareous 
sandstone, limestone and minor conglomerate, and an 
upper interval of cross-bedded, ne- to medium-grained 
quartz sandstone with clay pellets, and conglomerate. 
It contains a fossil assemblage (listed by Dunster et al 
2007) of ostracodes, sh, a plant and stromatolites; the sh 
fauna indicates an Early–Middle Devonian (Pragian–early 
Eifelian) age (Young and Goujet 2003). The depositional 
environment is interpreted to have been initially shallow 
subtidal to marginal/shoreface marine, passing via offshore 
sandbar and beach facies into non-marine braided uviatile 
settings (Hills 1959, Draper in Turner et al 1981).

STRUCTURE

Most deformation visible in outcrop of the Georgina Basin 
is related to folding and faulting that occurred during the 
Late Ordovician to Carboniferous Alice Springs Orogeny. 
However, most of the signi cant faults in the southern 
Georgina Basin were initiated in Neoproterozoic time as 
normal faults marginal to large-scale northwest-trending 
intracontinental rifts; these were subsequently reactivated 
as high-angle reverse faults in the Palaeozoic (Zhao et al 
1994, Greene 2003, 2010). In the central and northern 
Georgina Basin, much of the succession is little deformed 
and is at-lying to gently folded.

Tectonic setting

Neoproterozoic
Neoproterozoic deposits of the Plenty Group in the southern 
Georgina Basin form the distal edge of a regionally 
widespread, southwestward-thickening, shallow-marine 
siliciclastic succession that was deposited on a low-
relief basement surface as a part of Supersequence 1 of a 
broad intracratonic sag basin (Centralian A Superbasin; 
Walter et al 1980, see Centralian Superbasin). Walter 
et al (1995) noted that these sedimentary rocks thin out 
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against basement highs in the southern part of the basin. 
Overlying Neoproterozoic successions were deposited 
in a series of northwest-striking rift basins that underlie 
Palaeozoic strata of the basin ( ). Rift basin 
successions indicate two major periods of extension 
(Greene 2010): a major rift-forming episode coeval with 
deposition of the late Cryogenian Supersequence 2 and a 
second episode of extension coeval with deposition of the 
Ediacaran Supersequence 3. Deposits of the late Ediacaran 
Supersequence 4 and the lower portion of the early Cambrian 
Shadow Group (pre-Red Heart Dolostone) are interpreted 
as having been deposited in a distal foreland-sag setting, 
related to the 580–530 Ma late Neoproterozoic Petermann 
Orogeny, which mainly affected the Musgrave Province to 
the southwest (Dunster et al 2007).

The Neoproterozoic succession has been subjected 
to at least four tectonic movements of varying intensities 
(Figure 28.6). The mid-Cryogenian Areyonga Movement, 
which resulted in folding and faulting of Supersequence 1 
rocks elsewhere in the Centralian A Superbasin (eg Wells 
et al 1970, Apak et al 2002), corresponds to a lengthy hiatus 
of possibly as much as 100 million years in the southern 
Georgina Basin prior to deposition of Supersequence 2 
(Aroota Group). The late Cryogenian Rinkabeena Movement 
(Wells and Moss 1983), which equates to a disconformity 
in the Ngalia Basin succession, was extended to the 
corresponding disconformity between the Aroota Group 
(Supersequence 2) and Keepera Group (Supersequence 3) by 
Walter (1980). Walter further invoked the Toomba Movement 
to account for a local angular unconformity between elements 
of the Keepera and Mopunga groups, accompanied by a thick 
wedge of arkose (Gnallan-a-Gea Arkose). This movement 
was probably synchronous with the Souths Range Movement 
of the Amadeus Basin. Walter’s (1980) Huckitta Movement 
was coined to denote a period of local uplift and erosion 
spanning the Precambrian–Cambrian boundary (Mopunga 
Group–Shadow Group contact). The hiatus is interpreted as 
a distal expression of the Petermann Orogeny.

Palaeozoic
Overlying Cambrian–Ordovician strata were deposited 
on a relatively stable, broad marine platform, forming 
part of the Centralian B Superbasin (see Centralian 
Superbasin), prior to termination of sedimentation by 
uplift associated with the earliest phases (Rodingan Event) 
of the 450–300 Ma Alice Springs Orogeny in the Late 
Ordovician. In the middle and late Cambrian, exposure and 
karsti cation of the Thorntonia Limestone, deposition of 
the Steamboat Sandstone and Eurowie Sandstone Member, 
and a hiatus between the Arrinthrunga and Tomahawk 
formations all re ect localised relative uplift related to the 
Cambro–Ordovician Delamerian Orogeny that deformed 
and metamorphosed areas to the east and south of the 
Georgina Basin, notably in the southern Adelaide Fold 
Belt. The late Early and Middle Ordovician (480–460 Ma) 
Larapinta Event (Figure 28.6) was an intense but very 
localised tectonic episode that re ects metamorphism and 
deformation of the Irindina Province, to the south of the 
Georgina Basin, at depths of 30–35 km and temperatures 
of ca 800°C (Mawby et al 1999, Hand et al 1999, Buick 
et al 2001). Buick et al (2005) interpreted this event as 
being the result of the opening and subsequent closure of 
a pull-apart basin (Irindina Province) in a dextral strike-
slip fault system, probably associated with development of 
the northwest-trending Larapintine Seaway, which possibly 
connected the Canning, Amadeus, Georgina and Warburton 
basins to the proto-Paci c Ocean (Webby 1978, Haines and 
Wingate 2007). Deformation associated with the Larapinta 
Event was sharply partitioned across the bounding shear 
zones and did not signi cantly affect rocks in the Georgina 
Basin (Scrimgeour and Raith 2001), which accumulated 
coeval rocks of the Toko Group. Nevertheless, Dunster 
et al (2007) interpreted syndepositional normal faulting 
and elevated heat ow in what is now the Toko and Dulcie 
synclines at about this time.

A series of major Late Ordovician to Carboniferous 
(450–300 Ma) tectonic events, collectively known as the 

Southern 
Georgina Basin

Mount Isa
Inlier

ToF

TF

OF

SF

ToF

TS

PF

TL

BR 

22°

140°138°

Q
LDN
T

136°

24°

TS

TENNANT
REGION

ARUNTA
REGION

DS LF

Mesozoic–Cenozoic cover
Ordovician–
Devonian

interpreted Neoproterozoic
rift basin fill

Georgina
Basin
strata

exposed

pre-Neoproterozoic Basement

Normal fault Inverted
normal fault

medial late Cambrian–
early Early Ordovician
Neoproterozoic–
early late Cambrian

A11-238.ai

NORTHERN
TERRITORY

SOUTH AUSTRALIA

QUEENSLAND

100 km0 50

. Simpli ed geological 
map of southern Georgina Basin 
showing interpreted Neoproterozoic 
rift basins, some under cover. Many 
normal faults marginal to rift basins 
were later reactivated as reverse 
faults. Abbreviations: BR – Burke 
River Structural Belt; DS – Dulcie 
Syncline; LF – Lucy Creek Fault; OF – 
Oomoolmilla Fault; PF – Pilgrim Fault; 
SF – Sun Hill Fault; TF – Tarlton Fault; 
ToF – Toomba Fault; TL – approximate 
location of Neoproterozoic continental 
margin; TS – Toko Syncline (redrawn 
and slightly modi ed after Greene 2010: 

gure 6).



28:32

 Georgina Basin

Alice Springs Orogeny, produced intense deformation, 
including major thrust faulting, on the southern margin of 
the Georgina Basin and was responsible for much of the 
present structure. Haines et al (2001) recognised three 
constituent orogenic events: the Rodingan Event in the Late 
Ordovician, Pertnjara-Brewer events in the mid-Devonian 
and Mount Eclipse Event in the mid-late Carboniferous; 
these correlate with pulses of synorogenic sedimentation in 
the Amadeus, Gnalia and Georgina basins. The 450–440 Ma 
Rodingan Event was mostly con ned to parts of the eastern 
and central Arunta Region, and was related to exhumation 
of the deeply buried Irindina Province and its juxtaposition 
against the surrounding Palaeoproterozoic Aileron Province 
(Scrimgeour and Raith 2001). The most intense deformation 
visible in the southern Georgina Basin is attributed to the 
390–375 Ma Pertnjara-Brewer events, which formed 
the present structural margin of the southern Georgina 
Basin when basement was thrust over Cryogenian–
Ordovician rocks. Pre-existing normal faults bounding 
Neoproterozoic rift basins were selectively reactivated 
at this time and are now expressed as high-angle reverse 
faults that inverted the pre-existing rift basins (Greene 
2003, 2010). Deformation was mostly brittle in style and 
was related to predominantly north–south to northeast–
southwest crustal shortening. Synorogenic foreland 
deposition of the Devonian Dulcie Sandstone and Cravens 
Peak beds accompanied these movements (Dunster et al 
2007). Only minor reactivation of older Alice Springs 
Orogeny structures is inferred for the 330–320 Ma Eclipse 
Event in the southern Georgina Basin.

Faults

Major named faults within the southern Georgina Basin 
are listed by Dunster et al (2007); signi cant faults in the 
NT portion of the basin are shown in Figure 28.4. Most 
major faults are long-lasting Neoproterozoic or earlier 
structures that were reactivated at various times during the 
Phanerozoic ( ). They are typically associated 
with monoclinal folds and have steep to overturned bedding 
in the footwall immediately adjacent to the fault. According 
to Greene (2003, 2010), many of the major faults in the 
southern part of the basin were probably generated on the 
then Australian continental margin at the time of breakup 
of the Rodinian Supercontinent during the Neoproterozoic, 
although it is possible that some are reactivated earlier 
Proterozoic structures (Warren 1981). They are interpreted 
to have been a series of Neoproterozoic south- to southwest-
dipping normal faults bounding northwest-striking rift 
segments and offset by northeast-striking transform faults. 
These normal faults were then reactivated as high-angle 
reverse faults during the largely compressional Alice 
Springs Orogeny, in particular during the Pertnjara-Brewer 
(395–375 Ma) and Eclipse (340–310 Ma) events. Most 
reverse fault displacement occurred during the Pertnjara-
Brewer orogenic phase, creating the present southern basin 
margin. Cenozoic activity has also been noted on some 
faults, including the Wilora and Taylor faults in BARROW 
CREEK, which formed active fault scarps with associated 
extensive fanglomerate, marginal to Cenozoic graben or 
half-graben basins (Haines et al 1991).

The northern margin of the Georgina Basin in eastern 
MOUNT DRUMMOND is an apparent faulted contact 
with the South Nicholson Basin, along the east-northeast-
trending Little Range Fault on the southern ank of 
the Carrara Range. Associated subparallel faults in the 
adjacent Lancewood Creek area have probably affected 
Narpa Group rocks (McMahon 1969). In central-western 
RANKEN, faults interpreted from aeromagnetic data may 
be partly or wholly responsible for the poor expression of 
the Alexandria-Wonarah Basement High and apparent 
lateral offset of the lithostratigraphic succession in that area 
(Kruse and Radke 2008). Radiometric, digital terrain model 
and Landsat images provide an indication of conjugate 
east-northeasterly and northwesterly–north-northwesterly 
lineament trends in parts of the central region, re ected 
to a degree in drainage orientations. Along the northern 
basin margin, a dominant northwesterly to westerly joint 
orientation is evident in the exposed Bukalara Sandstone.

There are few direct indications of syndepositional fault 
activity at the time of Palaeozoic sedimentation within the 
basin. One candidate is a possible growth fault tentatively 
identi ed on Paci c Oil and Gas seismic line 89 208 near 
drillhole Hunt-1 (Figure 28.14). Though poor re ection 
quality lowers con dence in the interpretation, re ectors 
correlated with the upper Arthur Creek Formation 
apparently thicken westward into a fault on this line 
(Dunster et al 2007).

Several of the more signi cant and better documented 
major faults of the southern Georgina Basin are brie y 
described below.

Oomoolmilla Fault Zone
The Oomoolmilla Fault (Freeman 1986) is about 25 km in 
length, strikes 70°E and dips approximately 70° south. It is a 
prominent, northeast-striking, steeply south-dipping reverse 
fault that juxtaposes Proterozoic crystalline basement to the 
south with Cambrian to Devonian sedimentary rocks of the 
Georgina Basin to the north. The fault has had a minimum 
vertical displacement of 1400 m (Greene 2010), but may 
have had a maximum total displacement of some 3500 m 
(Freeman 1986). It has experienced a component of sinistral 
motion (Dunster et al 2007) and was interpreted by Greene 
(2010) as a step or transfer fault within the otherwise 
northwest-trending regional fault system of the southern 
Georgina basin. The hangingwall of the fault contains 
Neoproterozoic sedimentary rocks (Mount Cornish 
Formation, Oorabra Arkose) assigned to supersequences 2 
and 3 of the Centralian A Superbasin succession. These thin 
away from the fault and have been interpreted as rift basin ll 
deposited in localised half grabens (Freeman 1986, Walter 
and Veevers 2000, Dunster et al 2007). The Oomoolmilla 
Fault therefore probably originated as a southeast-down, 
rift-bounding normal fault that was reactivated as the 
present southeast-up reverse fault during the Alice Springs 
Orogeny (Greene 2010).

Lucy Creek Fault Zone
The Lucy Creek and Mount Playford faults are related 
northwest-striking, steeply west-dipping, west-side-up 
reverse faults in the Huckitta region. The Lucy Creek Fault 
is greater than 75 km in length and has had a minimum 
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vertical displacement of about 700 m, with an actual 
displacement possibly exceeding 1000 m. A thin wedge of 
Neoproterozoic rift basin ll (Mount Cornish Formation, 
Oorabra Arkose) is exposed in the hangingwall, and is 
overlain by Cambro-Ordovician rocks (Freeman 1986). 
The shorter Mount Playford Fault appears to curve into 
and terminate against the Lucy Creek Fault in a ‘J-hook’ 
relationship, as is characteristic of younger-against-
older fault terminations (Greene 2010). It has possibly 
experienced about 1600 m of vertical displacement. Greene 
(2010) presented a model in which the Lucy Creek Fault is 
interpreted as an early (Neoproterozoic) west-side-down, 
normal rift-margin fault, later reactivated as a west-side-
up reverse fault during the later stages of the Alice Springs 
Orogeny. The Mount Playford Fault developed at this later 
time as a lower-angle, footwall shortcut fault that acted to 
decrease resistance to horizontal shortening.

Tarlton Fault Zone
The Tarlton Fault Zone is a northwest-striking, 40 km-
long fault zone that juxtaposes Proterozoic crystalline 
basement to the west with at-lying Ordovician strata 
of the southeastern Georgina Basin to the east (Kruse 
et al 2002a). It is located approximately 25 km southeast 
of the Lucy Creek Fault and appears to be a left-stepping 
en echelon extension of that fault. Greene (2010) interpreted 
this structure to be a west-dipping reverse fault, not an 
east-dipping normal fault as previously thought (Kruse 
et al 2002a, Dunster et al 2007), and estimated more than 
3300 m of total west-side-up stratigraphic offset on two 
fault strands. The hangingwall of the Tarlton Fault exposes 
Neoproterozoic rift basin ll (Black Stump Arkose and 
Wonnadinna Dolostone of Supersequence 3), indicating 
that a pre-existing west-side-down Neoproterozoic normal 
fault has been reactivated as a Palaeozoic west-side-up 
reverse fault (Greene 2010), possibly with some transcurrent 
movement (Dunster et al 2007). Further slight movement on 
the Tarlton Fault may have occurred as recently as the early 
Eocene–late Oligocene (Warren 1981). Relatively more 
rapid erosion of felsic crystalline basement in the uplifted 
hangingwall block has resulted in topographic inversion, so 
that structurally lower Palaeozoic footwall rocks now form 
a fault line scarp that stands topographically high relative to 
the Proterozoic basement (Greene 2003).

Toomba Fault Zone
The Toomba Fault Zone (Kruse et al 2002a) is a major 
northwest-striking structure that forms about 200 km of the 
present southwestern margin of the Georgina Basin. It is a 
high-angle reverse fault with a 40–70° west dip and west-
side-up vertical displacement of up to 6.5 km, that may have 
also experienced some dextral strike-slip movement during 
the Alice Springs Orogeny (Harrison 1979). This complex 
fault zone juxtaposes Proterozoic crystalline basement 
of the Arunta Region and overlying Neoproterozoic 
sedimentary rocks with Palaeozoic strata preserved in 
the prominent footwall Toko Syncline. It consists of left-
stepping en echelon segments that die out northward into 
monoclinal folds (Simpson et al 1985), as displacement is 
transferred between segments. A substantial thickness of up 
to 1000 m of Neoproterozoic rift basin ll (Yardida Tillite, 

Black Stump Arkose) is exposed in the hangingwall of the 
fault zone indicating two periods of Neoproterozoic rifting 
and basin formation, corresponding to the time of deposition 
of supersequences 2 and 3 of the Centralian A Superbasin 
succession. Reactivation as a west-side-up reverse fault 
displaced mid-Devonian synorogenic sedimentary rocks 
(Cravens Peak beds) that form the western limb of the Toko 
Syncline, indicating that major reverse movements occurred 
during the later phases of the Alice Springs Orogeny. The 
present structurally complex fault zone may have resulted 
partly from reactivation of a pre-existing, segmented normal 
fault system and partly from formation of new footwall 
cutoff faults during Palaeozoic contractional deformation 
(Greene 2010).

Subsurface faults underlying Toko Syncline
From seismic, aeromagnetic and gravity data, Greene 
(2010) has interpreted the presence of two separate 
Neoproterozoic rift basins underlying the Toko Syncline, 
mostly in Queensland ( ). These are bounded 
to the east by prominent west-dipping re ectors in seismic 
pro les (Harrison 1979, Lechler and Greene 2006) that 
were interpreted by Greene (2010) to be Neoproterozoic 
normal faults that were not signi cantly reactivated during 
the Alice Springs Orogeny.

Sun Hill and Pilgrim faults
The Sun Hill and Pilgrim faults are prominent steeply 
west-dipping structures in the southern Georgina Basin to 
the east of the Toko Syncline in Queensland that feature 
Neoproterozoic rift basin sedimentary rocks in the 
hangingwall. Both of these were interpreted by Greene 
(2010) as being similar to the Toomba, Tarlton, and Lucy 
Creek faults to the west in that they were originally west-
dipping normal faults anking Neoproterozoic rift basins 
that were reactivated in the Palaeozoic as west-side-up 
reverse faults. 

Folds

The Toko and Dulcie synclines have wavelengths of tens of 
kilometres and dominate the broad-scale structure of the 
southern Georgina Basin. These are the only structures of 
suf cient amplitude to preserve any Devonian section. The 
fold axes of both are parallel to the adjacent faulted basin 
margin, which appears to have acted as a rigid buttress 
against which folding has occurred. The Dulcie Syncline 
is somewhat asymmetric in a gross sense, its southern limb 
steepening against the southern margin of the basin. There 
is some indication from gravity and magnetic modelling of 
basin thicknesses that they are ampli cations of preexisting 
basin depocentres. Other folds in the southern Georgina 
Basin are of much smaller amplitude and are harder to 
identify from outcrop geology, to the extent that they are 
not apparent at the basin scale (Dunster et al 2007).

The central Georgina Basin is typically masked by a 
pervasive regolith, and the northern region is largely concealed 
beneath the onshore Carpentaria Basin. Nevertheless, the 
succession appears to be generally at-lying to gently folded. 
The Lake Nash Anticline is a prominent isolated fold in the 
Camooweal Dolostone in southeastern AVON DOWNS, in 
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the Undilla Sub-Basin. The structure plunges to the south 
and is open to the north. It may be a distal expression of the 
Alice Springs Orogeny, or a draped structure (Smith 1972). 
Mesoscale folding is also interpreted in jointed and regolith-
mantled Wonarah Formation on the Alexandria-Wonarah 
Basement High, around the AVON DOWNS–RANKEN–
FREW RIVER–ALROY conjunction. A south-plunging 
anticline at Barry Caves is the best substantiated of these 
folds (Kruse and Radke 2008).

MINERAL RESOURCES

The Palaeozoic successions of both the NT and Queensland 
portions of the Georgina Basin contain base metals mines, 
prospects, occurrences and anomalies that can be assigned 
to several styles of Cu and Pb-Zn mineralisation, including 
Mississippi Valley-type (MVT), stratiform sediment-hosted 
and sandstone-hosted. The basin is also very prospective for 
phosphate over large areas of its central and northern parts 
and hosts several substantial deposits, including Wonarah in 
the NT. The southern Georgina Basin is widely regarded as 
one of the more prospective areas for onshore petroleum in 
the NT, but substantial oil/gas pools are yet to be identi ed 
and the basin remains underexplored. Other prospective 
commodities within the Georgina Basin include diamonds, 
manganese and uranium. Neoproterozoic and/or Palaeozoic 
successions of the southern Georgina Basin have also been 
explored for gold and platinum group elements, but without 
success.

Base metals

The Neoproterozoic succession of the southern Georgina 
Basin is prospective for base metals and contains a number 
of known prospects. Pb-Zn-anomalous Cambrian and 
cupriferous Neoproterozoic rocks in the southern Georgina 
Basin have been the subject of company exploration for 
over 30 years, although exploration has been sporadic, at 
best, during the last two decades. Draper (1978) provided an 
overview of all Pb-Zn prospects in the basin.

Base metals occurrences in the Neoproterozoic of the 
central–northern Georgina Basin are few. A thin, shallow 
black shale at the Buchanan Dam phosphate deposit 
(ALROY) was unsuccessfully drilled for base metals by 
CRA (Alexander and Chalmers 1982). In southern AVON 
DOWNS, partially cored drillhole Scarr-1 (Figure 28.14) 
was drilled to 321 m depth to test a 2 mgal gravity and 
480 nT magnetic anomaly for possible carbonate-hosted 
base metals mineralisation. Visible sul des were lacking in 
carbonaceous dololaminite in the interval 293–321 m depth 
(ie lower Arthur Creek Formation), and precious metal 
assays were very low (Graham 1988).

Lead isotope data for galena from the Box Hole 
prospect and Mount Skinner areas (Dunster et al 2007) are 
consistent with other samples from both the Queensland 
and NT portions of the Georgina Basin (G Denton, CSIRO, 
in litt 2001); they indicate that all Pb has been derived from 
a common source during a single basin-wide mineralising 
event. There is not yet a unique solution for the timing of 
mineralisation relative to source rock Pb composition, but 
Proterozoic-age Pb and a mineralisation age corresponding 

to the later phases of the Alice Springs Orogeny are 
considered most likely.

Mount Skinner area

The Mount Skinner area ( ), located about 
170 km north-northeast of Alice Springs and 40 km east of 
the Alice Springs–Darwin railway in ALCOOTA, has been 
targeted for syngenetic exhalative sediment-hosted base 
metals (Ashley in Chuck 1982), Zambian-style stratiform Cu 
(Utah 1970) and stratabound Cu mineralisation (Menzies and 
Louwrens 1995). Previous exploration (Youles 1965, Halliday 
1965, 1966, Shaw and Warren 1975) demonstrated that visible 
surface copper mineralisation, consisting of malachite-
stained rocks and oat, extends for several kilometres along 
strike. Core drilling (Mount Skinner-1 to -4, ) 
by the Mines and Water Resources Branch of the Northern 
Territory Administration (Grainger 1968a) demonstrated 
that anomalous Cu continues downdip into fresh rock, but 
failed to nd any economic grades. The highest Cu assay was 
6500 ppm for a 0.3 m interval at about 203 m depth in Mount 
Skinner-3. In addition, this hole unexpectedly intersected 
two intervals of elevated Pb and Zn that seemingly occur 
independently of Cu. One 1.5 m-thick interval reputedly 
averaged 6700 ppm Pb including 2% Pb for the sample from 
131.7–132 m depth; the other had up to 950 ppm Zn over 0.3 m 
at 313.0–313.3 m depth (Grainger 1968b, Shaw and Warren 
1975). Centamin NL drillholes (CMS1 to 4, ) 
proved the existence of a prospective interval below the 
Central Mount Stuart Formation as then understood (Cotton 
1972, Chuck 1982, 1983).

Dunster et al (2007) better de ned the stratigraphic 
succession and con rmed the presence of stratiform 
copper mineralisation in the Neoproterozoic Tops Member 
(Figure 28.12) of the Central Mount Stuart Formation 
and epigenetic base metals mineralisation in the Elyuah 
Formation. Visible galena, pyrite, chalcopyrite and uorite 
were described in core from drillhole CMS4 to the east of 
Mount Skinner at a depth of 247–260 m. Core logging and 
geochemistry conducted during the same study con rmed 
elevated copper, lead, zinc and barium levels, and revealed 
previously unrecognised lead-zinc mineralisation at depth. 
The Pb mineralisation event may be younger than the 
Cu mineralisation event. Ore mineral textures and lead 
isotope data for galena in the Elyuah Formation con rm the 
involvement of hydrothermal processes.

Based on this NTGS work, Uramet Minerals Ltd 
targeted Zambian-style stratiform Cu and Jinding-
style sediment-hosted Pb-Zn. In 2007, they undertook a 
440 line-km airborne VTEM survey in the Mount Skinner 
area. Aeromagnetic and gravity data, soil and rock chip 
sampling, auger drilling and trenching con rmed the 
NTGS interpretation of mapped faults, but did not identify 
any anomalies suggestive of a massive sul de source. The 
overburden is highly conductive and may obscure responses 
due to deeper sources (Penna 2010b).

Box Hole-Turkey Creek

Box Hole-Turkey Creek Pb-Zn prospect (and abandoned 
mine) is located at 53K 579515mE 7530175mN in 
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HUCKITTA. Galena, barite and minor sphalerite are 
hosted in stromatolitic late Cambrian carbonate rocks of the 
Arrinthrunga Formation. Stratabound surface mineralisation 
with similarities to MVT mineralisation can be mapped 
discontinuously for 6.5 km along strike ( ). The 
mineralised interval lies immediately above the constituent 
Eurowie Sandstone Member and stratigraphically just below a 
stromatolitic interval several metres thick ( ).

Box Hole mineralisation is best exposed in and around 
Kings Workings, where galena cubes up to 4 cm across 

occur in a grey silici ed carbonate ( ). At 
surface, the host limestone is pervasively dolomitised and 
variably silici ed along strike and upsection. This latter 
alteration is not stratigraphically controlled at metre scale 
and does not persist into the subsurface. The Arrinthrunga 
Formation in the vicinity of Box Hole is gently folded 
about northwesterly and north-northwesterly fold axes 
with amplitudes of up to 100 m and wavelengths of 
500 2000 m (Ypma 1984). Surface dips are typically 
less than 15°. The mineralised interval is exposed in 
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two north-trending synclines ( ). Kings 
Workings and associated ore-grade mineralisation are 
on the eastern limb of the southern syncline (Marshall 
1989). The stratigraphic equivalent in the north contains 
visible galena only on the western limb. In addition, a 
throughgoing regional fault is interpreted to splay to 
the north and transect both synclines. In the southern 
syncline, this fault is inferred to dip east and would offset 
or delimit the westerly dipping mineralised interval. The 

mineralised interval on the western limb of the northern 
syncline is cut by numerous small faults, some of which 
may be near bedding-parallel.

Visible ore-grade mineralisation occurs as isolated 
galena cubes up to several centimetres in size in silici ed 
stromatolitic carbonate with associated crosscutting 
barite veins ( ); as isolated and clumped 
millimetre-scale galena cubes that are largely independent 
of the host fabric; as galena in ll to breccia in silici ed 
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stromatolitic carbonate; and as galena in sedimentary in ll 
of interstices in stromatolitic dolostone ( ).

Uramet Minerals Ltd undertook ground gravity and IP 
surveys over Box Hole in 2008 in an attempt to identify the 
presence of disseminated metal sul de bodies at depth. The 

company also RAB drilled 94 holes for a total of 4155 m in 
order to test a number of possible base metals targets. The 
broadest zinc intercept was 12 m at 2.8% Zn (and 0.67% 
Pb) from 17 m depth, including 1 m at 14.7% Zn from 24 m 
depth. The best lead intercept was 2 m at 3.98% Pb (and 

. Box Hole mineralisation and host facies (after Dunster et al 2007). (a) Galena between domical stromatolites, southernmost 
mineralisation, Box Hole (from Ypma 1983). (b) Detail of surface texture on a stromatolitic mound, up-section from mineralised interval 
near Kings Workings (from Ypma 1983). (c) Host rock showing voids formed after galena has weathered out. (d) Detail of small samples 
of coarse barite and galena from near Kings Workings. (e) Cubic galena in massive barite from northernmost outcrop of mineralisation 
(800 m north of core shed). Hand lens (bottom) for scale (from Ypma 1983). (f) Galena (leach sul de) mineralisation at Box Hole prospect 
(photo W Taylor, Uramet Minerals Ltd).
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2.8% Zn) including 1 m at 5.39% Pb and 3.4% Zn (Uramet 
Minerals Ltd, ASX Announcement, 30 September 2008).

Marqua–Boat Hill area 

Like Box Hole, the Marqua area has been the subject of 
systematic company exploration for over 30 years. This 
structurally complex southern margin of the Georgina 
Basin in TOBERMOREY–HAY RIVER contains several 
Cambrian formations that are anomalous in Zn and Pb 
over kilometres of strike length. Minor visible galena, 
sphalerite and pyrite have been reported at the surface and 
below the depth of weathering in the Red Heart Dolostone 
and Thorntonia Limestone. Boat Hill Pb-Zn prospect 
(53K 773744mE 7466000mN), the only named prospect 
( ), has returned up to 1.15% Zn over 2 m in 
channel chip samples and the best cored intercepts to date 
are about 2% Zn over 0.5 m. The highest reported Pb is 
1.8% over 2 m from percussion drill samples (McGeough 
1992). From petrological studies of selected mineralised 
samples, Croxford (in McGeough 1992) concluded that the 
mineralisation is MVT and occurred as several episodes. 
At least three generations of pyrite are accompanied or 
postdated by sphalerite and hydrocarbons ( ). 
Galena was apparently the last ore mineral to form, lling 
vugs in saddle dolomite ( ). In the 2000s, Uramet 
Minerals Ltd undertook a helicopter-borne electromagnetic 
(VTEM) survey, regional reconnaissance work including 
mapping and surface geochemistry, and aircore, RC 
and diamond drilling as part of joint phosphate–base 
metals exploration of the Marqua area, but no economic 
mineralisation was found (Penna 2010a).

Elkedra Diamonds NL unsuccessfully explored the 
Marqua–Boat Hill area for Kupferschiefer-style Cu 
mineralisation and for epithermal Au in carbonate rocks 
and structural traps (Elkedra Diamonds NL, press release 
to ASX, 25 September 2003). The Marqua area has also 
been unsuccessfully explored for Zechstein-style shale-
hosted platinum group elements (Virtue 1988). As part 

of a BMR core drilling program in the area, Shergold 
(1985) documented evidence of hydrothermal activity and 
invoked a Carlin-style Au model for future exploration, 
which was unsuccessfully pursued by Mount Isa Mines Ltd 
(McGeough 1992, McGeough and Shalley 1992).

Trackrider

Trackrider Pb prospect in the Ooratippra area ( ) 
of southernmost ELKEDRA contains surface galena and 
minor pyrite centred on 53K 628900mE 7569000mN. 
Sporadic exploration over 40 years has targeted Olympic 
Dam-type and MVT mineralisation. The host rocks are 
vuggy, siliceous and manganiferous dolostone of the 
late Cambrian Arrinthrunga Formation, just below the 
contact with the overlying Tomahawk Formation. This 
disconformity is marked by a ferruginised zone of haematite 
and goethite with manganiferous encrustations that contain 
percent levels of Pb and <1200 ppm Zn in outcrop and near 
the surface, but appears to lack any signi cant sul des at 
depth (eg Sturmfels 1960). Scavenging and concentration 
in the weathering pro le are responsible for the highest 
observed concentrations of ore minerals. Mn- and Fe-rich 
calcrete can contain as much as 5000 ppm Pb, without 
showing any Pb sul de even at the microscopic scale. 
However, elsewhere, the same calcrete does contain 
distinct galena crystals, some of which are being leached 
to oxide under the present weathering regime. Unlike 
the better known occurrences in the Georgina Basin, 
visible galena at Trackrider Prospect is not obviously 
associated with existing porosity in the host rock, barite 
gangue or possible feeder faults. It is conceivable that 
mineralisation is located at the Arrinthrunga Formation–
Tomahawk Formation contact as a result of mineralising 

uids passing along the disconformity. This scenario is 
similar to a model previously proposed for the Tomahawk 
Prospect in Queensland, but metal anomalism would be 
expected to continue into the subsurface and this has yet 
to be demonstrated at Trackrider. Although the available 
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. Ore textures at Boat Hill Prospect. (a) Honey-coloured low-iron sphalerite (1) and galena (2) in core of lower Thorntonia 
Limestone from drillhole BHD9. Quarter core over this interval (530.90–531.36 m depth) assayed 1.05% Zn and 770 ppm Pb (from Kruse 
et al 2002a). (b) Colloform-texture: pyrite core (1), intermediate pyrite zone (2), sphalerite (3), outer zone of marcasite (4), host dolomite (5). 
531.07–531.2 m depth in drillhole BHD9. Polished thin section in re ected plane-polarised light. (c) Colloform sphalerite (1) and platy organic 
matter (2) interrelated in vug ll in medial Thorntonia Limestone. 513.36 m depth in drillhole BHD9. Polished thin section in re ected plane-
polarised light (from Kruse et al 2002a). (d) Low-iron sphalerite (black) interstitial to subhedral and euhedral phosphatic dolomite crystals. 
513.36 m depth in drillhole BHD9. Transmitted plane-polarised light with green lter (from Croxford in McGeough 1992).
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evidence thus far con rms only sur cial concentrations at 
Trackrider Prospect itself, con rmation of >1100 ppm Zn at 
depth in the Arthur Creek Formation in the area does suggest 
hydrothermal processes. Furthermore, the very existence 
of visible galena and sphalerite at the prospect means that 
there is a suf cient source of Pb and Zn in the area to be 
concentrated by whatever mechanism (Dunster et al 2007).

A gravity and magnetic high (Ooratippra Geophysical 
Anomaly), de ned by the BMR (Barlow 1965, 1966) and 
covering 1200 km2, may also have some association with 
mineralisation at Trackrider (eg Kostlin 1970, 1971).

Phosphate

The Georgina Basin is a world-class phosphate province 
with numerous deposits in both the NT and Queensland.

Wonarah area

Phosphate exploration in the central Georgina Basin was 
initiated by BMR in the early 1960s, as high-grade Oceania 
island phosphates became depleted. The substantial 
Wonarah deposit (Figures 28.40, 28.41) was identi ed by 
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IMC Development Corporation in 1967 in the southeastern 
corner of ALROY, using regional mapping, geophysics 
and open-hole drilling (Howard 1971, 1972), which located 
ore-grade phosphorite at depths in the range 12–59 m 
(Howard 1989). Howard (1989) characterised the deposit 
as two successive phosphorite beds comprising phosphatic 
mudstone, silty mudstone and grainstone (of reworked 
mudstone clasts). IMC relinquished the Wonarah deposit 
in 1971, after an unfavourable preliminary feasibility study 
(Howard and Perrino 1976). A transport distance of 260 km 
to the nearest railway was a major drawback. 

A Rio Tinto–Australian Kimberley Diamonds (AKD) 
joint venture explored for large-tonnage phosphorite 
in the Wonarah area during 1999–2002, employing 
photointerpretation, geological mapping, rock chip 
sampling, ground gravity surveys and the drilling of RC 
and some diamond drillholes. An ore-grade (>15% P2O5) 
‘phosphorite horizon’ was delineated, almost directly 
overlying the early Cambrian Helen Springs Volcanics, in 
a decametre-scale stratigraphic interval attributed to the 
upper Gum Ridge Formation (Lilley 2002). However, the 
presence of the Gum Ridge Formation is not con rmed 
in this area on the Alexandria-Wonarah Basement High, 
and the phosphorite interval may represent basal Wonarah 
Formation. The phosphatic interval in some areas is too 
deep to be economic (eg Sas 2003), but an accessible 
inferred resource of 72 Mt at 23% P2O5 (AKD Ltd, ASX 
Announcement, 24 January 2002) was delineated at the 
RANKEN–AVON DOWNS–FREW RIVER–ALROY 
conjunction, beneath 15–77 m of overburden.

As a result of signi cant rock phosphate price increases 
in the mid 2000s, the Wonarah deposit was reevaluated 

as a potential long-term mining operation by the current 
tenement holders, Minemakers Ltd. After several drilling 
campaigns commencing in 2008, Minemakers determined 
that mineralisation is controlled by palaeohighs and that 
there are at least two substantial phosphate deposits in 
the Wonarah area. Mineralisation previously delineated 
by Rio Tinto-AKD is now included within the Main Zone 
deposit, whereas mineralisation outcropping over a 2 km 
strike length about 15 km to the southwest is termed the 
Arruwurra deposit. The Minemakers project is now 
Australia’s largest undeveloped rock phosphate project. 
Indicated and Inferred Resource estimates for the entire 
volume of the modelled phosphatic units total 1258 Mt at 
12% P2O5. This includes 620 Mt at 18% P2O5 at a 10% P2O5 
cutoff (MineMakers 2010). Minemakers is also looking to 
value-add by producing superphosphoric acid directly from 
unbene ciated Wonarah phosphate ore (Minemakers 2011).

Alexandria, Alroy and Buchanan Dam

The small Alexandria deposit in northwestern RANKEN 
(Figure 28.40) was identi ed at the same time as Wonarah 
(Perrino 1970). According to Howard (1972), this is a 
shoestring deposit, 300 m wide and possibly 24 km long, of 
variable thickness (1.5–6 m) and at a depth of 12–53 m. It is a 
low-grade phosphatic mudstone with an average of 10–16% 
P2O5 in individual drillholes. One of the best intercepts was 
6.1 m at 15.6% P2O5 from 48.8 m depth (Phosphate Australia 
2011). Driessen (in Shergold and Southgate 1986) listed a 
pre-JORC inferred resource of 15 Mt at 10% P2O5.

A sustained program of scout drilling by Continental 
Oil Corporation and others beginning in 1968 identi ed 
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two areas of phosphate in ALROY (Campbell 1968, Forrest 
1970, Kennedy 1971, Hackett 1977). The Alroy deposit has 
a highest single assay of 32.6% P2O5 and Kennedy (1971) 
estimated a pre-JORC inferred resource of 5.1 Mt at 20% 
P2O5. Buchanan Dam has a best intercept of 6.1 m at 25.0% 
P2O5 from 12.2 m depth (Phosphate Australia 2011) and the 
pre-JORC estimated inferred resource was 7.9 Mt at 20% 
P2O5 (Kennedy 1971).

None of these small deposits are well understood. The 
Alexandria deposit may be either in Ranken Limestone 
or more likely, Wonarah Formation. Alroy and Buchanan 
Dam are apparently in Wonarah Formation.

Highland Plains

The Highland Plains deposit, which straddles the NT–
Queensland border in southeastern MOUNT DRUMMOND 
(Figure 28.40), is hosted by the Border Waterhole 
Formation. McMahon (1969) delineated two major tabular 
phosphatic intervals in the lower part of the formation. 
The lower of these (thickness 1.5–17 m) is at the formation 
base. Some 7–17 m stratigraphically above this, the upper 
interval, which is 1.5–11 m thick, grades 16–30% P2O5. The 
current tenement holders, Phosphate Australia Ltd, have 
reported a JORC-compliant Inferred Resource of 56 Mt at 
16% P2O5 with a lower cutoff of 10% P2O5. This includes the 
Western Mine Target Zone that has an Inferred Resource of 
14 Mt at 20% with a lower cutoff of 15% P2O5. They also 
reported low levels of Fe, Al and Mn, and a low ratio of CaO 
to P2O5 (Phosphate Australia 2011).

Marqua area

In the Marqua area (Figure 28.42), about 400 km east of 
Alice Springs, high-grade phosphorite mineralisation has 
been reported from several prospects within the middle 
Cambrian Thorntonia Limestone. Mineralisation at the 
Foss Hill prospect consists of four phosphorite intervals, 
separated by chert bands and claystone. The phosphorite 
intervals include average grades of 12 m at 28.2% P2O5, 
8 m at 14.1% P2O5, 8 m at 19.2% P2O5 and 29 m at 34.2% 
P2O5, with the highest reported assay for an individual 
sample being 39.4% P2O5. Other prospects in this area have 
returned peak P2O5 values (Uramet Minerals Ltd, media 
release, 21 August 2008) of 37.3% (Coquina Creek), 23.1% 
(Library Ridge), 36.3% (White Hill) and 19.9% (Mauritania/
Red Heart).

Ammaroo / Barrow Creek area 

The Thorntonia Limestone and lower Arthur Creek 
Formation are phosphatic near Ammaroo in ELKEDRA. 
Early drillhole intercepts were 0.9 m at 30% P2O5 at 26 m 
depth (Morrison 1968, Howard 1990). More recent drilling 
has returned 2 m at 18.8%; 2 m at 15.2%; 8 m at 13.1%; 2 m 
at 22.8%; 5 m at 14.8%; 2 m at 17.7%; 10 m at 17.3% and 6 m 
at 14.8%. (http://aragonresources.com.au/projects.html 
accessed 01/10/2010). The average depth to the top of the 
mineralisation is 31.4 m, making it amenable to an open cut 
mining scenario. This area is about 110 km east of the Alice 
Springs–Darwin railway line.
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An area of phosphate west-northwest of Ammaroo 
includes the Barrow Creek 1 and Arganara prospects 
(formerly Ammaroo Area 1). First-pass drill results at 
Barrow Creek 1 included 3 m at 30.2% P2O5 from 4 m 
depth in hole APAC 114, 3 m at 31.2% P2O5 from 14 m 
depth in APAC 119, and 5 m at 25.3% P2O5 from 24 m depth 
in APAC 111. Near-surface mineralisation extends over 
2.5 km in a north–south direction and over 2 km east–west 
(Aragon Resources Ltd Press Release, 7 December 2010). 
Barrow Creek 1 is one of the shallowest phosphate deposits 
in the NT, is within 100 km of the Alice Springs–Darwin 
railway line and is currently held by Rum Jungle Resources 
Ltd. The adjacent Arganara prospect is held by NuPower 
Resources Ltd.

Some 60 km east of Ammaroo, phosphate mineralisation 
in the range 2.3–16.9% P2O5 was intersected over the depth 
range 30–75 m in waterbore RN013015 (Figure 28.14) 
near Ooratippra on the Sandover Highway. This phosphate 
is hosted within ne and cherty siltstone/sandstone of the 
Arthur Creek Formation (Khan et al 2007).

Gypsum

In 1985, Northern Cement Pty Ltd identi ed economic 
gypsum in grey-black clay-rich soil at 6 Mile Waterhole 
(RANKEN) on the south bank of the Playford River, 10 km 
west-southwest of Alexandria homestead. A 1986–1989 
drilling program outlined a deposit up to 2.4 km long and 
0.5–1.5 km wide, with a thickness of up to 3 m but averaging 
around 1.75 m. This deposit was estimated to contain at least 
one million cubic metres of gypsum (Nixon 1988c, 1989a, b).

Gypsum was also discovered at 18 Mile Waterhole in 
adjacent ALROY (Nixon 1988c). Four smaller, uneconomic 
gypsum occurrences were additionally mapped by Nixon 
(1990) on the Playford River west of Alexandria homestead 
(northwestern RANKEN).

Three further occurrences were recognised by Nixon 
(1988a) in the Brunette Creek–Lake Sylvester area of 
BRUNETTE DOWNS. One such site was auger drilled, but 
results were disappointing (Nixon 1988b).

Diamonds

The Georgina Basin was targeted for diamond exploration 
during the mid-1980s and early 2000s. Regional diamond 
exploration programs by CRA Exploration Ltd, Ashton 
Mining Ltd, Stockdale Prospecting Ltd, Aberfoyle Resources 
Ltd and Australian Diamond Exploration NL covered much 
of the central and northern Georgina Basin during the mid-
1980s. These companies variously employed airborne and 
ground magnetic-radiometric surveys, photointerpretation, 
Landsat thematic mapping, density drainage gravel, soil and 
loam sampling, and shallow drilling (eg Allnutt and Bubner 
1985, Ashton 1986). Drillholes targeting circular magnetic 
anomalies in RANKEN–AVON DOWNS intersected 
magnetically susceptible maghemite-bearing sand and grit, 
interpreted as karst in ll in Cambrian dolostone (Allnutt and 
Bubner 1986a, b), or sandstone breccia of regolithic character 
(Bubner 1987). Modelling of aeromagnetic targets in eastern 
HELEN SPRINGS indicated that none had the dipolar 
characteristics of kimberlite diatremes (Hwang 1994a–c).

Up until the early 2000s, several exploration programs 
had discovered microdiamonds and abundant diamond 
indicator minerals (eg picroilmenite, mantle-derived 
chromite) in the southern Georgina Basin. They had 
been unable to trace the source of these minerals partly 
because of reworking into, and liberation from Cenozoic 
palaeochannels and regolith (Dunster et al 2007). A second 
phase of exploration, initiated by Elkedra Diamonds NL 
in 2001, focused on the southern Georgina Basin. Their 
exploration model drew on an analogy with the eastern 
Siberian Platform and relied on the presence of the 
Altjawarra Domain (Altjawarra craton of Myers et al 1996), 
a region of thickened, stable crust with relatively low heat 

ow and low crustal temperatures inferred to underlie much 
of TOBERMOREY, SANDOVER RIVER and eastern 
HUCKITTA (Teasdale and Pryer 2002, Tompkins et al 
2003, Dunster et al 2007, see Basement). It was hoped 
that Cambrian or younger diamond-bearing kimberlite 
pipes would be preserved in the Georgina Basin succession 
and would be identi able as discrete magnetic anomalies. 
Exploration licences covering most of AVON DOWNS 
were relinquished in 2004, following disappointing results 
(eg Ingram and Tompkins 2004). Other companies active in 
this period were De Beers and Astro Diamond Mines NL.

Manganese

The southern and central Georgina Basin contains numerous 
widespread, apparently sur cial manganese occurrences. 
Sur cial manganocrete and pisolitic manganiferous lag 
are known from outcrop and subcrop of the Ninmaroo, 
Tomahawk and Kelly Creek formations.

In western TOBERMOREY, two apparently stratabound 
occurrences, Lucy Creek 2 and Halfway Dam, initially 
gave encouraging high surface assays. Elkedra Diamonds 
NL reported three samples assaying 51%, 48% and 46% 
Mn and low levels of iron, phosphorus, silica and alumina 
from Lucy Creek 2 (53K 670300mE 7522200mN) in the 
Tomahawk Formation (Elkedra Diamonds NL, press 
release to ASX, 25 September 2002). Elevated levels of 
trace metals, replacement ore textures and close proximity 
to basement suggested a low-temperature hydrothermal 
origin similar to that of manganese deposits of the 
Tomkinson Province in the northern Tennant Region (see 
Ferenczi 2001, Scriven and Munson 2007). However, 
follow-up drilling results indicated that the volume of ore-
grade material was insuf cient to be economic and Elkedra 
Diamonds withdrew (Leadbeatter 2005). Lucy Creek 2 is 
now held by Auvex Resources Ltd-South Boulder Mines 
NL, who have con rmed the grade and extent of outcrop of 
surface manganese and ferro-manganese.

At Halfway Dam prospect (53K 702000mE 7507500mN), 
manganiferous material appears to be hosted in dolomitic 
quartz sandstone and dolostone at or near the base of the 
Kelly Creek Formation. Although relatively high Mn values 
of up to 69% were returned from some surface rock chip 
samples, no economic deposits were identi ed in the area 
(Leadbeatter and Tompkins 2004).

Other possibly locally signi cant assay results include 
rock chip samples from CWN-90 (in Tomahawk Formation) 
and Loc44 (in Ninmaroo Formation) which returned up to 
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42% and 29% Mn, respectively (Elkedra Diamonds NL, 
press release to ASX, 25 September 2002).

Uranium

Several companies have explored for uranium in the 
Georgina Basin but without appreciable success to date. 
A summary of the early history of uranium exploration, 
particularly in the southern part of the Georgina Basin, 
is given by Dunster et al (2007). Exploration programs 
have used models variously referred to as sediment-
hosted, roll-front and unconformity-related. All three 
styles of mineralisation have been targeted at or near the 
unconformity between Arunta Region basement and 
overlying sedimentary rocks of the southern Georgina 
Basin. Other exploration models have included sediment-
hosted uranium mineralisation in the Devonian Dulcie 
Sandstone, roll-front uranium mineralisation in the Marqua 
area in TOBERMOREY, unconformity-related uranium 
mineralisation at the top of the Mount Baldwin Formation 
in the northern Jervois Range and uranium in association 
with phosphate in the eastern Georgina Basin.

Uramet Minerals Ltd examined radiometric anomalies 
and conceptually targeted uranium mineralisation at the 
unconformity between Cenozoic lacustrine limestone and 
underlying Cambrian limestone, siliciclastic sedimentary 
rocks and basalt. At Corella Lake, several uranium anomalies 
detected by an airborne radiometric survey were found to 
correspond with broad, low mounds of chert nodules typical 
of the middle Cambrian Anthony Lagoon Formation and 
small areas of sur cial ferruginisation. Soil sampling in 2008 
used a single-channel scintillometer to nd hot spots. Samples 
were subsequently analysed in the eld using a Niton portable 
XRF analyser and by Genalysis Laboratory Services of Perth. 
Niton and laboratory assays showed moderate Th and K, but 
low U. The apparent discrepancy between the U-channel 
anomalies on the airborne radiometrics and the geochemical 
results remains unresolved and Uramet surrendered the EL 
in 2009 (Penna 2009b).

Most current uranium exploration activity in the Georgina 
Basin area is focused on mineralisation in overlying Cenozoic 
strata (see Cenozoic geology and regolith).

Petroleum

The southern Georgina Basin is among the most 
prospective onshore areas in the NT for both conventional 
and unconventional oil and gas, but exploration is still at the 
frontier stage, with only limited seismic data available. Key 
publications include Draper et al (1978), SIBGEO (1991a, b, 
1992), Questa (1994), Ambrose (2000, 2002) and Ambrose 
et al (2001a, b); these are summarised by Dunster et al 
(2007).

Petroleum systems

The Georgina Basin contains elements of the 
Neoproterozoic Centralian petroleum supersystem of 
Bradshaw et al (1994) and, in particular, the prospective 
early Palaeozoic Larapintine supersystem of Bradshaw 
(1993) and Draper (2000).

Neoproterozoic strata have not been systematically 
evaluated for petroleum and there are no known hydrocarbon 
shows in rocks of this age. Their petroleum potential 
is therefore virtually unknown, although correlative 
Neoproterozoic rocks in other basins (eg Amadeus Basin) 
do contain petroleum shows. The Larapintine supersystem 
comprises three recognised petroleum systems in the 
southern Georgina Basin (Boreham and Ambrose 2007): 
Thorntonia(!) Petroleum System, Arthur Creek(!) Petroleum 
System and Hagen(!) Petroleum System2. The dominant 
reservoir-seal couplet in the Thorntonia(!) Petroleum System 
is the Thorntonia Limestone/basal Arthur Creek Formation 
black shale . This is a regional system, but hydrothermal 
alteration may have reduced reservoir quality in some 
areas. The main targets in the Arthur Creek(!) Petroleum 
System are intraformational reservoir–seal couplets within 
the middle–upper Arthur Creek Formation. The Hagen(!) 
Petroleum System includes basal grainstones sealed by 
anhydrite on the western basin margin and is volumetrically 
the least important of the three.

Source rocks

There are few total organic carbon (TOC) analyses of 
Neoproterozoic rocks in the Georgina Basin. Shergold 
(1979b) reported 0.31–0.90% from three samples of a shale 
within the Yardida Tillite in BMR Hay River-10.

Potential Cambrian source rocks occur in the Thorntonia 
Limestone (maximum 8.6%, average 1.46% TOC) and 
Arthur Creek Formation. In particular, TOCs of selected 
samples of pyritic carbonaceous black shale in the lower 
Arthur Creek Formation are in the range 0.11–14.2% and 
average 3.3%, constituting a world-class prospective 
petroleum source rock. Thin shales in the Arrinthrunga 
Formation and the Hagen Member of the Chabalowe 
Formation are also viable source rocks, averaging over 1% 
TOC. Hydrocarbon yields in the Thorntonia Limestone and 
Arthur Creek Formation are generally high. Values range up 
to 50.7 kg/t and 35.8 kg/t respectively, although these may in 
part re ect migrated oil. Biomarker geochemistry indicates 
that each formation has generated genetically distinct oil. 
A Soviet study (SIBGEO 1991a, b, 1992) calculated that, 
overall, 40 x 109 t of oil have migrated (not just generated) 
in the southern Georgina Basin. Source rocks in the lower 
Arthur Creek Formation alone in the NT portion of the 
basin may have generated in excess of 10 x 109 t of oil.

Reservoirs and seals

Neoproterozoic siliciclastic rocks, intersected in Baldwin-1, 
NTGS Elkedra-3, Exoil Huckitta-1, NTGS Huckitta-1, 
Hunt-1, MacIntyre-1 and exploration drillholes at base 
metals prospects, have limited reservoir potential, because 
most porosity has been occluded by a silica cement (Dunster 
et al 2007). Ambrose et al (2001a) concluded that fracturing 
was the best prospect for reservoir quality improvement in 
Neoproterozoic siliciclastic rocks. Numerous argillaceous 
interbeds provide adequate intraformational seals.
2 At the end of a petroleum system’s name, the level of certainty is indicated 
by (!) for known, (.) for hypothetical, and (?) for speculative.
 Also colloquially referred to as ‘hot shale’, eg Ambrose et al (2001a).
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In the Cambrian succession of the southern Georgina 
Basin, some of the best visible porosity occurs in fractured 
and vuggy dolostone. Potential reservoirs exist in the Red 
Heart Dolostone, medial and upper Thorntonia Limestone 
( ), upper Arthur Creek Formation [in drillhole 
MacIntyre-1 (Figure 28.14), this formation has measured 
permeabilities of 1.2 Darcies] and Hagen Member of the 
Chabalowe Formation. Dolomitic sandstone seen in Owen-2 
exhibited core porosities of 10–15% and permeabilities of 
15–95 mD. Potential reservoirs in the Arthur Creek Formation 
include tempestites, debris ows, middle-ramp submarine 
channels, oolitic shoals, near-shoreline quartz sandstones 
and valley- ll incision channels (Ambrose 2006, Boreham 
and Ambrose 2007). There are also potential reservoirs in the 
Early Ordovician Kelly Creek Formation, which owed gas 
at about 240 000 cfd from Ethabuka-1 in Queensland. The 
overlying Ordovician Carlo Sandstone/Mithaka Formation is 
another potential reservoir/seal couplet.

Regional seals are provided by Arthur Creek Formation 
shale and other intraformational rocks with >1000 psi 
capillary pressure for 10% Hg saturation, and locally by 
anhydrite. Red beds in the upper Chabalowe Formation 
above the upper Arthur Creek Formation are also potential 
regional seals (Central Petroleum Ltd, ASX Announcement 
30 April 2009).

Thermal maturity

Thermal maturity was documented by Dunster et al (2007). 
Middle Cambrian source rocks grade from immature in the 
north to overmature near the present southern margin of 
the basin. In addition, gas-prone to overmature rocks occur 
in a northwest-trending zone from the basin margin to the 
vicinity of Discovery Bore (ELKEDRA).

Prospectivity

Prospective areas within the southern Georgina Basin in 
the NT were conceptually subdivided by Ambrose et al 

(2001a) and Dunster et al (2007). Potential oil targets 
identi ed by Ambrose et al (2001a) included the Dulcie 
Trough, where postulated target depths are less than 
1000 m, and the NT–Queensland border area, around 
drillholes Owen-2 and Todd-1 (Figure 28.14), where 
target depths were considered to be less than 1500 m. 
The Toko Trough was interpreted as being gas prone 
with target depths of >2000 m. Ambrose et al (2001a) 
considered the most promising stratigraphic intervals 
to be the juxtaposition of rubbly Thorntonia Limestone 
reservoir with source rocks in the medial Thorntonia 
Limestone and overlying lower Arthur Creek Formation; 
and intercalated source shale, reservoir dolograinstone 
and anhydrite seal in the Hagen Member of the Chabalowe 
Formation. Conceptual structural targets invoked 
by Dunster et al (2007) included proximity to early-
mature troughs, the presence of structures associated 
with Ordovician faults, a lack of deformation during 
later phases of the Alice Springs Orogeny, and suitable 
reservoir–seal combinations at drillable depths. This 
study highlighted an area of Red Heart Dolostone ideally 
situated to be charged from the Dulcie and Marqua 
troughs. Dunster et al (2007) identi ed the Thorntonia 
Limestone and Arthur Creek Formation as containing 
potential reservoirs in a structurally favourable setting 
overlying the basement Altjawarra domain. Conceptual 
stratigraphic traps included an updip pinchout of the Red 
Heart Dolostone in HUCKITTA and the wedging out of 
the Thorntonia Limestone on the southern basin margin. 
They considered that siliciclastic wedges, which are 
developed down ank of palaeohighs, may enhance the 
reservoir potential of the Mount Baldwin Formation and 
its equivalents in the same area.

Questa (1994) considered the petroleum prospectivity 
of the relatively thin and unstructured central-northern 
Georgina Basin succession to be minimal. However, 
high-quality source rocks occur in the underlying 
McArthur Basin succession to the northeast and there 
is some evidence that hydrocarbons were generated and 
migrated/remigrated from these source rocks during 
the Palaeozoic (see McArthur Basin – Petroleum). It 
is therefore possible that parts of the northern Georgina 
Basin have received a hydrocarbon charge, although there 
has only been limited petroleum exploration activity in 
the region to date. In the Undilla Sub-basin, petroleum 
exploration well Lake Nash-1 was drilled in the axis of 
the Lake Nash Anticline (AVON DOWNS, Figure 28.14) 
by Amalgamated Petroleum NL in 1962. Viscous tar or 
asphalt and occasional oil drops were detected throughout 
‘Unit C’ of Mines Administration (1963), interpreted as 
Thorntonia Limestone by Kruse and Radke (2008). Two 
petroleum wells were also drilled in the Barkly Sub-basin 
in 1964: Papuan Apinaipi Petroleum Company Ltd drilled 
Brunette Downs-1 to basement (Mines Administration 
1964), and Barkley Oil Company Pty Ltd drilled Frewena-1 
as a stratigraphic evaluation of the region (Pemberton and 
Webb 1965). Neither well encountered hydrocarbon shows 
and none of the above wells was continuously cored.

A dry gas ow in AOD drillhole Ethabuka-1 in 
Queensland remains the most signi cant show of any 
kind in the basin to date (Radke and Duff 1980), although 

. Vuggy porosity in core from Thorntonia 
Limestone at (from left to right) 959.6 m, 962.5 m and 
962.7 m depth in Ross-1.
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widespread and locally abundant hydrocarbon shows have 
been reported from other wells drilled (Ambrose et al 
2001a). Ethabuka-1 is also the only well of 23 drilled in the 
southern Georgina Basin to have tested a valid structural 
trap de ned by seismic. Widespread shows have also 
been reported from the Red Heart Dolostone, Thorntonia 
Limestone (Figure 28.44), Arthur Creek Formation, 
Chabalowe Formation and Arrinthrunga Formation in the 
NT portion of the southern Georgina Basin. Collectively, 
these attest to the overall prospectivity, but untested nature 
of the basin.

There is also considerable potential for unconventional 
basin-centred gas and oil plays over large areas of the basin 
(Tiem et al 2011), and the Arthur Creek Formation in particular 
is currently being investigated as a potential oil shale or tight 
gas reservoir. The high TOC in the Arthur Creek Formation 
basal black shale indicates that it is a very rich oil source that 
compares favourably to the Bakken oil shale in the Williston 
Basin of Canada and United States. The unconventional 
potential comprises gas or oil in fractured shale and other 
tight reservoirs, including fractured/vuggy silty dolostone of 
the upper Arthur Creek Formation and fractured silty shale 
of the lower Arthur Creek Formation (Central Petroleum Ltd, 
ASX Announcement 30 April 2009).

Based on a conservative assumption that up to 1.5% of 
migrated oil may have been trapped in fractures, Central 
Petroleum estimated that its tenements could contain as 
much as 650 Mmbbl Undiscovered Oil Initially In Place 
(UOIIP) in addition to 50 TCF (trillion cubic feet) of 
Undiscovered Gas Initially In Place (UGIIP). In the deeper 
Toko Syncline, Central Petroleum estimated that widespread 
thermal cracking of oil pools and gas accumulations could 
have generated up to 69 TCF of gas (Central Petroleum Ltd, 
ASX Announcement 30 April 2009). According to Ryder 
Scott (2010), the unrisked UOIIP for both conventional and 
unconventional reservoirs in the Georgina Basin tenements 
of PetroFrontier Corporation is estimated to be in the range 
195 935–372 961 Mmbbl; the unrisked recoverable oil resource 
is estimated to be in the range 14 326–40 911 Mmbbl.
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Chapter 29: IRINDINA PROVINCE IR Scrimgeour

Current as of July 2011

INTRODUCTION

The Irindina Province (Scrimgeour 2003, Figure 29.1) 
forms part of the Arunta Region (Mawson and Madigan 
1930, Shaw et al 1984a, Collins and Shaw 1995), and is a 
highly metamorphosed Neoproterozoic to Cambrian basin 
that includes correlatives of the Centralian Superbasin. 
The province includes a thick metasedimentary succession 
(Harts Range Metamorphic Complex) with subordinate 

intrusions, granites and pegmatites. The province outcrops 
extensively in the Harts Range and is also exposed as 
scattered low outcrops that extend to the east and southeast 
into the Simpson Desert, and north of the Harts Range 
near Mallee Bore (Figure 29.2). The Irindina Province has 
a faulted contact with the surrounding Aileron Province, 
and is unconformably overlain by the northern extent of the 
Eromanga Basin.

Until the late 1990s, rocks of the Irindina Province 
were thought to be Palaeoproterozoic in age (Ding and 
James 1985, Collins and Shaw 1995). However, detrital 
zircon geochronology of the Harts Range Metamorphic 

high-grade metasedimentary rocks were deposited in 
the Neoproterozoic and Cambrian rather than the 
Palaeoproterozoic (Buick et al 2005, Maidment 2005). The 
metasedimentary rocks contain remnant detrital grains with 

consistent with the ages of detrital zircons in similarly aged 

basins (Buick et al 2005, Maidment 2005, Figure 29.3). The 
close similarity between the detrital zircon signatures of 
the Harts Range Metamorphic Complex and the Amadeus 

Range Metamorphic Complex includes the high-grade 
metamorphic equivalent of the unmetamorphosed basin 
successions (Buick et al
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to amphibolite-facies metamorphism of the Irindina 
Province occurred during the Ordovician Larapinta Event, 
and the province was exhumed during the 450–300 Ma 
Alice Springs Orogeny (Mawby et al 1999, Hand et al 
1999a, Maidment 2005). The sedimentary precursors to 
the Irindina Province have been interpreted to have been 
deposited in an east- to southeast-trending Cambrian fault-
bounded extensional basin, with metamorphism occurring 
as a consequence of sediment deposition at the base of an 
extremely deep sub-basin (Buick et al 2005). 

the Irindina Province east of the Entia Dome, and provides 
information on the architecture of the province (Figure 29.4, 
Korsch et al 2011). It shows that in the area of the seismic 
traverse, the province is around 10 km thick, and occurs 
above a mid-crustal detachment that separates it from the 
structurally underlying Aileron Province. The detachment 
is interpreted to sole onto the Moho, and is expressed at the 

which form the southern margin of the province. Seismic 
data also suggest that the crust under the Irindina Province is 

et al 2011).

NEOPROTEROZOIC–?LATE CAMBRIAN

Harts Range Metamorphic Complex

The Harts Range Metamorphic Complex (formerly 
et al 1982) is a 

supracrustal succession consisting of pelitic and psammo-
pelitic metasedimentary rocks, metabasite and calc-silicate 
rock, with subordinate amounts of marble, quartzite and 

(Joklik 1955a, Shaw et al 1982). However, mapping by the 
University of Adelaide in the 1980s recognised that the Entia 

juxtaposed (Ding and James 1985, James and Ding 1988). 
The Harts Range Metamorphic Complex is now considered 

Riddock Amphibolite Member) and the stratigraphically 
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the succession has undergone intense deformation, it is 
et al (1999b) interpreted that 

it has largely retained its initial stratigraphic order. Original 

current structural thickness of the exposed succession in the 
Harts Range is estimated to be up to 5–6 km (Mawby 2000). 
Rocks of the Harts Range Metamorphic Complex range 
in metamorphic grade from mid-amphibolite to granulite 
facies and contain a pervasive, layer-parallel amphibolite-
facies foliation, interpreted to have formed during the Early 
Ordovician Larapinta Event (Mawby et al 1999).

Irindina Gneiss
et al 1982) is dominated by a 

thick package of garnet- and biotite-rich psammo-pelitic 
schist, with localised layers of marble, calc-silicate rock and 
quartzite. Most of the unit remains undivided, although it 
also includes three named members: the Naringa Calcareous 

Amphibolite, described below.
The undivided Irindina Gneiss comprises a thick 

succession of garnet-biotite-quartz-plagioclase ± sillimanite 
schist, with locally interlayered marble, calc-silicate and 
quartzite. In areas where peak metamorphic mineral 

migmatitic, and contains coarse garnet porphyroblasts 
associated with felsic segregations. More commonly, the 

amphibolite-facies fabric that transposes and disaggregates 
the leucosomes, so as to form a biotite gneiss with 
porphyroclasts of garnet and K-feldspar (Figure 29.5a, b). 

was deposited in the latest Neoproterozoic to Cambrian 
(Buick et al 2005, Maidment 2005). Detrital zircons from 
the basal parts of the succession are dominated by a zircon 

et al 
2005, Maidment 2005). The upper parts of the succession 

contain detrital zircons with a wide range of ages, suggesting 
a more distal provenance, with a maximum depositional age 
of approximately 530 Ma (Buick et al 2005, Maidment 2005). 

The Naringa Calcareous Member outcrops in the western 
Harts Range, where it structurally underlies metapelitic rocks 

et al
that the member occurs at a low stratigraphic level within the 

this unit make its relationships uncertain. It consists of calc-
silicate rock, calcareous quartzofeldspathic gneiss, marble, 
biotite gneiss and quartzite.

The Stanovos Gneiss Member outcrops in the area of 
Stanovos Creek, southeast of the Entia Dome, and has 

two main lithological associations: (1) a calcareous lower 
unit consisting of quartzite, marble, calc-silicate rock 
and biotite gneiss, and (2) a dominantly pelitic upper unit 
consisting of garnet-poor biotite schist, amphibolite and 
quartzofeldspathic gneiss with minor psammitic rock. 
SHRIMP U-Pb dating of the lower unit of the Stanovos 

populations to the Heavitree Quartzite (basal Amadeus 
Basin) and Naringa Calcareous Member. In comparison, 
the upper unit has numerous Neoproterozoic zircons with 
a youngest age of 630 Ma (Maidment 2005). This led 
Maidment to suggest that the two may be separate units, 

the Naringa Calcareous Member, near the base of the Harts 
Range Metamorphic Complex. 

Riddock Amphibolite Member (Joklik 1955a, Shaw et al 

of Ding and James (1985), Storkey et al (2005) and Buick 
et al (2005). It consists of variably deformed metagabbro 
or metadolerite, interlayered with layered, quartz-rich 
amphibolite, metapsammopelitic rock, and minor marble, 
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calc-silicate rock, and quartzo-feldspathic gneiss. Peak 
metamorphic mineral assemblages are preserved in the large 
metabasite bodies of the northern Harts Range and in the 
southwestern Harts Range near Mount Ruby. In these areas, 

with coarse-grained (up to 15 cm) garnet ± clinopyroxene-
bearing migmatitic segregations, interpreted to have formed 

et al 1999, Hand et al 
1999b, Storkey et al 2005, Figure 29.5c). Whelan et al (2010) 

Amphibolite Member. Dominant tholeiitic metagabbroic 
compositions (plagioclase + clinopyroxene + amphibole 
+ opaque oxides) are light rare-earth element (LREE) depleted 
and have REE patterns characteristic of normal mid-ocean 
ridge basalts (NMORB). In contrast, layered quartz-rich 
amphibolites (quartz + amphibole + minor feldspar + opaque 
oxides) are LREE enriched, with pronounced negative Eu 
anomalies, and have REE pattern characteristic of Average 
North Australian Felsic Crust. Juvenile isotopic signatures 

and +5.0 (LREE-enriched)], coupled with the geochemistry, 
are consistent with the Riddock Amphibolite Member 
being emplaced in a rift setting with very little crustal 
contamination (Sivell 1988, Whelan et al 2010). The isotopic 
signature of the LREE-enriched group invokes an igneous, 
rather than a sedimentary protolith.

SHRIMP and LA-ICPMS U-Pb dating of samples of 
amphibolite from the Riddock Amphibolite Member have 
yielded detrital zircons with maximum deposition ages of 

et al 2001), 599 ± 12 Ma (LA-ICPMS, LREE-enriched 
et al 2010) and ca 560 Ma (SHRIMP, Mount 

depleted group yielded zircons with a LA-ICPMS U-Pb age 

et al 2010). The presence of 
detrital zircon in amphibolites, the locally well developed 
compositional layering (Figure 29.5d) and the intimate 
interlayering of metasedimentary rock and metabasite has led 
some workers to interpret that the amphibolites were originally 

Brady Gneiss 

the Harts Range Metamorphic Complex and outcrops 
in a belt north and east of the Entia Dome. Maidment 
(2005) separated the gneiss into a lower metapelitic and 
an upper calcareous unit. The lower unit is predominantly 
comprised of garnet-muscovite-biotite schist, with minor 
amphibolite and metapsammitic rock, and typically has a 
much greater density of late-stage pegmatites than the rest 
of the succession. The upper unit is dominated by quartz-
clinozoisite-hornblende-clinopyroxene-scapolite calc-
silicate rock with minor metapelitic schist. The uppermost 

migmatitic biotite-muscovite-bearing schist. 

Figure 29.5 a 1, 53K 
b

c d) Layered quartz-

a

c

b

d

1 Names of 1:250 000 mapsheets are shown in large capital letters 
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implying that there is a major structural break at its base 
(Hand et al
exposed. SHRIMP U-Pb dating of detrital zircons from two 

ages of 509 ± 8 Ma and 499 ± 6 Ma, based on the single 
youngest grain (Buick et al 2005 and Maidment 2005, 
respectively), suggesting deposition in the late Cambrian. 

Metasedimentary rocks east of the Harts Range
Scattered outcrops of metasedimentary rock occur over a 
wide area east of the Harts Range towards the Simpson 
Desert. These were interpreted to be part of the Harts 
Range Metamorphic Complex by Shaw et al (1982), 
although they did not attempt to assign them to individual 
lithostratigraphic units. Many of the outcrops have not 
been studied in detail, but are dominated by quartzite, 
calc-silicate rock, metapelitic rock, and relatively minor 
metabasite. Outcrops north and northeast of Huckitta 
homestead consist of migmatitic, mostly metasedimentary 
gneisses, dominated by biotite ± garnet-bearing gneiss, 
with less abundant metabasite, garnet-hornblende-biotite 
gneiss, garnet-biotite-sillimanite metapelitic gneiss and 
calc-silicate rock, and rare quartzite and marble (Scrimgeour 
and Raith 2001a). Metamorphic P-T conditions north of 
Huckitta homestead have been estimated at 8–10 kbar and 
800°C, but the metamorphic grade appears to decrease to 
the southeast (Shaw and Freeman 1985). Detrital zircon 
geochronology on six samples from across this region 

outcrops in this area are likely to belong to the Harts Range 
Metamorphic Complex. Low ridges of quartzite and biotite-
muscovite-garnet-sillimanite schist (p_Cq  of Freeman 
1986) in the vicinity of Jervois Homestead, ca 100 km east 
of the Harts Range, have a maximum deposition age of 

Quartzite. An amphibolite-facies biotite-quartz-feldspar 
gneiss, intersected in drillhole BMR Hay River-4, beneath 
the Eromanga Basin, is from further southeast than any 
exposed rock in the Irindina Province. This rock contains 
monazite with a SHRIMP U-Pb age of 469 ± 2 Ma (Carson 
et al 2009), suggesting that it was metamorphosed during 
the 480–460 Ma Larapinta Event. 

525–515 Ma INTRUSIVE ROCKS

Indiana Suite of Whelan et al 

by Lawley 2005), with ages of around 520 Ma, occurs in the 
southeastern Harts Range around the Stanovos Valley and 
Indiana homestead (Maidment 2005, Lawley 2005, Whelan 
et al 2010). A prominent body of megacrystic gneissic 
granite, informally named the ‘Indiana Walls granite’ by 
Maidment (2005), occurs as an ENE-dipping sheet-like 
body up to ca 60 m thick and at least 10 km long, along 
the eastern side of the Stanovos Valley in the southeastern 
Harts Range (Figure 29.6). It is a foliated, locally garnet-
bearing, biotite granite with megacrysts of K-feldspar 
and numerous layer-parallel to weakly discordant, locally 

garnet-bearing leucocratic layers ranging from a few cm to 
0.5 m in thickness (Maidment 2005). The unit also contains 
equigranular quartzo-feldspathic gneiss and feldspar-rich 
leucocratic gneiss. The granite has high K/Na, low Ca 
and is peraluminous, suggesting an S-type composition 
(Maidment 2005). SHRIMP U-Pb zircon dating of the 
granite has yielded an age of 523 ± 4 Ma (Maidment 
2005). The lower margin of the granite is relatively sharp, 
overlying marble, calc-silicate rocks and quartzite of the 

and grades into biotite-rich metapelitic gneiss of the upper 

contact was interpreted by Maidment (2005) as evidence 
that the granite formed as a near-in situ accumulation of 
partial melt from the surrounding migmatitic metapelitic 

geochemical and isotopic analysis. On this basis, Maidment 
(2005) proposed that the granite was evidence of an 
extensional event involving partial melting in the middle to 
lower crust, which he named the Stanovos Event. 

Maidment (2005). A small body of porphyritic garnet-
Dinki Di granite’ 

by Maidment (2005), occurs within a low-strain boudin 
in migmatitic biotite gneiss and amphibolite of the upper 

Homestead. This has a SHRIMP U-Pb age of 520 ± 4 Ma, 
which is identical to the age of a 20 m x 50 m body of 
leucocratic quartzofeldspathic gneiss 2 km northeast of 
Rockhole Bore. An anastomosing network of granite 
veins intruding metabasite south of Indiana Homestead 
has a SHRIMP U-Pb age of 521 ± 4 Ma, providing both 
an age for felsic magmatism and a minimum age for the 

Suite are tholeiitic gabbros that are variably intermingled 
with coarse-grained, porphyritic garnet-biotite granitoids 
and migmatite (Lawley 2005). The gabbros are locally 
plagioclase-phyric and, in places, preserve primary igneous 

Mount Karinga occurred at 524 ± 8 Ma (Lawley 2005). The 

with the ca 508 Ma Kalkarindji Suite of northern Australia 

Figure 29.6
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isotopically juvenile (Whelan et al 2010). Whelan et al 

the lower levels of the basin in an extensional setting, with 
some crustal contamination during emplacement.

LARAPINTA EVENT (480–460 Ma)

The Ordovician Larapinta Event was the dominant 
metamorphic event in the Irindina Province, resulting in 
upper amphibolite- to granulite-facies metamorphism of 
the Harts Range Metamorphic Complex. The timing of this 

et al
of U-Pb zircon and monazite studies (Hand et al 1999a, 
Buick et al 2001, 2005, Maidment 2005, Carson et al 2009). 
Metamorphism and deformation coincided with deposition 

for this reason, the tectonism was termed the Larapinta 
Event (Hand et al 1999a, b). The Larapinta Event can be 

and a subsequent event at 460 Ma that was associated with 

P-T conditions for peak metamorphism during the 
Larapinta Event have been estimated at 800°C and 

et al 1999), >800°C and 
et al et al 

metamorphic mineral assemblages at Mallee Bore has 

(Buick et al

metamorphic assemblages in the Harts Range (Mawby et al 
1999), and for the earliest generations of zircon growth 
in peak metamorphic tonalitic melt from Mount Ruby 

Mawby et al (1999) proposed that the Larapinta Event 
was extensional, on the basis of deepening isopachs towards 
the eastern Arunta Region in Cambrian sedimentary rocks 
in surrounding basins, extensional kinematic indicators in 

dykes synchronous with metamorphism. Peak metamorphic 
pressures during the Larapinta Event imply burial depths of 
30–35 km (Mawby et al 1999). The mechanism for burial of 
these sediments to depths of >30 km has been attributed to 
ongoing sedimentary burial in an extremely deep, possibly 
transtensional sub-basin, rather than compressional 
tectonism (Buick et al 2005).

Metamorphic zircon and monazite ages of ca 460 Ma 
are ubiquitous within rocks containing the near-pervasive 
layer-parallel fabric (Hand et al 1999a, Buick et al 2001, 
Maidment 2005), and are interpreted as dating retrograde 
metamorphism during near-isothermal decompression of 
around 4 kbar, following peak metamorphism (Mawby 
et al
decompression in the middle to lower crust and has been 

et al 

1999a, Mawby et al 1999). However, Maidment (2005) 
has suggested that the 460 Ma fabric development may 

and inversion of the basin.
Although the Larapinta Event resulted in high-grade 

metamorphism throughout the Irindina Province, it 
appears to have had little or no effect in surrounding 
Palaeoproterozoic rocks, such as the Strangways 
Metamorphic Complex. This is consistent with the model 
of burial metamorphism in an extremely thick rift-basin, 

the rift margins (Maidment 2005). 

460–400 Ma MAFIC INTRUSIVE ROCKS

The Lloyd gabbro (Whelan et al 2010) comprises a number 
of olivine-bearing gabbro and gabbronorite bodies that 

these intrusions host the Blackadder and Baldrick Ni-Cu 
prospects. They are extension-related tholeiitic magmas 

they may represent an olivine cumulative phase, consistent 
with elevated Ni, Cu, Cr and Co (Whelan et al 2009). 
SHRIMP U-Pb zircon dating of the Lloyd gabbro from 
the Baldrick Ni-Cu prospect has yielded an emplacement 
age of 409 ± 9 Ma (Whelan et al 2010). The rocks have 
slightly elevated light rare earth element contents and are 

contamination from underlying Palaeoproterozoic crust 
following the juxtaposition of the Irindina and Aileron 
Provinces (Whelan et al 2010). 

Meta-anorthositic gneiss (Entire Anorthosite of 
Katz 1981, Ding et al 1983) outcrops in the Harts Range 
Metamorphic Complex on the western side of the Entia 

suggest that the meta-anorthosite may have been derived 
from a similar source to the Lloyd gabbro. It is intimately 

rock and amphibolite of the Riddock Amphibolite Member 
(Sivell et al 1985) and is semi-continuous along strike 
for about 20 km, reaching thicknesses of up to 50 m. 

through assimilation and fractional crystallisation (AFC) 
processes in an extensional setting. 

ALICE SPRINGS OROGENY (450–300 Ma)

The Alice Springs Orogeny was a long-lived intraplate event 
that affected large regions of central Australia, particularly 
the Arunta Region and adjacent basins, at 450–300 Ma 
(Collins and Teyssier 1989, Haines et al 2001). The orogeny 
is described in more detail in Aileron Province, and a 
comprehensive summary of the relationship between the 
Alice Springs Orogeny and synorogenic sedimentation in 
central Australian basins is given by Haines et al (2001). 
The Alice Springs Orogeny includes the 450–440 Ma 
Rodingan Event, the Devonian Pertnjara-Brewer events, 
and the Carboniferous Eclipse Event. Unlike the Entia 
Dome, which underwent near-pervasive high-temperature 
deformation during the Carboniferous, deformation in the 
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Irindina Province during the Devonian and Carboniferous 
was typically restricted to discrete shear zones at lower 
amphibolite- or greenschist-facies conditions.

Late Ordovician (Rodingan Event)

During the Rodingan Event at 450–440 Ma, regional-
scale reverse and transpressional shear zones juxtaposed 
the Irindina Province with the Palaeoproterozoic Aileron 
Province. Deformation was partitioned into south-directed 

et al 1999) and sinistral 

Scrimgeour and Raith 2001a, b). 
In the Harts Range, the Irindina Province was 

transported southwards over the Entia Dome along the 
et al

mid- to upper amphibolite-facies, south-directed high-strain 
zones along the contact of the Irindina Province with the 

conditions estimated at 600–650°C and 5–6 kbar (Mawby 
et al 1999). A Sm-Nd isochron on a garnet-hornblende 

an age of 449 ± 10 Ma (Mawby et al 1999). To the west, 

Province against the Strangways Metamorphic Complex 
and Bungatina Metamorphics, at similar metamorphic 

et al 1999b). 
Immediately north of the Irindina Province, Scrimgeour 
and Raith (2001b) documented Late Ordovician reworking 

side-up transpression along steeply dipping mylonites, at 

juxtaposition of the two provinces. SHRIMP U-Pb dating 

age of 445 ± 5 Ma (Scrimgeour and Raith 2001b). This 

Basin (Shaw et al 1991).

Devonian–Carboniferous (Pertnjara-Brewer and Eclipse 
events)

Throughout the Devonian, the Irindina Province was 
within the core of an east-trending bivergent intraplate 
orogen, with exhumation being accommodated along 

tectonism in the adjacent Arunta Region during the Alice 
Springs Orogeny had a distinctly different structural and 
metamorphic style to Devonian tectonism, with a change 
to more northwest-trending regional structures, and the 
development of pervasive amphibolite-facies deformation 
in the Entia Dome, which structurally underlies the Irindina 
Province. The effects of Devonian and Carboniferous 
deformation within the Irindina Province (D4 of Mawby 
2000) is not well documented, and relatively few direct 
constraints exist on structures of this age in the province. 

However, in a SHRIMP U-Pb zircon and monazite study 
of numerous deformed and undeformed pegmatites at Brett 
Creek in the northern Harts Range near Atijere community, 
Buick et al (2008) determined that the youngest deformed 
leucogneiss has an age of 364 ± 8 Ma, whereas the oldest 
discordant planar pegmatite has an age of 348 ± 10 Ma. 
This implies that the last main phase of ductile deformation 
in the northern Harts Range, comprising south-directed 
deformation along muscovite-bearing fabrics that dip 

Maidment (2005) considered that west-trending ductile 
shear zones in the Harts Range Metamorphic Complex are 
overprinted by northwest-trending structures related to the 
development of a southwest-directed fold and thrust belt. A 
pegmatite that was intruded into an east-trending, steeply 
north-dipping shear zone in Eblana Creek, 10 km southwest 
of Atijere in the northern Harts Range, has a SHRIMP U-Pb 

age of east–west-trending shear zones in the Strangways 

of the Entia Dome, interpreted to have intruded in the late 
stages of southwest-directed deformation, has an age of 

Figure 29.7). 
Constraints on the timing of uplift and exhumation of 

the Irindina Province during the Alice Springs Orogeny 
are provided by 40Ar/39Ar dating. 40Ar/39Ar cooling ages on 
hornblende from the Irindina Province suggests that large 
areas of the province (eg north of the Plenty Highway, and 
around Mount Ruby) cooled through 500°C at between 

Scrimgeour and Raith 2001a). 40Ar/39Ar muscovite ages of 
349 ± 2 Ma in the northern Irindina Province, south of the 

Irindina Province cooled through 350°C by about 350 Ma 
(Scrimgeour and Raith 2001a). In contrast, 40Ar/39Ar cooling 
ages from muscovite from the Harts Range area west 
of the Entia Dome suggest that exhumation and cooling 
through ca 350°C occurred at about 330 Ma (Mawby 
2000), synchronous with high-grade metamorphism in the 
Entia Dome and the development of the Arltunga Nappe 
Complex (Dunlap and Teyssier 1995, Hand et al 1999a). 
The preservation of high-grade metamorphism of this age 
in the Entia Dome, suggests that uplift of the dome was one 

Figure 29.7
with southwest-directed sense of reverse movement, interpreted 
to have developed at or before pegmatite intrusion at ca 360 Ma.  
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of the last events to take place in the Alice Springs Orogeny, 
possibly associated with extensional collapse of the orogen 
(Maidment 2005). Evidence exists for rapid cooling of the 
southeastern Arunta Region, including the Irindina Province, 
in the period 320–290 Ma, with temperatures decreasing to 
<250°C (Dunlap et al 1995, Mawby et al 1998).

SYN-ALICE SPRINGS OROGENY INTRUSIVE 
ROCKS

The Alice Springs Orogeny in the Irindina Province was 
accompanied by the emplacement of numerous pegmatites 
and granitoids, that are generally peraluminous (Hand 
et al 1999a, Buick et al 2001, 2008, Maidment 2005). 
These intrusions have been summarised by Buick et al 
(2008) as including larger pluton-style bodies (up to 
3 x 0.5 km) and extensive planar pegmatite dyke swarms 
(up to 2 km long and locally 50 m wide) that are by 
far the most abundant granitoid type. Dating of these 
pegmatites and granites by numerous authors (Mortimer 
et al et al 1988, Hand et al 1999a, Buick 
et al 2001, 2008, Maidment 2005) suggest that granitoid 
emplacement in the Harts Range during the Alice Springs 
Orogeny occurred in a series of pulses. Buick et al (2008) 
has correlated these pulses with episodic metamorphic 
and deformational activity in the southeastern Arunta 
Region at ca 445 Ma, 415 Ma, 380 Ma, 360 Ma and 

Figure 29.8). The larger pluton-style 

near Mallee Bore, north of the Harts Range, and a 

Atijere community. These granites have SHRIMP 
et al 2001) and 

361 ± 3 Ma (Maidment 2005), respectively.

MINERAL RESOURCES

The Irindina Province is underexplored, particularly in the 
poorly outcropping regions east of the Entia Dome. Most 
mining activity has focused on numerous small pegmatite-
hosted mica deposits that were mined in the period 

(Joklik 1955a, b, Shaw and Milligan 1969). Some small-
scale mining of gem-quality corundum (ruby) has occurred 
in meta-anorthositic rocks at the Hillrise mine south of 
Mount Brady (Shaw and Freeman 1985). However, the 

polymetallic base metals, rare-earth elements and uranium. 
Previous descriptions of prospects and mines in the Irindina 
Province were compiled by Joklik (1955a, b), Stewart and 

(1985). The distribution of the prospects described below is 
given in Figure 29.9.

Nickel-copper-PGE

The Blackadder and Baldrick prospects, located north 

mineralisation associated with olivine-bearing gabbro 
of the Lloyd gabbro that intrudes the Irindina and Brady 
gneisses. Initial rock chip samples at Blackadder assayed up 

and palladium (Mithril Resource Ltd, ASX Announcement, 
15 September 2008). The prospects were drilled by Mithril 
Resources in 2009, with a best intersection of 9 m at 

intrusions across the Irindina Province remain untested. 
The Hammer Hill prospect comprises an isolated hill 

Metamorphic Complex that contains anomalous nickel, 
chromium and cobalt, although drilling at the prospect has 

Arunta Region, Hoatson et al (2005) included the Riddock 
Amphibolite Member in their S-poor group, and considered 
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Figure 29.8. Relative probability distribution diagram for age 
of (a) emplacement of ASO-related granitic rocks and granulite- 

b) high-grade metamorphic mineral 
growth in eastern Arunta Region (both Irindina Province and 
adjacent areas of Aileron Province) during ASO, as constrained 
by dating of high-closure temperature minerals (U–Pb: zircon, 

et al 2008).
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mineralisation, as well as stratabound and/or hydrothermal 

Copper (± cobalt, zinc)

The Basil copper-cobalt prospect was discovered by Mithril 
Resources Ltd in 2009, and comprises a 10 km-long trend 
of copper-bearing gossanous outcrop and hydrothermal 
alteration associated with a large-scale EM anomaly. Drilling 
of the prospect up to July 2011 yielded best intersections of 

pyrrhotite, pyrite and chalcopyrite, within the Riddock 
Amphibolite Member, close to the structural contact with 
the Aileron Province. Additional parallel zones containing 
copper-bearing gossans occur at the nearly Polly and 
Manuel prospects.

Drilling of a number of widely spaced blind EM targets 
east of the Entia Dome by Mithril Resources during 2008 

anomalous copper, hosted within metasedimentary rocks 
of the Harts Range Metamorphic Complex. Intersections 

4 July 2008).
The Selins

of Mount Riddock homestead, consists of atacamite, 
chalcanthite and malachite in anthophyllite rock, garnet-
hornblende rock and calc-silicate rock. These distinctive 
magnesium-calcium-rich rocks occur in a unit of garnet 
quartzite and garnet quartzofeldspathic gneiss, hosted 

by the Riddock Amphibolite Member. Shaw et al (1984b) 

The Virginia Cu prospect, 12 km southeast of Mount 
Riddock homestead, consists of copper carbonate-stained 
garnet quartzite in association with quartzofeldspathic 
gneiss and migmatitic garnet-quartz-rich hornblende rock. 
The mineralised zone contains quartz veins and is more 
schistose than the surrounding Riddock Amphibolite 
Member (Shaw et al 1984b).

There are numerous other occurrences of copper in the 
Irindina Province. These are often associated with quartz 
veins, such as at the Bruces Cu prospect, where east-trending 
quartz veins contain copper and also locally contain gold 

Gold-tungsten

The Tibbs gold-tungsten-copper prospect was discovered by 
Mithril Resources Ltd. in 2010. Anomalous gold, tungsten 
and copper mineralisation occurs along an outcropping 
layer of ironstone and gossan interval more than 3 km in 
length at the contact between felsic gneiss and marble in 

Ltd, ASX Announcement, 8 December 2010). 

Rare earth elements (REE)

documented by Joklik (1955a) and Daly and Dyson (1956) 
as part of an investigation into the Harts Range and Plenty 
River Painted Canyon 
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and Butcher Bird mines, and also occurs at the Walter 
Smiths mine, along with allanite. Coarse monazite crystals, 
some of gem quality, occur in the northern workings of the 
Last Hope mine, and at the Marenga and Ciccones North 
mines. These observations are consistent with work by 
PNC Exploration (Australia) Pty Ltd, who found these and 
numerous other REE phases at various prospects throughout 
this region (Drake-Brockman 1995, Drake-Brockman et al 
1996a, b). Hussey (2003) considered that the presence of 
REE-enriched sweats and skarns surrounding all of the 
above REE-enriched pegmatites in the Irindina Province 

abundance of REE-rich breccia veins and calcsilicate rock 

for REE skarns or hydrothermal vein deposits. It is likely 

during the Alice Springs Orogeny.

Holsteins and Mount Mary region
Drake-Brockman (1995) documented late-stage, gossanous, 

northeast of the Entia Dome. They contain chalcedony-
barite-carbonate-haematite-monazite, with minor to very 

monazite and xenotime (Drake-Brockman 1995). Matheson 
(1968) also reported anomalous Cd and In from this area. 

from the adjacent pegmatite swarms. Mineralisation at the 
Holsteins prospect is associated with elevated Ba and Fe-

(2003) considered it possible that a large area in the vicinity 
of Holsteins and Mount Mary has potential for REE.

Uranium

The Irindina Province hosts a number of uranium prospects, 
that are typically located close to the margins of the Entia 

in the Harts Range was by PNC Exploration (Australia) Pty 
Ltd in the 1990s (Drake-Brockman 1995, Drake-Brockman 
et al

area occur more commonly in the Entia Dome (Aileron 
Province) and were divided into four types based on 
mineralogy: uraninite type, episodite type, retrogressed 
type and pegmatite type (Drake-Brockman et al 1996b, see 
Aileron Province
the Irindina Province is Yambla, which is a uraninite-type 
occurrence, containing macroscopic uraninite as 1 mm- to 
1 cm-sized crystals in crystalline aggregates or nodules 
(Figure 29.10), and as intergrowths with brannerite. The 
mineralisation is related to quartz veining within an albite-
scapolite-altered fault zone in the Riddock Amphibolite 
Member, and has been dated at ca 350 Ma. Drilling at the 

(Drake-Brockman et al 1996b). Mineralisation at the 
Indiana prospect, immediately northeast of the Entia Dome, 
is associated with an outcropping pegmatite in a shear 
zone that extends for more than 600 m along strike, with 

Announcement, 6 March 2008). 
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Chapter 30: KALKARINDJI PROVINCE LM Glass, M Ahmad and JN Dunster

INTRODUCTION

During the early Cambrian, a widespread outpouring of 
sub-aerial basaltic lava covered a large area of northern 
Australia, central Western Australia, northwestern South 
Australia and possibly areas of South East Asia that have 
subsequently been rifted from Australia. Stratigraphically 
equivalent exposures of this volcanic succession have 
historically been given different names; these include the 
Antrim Plateau Volcanics, Nutwood Downs Volcanics, 
Helen Springs Volcanics and Peaker Piker Volcanics in the 
Northern Territory, and the Colless Volcanics (Bultitude 
1976) in Queensland. Coeval basaltic and intrusive rocks 

South Australia include the Table Hill Volcanics (Peers 
1969, Jackson and van de Graaff, Veevers 2000, Glass 
and Phillips 2006) and informally named Boondawari 
dolerite (MacDonald et al 2005). The Milliwindi Dolerite 
(Hanley and Wingate 2000) and the informally named 
Mount Ramsay dolerite of the Kimberley region of WA 
(Glass 2002) are also included as a part of this igneous event. 
Based on geochemical and isotopic similarities, Glass (2002) 

province, and named it the Kalkarinji Continental Flood 
Basalt Province, but later revised the spelling to Kalkarindji1 
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(Glass et al 2006, Glass and Phillips 2006). Figure 30.1 
shows the outcrop distribution and probable original extent 
of the province in Australia. Since it extends across a vast 
area in excess of 106 km2 (Glass and Phillips 2006) and was 
probably emplaced over a very short geological time interval, 

sensu
and Eldholm (1992). The name Kalkarindji Volcanic Group 
was erected by Kruse in Rawlings et al (2008) to include 
some components of the Kalkarindji Province in the NT and 
parts of WA, including minor intercalated sedimentary units. 

units, this name is herein formally replaced by Kalkarindji 
Suite (see below).

NTGS airborne magnetic data (Clifton 2008) indicate 

under covering strata across the Ord, Bonaparte, Daly, 
northern Wiso and northern Georgina basins. Figure 30.2a 
shows the extent of outcropping Kalkarindji Province rocks 
overlain on the First Vertical Derivative aeromagnetic image 
for an area within the Palaeo–Mesoproterozoic Birrindudu 
and Meso-?late Neoproterozoic Victoria basins of the 

Figure 30.1

et al 2010).

Current as of October 2010

2 Names of 1:250 000 mapsheets are shown in large capital letters 
 

1 The name Kalkarindji is derived from the place name in WAVE 
2 (Gazetteer of Australia 2004). 
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Northern Territory. The magnetic imagery Figure 30.2b 

traced under shallow cover. 
Kruse in Rawlings et al (2008) synonymised the 

Nutwood Downs Volcanics in HODGSON DOWNS 
with the more extensive Antrim Plateau Volcanics. 
Subsurface contiguous volcanic and minor sedimentary 
rocks to the east of the Tennant Region are extensive 
beneath the central Georgina Basin. The names Helen 
Springs Volcanics and Peaker Piker Volcanics have been 
historically applied to these strata, but these names were 
synonymised by Kruse in Rawlings et al (2008) as Helen 
Springs Volcanics. 

Historically, Hardman (1885) and Jensen (1915) provided 
the earliest descriptions of the Antrim Plateau Volcanics in the 
East Kimberley and Victoria River regions of northern Australia. 
Hardman (1885) named hilly dissected country, to the east of 
the Elvire River in the eastern Kimberley district, as the Great 
Antrim Plateau. Thirty years later, Jensen (1915) documented 
and described volcanic rocks in the Victoria River, Edith River 
and Daly River regions, and suggested they were most likely 
to be of Carboniferous or Permo-Carboniferous age. David 

on the description of the Great Antrim Plateau of Hardman 
(1885). However, this name was changed by Traves (1955) to 

units. Edwards and Clarke (1941) undertook a petrographic 
study of basalts in the eastern Kimberley region, where they 
described the rocks as ranging from olivine basalt to quartz 
basalt. They suggested that the eastern Kimberley basalts 

18º30'

129º30'

0 25 km A09-251.ai

Neave Fault

b

Figure 30.2. (a) Kalkarindji Suite outcrop extent (green areas) 
overlain on First Vertical Derivative aeromagnetic image (Clifton 
2008) for a selected area within Birrindudu and Victoria basins, 

b) Red boxed area 

Green areas indicate Kalkarindji outcrop extent. 

Figure 30.2b 
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formed a single basaltic province. Traves (1955) described the 
basalts in the Ord–Victoria River region and suggested that 
isolated suites of Cambrian basalts across northern Australia 
perhaps belonged to a single period of volcanic activity. A 

relationships, petrography and chemistry of the Antrim 
Plateau Volcanics as a part of their study of the northern Wiso 
Basin. Dunn and Brown (1969) suggested a correlation of 
stratigraphically equivalent early Cambrian volcanic rocks 
in other parts of the Northern Territory and Queensland with 
the more extensive Antrim Plateau Volcanics. Bultitude (1971, 
1976) subsequently provided a more detailed description of 
the stratigraphic succession, chemistry and mineralogy of 
these volcanic rocks and reinforced the possible correlation of 

and Beere (1988) also provided a detailed description of basalts 
in the Bonaparte and Ord basins and indicated a maximum 

recently, Glass (2002) undertook a comprehensive study of the 
mineralogy, geochemistry, geochronology and petrogenesis of 
the entire province.

The volcanic rocks consist predominantly of basaltic 

intrusive dolerite dykes that are found in Western Australia. 
Thin interbeds (generally <10 m thick) of well sorted cross-
bedded sandstone, siltstone, chert, sedimentary breccia and 

Conophyton sp) are locally present 
(Sweet et al (1974b).

EARLY CAMBRIAN

Kalkarindji Suite 

formalised as the Kalkarindji Volcanic Group (Kruse 
in Rawlings et al
various minor intercalated and immediately underlying 
sedimentary units. However, given the dominance of the 

(see Appendix), so as to include volcanic and intrusive 
constituents (see Geoscience Australia Stratigraphic 
Units Database website). Minor intercalated sedimentary 
components of the former Kalkarindji Volcanic Group are 

Suite, but are included within the constituent formations.
The Antrim Plateau Volcanics (Traves 1955) 

unconformably overlie Proterozoic basement rocks and 
underlie sedimentary rocks of the Ord, Daly, northern 
Wiso and northern Georgina basins in the NT, and the 
Ord, Bonaparte and eastern Kimberley basins in Western 
Australia. The unit may extend further to the north 
in the Arafura Basin, as red-brown volcanic rocks in 
drillhole Money Shoal-1 (Figure 30.1) have historically 
been correlated with the Antrim Plateau Volcanics 
(Petroconsultants Australasia 1989). Moreover, regional 
thermal subsidence in the Arafura Basin has been attributed 
to Antrim Plateau volcanism (Struckmeyer 2006). 

Sweet et al (1974b) described and formally named 
intercalating agglomerate (consisting of extensively 

altered angular to rounded fragments of vesicular and 
amygdaloidal basalt set in an aphanitic, heavily altered 
basaltic matrix), minor basaltic lavas and thin lenses of 
sandstone and siltstone in the southern Victoria River 
region as the Blackfella Rockhole Member. The volcanic 
detritus in agglomerate bands is thought to have been 
derived from highly explosive volcanic activity and the 
presence of thin lenses of sandstone and siltstone within 
agglomerate bands is indicative of pyroclastic deposition 
under sub-aqueous conditions. Sweet et al (1974b) also 
described and formally named glomeroporphyritic (in 
this case, grouping of plagioclase phenocrysts into 
distinct clusters) and often columnar jointed basalts 
in the same region as the Bingy Bingy Basalt Member. 
The Blackfella Rockhole and Bingy Bingy Basalt 

the intercalated Mount Close Chert Member. There are 
at least ten other intercalated sedimentary units mapped 
in the NT. Correlation of sedimentary and volcanic units 
is hampered by poor outcrop and their generally limited 
areal extent, but a suggested correlation for the Victoria 
River region is shown in Figure 30.3. The units include 
widespread carbonate, agglomerate and pyroclastic 

bottoms, and sandstone beds, which are generally of 
more limited areal extent and typically less than 10 m 
thick. The sandstones are typically cross-bedded and are 
variously tuffaceous, quartzic, feldspathic or ferruginous. 
Many of the carbonate units were originally stromatolitic, 

Figure 30.3 
indicates that the Bingy Bingy Basalt Member extends 

Member in WA indicates that carbonate deposition 

limestone and matrix-supported basalt breccia that might 
be the original rock now represented by the Mount Close 
Chert Member at the surface. However, it has been 
suggested by Walter (1972) that conical stromatolites 
from the constituent Mount Close Member (Mory and 
Beere 1988) of the Antrim Plateau Volcanics in WA, may 
represent a hot springs environment, in which conical 
stromatolites are known to develop even up to the present 
(Walter et al 1976). They therefore do not provide an age 
constraint. Nevertheless, recent isotopic dating results 
(see Geochronology
age for the volcanic rocks. Also intercalated within the 
Antrim Plateau Volcanic succession is the Malley Spring 
Member (Mory and Beere 1985). This is a 3–5 m-thick 
siltstone and sandstone unit that occurs about 50 m above 
the base of the Antrim Plateau Volcanics over a distance 
of 25 km in the Ord Basin in WA. 

Units that were previously included in the Kalkarindji 
Volcanic Group of Kruse (in Rawlings et al 2008) include the 
'Jarong Conglomerate' (Pontifex and Mendum 1972, Sweet 
et al 1974a), which is now subsumed as the Uniya Formation 
(see Wolfe Basin), the Kinevans Sandstone (Sweet et al 
1974b; see Wolfe Basin) and the Jindare Formation 
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(Needham and Stuart-Smith 1984, Kruse et al 1994).  The 

conformably underlie the Antrim Plateau Volcanics in the 
Victoria River Region (Kruse in Rawlings et al 2008). The 

quartzofeldspathic sandstone, often with characteristic low-

localised conglomerate, that laterally interdigitates with the 
Antrim Plateau Volcanics along the northeastern margin 

shoreface, ?marine environment (Kruse et al 1994, Kruse in 
Rawlings et al 2008).

The Antrim Plateau volcanic succession has its greatest 
thickness in the eastern Kimberley region, where successive 

800 m and 600 m thickness were measured by Glass (2002) 

trigonometric station J32 of Hardman (1885) in GORDON 
DOWNS in the Kimberley region, respectively (Figure 30.4). 
Minor interbedded siltstone units are present at about 100 m 
from the base of the succession at Purnululu National Park. 

form prominent mesas capped by resistant agglomerate and 

Figure 30.5). The 
mesas are remnants of a much greater land surface dissected 
by modern-day stream systems. A BMR drilling project in the 

Victoria River region resulted in nine stratigraphic drillholes 
(Bultitude 1971, Figure 30.6) and a maximum thickness 

(Figure 30.7). However, this is a minimum thickness for 
basalt in this region, as the drillhole was terminated while 

Springs area, the Antrim Plateau Volcanics attain a thickness 
of about 250 m and in the Tanami Region, it is less than 30 m 
in thickness (Blake et al 
(2005) described intersections of almost 500 m of basaltic 

overlying basalt breccia, is correlated with units in drillhole 
ANTD001, about 20 km away.

The Antrim Plateau Volcanics unconformably 
overlie Proterozoic basement of various ages in the 
eastern Kimberley region of Western Australia. This 
includes the Neoproterozoic Albert Edward Group 
(Dow and Gemuts 1967), where the contact is a narrow 
thermal aureole in sandstone. The volcanics probably 
unconformably overlie the Moonlight Valley Tillite of 
the Wolfe Basin in AUVERGNE (Dunster et al 2000). 

unconformably overlie the Proterozoic Wattie, Bullita 
and Tijunna groups (Birrindudu Basin) and Auvergne 
Group (Victoria Basin; Beier et al
DOWNS, the Antrim Plateau Volcanics (former Nutwood 
Downs Volcanics) unconformably overlie the Bukalara 

suggested for the Bukalara Sandstone due to the presence 
of tube-like structures thought to be the trace fossil 
Skolithos sp (Muir 1980). Dunnet (1965) and Plumb and 
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Figure 30.3. Suggested lithostratigraphic correlation of mapped units within Antrim Plateau Volcanics in the Victoria River Region, 
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JN Dunster). Unit symbols are as depicted on published mapfaces.
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Roberts (1965) similarly interpreted structures in the 
correlative Buckingham Bay Sandstone (Arafura Basin) 
as Skolithos sp. However, Haines in (Rawlings et al 
1997) reinterpreted these structures as being abiogenic 

sandstones containing these structures are more likely to 

In general, the Antrim Plateau Volcanics are 
unconformably overlain by early middle Cambrian 
carbonate units: Headleys Limestone of the Ord Basin 
(Mory and Beere 1988); Montejinni Limestone of the Wiso 
Basin (Randal and Brown 1967); and Tindall Limestone 
of the Daly Basin (Kruse et al 1994). In Katherine, 
palaeontological evidence indicates that the Tindall 
Limestone can be referred to the late Ordian stage of the 
Australian middle Cambrian (Kruse et al 1994, Laurie 
2006).

The Helen Springs Volcanics (Noakes and Traves 

and also occur extensively in the subsurface in the 
northern and central Georgina Basin (Kruse 2008). The 
volcanics are synonymous with the former Peaker Piker 
Volcanics (Kruse in Rawlings et al 2008); these outcrop 
in the northeastern Georgina Basin, and unconformably 

South Nicholson Group (South Nicholson Basin) and 
sedimentary rocks of the McArthur Basin. The Helen 
Springs Volcanics are disconformably overlain by the 
middle Cambrian Gum Ridge Formation, Wonarah 
Formation and Top Springs Limestone of the Georgina 
Basin (Randal et al 1966, Kruse et al 2010). A sedimentary 
unit containing peperite, the Muckaty Sandstone Member 
forms the base of the Helen Springs Volcanics to the east 
of the Tennant Region in HELEN SPRINGS (Hussey et al 
2001). The Helen Springs Volcanics are 9 m thick in cored 
drillhole NTGS96/1 in central HELEN SPRINGS (Kruse 
1996, Hussey et al 2001), and the unit reaches a maximum 
thickness of 156 m in cored drillhole AY06DD01 in 
southeastern ALROY (Kruse 2008). The former Peaker 
Piker Volcanics are 16 m thick in drillhole DD83SC1 in 
WALHALLOW (Dunster 2009).

Close to the Queensland–Northern Territory border, 
the Colless Volcanics (Carter and Öpik 1961) form small 
exposures on the margins of the eastern Georgina Basin in 
LAWN HILL, western Queensland. This unit consists of 
amygdaloidal basalt and other tholeiitic lavas outcropping 
over only a few square kilometres at the southern end of 
the Constance Range, where they unconformably overlie 
the South Nicholson Group. The volcanic rocks are 
unconformably overlain by the Thorntonia Limestone of 
the Georgina Basin.

Table Hill Volcanics are conformably underlain by the 
Wahlgu Formation and Lungkarta Formation, and overlain 
by the Paterson, Lennis and Wanna Formations. The 
Boondawari dolerite (MacDonald et al 2005) is a feeder 
dyke to the volcanic suites. The former Kulyong Formation 

superseded by the Table Hill Volcanics) is underlain by the 
Trainor Hill Sandstone and overlain by the Mount Chandler 
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Sandstone. Possible early Cambrian basaltic rocks in 
association with known tuffs have also been observed by 
J Dunster in petroleum exploration drillholes to the extreme 

Cadney Park Member. More recently, geochemically similar 
rocks of the same age as the Kalkarindji Suite have been 

et al 2010).
Eruptive centres for the Antrim Plateau Volcanics (ie 

Kalkarindji Suite) are not easily recognisable, possibly because 

1976); however, swarms of small, altered and brecciated 
dykes cut the volcanic rocks around the south-southeastern 
extremity of the Hardman Syncline (part of the Ord Basin). 
These dykes consist of angular fragments of massive to slightly 

outcropping feeder dykes to the Kalkarindji province are not 
evident in the Northern Territory, First Vertical Derivative 

long structure under cover that may represent a lava river 

(Figure 30.8). Outcropping dolerite dykes, interpreted to be 
feeder dykes to the Kalkarindji Province, are present in the 
western Kimberley region of Western Australia (Hanley and 
Wingate 2000, Glass 2002), the most prominent being the 
250 km-long Milliwindi Dolerite (Hanley and Wingate 2000, 

Figure 30.1), which intrudes Palaeoproterozoic rocks of the 

Geochronology

Bultitude (1972) provided the earliest geochronological 
studies for the Kalkarindji Province and obtained K-Ar 
ages of 511 ± 12 Ma and 500 ± 12 Ma, as recalculated by 
Glass (2002) using the decay constants of Steiger and Jäger 
(1977), for the Helen Springs and former Nutwood Downs 
Volcanics, respectively. At the time the data were generated, 
they were assumed to be erroneously young as they were 
inconsistent with known stratigraphic constraints (Bultitude 
1972, 1976). Hanley and Wingate (2000) obtained a U-Pb 

Dolerite, a feeder dyke to Kalkarindji basalts in Western 
Australia. Glass and Phillips (2006) reported high-precision 
40Ar/39Ar ages for plagioclase feldspar separates for basalts 
from the Helen Springs Volcanics and Antrim Plateau 
Volcanics. The data have an age range between 508 ± 2 Ma 

of 507 ± 4 Ma, which places the Kalkarindji eruption event 
close to the early–middle Cambrian boundary (Glass and 
Phillips 2006). The oldest age (within error) is compatible 
with the position of the volcanic rocks below the securely 
dated Cambrian sequence 1 (Ordian) interval of Shergold et al 
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results are in agreement with known age constraints for the 
Table Hill Volcanics, which include a K-Ar whole rock age 
of 500 ± 14 Ma (as reported in Veevers 2000), a 207Pb/206Pb 
zirconolite age of 504 ± 18 Ma (Stern et al 2005) and an 
40Ar/39Ar age of 505 ± 3 Ma (Evins et al 2009). Moreover, 
MacDonald et al

Petrology

plagioclase-phyric basalt. The basalt mineral assemblage 
comprises plagioclase, clinopyroxene (augite or pigeonite) 
rare orthopyroxene with lesser ilmenite, titanomagnetite, 
primary and secondary quartz and K-feldspar (Glass 2002). 
Olivine, mica and hornblende are accessory components 
(Bultitude 1971). Glass (2002) described the petrology of the 
Kalkarindji basalts in some detail and this is summarised 

aphanitic rocks to porphyritic and coarse-grained rocks 
approaching doleritic textures. The primary phenocryst 
and microphenocryst phases are subhedral clinopyroxene, 
near-euhedral plagioclase feldspar and, in the most evolved 
rocks, abundant quartz. Secondary phases include chlorite, 
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Figure 30.9. Scanning Electron Microscope (SEM) 
photomicrographs of Kalkarindji Suite basalts (from Glass 

a) Coarse-grained Helen Springs Volcanics 

and plagioclase. (b
showing ophitic texture. (c) Antrim Plateau Volcanics 

plagioclase compositions: An49 and An61. 
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albite, K-feldspar, quartz and titanite. Rocks that have 
undergone hydrothermal alteration are commonly chloritic 

prehnite, malachite, calcite and silica. Groundmass phases 
are mostly coarse to medium-grained, ophitic to granular 
and intergranular (euhedral plagioclase laths and subhedral 

rocks, intersertal textures dominate due to the presence of 

rocks may contain late-crystallising potassic and sodic 
feldspar and quartz. Scanning Electron Microscope 
(SEM) photomicrographs (Figures 30.9a–c) show textural 
petrographic relationships for the Helen Springs Volcanics 
and Antrim Plateau Volcanics. Feldspar compositions for 
all Kalkarindji rocks, range from An49 to An72 and pyroxene 
compositions include high-Cr pyroxene (Cr-diopside), Ca-
rich clinopyroxene (augite), pigeonite and orthopyroxene. 

between clinopyroxene and plagioclase (Figure 30.9a). 

the Kalkarindji basalts range from olivine-hypersthene 

levels are transitional between quartz tholeiite and olivine 
normative tholeiite.

Geochemistry

Geochemical signatures for the Kalkarindji Province 
basalts were described in some detail by Glass (2002) and 
Glass and Phillips (2006), and the most distinctive feature 
for the basalts is the overall geochemical homogeneity 
across the entire province. Glass and Phillips (2006) further 
demonstrated that the Antrim Plateau Volcanics and the 
stratigraphic equivalents (ie Helen Springs Volcanics, 
former Nutwood Downs Volcanics, former Peaker Piker 
Volcanics, Boondawari dolerite and Table Hill Volcanics) are 

geochemically indistinguishable (Figure 30.10). A genetic 
link between the Table Hill Volcanics and the Antrim Plateau 
Volcanics has been further reinforced by M Gole (consultant 
geologist, pers comm 2003), based on the evaluation of a 
substantial number of geochemical analyses of the former 
unit. More recent work by Evins et al 

 for 
Fe2O3
for most basalts cluster between 65 and 50. The Kalkarindji 

(HFSE) abundances, eg low elemental abundances of Ta, P, 
Ti and Nb relative to the incompatible elements. The basalts 
and dolerites further show extreme enrichment in the most 

compositions and more similar to continental crustal 
compositions. These distinctive geochemical characteristics 
serve to distinguish the Kalkarindji basalts from all other 
large igneous provinces worldwide (Glass 2002).

Platinum Group Elements (PGE) abundances are 
extremely low, in most cases below the detection limit (Glass 

the basalt petrogenesis. Depletion in the PGE may indicate 

which would have resulted in the sequestering of chalcophile 
elements; this has implications for nickel prospectivity for 
the Kalkarindji Suite. Similar depletions in PGE patterns to 

et al 1993), which is host to World-class nickel mineralisation.

Structure

Kalkarindji basalts are the basal unit of a number of 
Palaeozoic basins across northern Australia, including the 
northern Wiso, Daly, Bonaparte, Ord and northern Georgina 
Basins. Although these basins were attenuated, rifting 

Helen Springs Volcanics Mg# = 60
Former Nutwood Downs Volcanics Mg# = 52
Former Peaker Piker Volcanics Mg# = 44
Boondawari dolerite Mg# = 59
Table Hill Volcanics

Antrim Plateau Volcanics
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Figure 30.10. Primitive-mantle 
normalised element abundance diagram 
showing range for Antrim Plateau 
Volcanics (green) overlain by data for 
Antrim Plateau basalt stratigraphic 

Springs Volcanics, former Nutwood 
Downs Volcanics, former Peaker Piker 
Volcanics, Table Hill Volcanics and 
Boondawari dolerite (feeder dyke for 
the Table Hill Volcanics). Normalising 
values from McDonough and Sun 1995. 

) for 
Fe2O3
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never went to completion. The basalts attain their greatest 
thickness in the East Kimberley region, east of the Halls 
Creek Orogen and this led Mory and Beere (1988) and Glass 
(2002) to suggest that this region was most likely the major 
eruptive centre for Kalkarindji volcanism. However, given 
the dimensions of the province, an extensive dyke system for 
the basalts is most likely concealed, possibly by subsequent 

and Wingate 2000, Glass 2002) and the informal Mount 
Ramsay dolerite (Glass 2002) in the southwest Kimberley 
region are the only known exposed dyke systems interpreted 

(2006) interpreted a major NNW-trending structural axis in 

anomalies as the main axis of doming, magma injection and 
extrusion of magma. They further suggested that sites for 
intrusion may have occurred along east-northeast-trending 
structures (eg, the West Baines, Neave and Rosewood faults), 
which they interpreted as transform faults that developed 
parallel to crustal extension. 

Although concealed under cover, the prominent Neave 
Fault (Figures 30.2a, b) and less obvious Negri Fault appear 

between the Neave Fault and the Antrim Plateau Volcanics 
may represent any of the following:

1. a large structure which has offset basaltic lavas to the 
north that have subsequently been eroded 

2. a fault scarp palaeotopographic feature which 

3. a feeder conduit to the basalts.

a prominent structure, appears to displace the Antrim 
Plateau Volcanics and Angalarri Siltstone by only about 
100 m (Sweet 1973b). Minor displacement of the Antrim 
Plateau Volcanics and the Moonlight Valley Tillite occurs 
on the northern extension of the Blackfella Creek Fault 

Possible link to early–middle Cambrian mass extinction

High-precision 40Ar/39Ar ages, established by Glass and 
Phillips (2006), indicate that the Kalkarindji eruption event 
occurred close to the early–middle Cambrian boundary. 
This timing is coincident with a major global mass 
extinction event which corresponds to the Toyonian stage 
of the early–middle Cambrian (Zhuravlev and Wood 1996). 
This mass extinction occurred after the rapid appearance 
of many marine invertebrates in early Cambrian time 
(Brasier et al 1994) and the Toyonian mass extinction 
appears to have been pronounced for the Australian region 

et al (2006) 
34S from Georgina Basin 

samples at about the early–middle Cambrian boundary, 
which they attributed to ocean anoxia combined with 
increased perturbations of oceanic sulfate. They suggested 
greenhouse warming as a result of volcanic eruptions of 

for the collapse of early metazoan reef ecosystems during 
the latest early Cambrian. 

Petrogenesis

Petrogenetic modeling of Kalkarindji Province basalts 
by Glass (2002) established that the basalts can 
be successfully modeled by crustal contamination 
processes of a primary asthenospheric source 
composition. The original source magmas assimilated 

Australian Felsic Crust (NAFC), Glass (2002), Glass 
et al (2006). Glass (2002) further calculated that the 
Kalkarindji primary picritic melts (in equilibrium with 
mantle olivine) segregated from their mantle source at 
pressures of about 15 to 20 kbar, which is equivalent to a 
depth of 50–70 km. However, in Neoproterozoic times, 
ca 200 km-thick lithosphere would have underlain 
the postulated future eruptive centre for Kalkarindji 
magmatism (see Glass 2002). Some type of tectonic 
process, therefore, must have substantially thinned the 
lithosphere prior to Kalkarindji magmatism. A mantle 
plume source to generate the melts is feasible, providing 

segregation. Catastrophic lithospheric delamination, 
accompanied by substantial asthenospheric melt 
segregation, may be another mechanism to account for 

MINERAL RESOURCES

Copper

Work by the BMR in the 1950s and 1960s, and later by 
the Northern Territory Geological Survey (eg Cutovinos 
et al

units of the Antrim Plateau Volcanics, near and along 

Ord Basin. Some copper was also noted in the overlying 
limestone close to the contact zone. A total of 19 recorded 
mineral occurrences are known in the NT (NTGS MODAT 

selected copper occurrences in the Victoria River district 
are shown in Figure 30.11.

Extensive exploration for copper was conducted in the 
NT during 1968–1970 by a joint venture led by Metals 

large copper deposits (similar to copper mineralisation 

Antrim Plateau Volcanics (Erskine et al 
1970s, Amoco Minerals Australia Co, led an exploration 
program to test for copper mineralisation at the Antrim 

styles of copper mineralisation were distinguished in 
these early studies (Erskine et al 1970, Burt et al 1970, 
Miguel 1974):

Structurally controlled copper mineralisation in fault 
and shear zones (eg malachite and chalcocite associated 
with fault and shear zones at the Caves prospect).
Copper mineralisation in the basal three metres of the 

and azurite).
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Copper mineralisation associated with secondary 

massive basalt in the upper Antrim Plateau Volcanics 
(native copper, chalcopyrite, cuprite, chalcocite and 
malachite).
Copper mineralisation associated with agglomerate 
(chalcocite, malachite associated with barite veins).
Finely disseminated native copper and chalcopyrite in 

Copper mineralisation linked with black manganiferous 
limestone mounds of possible fumarolic origin (hot 
seeps).

The best documented copper prospect located during 
these exploration activities, Caves (Figure 30.11), is 

et al (1970) reported 

The highest grade mineralisation is controlled by a series 
of faults in agglomerate of the Antrim Plateau Volcanics 

at the prospect may be related to the northwest-trending, 
steeply dipping Negri Fault, which displaces the Headleys 

malachite, chalcocite and azurite (Sweet et al 1974b). 
A circular body of fumarolic (hot seep) deposits occurs 
adjacent to the visible mineralisation. These contain 
disseminated, but low-grade copper.

Randal and Brown (1967) reported the occurrence of 
native copper in basalt of the Antrim Plateau Volcanics 
from the BMR Shoeing Tool Replacement Bore, located in 

quartz-malachite-cuprite veins and native copper in 
vesicular basalt near Montejinni homestead. Crowsons 
Prospect, located 11 km west of Montejinni homestead, 
was found by W and B Crowson of Montejinni Station 
in the late 1960s. Native copper, cuprite, malachite, 
chalcocite and traces of covellite were reported from 
the Antrim Plateau Volcanics near the contact with the 

limestone, or forms thin (up to 1 mm) veinlets following 
silty laminations in the limestone. Specimens better than 

(Sampey Exploration Services 1968), but individual 

(Sakurai 1991). 
Thomson (1951) reported the occurrence of nuggets 

of native copper up to 4 kg in weight at Campbells 

Plateau Volcanics or within soil overlying this unit and 

rocks. However, subsequent exploration and visits by 
Government geological surveys failed to relocate the site. 
No other copper nuggets were found and no disseminated 
copper is present in the basalt at this location.

The Antrim Plateau Volcanics and associated rocks 
are currently being explored for copper in WA and NT 

their Copper Flats Project. The Michigan Copper Belt is 

being used as an analogue. Work to date has focused in 
WA and has included encouraging rock chip samples that 

Nickel

in Russia, which are host to large Ni-Cu-PGE deposits. 
Several companies have used this analogy as the basis for 
a conceptual exploration model targeting nickel in feeder 
systems to the Antrim Plateau Volcanics (eg Gole and 

suitable feeders or nickel of economic grade. 
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Barite

Pods and veins of barite in the Antrim Plateau Volcanics 
are commonly associated with quartz and calcite (Sweet 
et al 1974b). Several of the largest deposits have been 
evaluated for possible use as a weighting agent for drilling 
mud. The poor colour quality generally precludes other 
industrial uses. 

Bingy Bingy Basalt Member 
contains a resource of barite occurring as lenticular lodes. 

contains 261 039 t to a depth of 20 m. This material meets 

1988). A barite deposit at Mathison Creek (FERGUSSON 

occupy a fracture in the volcanic rocks and are parallel to a 
southeasterly regional trend (Sweet et al 1974b). Two veins 

3 
4

gravity of 4.54 g/cm3
4 (Willis 

and Newton 1975). Total production from the two lodes was 
35 000 t, but only the top 4–5 m of lode material was mined. 
The estimated resource was 32 800 t per vertical metre 
(Mendum 1972) and a total barite resource was estimated at 
475 000 t to 20 m depth (Ransom 1980). 

Bitumen

There is anecdotal evidence of widespread bitumen within 
Antrim Plateau basalts in the Sturt Plateau region on 
the NT (Matthews 2009). Recent drilling by Dunmarra 

seams within Antrim Plateau Volcanics host rocks south 
of Mataranka township (Matthews 2009). The bitumen 

vein was approximately 5 cm in thickness (Figure 30.12). 

Although the presence of bitumen appears to be widespread 
in this region, target generation for bitumen seams within 

Gemstones and semi-precious minerals

Amethyst, smoky quartz, blood red quartz locally called 

vesicular basalt of the Antrim Plateau Volcanics (Traves 
1955, Sweet et al

minerals occur as geodes and amygdales. 
Dunster (2005) described specimen-quality amethyst 

(Figure 30.13) that has been collected since the 1950s and 
was mined on a small scale. One such mine, located 20 km 

during 1993 and subsequently closed. At this locality, an 
open joint up to 0.5 m wide, striking 205º and dipping 
70º northwest in the Antrim Plateau Volcanics contains 
short and thick amethyst crystals up to 5 cm long and 
5 cm wide on both walls of the opening. The crystals 
are coated with iron oxides and have a pitted surface. 
Approximately 500 kg of amethyst was recovered from 
vertical, north-oriented mineralised joints within the basalt 
on Moolooloo Station. Similarly, about 400 kg, including 
faceting-grade amethyst was recovered from a mineral 
claim in the Victoria River Downs area. Amethyst also 

larger lined amygdales from this location have been sold as 
mineralogical specimens (Dunster 2005). 

Figure 30.14a) 
was discovered in the Wave Hill area of the Northern Territory 
in the 1950s. During the 1960s, several local fossickers sold 
quantities of this material to dealers in Victoria. Some of 
the prehnite was sent to Germany for carving, but nothing 
more was mined until the late 1990s (Dunster 2005). Two 
companies currently hold exploration licenses and mining 
tenements for prehnite and hope to market the best-quality 
material. Bulk samples have been collected, and some 
material has been carved and tumbled (Figure 30.14b) and 
evaluated overseas.

 Figure 30.12. Chips of bitumen from drillhole SPBP 6 (photo 
from Matthews 2009).

Figure 30.13. Gemstones hosted within Antrim Plateau Volcanics 

courtesy of A Wygralak, NTGS).
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APPENDIX: NEW STRATIGRAPHIC DEFINITION

Kalkarindji Suite
Extent
Proposers

Derivation of name: Kalkarindji township, located 

originally named Kalkarinji Continental Flood Basalt 
Province by Glass (2002); spelling of name was subsequently 
revised by Glass and Phillips (2006) to Kalkarindji.

Constituent units
units: Antrim Plateau Volcanics (Traves 1955), including 
Bingy Bingy Basalt Member and Blackfella Rockhole 
Member in NT and WA (both Sweet et al 1974b); Helen 
Springs Volcanics in NT (Noakes and Traves 1954); Colless 
Volcanics in Qld (Carter 1959); Milliwindi Dolerite (Hanley 
and Wingate 2000); informal Mount Ramsay dolerite in 
WA (Glass 2002); Table Hill Volcanics, including informal 
Boondawari dolerite (MacDonald et al
Basin in WA (Jackson and van de Graaff 1981).

Unit name history, synonymy: Replaces Kalkarindji 
Volcanic Group of Kruse in Rawlings et al (2008), which 

included sedimentary units (see Comments). Synonymy for 
constituent units: Antrim Plateau Volcanics includes Great 
Antrim Plateau (Hardman 1885), Antrim Plateau Basalts 

Volcanics (Beattie and Brown 1984) Antrim Plateau Volcanics 
are synonymous with Nutwood Downs Volcanics (Dunn 1963; 
see Kruse in Rawlings et al 2008); Helen Springs Volcanics are 
synonymous with Peaker Piker Volcanics (Smith and Roberts 
1963; see Kruse in Rawlings et al 2008); Table Hill Volcanics 
are synonymous with Kulyong Volcanics in SA (see W Cowley 
and R Hocking in GA Stratigraphic Names database).

Extent: Basal unit of a number of Palaeozoic basins 
across northern Australia, including the northern Wiso, Daly, 
Bonaparte, Ord and northern Georgina basins. Widespread 
outpouring of sub-aerial basaltic lava that covered a large 
area of northern Australia, central Western Australia and 
western South Australia

Lithology: Tholeiitic basalt and dolerite with 
massive, porphyritic, partly vesicular, amygdaloidal 

breccia, peperite, pyroclastic deposits.
Thickness: Greatest thickness is in east Kimberley region 

of Western Australia. Antrim Plateau Volcanics: maximum 

Western Australia (Mory and Beere 1988); stratigraphic 
section approximately 800 m at Purnululu National Park, 

maximum 94 m in cored drillhole BN04DD01 in BRUNETTE 
DOWNS, beneath central Georgina Basin (Kruse et al 2008). 
Colless Volcanics: probable minimum 60 m (Carter 1959). 
Table Hill Volcanics: maximum 116 m in drillhole Hunt 

Age and evidence: K-Ar age of 511 ± 12 Ma and 
500 ± 12 Ma for Helen Springs and Nutwood Downs Volcanics 
(Bultitude 1972). Further radiometric dating provides an age 
of latest early Cambrian (early–middle Cambrian boundary) 

for the Milliwindi Dolerite, a feeder dyke for the Antrim 
Plateau Volcanics in Western Australia (Hanley and Wingate 
2000); 40Ar/39Ar ages of 508 ± 2 Ma and 505 ± 2 Ma (average 
507 ± 2 Ma) for plagioclase feldspar separates for Helen 
Springs Volcanics and Antrim Plateau Volcanics in the 

zircon age of 508 ± 10 Ma for the Boondawari dolerite, a 

(MacDonald et al 2005); K-Ar whole rock age of 500 ± 14 Ma 
(reported in Veevers 2000) and 40Ar/39Ar age of 505 ± 3 Ma 
(Evins et al 2009) for the Table Hill Volcanics;  The age of the 
igneous event is therefore ca 510 Ma.

Type locality: Very well exposed, 760 m-thick, 
east–west stratigraphic section through Antrim Plateau 

in eastern Kimberley region from WGS84 52K 426414mE 

unconformably overlie Mount Forster Sandstone of Albert 
Edward Group (contact well exposed) and are unconformably 
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Reference sections: Reference section 1: East–west 

trigonometric station J32 of Hardman (1885) GORDON 
DOWNS (approximately 600 m thick) from WGS84 52K 

Plateau Volcanics are unconformably overlain by Headleys 

Group (Glass 2002). Reference section 2: continuously 
cored vertical drillhole ANTD002 through Antrim Plateau 

thick). Reference section 3 for Helen Springs Volcanics: 

Helen Springs Volcanics occur from 99.1–155.9 m (56.8 m). 
Reference section 4 for Table Hill Volcanics: continuously 
cored drillhole BMR Westwood-1, about 210 km SE of Table 

Table Hill Volcanics is 71 m thick in this drillhole.
Type sections of constituent formations. Antrim Plateau 

thick), Western Australia (see Mory and Beere 1985, p38, 
1988, p10, for grid coordinates); Helen Springs Volcanics: 

et al 
2001); Colless Volcanics: at about GDA94 54K 216029mE 

Australia (see Jackson and van de Graaff 1981). 
Description at type locality: Basalts are well exposed 

over a 760 m-thick east–west stratigraphic section. Exposed 
basal contact with Mount Forster Sandstone (Albert Edward 

massive and medium-grained, then become more porphyritic 
up-section. Glomeroporphyritic basalts have small localised 

Basin (Glass 2002).
Relationships and boundary criteria: Antrim Plateau 

Volcanics and Helen Springs Volcanics unconformably overlie 

known underlying units are Neoproterozoic: Moonlight Valley 
Tillite, beneath Antrim Plateau Volcanics in AUVERGNE 
(Dunster et al 2000); and possibly younger (late Neoproterozoic; 
Rawlings et al 1997) Bukalara Sandstone beneath Antrim 
Plateau Volcanics in HODGSON DOWNS. Unconformably 

2006) carbonate units: Tarrara Formation of Bonaparte Basin, 

central and eastern Georgina Basin. Unconformably overlain 
by later middle Cambrian Wonarah Formation in central 

Conglomerate and in GORDON DOWNS, Antrim Plateau 
Volcanics unconformably underlies various components of 
Albert Edward Group. Milliwindi Dolerite and Mount Ramsay 
dolerite are interpreted as feeder dykes to the volcanic suites. 
Table Hill Volcanics are underlain by Wahlgu Formation 

dolerite (MacDonald et al 2005) is interpreted as a feeder 
dyke to the volcanic suite. The former Kulyong Formation 

superseded by Table Hill Volcanics) is underlain by Trainor 
Hill Sandstone and overlain by Mount Chandler Sandstone. 
Colless Volcanics overlies Mullera Formation, and underlies 

Structure and metamorphism: The major eruptive 
centre is most likely in east Kimberley region of WA. 

Ramsay dolerites (exposed) and Boondawari dolerite (not 

Fault) may be locus for volcanic eruptions. East-northeast-
trending structures in northwest Northern Territory may be 
transform faults. Basalts are unmetamorphosed.

Geochemistry

province. Characterised by low-Ti, depleted High Field 
Strength Elements (HFSE) relative to other incompatible 
elements and marked enrichment in Th relative to U (Glass 
2002, Glass et al 2006, Glass and Phillips 2006).

Correlation with other units: Geochemically similar 

et al 2010). Mount Wright Volcanics and Cymbric Vale 
Formation (both Gnalta Group) of Gnalta Shelf, western 
New South Wales; Truro Volcanics of Stansbury Basin, 
South Australia – all biostratigraphically dated as late early 
Cambrian (Botomian stage of Siberia; Jago et al 1984, 
Jenkins and Hasenohr 1989, Gravestock 1995, Kruse and 
Shi in Brock et al 2000). Possibly Mooracoochie Volcanics 
(Gatehouse 1983), unconformable beneath middle Cambrian 
Kalladeina Formation of Warburton Basin, South Australia.

Comments
dominance of the igneous component relative to minor 
intercalated and underlying sedimentary rocks. Suite 

formations, exclusive of any intercalated and immediately 
underlying, but associated sedimentary rocks.  The latter 
are still included in constituent formations, but are excluded 
from suite; eg Malley Spring Member and Mount Close 
Chert Member (Mory and Beere 1985) are included in 
Antrim Plateau Volcanics; Muckaty Sandstone Member is 
included in Helen Springs Volcanics (Kruse in Hussey et al 

Basalts, but Kalkarindji Suite has greater areal extent and 
is not as stratigraphically thick as the former. Volcanism is 
coincident with earliest known Phanerozoic mass extinction 
(Toyonian mass extinction; Glass and Phillips 2006).
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basins, respectively. The basin’s principal outcrop tract is 
in southern PINE CREEK1, eastern FERGUSSON RIVER 

area, containing only Tindall Limestone and Jinduckin 
Formation, spans western PINE CREEK and eastern 
CAPE SCOTT.

The basin succession disconformably rests on early 
Cambrian Antrim Plateau Volcanics and locally on Jindare 
Formation (see Kalkarindji Province), above Proterozoic 
basement. It includes sedimentary rocks of the Daly River 
Group (Noakes 1949), of middle Cambrian age, together 
with the unconformably overlying Early Ordovician 
Florina Formation (Kruse et al 2012, Table 31.1). In 

gently dipping succession becomes progressively younger 
from the margins of the basin towards the central area 
(Figures 31.3, 31.4). 

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in 
large and small capital letters respectively, eg PINE CREEK, 
TIPPERARY.

Chapter 31: DALY BASIN PD Kruse and TJ Munson

INTRODUCTION

The Daly Basin (formerly ‘Daly River Basin’) outcrops 
over an area of about 20 000 km2 in the northwestern 
NT (Figure 31.1), but extends southward far beyond 
these boundaries under Mesozoic cover of the onshore 
Carpentaria Basin and is continuous with coeval portions 
of the Wiso and Georgina basins. These neighbouring 
basins have distinct depocentres that are separated 
from the Daly Basin by basement ridges formed by 
basaltic rocks of the Kalkarindji Province (Tickell 2005, 
Figure 31.2). In the middle Cambrian, the interconnected 
Daly, Wiso and Georgina basins collectively formed part 
of a vast depositional area that extended across northern, 
central and southern Australia; contiguous portions of this 
depositional system in northern and central Australia are 
referred to in this volume as the Centralian B Superbasin 
(see Centralian Superbasin). The Daly Basin is bordered 
to the north by the Palaeoproterozoic Pine Creek Orogen 
and Birrindudu Basin, and to the east and west by the 
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Unit, max 
thickness Lithology Depositional 

environment Stratigraphic relationships

Early Ordovician

Florina 
Formation
167 m

sparse fossil fauna of trilobites, brachiopods, conodonts, echinoderms, 
gastropods, hyoliths and conodonts. Siliciclastic intervals with wave, trough 

desiccation cracks.

to subtidal 
lagoonal.

Disconformable on Oolloo 
Dolostone. Unconformably 
overlain by Cretaceous 
siliciclastic rocks.

DALY RIVER GROUP

middle Cambrian: sequence 2

Oolloo 
Dolostone
249.9 m

ooid dolograinstone, stromatolitic doloboundstone, cryptomicrobial 
dololaminite, quartzose dolostone and dolomitic sandstone. Upper, massive or 
thickly bedded unit of red, pink, purple, cream, pale yellow to buff, medium 
to coarse dolostone, minor claystone and sandy mudstone. Stromatolites; other 
fossils rare and indeterminate.

ooid shoals; rare 
lagoonal, marine.

Conformable and transitional 
on Jinduckin Formation.

Jinduckin 
Formation
356.1 m

siltstone interbeds, ooid dolograinstone, microbial dolostone; dolomitic 
quartz sandstone in upper part. Nodular anhydrite, halite hopper casts and peritidal; tidal 

Conformable or locally 
disconformable on Tindall 
Limestone.

middle Cambrian: sequence 1

Tindall 
Limestone 
204 m

Grey mottled, oncoid, ribbon and bioclast limestone; minor intercalated 

stromatolitic boundstone. Rich fossil fauna of trilobites (including Redlichia 
and Xystridura), bradoriides, brachiopods, hyoliths, molluscs and sponges.

marine, minor 
peritidal.

Unconformable on Antrim 
Plateau Volcanics, Jindare 
Formation or Roper Group.

Table 31.1. Summary of Palaeozoic stratigraphic succession of Daly Basin.
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(1949), Malone (1962), Randal (1962), Walpole et al 
(1968), Sweet et al et al (1987), Kruse 
(1990), Kruse et al (1990, 1994, 2012) and Tickell (2002, 
2005, 2010). A stratigraphic correlation chart for the 
Daly and other NT basins of similar age is in Centralian 

.

MIDDLE CAMBRIAN

Daly River Group

The Daly River Group attains a thickness of 709 m in the 
stratotype section in cored drillhole NTGS86/1 (Kruse et al 
1990). It contains three formations, in ascending stratigraphic 
order, the Tindall Limestone, Jinduckin Formation and Oolloo 

Dolostone (Randal 1962, Malone 1962, Kruse in Kruse et al 
1990). Elements of the two successive sedimentary successions 
that have been recognised from sequence stratigraphic 
studies in the Georgina Basin to the south (Shergold et al 
1988, Southgate and Shergold 1991, Laurie 2006) are also 
recognised within these middle Cambrian strata: sequence 1 

The Tindall Limestone contains a diverse fossil fauna (Kruse 
1990) and is securely dated as belonging to sequence 1. There 

Linnekar Limestone and Panton Formation (Ord Basin), and 
Montejinni Limestone and Hooker Creek Formation (Wiso 
Basin). The succession is also broadly equivalent in age to the 
Top Springs Limestone, Gum Ridge Formation, Thorntonia 
Limestone and Border Waterhole Formation of the Georgina 
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contact, coupled with the transitional and hence conformable 

Tindall Limestone denotes a separate succession to that of 
the Jinduckin Formation and Oolloo Dolostone. These two 
formations are unfossiliferous or sparsely fossiliferous and 
are not well dated, but are nevertheless tentatively assigned 
to sequence 2. This is based on lithological correlation of the 
Jinduckin Formation with the Anthony Lagoon Formation of 
the Georgina Basin (Kruse 1996, 2003, 2008), coupled with 
a very similar stratigraphic context, in that both formations 

dominant formations, the Tindall Limestone and Gum Ridge 

Dolostone interval is therefore broadly correlated with the 
Anthony Lagoon Formation, Wonarah Formation, Ranken 
Limestone and Camooweal Dolostone of the Georgina Basin, 

the Eagle Hawk and possibly Overland sandstones of the Ord 
Basin. 

An earlier interpretation (eg Öpik 1968, Jones 1971, 
Webby 1974, Shergold et al 1985) that the top of the Daly 
River Group was as young as Early Ordovician was based 
on the discovery of fossils of this age from near Claravale in 
FERGUSSON RIVER. The carbonate unit from which the 
fossils were recovered, together with associated sandstone, 
were then interpreted collectively as Oolloo Dolostone and 
Jinduckin Formation, but have since been shown to be part 
of a disconformably overlying Early Ordovician unit, the 
Florina Formation, which caps the Daly Basin succession 
(Kruse et al 2012).

Tindall Limestone
The oldest unit recognised in the Daly Basin is the 
Tindall Limestone, which forms widespread outcrops 

mainly around the margins of the basin (Figures 31.3, 
31.4). Exposures (Figures 31.5a, b) range from rugged 
karst terrain through to isolated residuals on undulating 
plains or in watercourses, and include ridges and towers, 
dolines (sinkholes) and pavements, commonly with karren 
(solution grooves) and kamenitza (solution hollows). The 
formation reaches a maximum known thickness of 204 m 
in drillhole RN6331 in TIPPERARY (Tickell 2005). It is 
182.8 m thick in cored drillhole CCVH1 in northwestern 
MANBULLOO (Kruse et al 1994), 180.7 m thick in its 
type section in drillhole NTGS 86/1 in JINDUCKIN, and 
thicknesses of between ca 140 m and 166 m have been 
reported for the formation from three NTGS cored 
drillholes in TIPPERARY (Kruse et al 1990). The Tindall 
Limestone unconformably overlies Antrim Plateau 
Volcanics or Jindare Formation, except in the southeast, 
where it unconformably overlies Mesoproterozoic rocks 
of the Roper Group (McArthur Basin), and in drillhole 
NTGS86/1, in which it unconformably overlies steeply 
foliated Palaeoproterozoic rocks of the Pine Creek Orogen. 
The formation is overlain by the Jinduckin Formation, or 
where this is absent, is unconformably overlain by Mesozoic 

Jinduckin contact is marked by a sharp upward change 

interpreted to be generally conformable, as there is little 
evidence for a major disconformity in any of the available 
cored drillholes that penetrate the boundary (Kruse 1990). 
However, the contact is locally disconformable, from the 
presence of grey vadolite and karstic breccia in uppermost 
beds of the Tindall Limestone, which imply at least local 
emergence and interruption of sedimentation. However, 
any depositional hiatus between the formations is likely 
to have been short.
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The Tindall Limestone consists of grey mottled, 
oncoid, ribbon (Figures 31.5c) and bioclast limestone, with 

mudstone, microbial laminite and stromatolitic boundstone 
(Kruse et al 1994). It is richly fossiliferous; Kruse (1990) 
documented a fauna of 23 species of trilobites (including 
Redlichia and Xystridura), bradoriides, brachiopods, 
hyoliths, molluscs and sponges from the formation 
(Figures 31.5d, e). Cored drillholes across the Daly Basin 
(Kruse 1990) highlight an overall southeasterly increase 
in the proportion of carbonate as opposed to siliciclastic 
sediment comprising the formation. Most of this carbonate 
is variably fossiliferous, open shelf marine limestone or its 
partially dolomitised equivalent. Massive marine limestone 
locally forms karst terrain (Figure 31.5a), such as around 
Katherine. Thick intervals of such limestone are punctuated 

siltstone or dark grey mudstone and associated microbial 
laminite and stromatolitic boundstone (Kruse et al 1994). 

Jinduckin Formation

unit that is widely distributed throughout the Daly Basin 
(Figures 31.3, 31.4); more resistant beds are exposed in low 

capped by Mesozoic rocks of the onshore Carpentaria 

This is the thickest unit in the Daly Basin succession; it 
is 335.4 m thick in its type section in drillhole NTGS 86/1 

TIPPERARY (Kruse et al 

Figure 31.5. Tindall Limestone. (a) Karst towers, exposure 
on Stuart Hwy (KATHERINE, KATHERINE, 53L 197769mE 
8405498mN). (b) Well bedded outcrop at Zion Hill, 3 km northwest 
of Katherine (KATHERINE, KATHERINE, 53L 201966mE 

deposits, stalagmites, and Quaternary fossils (Marianelli 1995), 
indicating that these eroded exposures are of unroofed caves. 
(c) Ribbon limestone (KATHERINE, MANBULLOO, Readymix 
quarry, 53L 212872mE 8394856mN). (d) Thrombolite reef bearing 
heteractinide sponges Jawonya and Wagima (PINE CREEK, 
TIPPERARY, Douglas station, 52L 752700mE 8486200mN). 
(e) Hyolith rudstone of Guduguwan hardmani (PINE CREEK, 
TIPPERARY, Douglas Crossing, 52L 754100mE 8474300mN). 

Department of Natural Resources, Environment, The Arts and 
Sport (NRETAS), Darwin; photo c courtesy of D Karp, Water 
Resources Branch, NRETAS, Darwin.
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1990). The formation is apparently conformable or locally 
disconformable on the Tindall Limestone, and is overlain 
conformably by the Oolloo Dolostone, or unconformably by 
Cretaceous rocks.

The Jinduckin Formation consists predominantly 

of ooid dolograinstone, microbial dolostone and in its 
upper half, dolomitic quartz sandstone (Kruse et al 1990, 
1994, ). Nodular anhydrite, halite hopper casts 
and secondary gypsum veins are scattered throughout, 
but are more common in the lower half of the unit. Other 
sedimentary structures include mudcracks and/or burrows, 

et al 
1990). The formation is a record of peritidal deposition 

Pratt and James (1986) and the Persian Gulf Trucial Coast 

in the hydrological regime as sediment loci accumulated 
resulted in recurring supratidal exposure and the generation 
of dolomite and evaporites. Microbial mats grew on these 
shoals, and domical and columnar stromatolites colonised 

shoals and terrigenous quartz sands of the outer barrier 
were episodically reworked by storms.

Oolloo Dolostone

The Oolloo Dolostone (Kruse et al 1990; Oolloo Limestone 
of Randal 1962, Malone 1962) is the uppermost formation 
of the Daly River Group. It outcrops in the central Daly 
Basin, with best exposures being in the northwestern and 
southeastern areas (Figures 31.3, 31.4). Exposures are 
generally poor, due to widespread cover of Cretaceous 
rocks, but where well developed consist of extensive 
pavements and ridges incorporating tabular beds and low 
pinnacles, and including karst features such as dolines, 
karren and kamenitza (Figure 31.7a). The formation is 
192.4 m thick in the type section in drillhole NTGS 86/1 
and reaches a maximum known thickness of 249.9 m in 

drillhole KRVH1 in MANBULLOO (Kruse et al 1994). The 
lower contact of the Oolloo Dolostone with the Jinduckin 
Formation is conformable and transitional, whereas 
the upper contact is unconformable beneath the Early 
Ordovician Florina Formation or Cretaceous rocks of the 
onshore Carpentaria Basin. 

The Oolloo Dolostone consists of a relatively well 
bedded lower unit and a massive upper unit (Tickell 
2002, Figure 31.7b, c). The lower unit consists of 

ooid dolograinstone, stromatolitic doloboundstone 
(Figure 31.7d), cryptomicrobial dololaminite, quartzose 
dolostone and dolomitic sandstone (Kruse et al 1990, 

breccias and discrete, regionally continuous, silty and 
shaly dolostone beds up to 3 m thick are scattered 

quartzose dolostone and 
quartz sandstone are abundant in the lower third of the 

buff or cream, but there is a widespread colour change to 
grey below that level. The upper unit is a red, pink, purple, 
cream, pale yellow to buff, medium to coarse crystalline 
dolostone that is either massive or exhibits coarse blocky 
beds up to a metre thick. Occasional thin beds of claystone 
and sandy mudstone are also present. The uppermost beds 

colour with depth. They are largely devoid of sedimentary 
structures and are permeated by solution cavities ranging 

(2010) interpreted these upper beds as representing 
weathered rock of a palaeokarst zone that formed during 
a period of subaerial exposure, prior to deposition of the 
overlying Florina Formation.

Formation. The ooid shoals formed a protective bank margin 
barrier, with stromatolites colonising the lower intertidal and 
subtidal zones, possibly analogous to the present Bahamas 
(Dill et al 1986). Other than stromatolites, fossils are rare and 
generally indeterminate within the formation.

. Jinduckin Formation at Rowlands Quarry, Florina Road (KATHERINE, KATHERINE, 53L 197976mE 8396494mN; photos 
courtesy of S Tickell, Water Resources Branch (NRETAS), Darwin. (a) Quarry face: bedded dolostone in lower bench; maroon siltstone 

b

a b
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EARLY ORDOVICIAN

Florina Formation
The Florina Formation (Kruse et al 2012) is a recessive unit 

rocks and minor limestone that caps the Daly Basin 
succession. It has a restricted distribution in FERGUSSON 
RIVER in the central area of the basin (Figure 31.3, 31.4) 
and outcrops as inliers within unconformably overlying 
Cretaceous siliciclastic rocks of the onshore Carpentaria 
Basin. Best exposures occur along the banks of the Daly 

tabular beds, as rubbly low rises and as karst terrains 
that include pinnacles, dolines, karren and kamenitza 
(Figures 31.8a, b). Siliciclastic rocks are generally 
weathered and poorly exposed along watercourses, or on 

formation reaches a maximum known thickness of 167 m 
in rotary drillhole RN37043 in northern BOWMAN (Tickell 
2010). It appears to be conformable on the underlying 

upper section of the Oolloo Dolostone indicates that it was 
subjected to a weathering event prior to deposition of the 
overlying strata (Tickell 2010). As a substantial time break 
between these units is indicated, the Florina Formation is 
not included within the Daly River Group.

The formation consists of a succession of three 

brown to brown, thinly bedded dolostone and lesser grey 
limestone. Petrographic studies (Kruse et al 2012) indicate 
that dolomite is secondary, replacing original calcite. 

(originally grainstone), dolomitised microsparstone 
(originally calcimudstone) and dolomitised biosparstone 
(originally bioclast wackestone or boundstone). Beds are 
of decimetre scale and contain a variety of sedimentary 
structures including intraformational conglomerate and 

trails and burrows (Figures 31.8c–e). Intervening 

Coarser beds are commonly decimetre scale, lenticular, 

a crumbly texture and contribute strongly to the recessive 
nature of the formation (Figure 31.8f). The sandstone 
typically contains abundant rounded glauconite, together 
with subrounded to subangular quartz and feldspar 
grains in a dolomitic cement. Sedimentary structures 

moulds and tool marks, streaming lineation, horizontal 
trails and burrows, and rare desiccation cracks (Kruse 
et al 2012).

Figure 31.7. Oolloo Dolostone; photos courtesy of S Tickell, Water Resources Branch (NRETAS), Darwin. (a) Extensive pavement 
with doline (FERGUSSON RIVER, FERGUSSON RIVER, 300 m north of Dorisvale Road, 52L 790450mE 8427500mN). (b) Bedded 

MANBULLOO, 53L 179615mE 
8361477mN). (c) Massive vuggy dolostone of upper unit (FERGUSSON RIVER, JINDUCKIN, 52L 760568mE 8429109mN). (d) Stromatolitic 
doloboundstone bioherm (FERGUSSON RIVER, FERGUSSON RIVER, 300 m north of Dorisvale Road, 52L 790450mE 8427500mN).

a

c

b

d
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Figure 31.8. Florina Formation. (a) Thinly bedded dolostone at top of formation in Daly River (FERGUSSON RIVER, BOWMAN, 52L 
788938mE 8393686mN). (b) Limestone karst towers in medial carbonate interval near Claravale (FERGUSSON RIVER, FERGUSSON 
RIVER, 52L 774632mE 8404352mN). (c) Edgewise conglomerate in basal dolostone, interpreted as having formed from disruption of 

layer (FERGUSSON RIVER, BOWMAN, 52L 791493mE 8380825mN). (d
of lowermost carbonate interval; coarser layers have slightly more relief and are lighter in colour. Bedding varies from lenticular (base) 

BOWMAN, 52L 791584mE 8380810mN). 
(e) Bedding surface of thinly bedded bioturbated calcimudstone from medial carbonate interval near Claravale, featuring dolomitised 
horizontal trails and vertical burrows in section (FERGUSSON RIVER, FERGUSSON RIVER, 52L 773856mE 8405098mN). (f) Interbedded, 

BOWMAN, 52L 792486mE 8384796mN).

The Florina Formation contains a sparse fossil fauna 
of trilobites, brachiopods, conodonts, echinoderms, 
gastropods and hyoliths that have been recovered from a 
few beds in the medial and upper carbonate intervals. Öpik 

and brachiopods, and deduced an Early Ordovician 
(Tremadocian) age for the fauna. Conodont studies by Jones 

age (Tremadocian to Floian stages in current terms). 
He recognised two conodont zones in the fauna; in the 

a

c

e

b

d
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nomenclature of Shergold and Nicoll (1992) these are the 
latest Tremadocian Chosonodina herfurthi-Cordylodus 
angulatus Assemblage Zone and the succeeding basal 
Arenigian (Floian) Drepanodus? gracilis-Scolopodus 
sexplicatus Assemblage Zone. At the time, the fossil 
fauna was attributed to the Jinduckin Formation and/or 
Oolloo Dolostone, with the result that these two units were 
incorrectly considered to be much younger than the Tindall 
Limestone, with an intervening lengthy disconformity (eg 
Webby 1974, Shergold et al 1985).

The Florina Formation was deposited under dominantly 

(Kruse et al 
Oolloo depositional model established by Kruse et al (1990). 
Carbonate sediments were generated in subtidal areas (eg 
shallow lagoons or carbonate banks) and were transported 
inshore by storms, currents and tides to form allochthonous 

relief regional setting and a relatively distant provenance. 
Sedimentary structures indicate a complex hydrodynamic 

of factors through time, eg changes in relative sea level, 
presence or absence of offshore barriers, and/or varying 
positions of river mouths.

STRUCTURE

The Daly Basin has a broad, shallow, symmetric synformal 

shape. The succession is little affected by tectonism and is 

basin, where the youngest strata are preserved.
Both the northeastern and southwestern margins of the 

basin are faulted. According to BMR mapping (Pontifex 
and Mendum 1972, Sweet et al 1974), the Dorisvale Fault 
(Figure 31.3) forms the southwestern basin margin in 
FERGUSSON RIVER and juxtaposes Antrim Plateau 
Volcanics against Jinduckin Formation. Alternatively, 

in this area as a monocline in an unnamed Cambrian unit 
beneath the Tindall Limestone and lateral to, or beneath the 
Antrim Plateau Volcanics. Fold dips generally of about 25º 
and up to 70º were reported. However, fossils listed by the 
company strongly suggest that the nodular beds are Tindall 
Limestone.

margin, mainly in PINE CREEK, have offset Jindare 
Formation and Tindall Limestone. These are steep normal 
faults that have downfaulted Daly Basin sedimentary rocks 

et al 
et al 1987). The crosscutting Hayes 

Creek Fault (Figure 31.3), a major northeasterly reverse 
fault (Walpole et al 1968), likewise slightly offsets these 
two formations. All were initiated in Palaeoproterozoic 
time and have subsequently been rejuvenated in the 
Mesoproterozoic, Palaeozoic and possibly Mesozoic. 

KATHERINE, where Cretaceous rocks are upthrown by 

couplet in the vicinity of Redbank Creek.
Although few structures, other than minor folds and 

faults, have been mapped within the basin succession, a 

Tickell (2002) from satellite imagery, aeromagnetic data 
Figure 31.9). Most of these 

inferred structures are northwest trending and subparallel 
or slightly oblique to the long axis of the basin. They include 
the King River structure, which Tickell (2002) interpreted 

at Stray Creek that is associated with major springs, and a 
number of other minor faults and folds.

MINERAL RESOURCES

The Daly Basin has been explored with limited success 

as limestone, and industrial minerals including barite. 
Current exploration is focused on uranium within the basin 
succession, and on gold and uranium in basement rocks 
underlying shallow Daly Basin cover, particularly along the 
northern basin margin. The southeastern portion of the basin 
contains strategic holdings of limestone which are currently 

barite occurrences are along the faulted southwestern margin. 
The Daly Basin succession is relatively thin and immature, 
and has little petroleum potential. However, it does have 
some geothermal energy potential as it is close to existing 
infrastructure, underlying basement rocks have potential for 

insulating sedimentary rocks in areas where the Daly Basin 
overlaps other sedimentary successions (Beardsmore 2007).

Limestone

The Tindall Limestone is quarried at the Mataranka 
limestone mine on Elsey Station (southeastern 
KATHERINE) and the limestone used for the manufacture 
of quicklime and ground limestone at a nearby kiln plant. The 

CaCO3 3 2; Eupene 1983, Shields 
1986) led to the establishment of the kiln in 1986 by ELC 
Pty Ltd, at the junction of the Stuart and Roper highways. 
Production commenced in 1987. A further 7 Mt of reserve 
was later delineated (Cochrane 1989, 1991). A second kiln 
was commissioned in 1990, coinciding with purchase of the 
operation by Northern Cement Ltd, the current operators. 
A major upgrade of the kilns in 1996 boosted production 

Basin, persistently excessive MgCO3 levels had frustrated 
exploration for limestone since the 1960s.

Rubbly and massive barite outcrops up to 150 m long and 
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limestone of the upper Tindall Limestone in the Clonmara 
Creek area (southern PINE CREEK). Mobil Energy 
Minerals (1979) determined that the barite is stratiform and 

et al (1990) noted loose 
barite boulders along the banks of the Daly River, around 

PINE CREEK) was reported by Wills (1979). 

fossiliferous Tindall Limestone, also near Clonmara 
Creek.

Phosphate

Traces of phosphorite have been found in middle Cambrian 
sedimentary rocks over large areas of the interconnected 
Georgina, Wiso and Daly basins, and the Georgina Basin 

class Wonarah deposit (see Dunster et al 2007, Khan et al 
2007). However, much of the Daly Basin was unsuccessfully 
explored for phosphate by Continental Oil Company 
of Australia Pty Ltd, IMC Development Corporation, 
Tipperary Land Corporation and CRA Exploration Pty Ltd 
in the late 1960s. The highest P2O5
in siltstone and quartzose limestone of the upper Tindall 
Limestone, but typical values were much lower (Grasso and 
Campbell 1968, Campbell 1968a, b, Sampey Exploration 
1969). Lau (1974, 1977) and Khan et al (2007) analysed 

a number of waterbore samples from the Daly Basin for 

Base metals

carbonate host rocks are relatively abundant at various 
levels within the basin succession. These rocks commonly 
have enhanced secondary porosity and permeability, and 

deposition. Changes in the permeability of the rocks are 
provided by vertical and lateral lithological transitions; 

ore controls at local and regional scales might have been 
provided by extensional structures, such as normal, 

fractures and dilatancy zones, particularly towards the 

There has been only limited exploration for base metals 
in the basin, which contains four base metals occurrences, 
discovered in the late 1970s. Disseminated sphalerite in 
veins within microbial Tindall Limestone was reported by 
Lau (1977) from the Clonmara Creek area of southern PINE 
CREEK. Percussion drilling by Mobil Energy Minerals 

dissolution in the limestone, but only thin (<1 m), apparently 
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stratiform intervals of anomalous lead and zinc values. 

medial Tindall Limestone with anomalous lead, zinc, gold 
and silver was also unsuccessfully explored by Mobil in the 
early 1980s (Henage et al 1984). 

Basal units of the Daly Basin succession also have some 
potential to host base metals mineralisation, particularly 
copper, at and adjacent to the unconformable contact 
with the Antrim Plateau Volcanics (see Kalkarindji 
Province). Copper occurrences are known to occur at a 
similar stratigraphic position within the western Wiso 
and Ord basins, although these occurrences are thus far 

Esso Australia Ltd explored near the western side of the 

anomaly (Witchbinya prospect). Three diamond drillholes 

within a succession of carbonate rocks and silty mudstone 
overlying the Antrim Plateau Volcanics. Base metals 
mineralisation was best developed in porous, nodular 

results were also obtained from the oxidised silty beds 
(Esso 1983).

Diamonds

Mining Ltd, BHP Minerals Ltd, CRA Exploration Pty 
Ltd, Poseidon, R Johnston and N Scriven and Stockdale 
Prospecting Ltd, have collectively searched much of the 
Daly Basin for diamonds during the 1980s and 1990s. 
Typically in these programs, a minority of samples produced 
indicator minerals (chromite, zircon, chrome diopside), 

diamonds recovered were considered by some to be sourced 
directly from the Antrim Plateau Volcanics or secondarily 
from the widespread Cretaceous cover (eg Berryman 1995, 
1998a, b).

Uranium

uranium in the Jinduckin Formation in the early 1970s 
using reconnaissance drainage sampling and airborne 
scintillometer traverses (Botros 1972). A source for 

the ‘Cullen Granite’ of the adjacent and underlying 

anomalies were noted in the formation, and suitably 
porous beds and faults that might have acted as conduits 

concluded that it was therefore unlikely that the formation 

on the Jinduckin Formation. They also concluded that 
the potential for sedimentary uranium deposits was low 
(Baarda et al 1973).

In 1975, radioactivity was detected in spring water 
at Manbulloo Research Station, west of Katherine, and 
the Australian Atomic Energy Commission (AAEC) 
subsequently explored in this general area during 

radiometric and Track Etch surveys failed to resolve the 
source of the anomaly, but the AAEC concluded that there 

the Jinduckin Formation (Schwabe and Haylen 1977).
In the late 2000s, Metminco Ltd commenced exploration 

in the King River area in the southern Daly Basin (Weston 

anomalies were located, predominantly in the Jinduckin 
Formation. It was noted that the Jinduckin Formation in the 

movement and contains ferruginous sandstone with 
potential for the creation of redox gradients. An orientation 
scintillometer survey and rock chip sampling revealed 

sandstone. Metminco speculated that the Oolloo Dolostone 

uranium deposits.
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Wiso Basin

Proterozoic rocks underlie and form the basement for 

rocks that are correlated with the Tomkinson Creek Group 
and upper Hatches Creek Group of the Tennant Region 
are scattered throughout SOUTH LAKE WOODS1 and 
WINNECKE CREEK (Kennewell 1977, Huleatt 1977, 
see Other Palaeoproterozoic inliers). In the north of the 

Plateau Volcanics (Kalkarindji Province) form basement 
for the Palaeozoic succession (see ), 
above Proterozoic rocks.

About 80% of the basin is very shallow, containing less 
than 300 m of platformal middle Cambrian rocks. The main 
basin depocentre is the Lander Trough along the southern 
margin (  ), which includes a much thicker 
succession of Cambrian, Ordovician and ?Devonian rocks 
(Table ). The succession there is estimated to be up to 
2000–3000 m thick and may reach a maximum of 4500 m 
(Questa 1989, Ambrose 2006). Away from the northwestern 

The basin contains elements of two successive 
sedimentary successions that have been recognised from 
sequence stratigraphic studies of middle Cambrian strata in 
the adjacent Georgina Basin (Shergold et al 1988, Southgate 
and Shergold 1991, Laurie 2006): sequence 1 (Ordian) and 

1  Names of 1:250 000 mapsheets are in capital letters, eg SOUTH 
LAKE WOODS.

The Wiso Basin is a large (160 000 km2) intracratonic 
sedimentary basin located in the central northwestern 
Northern Territory ( ). It is bounded to the east 
by the Palaeo–Mesoproterozoic Tomkinson, Warramunga 
and Davenport provinces of the Tennant Region and to the 

Mesoproterozoic Victoria and Birrindudu basins. To 
the south, the contact with the Palaeoproterozoic Aileron 

thrust fault system. Northward, the Wiso Basin links with 
the Daly and Georgina basins beneath Cretaceous cover 
of the onshore Carpentaria Basin. These neighbouring 
basins contain stratigraphic successions of similar age 
to the Wiso Basin and form distinct depocentres that are 
separated from the Wiso Basin by basement ridges formed 
by basaltic rocks of the Kalkarindji Province (Tickell 
2005, see  ). In the southeast, there 

Georgina Basin across a basement high (Dunster et al 2007, 
 ). In the middle Cambrian, the interconnected 

Wiso, Daly and Georgina basins collectively formed part 
of a vast depositional area that extended across northern, 
central and southern Australia; contiguous portions of this 
depositional system in northern and central Australia are 
referred to in this volume as the Centralian B Superbasin 
(see ). 
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sequence 2 (latest Ordian–early Mindyallan). These are 
overlain by sedimentary units of Early–Middle Ordovician 
and ?Devonian age. 

et al 
(1966), Randal and Brown (1967), Kennewell et al (1977), 
Kennewell and Huleatt (1980), Questa Australia (1989), Pegum 
and Loeliger (1990) and Gorter et al (1998). A stratigraphic 
correlation chart for the Wiso and other NT basins of similar 
age is in  .

Middle Cambrian units assigned to sequence 1 include, 
in ascending stratigraphic order, Montejinni Limestone, 
Hooker Creek Formation and Lothari Hill Sandstone 
(Table 
formations are fossiliferous, yielding an Ordian fauna of 
trilobites (including Redlichia), bradoriides, brachiopods, 
hyoliths, molluscs, echinoderm plates, sponge spicules and 
chancelloriids (Traves 1955, Milligan et al 1966, Huleatt 

level similarity to correlative faunas of the Linnekar 
Limestone and Panton Formation (Ord Basin) and Tindall 
Limestone (Daly Basin). The succession is also equivalent 
in age to the Top Springs Limestone, Gum Ridge Formation, 
Thorntonia Limestone and Border Waterhole Formation of 
the Georgina Basin. 

Only one unit is assigned to sequence 2: the Point 

1977, Kruse 1998). This unit is broadly correlated with the 
Anthony Lagoon Formation and Wonarah Formation of 

Daly Basin, and with the Eagle Hawk Sandstone of the Ord 
Basin. 

Montejinni Limestone
The oldest unit recognised in the Wiso Basin is the 
Montejinni Limestone (Traves 1955), which is best 
exposed in the northwest of the basin (  ), where 
the main outcrop tract forms a rugged dissected terrace 

to the west of the plateau and terrace, and as sparse low 

east of the basin. This unit generally thickens southwards 
from outcrops in the north; it is 38.7 m thick in BMR 

thickness in VICTORIA RIVER DOWNS (Kennewell and 
Huleatt 1980, Beier et al 2002), and a maximum known 
thickness of at least 151 m (incomplete section) is reached 

1978). The Montejinni Limestone is unconformable on the 
early Cambrian Antrim Plateau Volcanics (Kalkarindji 
Province) along the northwestern margins of the basin, 
and on Proterozoic basement rocks further towards the 
south; the latter contact is not exposed. It is unconformably 
overlain by Cretaceous strata of the onshore Carpentaria 

the eastern basin margin. Elsewhere, throughout the 
central and southern parts of the basin, the unit is overlain 
conformably and with a gradational contact by the Hooker 
Creek Formation. Rock types include limestone and 
dolostone (including microbial (dolo)laminite and mottled, 

and minor dolomitic quartz sandstone (  , 

subdivision of the formation, recognised by Randal and 
Brown (1967), appears to be typical across the entire 
basin, being also evident in some cored drillholes in the 
southeastern portion (Kruse 1998). 

thickness
Depositional 

Devonian?

 
<150 m

slumps.
Shallow marine, 
shoreface, 

Unconformable on Hanson 
River beds, Lothari Hill 
Sandstone.

170–<800 m

Fine to medium sandstone, siltstone, micaceous claystone, limestone, 
glauconitic dolostone, microbialite; fossiliferous (trilobites, brachiopods, 
molluscs, conodonts, ichnofossils); ooids.

Shallow marine Unconformable on Point 

Point 

41.1+ m

White and brown, locally calcareous claystone, ?overlain by interbedded 
claystone and sandstone; fossiliferous (trilobites, brachiopods, sponge spicules, 

Shallow marine Unconformable on Lothari 
Hill Sandstone, Hooker 
Creek Formation, Montejinni 
Limestone.

 
94+ m

Intertidal to 
?shoreface.

Conformable and 
gradational on Hooker Creek 
Formation.

Hooker Creek 
 

162 m
fossiliferous (trilobites including Redlichia, brachiopods, hyoliths, echinoderm 
plates).

Peritidal to 
restricted 
marine.

Conformable and 
gradational on Montejinni 
Limestone.

 
151 m

Limestone and dolostone (including microbial (dolo)laminite and mottled, 

quartz sandstone; local basal polymict breccia; nodular evaporites, hot and 
cold seep structures; fossiliferous (trilobites including Redlichia, bradoriides, 
brachiopods, hyoliths, molluscs, echinoderm plates, sponge spicules and 
chancelloriids).

Peritidal to 
restricted 
marine.

Unconformable on Antrim 
Plateau Volcanics.

. Summary of Palaeozoic stratigraphic succession of Wiso Basin.
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The Montejinni Limestone was deposited on an extensive, 
restricted but oxygenated marine platform with episodic 

(Kennewell and Huleatt 1980, Beier et al 2002). Microbial 
laminite with nodular chert dominates basal beds along the 
northwestern margin, and basal polymict breccias have been 
intersected in drillholes in the southeast. By analogy with the 
Ord and Daly basins, the locally evaporitic siliciclastic rocks 
are taken to indicate recurring peritidal sedimentation. 

Hooker Creek Formation
The Hooker Creek Formation (Kennewell and Huleatt 
1980) is exposed as low rises or thin caps on scarps 
in the western Wiso Basin (  ). It has been 
intersected in drillholes in the east and southeast of the 
basin, indicating a widespread distribution across the 
central and southern parts, but is not recognised in the 
north of the basin. The formation reaches a maximum 
known thickness of 161.5 m in the type section in BMR 

were described by Kennewell and Huleatt (1980) from 
WINNECKE CREEK. Drill sections in the southeastern 
Wiso Basin range from 80 m to over 120 m in thickness 
(Kruse 1998, ). The formation has conformable 
and gradational contacts with the Montejinni Limestone 
(below) and Lothari Hill Sandstone (above). Where the 
latter unit is absent, the Hooker Creek Formation is 

or by Cretaceous strata of the Buchanan Hills beds. 

siltstone and grey dolomitic mudstone, with a few thin 
marine dolomitic limestone beds, particularly toward the 

towards the top (Kennewell and Huleatt 1980, Kruse 
1998). These rock types and the presence of marine fossils 
indicate that the depositional environment ranged from 
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silty dolostone

dolostone

breccia

dolomitic quartz
sandstone

maroon-green siltstone
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cryptomicrobial
dololaminite

0

20 m

. Schematic stratigraphic section of Montejinni 
Limestone and Hooker Creek Formation in southeastern Wiso 
Basin, based on data from several cored drillholes in southeast 

mudstone dominating medial part of section and limestone/
dolostone more common towards base and top. 

. Montejinni Limestone at Chowyung Waterhole 
[LARRIMAH, WESTERN CREEK, 53L 243770mE 8276250mN; 
photos courtesy of D Karp, Water Resources Branch, NT 
Department of Natural Resources, Environment, The Arts and 
Sport (NRETAS)]. (a) Exposures of thinly bedded dolostone. 
(b
bedding (above hammer).

a

b
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peritidal to shallow marine with restricted circulation 
(Kennewell and Huleatt 1980).

Lothari Hill Sandstone
The unfossiliferous Lothari Hill Sandstone is best exposed 
as scarps surrounding low rises in the southwestern part of 
the basin, in TANAMI EAST and southern WINNECKE 
CREEK (  ). It conformably overlies the Hooker 
Creek Formation in most parts of the basin, with a gradational 
contact (Kennewell and Huleatt 1980). The formation reaches 
a maximum thickness of 93.9 m in the type section in BMR 

the unit may be thicker elsewhere in the basin. The Lothari 
Hill Sandstone is overlain with a slight angular unconformity 

unconformably overlain by the Lake Surprise Sandstone or by 
Cretaceous strata of the Buchanan Hills beds. The formation 
is thickly bedded and consists of white to more typically light 

and minor claystone, dolostone and chert. Sedimentary 

deposition in an intermittently desiccated, wave and tidally 

oint ake eld eds

low rises in the eastern half of the Wiso Basin, particularly 
in southern WINNECKE CREEK, SOUTH LAKE 
WOODS and GREEN SWAMP WELL (  ). 
The unit thins towards and is probably absent in the 
north of the basin, and is overlain by younger rocks in the 
south, where it probably extends into the Lander Trough 
(Kennewell and Huleatt 1980). No complete section has 
been measured, but exposures of the unit are generally 

(incomplete) thickness of 41.1 m has been recorded in 

three sequence 1 formations of the Wiso Basin (Table ). 
This erosive relationship is demonstrated in drillholes BMR 

on the Montejinni Limestone, Hooker Creek Formation 
and Lothari Hill Sandstone, respectively (Kennewell and 
Huleatt 1980). The unit is overlain by probable Hanson 
River beds in southeastern GREEN SWAMP WELL, 
although the contact is not exposed, and is unconformably 
overlain by Cretaceous rocks in other areas. Kennewell and 
Huleatt (1980) considered the boundary with the Hanson 
River beds to be probably gradational, whereas Gorter et al 
(1998) suggested that it may be unconformable.

In GREEN SWAMP WELL, a lower, white/brown, 
calcareous claystone subunit is apparently overlain by an 

1980), of the trilobite Xingrenaspis alroiensis (Etheridge) 
and three brachiopod species, was described by Kruse 
(1998). The trilobite species has alternatively been assigned 

to Eosoptychoparia (Eosoptychoparia) Chang by Yuan 
et al (2002). The species is also known from the Wonarah 
Formation (Shergold et al 
Floran (lower sequence 2) age. The marine fauna and 

from the upper subunit at one locality, which suggests an 
intertidal or restricted shallow marine environment, at 

have been deposited under shallow marine conditions, or 

and Huleatt 1980).

A single Ordovician unit, the Hanson River beds, is 
recognised in the Wiso Basin, although seismic data 
indicate that younger Ordovician rocks may be present in 
the subsurface in the Lander Trough (Questa 1989).

Hanson Ri er eds
The Hanson River beds (Milligan et al 1966) rim the northern 

Table ,  ) 
and presumably extend into it, there thickening up to a 
maximum 800 m inclusive of Cambrian rocks (Kennewell 
et al 1977). They have not been recognised in more 
northern parts of the basin. Exposures of the Hanson River 
beds are poor and mostly consist of rubbly rises, except in 
northern LANDER RIVER, where they form low scarps 
between areas of calcrete (Kennewell and Huleatt 1980). 
The succession is therefore uncertain, but Kennewell and 
Huleatt (1980) recognised four informal constituent units, 
from top to bottom:

Unit 4 (5+ m): Limestone and dolostone bearing 
conodonts of latest Arenigian (Darriwilian) age 
(Druce in Kennewell and Huleatt 1980), together with 
minor white micaceous claystone and well sorted 
sandstone yielding molluscs, brachiopods, trilobites and 

Stairway Sandstone and Stokes Siltstone of the Amadeus 

Huleatt 1980). Calcrete capping.
Unit 3 (22+ m): Dolostone and white, crystalline 
laminated limestone with minor, dark brown to dark 
grey laminated and bioturbated mudstone and siltstone 
interbeds; calcrete capping. Gorter et al (1998) 

black shale overlain by oolitic ironstone, from within 

unit 3 indicate a middle Arenigian (Dapingian) age 
(Druce in Kennewell and Huleatt 1980); brachiopods 
are indeterminate.

sorted sandstone grading to siltstone, with minor grey 
to brown dolostone and light green, locally micaceous 

and burrows’) are abundant. Ooids, microbial structures 
and occasional brachiopods are also present.



Wiso Basin

32:6

brown and green, slightly micaceous siltstone and 
claystone. The stratigraphic relationship of unit 1 to the 
other units is inferred from its geographical location 

succession, but it is also possible that these beds may be 
of Mesozoic or Cenozoic age and therefore unrelated to 
other units of the Hanson River beds.

The depositional environment of unit 1 is uncertain, 
although the poorly sorted sandstone suggests a continental, 

conditions are indicated for the other three units, from the 
presence of marine fossils, ichnofossils, microbial structures 
and ooids. On the biostratigraphic evidence and lithological 
similarities, Kennewell and Huleatt (1980) correlated these 
beds with the Pacoota Sandstone–Stokes Siltstone interval 
of the Amadeus Basin.

Lake Surprise Sandstone
The Lake Surprise Sandstone (Kennewell and Huleatt 
1980) caps the Wiso Basin succession. This formation 

LANDER RIVER to MOUNT SOLITAIRE (Table , 
 ). The unfossiliferous quartz sandstone is white 

Offe 1979, Kennewell and Huleatt 1980), well sorted and 

At some localities, the sandstone contains a matrix of silt 

present. Kennewell and Offe (1979) indicated a thickness 
for the unit of 250 m from seismic data and estimated a 
maximum thickness of up to 350 m, but a lesser thickness 
of up to 150 m was reported by Kennewell and Huleatt 
(1980). The Lake Surprise Sandstone is unconformable 
on the Hanson River beds, or where this is absent, on 
the Lothari Hill Sandstone and possibly other middle 
Cambrian units. Seismic evidence (Ray Geophysics 1967) 
indicates that the unit transgresses the southern marginal 
faults of the basin, so that it is also unconformable on, 

scale slumps in the formation possibly represent structural 
disturbance contemporaneous with movement on these 
faults (Kennewell and Huleatt 1980). The Lake Surprise 
Sandstone is unconformably overlain by Cenozoic strata 
in many areas.

The Lake Surprise Sandstone is undated, but must be 
younger than the underlying Early–Middle Ordovician 
Hanson River beds. It is lithologically similar to the 
Dulcie Sandstone of the Georgina Basin; both units are 
interpreted to have been deposited in a similar tectonic 
setting, as synorogenic deposits at about the time of the 

Springs Orogeny (Pegum and Loeliger 1990, Haines et al 
2001). Kennewell and Huleatt (1980) suggested that the 
depositional environment may have been shallow marine 

the good sorting and rounding in the sandstone explained 
by derivation from a provenance that comprised mature 

sandstone or quartzite with these characteristics. A 

by subsequent workers (eg Questa Australia 1989, Pegum 
and Loeliger 1990, Haines et al 2001). The maturity of the 
sandstone and lack of very coarse components suggests 

sediment transport and low thresholds of bank erosion may 

trending, thick depocentre, the Lander Trough (  ), 
and an extensive, much thinner and less deformed area 

has outlined broad, gentle downwarps north and south of the 
northwesterly basement extension of the Tennant Region 
transecting SOUTH LAKE WOODS, and photopatterns 

expression (Kennewell and Huleatt 1980). 
The Lander Trough, along the southern basin margin, 

is on trend with the Dulcie and Toko troughs (synclines) 
of the Georgina Basin to the southeast, all three of which 
are separated from Proterozoic rocks of the Aileron 
Province by a series of thrust fault systems (  ). 
Questa (1989) used aeromagnetic and gravity data to 

high. Regional dip steepens to an estimated 2º or more 
in the trough and limited seismic data indicate that the 
Palaeozoic succession thickens considerably southwards 
(Mathur in Kennewell and Huleatt 1980), giving an overall 

subsidence presumably controlled by a master detachment 
fault system forming the southern depositional margin and 
probably underlying the trough. 

The present faulted southern margin with the adjacent 

of over 2000 m (Kennewell et al 1977). It is unclear 
whether or not the depositional margins of the basin 

marginal basin facies has been reported from the vicinity 

normal listric faults that would have originally bounded the 

deposits may have extended southwards across the present 
southern margin of the basin, but have subsequently been 
uplifted and eroded. The Lake Surprise Sandstone was 
noted by Kennewell and Huleatt (1980) to extend across 
a thrust fault, indicating that major movements must have 

slumps in the Lake Surprise Sandstone possibly represent 
contemporaneous structural disturbance. If so, the 
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Orogeny (Haines et al 2001) were most likely responsible 
for this slumping.

The Wiso Basin is virtually unexplored, but has potential for 
phosphate, base metals, diamonds, uranium and petroleum. 
Current exploration is focused on phosphate, uranium and 
petroleum.

Phosphate

Traces of phosphorite have been found in middle Cambrian 
sedimentary rocks over large areas of the interconnected 
Georgina, Wiso and Daly basins, and the Georgina Basin 

class Wonarah deposit (see Dunster et al 2007, Khan et al 
2007). In the Georgina Basin, phosphate is associated 
with both sequence 1 and sequence 2 units (Southgate and 
Shergold 1991). Currently accepted exploration models (eg 
Cook and McElhinney 1979, Donnelly et al 1988), target 

and areas of onlap onto basement highs, where upwelling 
and favourable palaeogeography would have brought cold 

Phosphate minerals form close to the sediment–water 
interface during times of low overall sedimentation and 
are intimately connected with the dynamics of diagenetic 
redox fronts (Shields 2002).

The Lady Judith prospect (Howard 1990) is located in 
the western Wiso Basin (  ) and was originally 
investigated by Howard (1984). The prospect was formerly 
named Buchanan Hill by Smith (2000), who noted the 
presence of 31% P2O5 et al 
(2007) obtained a maximum of 28.2% P2O5 at 15–18 m depth, 
and 2.2% P2O5 at 72–75 m depth in waterbore RN020989. The 
upper phosphatic intersection is most likely to be in Hooker 
Creek Formation, although Howard (1990) considered it to be 
in medial Montejinni Limestone, and the deeper occurrence 
is probably in Montejinni Limestone.

In western TENNANT CREEK, the Warrego West 
prospect is recognised from phosphate occurrences in 
two waterbores intersecting Montejinni Limestone (Khan 
et al 2007). In waterbore RN016930, thick phosphatic 
zones spanning the depth interval 27–47 m (EOH) have 
yielded values in the range 1–5.5% P2O5. Phosphate 
mineralisation is in light grey silty claystone/mudstone 
and cherty mudstone. Waterbore RN016930 is 5 km along 
strike to the south of RN016930 and has assayed 3.2% 
P2O5 from 39.62–42.67 m depth. These two occurrences 
are within 25 km of the Adelaide–Darwin railway line. 
The Kunayangku occurrence, in a single waterbore 
(RN011609) in the southwest of the same sheet area, 
appears to lie stratigraphically at about the Montejinni 
Limestone–Hooker Creek Formation contact. Phosphate 
mineralisation is present in silty sandstone and calcareous 
siltstone. A maximum of 2.43% P2O5 has been reported 
from the depth interval 84–87 m (Khan et al 2007).
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Two dolostone samples from the Hanson River beds in 

have yielded analyses of 10.6% and 3.2% P2O5 (Milligan 
et al 1966). In the northern Wiso Basin, analyses of 1–7% 
P2O5

immediately underlying basal Cretaceous rocks. The 

Cretaceous weathering (Kennewell and Huleatt 1980).

widespread at and adjacent to the unconformable contact 
between the Antrim Plateau Volcanics and overlying 
sedimentary units within the western Wiso and Ord basins. 
These are discussed more fully in . 
Randal and Brown (1967) reported occurrences of copper 
in the basal Montejinni Limestone immediately above the 
Antrim Plateau Volcanics along the northwestern Wiso 
Basin margin, and Kennewell and Huleatt (1980) also 
reported copper from undivided Montejinni Limestone 
and Hooker Creek Formation in a similar stratigraphic 
position in southwestern TANAMI EAST. The best known 
copper occurrence is Crowsons Prospect, located 11 km 
west of Montejinni homestead. Native copper, cuprite, 
malachite, chalcocite and traces of covellite were reported 
from the Antrim Plateau Volcanics near the contact with 
the Montejinni Limestone (Zimmerman 1968, Sweet 

or as thin veinlets in the limestone. Specimens assaying 
better than 20% Cu were said to have been collected from 
the surface (Sampey Exploration Services 1968), but 
individual costeans have returned best assays of 4.5% to 
7.24% Cu (Sakurai 1991).

The Wiso Basin may be prospective for Mississippi 

although there has been little exploration for this type 
of mineralisation within the basin. The widespread 
Montejinni Limestone at the base of the succession 

enhanced secondary porosity and permeability, which may 

regional scales might have been provided by extensional 

faults, and by associated fractures and dilatancy zones. 

Few diamond exploration programs have been conducted 
in the Wiso Basin. An Aberfoyle Resources Ltd–Ashton 
Mining Ltd–AOG Minerals Ltd joint venture in the early 
1980s recovered four small diamonds in the northeastern 
part of the basin in BEETALOO (Ashton Mining 1986). 
Stockdale Prospecting Ltd also conducted exploration for 
diamonds in the western Wiso Basin in WAVE HILL and 
VICTORIA RIVER DOWNS in the late 1990s (Berryman 
1998).

in the Wiso Basin analogous to the Angela (Amadeus 
Basin) and Bigrlyi (Ngalia Basin) deposits. A possible 
source of leachable uranium is provided by radiogenic 
basement rocks, particularly the Aileron Province to the 
south. Reductants that may have facilitated the deposition 

various levels within the succession and as hydrocarbons. 

within the basin, and the lateral and vertical variations in 
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unconformities and other structures. The Wiso Basin is 
extensive enough to host a large uranium resource and Toro 
Energy Ltd is currently exploring for tabular, palaeochannel 

combination of airborne TEM and drilling (Toro Energy Ltd 
website: http://www.toroenergy.com.au/_webapp_386443/
Wiso,__NT

The Wiso Basin is virtually unexplored for petroleum, 
although much of the basin is currently covered by 
exploration permit applications. No petroleum or deep 
stratigraphic wells have been drilled anywhere in the basin, 
although there are a number of shallow mineral exploration 
and BMR stratigraphic drillholes. Minor hydrocarbon 
shows have been noted in two of the BMR drillholes. The 
most prospective area, the Lander Trough, has not been drill 
tested, greatly limiting geological interpretations of this 
feature. A reconnaissance seismic survey was undertaken in 
the southeast of the basin in the late 1960s (Ray Geophysics 
1967), but there is otherwise no seismic coverage of the 
basin. Airborne geophysics, including a modern grid of 
aeromagnetic data at a line spacing of 400 m or better, is 
available over the whole of the basin. Useful appraisals of 
the petroleum potential of the basin are by Kennewell and 
Huleatt (1980), Questa (1989), Pegum and Loeliger (1990), 
Gorter et al (1998) and Ambrose (2006).

Source rocks

The most promising source rock intervals in the Wiso Basin 
succession are the Montejinni Limestone and unit 3 of the 

units have fair to good oil source rock potential (Gorter et al 
1998). The Montejinni Limestone contains marine fossils 
and stromatolites, and is the only formation in the succession 
from which hydrocarbon shows have been recorded: these 
include tarry residue at 72 m depth in BMR Green Swamp 

et al 1966) and residual hydrocarbons at 

from 0.10% to 0.85% have also been recorded from samples 
of the limestone (Watson 1987). Unit 3 of the Hanson River 
beds contains marine fossils and dark brown shale and 
mudstone intervals at several levels that are potential source 
rocks (Questa 1989, Gorter et al 1998). Other intervals in 
the Wiso Basin succession also have source potential, and 
good source rocks may be present in the subsurface within 
the Lander Trough, in areas that have not been drill tested. 
Questa (1989) noted that any evaporitic successions that 
might be present within the Wiso Basin should be regarded 

Reservoirs and seals

A number of Cambrian and Ordovician sandstone and 
carbonate intervals within the Wiso Basin succession 
have good reservoir potential and either underlie effective 
sealing strata or contain intraformational seals (Kennewell 
and Huleatt 1980, Questa 1989, Pegum and Loeliger 1990, 
Gorter et al 1998). Fractured and vuggy carbonate rocks 

in the Montejinni Limestone ( ), which is the 
main producing aquifer in the western Wiso Basin, have 
particularly good potential. The overlying Hooker Creek 

waterbores and some parts of this formation may therefore 
form effective reservoirs. The Lothari Hill Sandstone 
has only poor to fair reservoir potential, but could have 
received hydrocarbons migrating from older source 
intervals. Intraformational siltstone and claystone in the 
Hooker Creek Formation and Lothari Hill Sandstone 
might provide seals (Kennewell and Huleatt 1980). Vuggy 

reservoir potential and interbedded claystone may form 
effective seals. The two basal units of the Hanson River 

that may have subsurface reservoir potential (Gorter et al 
1998), and Questa (1989) and Pegum and Loeliger (1990) 
suggested that these may have the best reservoir potential 
in the succession. Intraformational beds of claystone are 
possible seals (Kennewell and Huleatt 1980). The Lake 
Surprise Sandstone is thin and permeable; this unit may 
have reservoir potential, but it apparently lacks an effective 
seal, so is less prospective (Kennewell and Huleatt 1980, 
Gorter et al 1998).

Thermal maturity

Much of the Wiso Basin succession is too thin and shallow 
to be thermally mature, except in the Lander Trough 
where modelled depths of 3000 m or greater indicate 
that the succession there should be more mature. Questa 
(1989) noted that the Cambrian Montejinni Limestone 
and Ordovician Hanson River beds should be moderately 
to optimally mature within the Lander Trough, but that 
possible Ordovician source rocks were probably immature 

generative stage. Gorter et al (1998) considered that is 
unlikely that any of the Palaeozoic section within the 
trough will be beyond the oil and wet gas/condensate 
window. They reported that samples of Montejinni 
Limestone and Hooker Creek Formation from BMR Green 

residues in samples from the former well indicate that 
mature source rocks must be present in the vicinity. More 
recent maturation modelling by Central Petroleum Ltd 
has indicated that source rocks in the Lander Trough may 
range from the early oil window to the early gas window, 
depending on the depth of burial (Central Petroleum Ltd, 
ASX announcement, 26 May 2011).

Prospectivity

About 80% of the Wiso Basin (central and northern parts) 
contains generally less than 500 m of section and is therefore 
not considered very prospective for hydrocarbons (Randal 
and Brown 1967, Kennewell and Huleatt 1980, Questa 1989, 
Gorter et al
source rocks in thicker successions would be required to 
charge any existing structures in these areas. However, the 
Lander Trough, with a modelled depth of 2000–3000 m 
up to a maximum of 4500 m (Questa 1989), is much more 
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prospective for petroleum, and adjacent shallower parts of 
the basin may also have received hydrocarbons migrating 
northwards from more deeply buried sources. The Lander 
Trough is on trend with and is analogous to the Dulcie and 
Toko troughs of the southern Georgina Basin ( ), 

(Gorter et al 1998, Ambrose 2006, Dunster et al 2007). It 

offset depocentres is unknown, but has potential to include: 
(a) middle Cambrian petroleum systems equivalent to 
the Arthur Creek/Thorntonia petroleum system of the 
Georgina Basin; and (b) Ordovician petroleum systems 

Amadeus Basin (Ambrose 2006). Hydrocarbon generation 
is likely to have commenced in the Ordovician and may 
have also occurred during the Devonian–Carboniferous 
Alice Springs Orogeny (Central Petroleum Ltd, ASX 
announcement, 26 May 2011).

A variety of possible conventional structural and 
stratigraphic traps may be present within the basin. 
Structural traps are possible in areas adjacent to the 
southern marginal faults (Pegum and Loeliger 1990), and 
Questa (1989) indicated that these might include horst 
blocks. Structural traps associated with compressional 
folding during the Alice Springs Orogeny may also be 
present. Stratigraphic traps are possible in the vicinity of 

Lander Trough onto shallower parts of the basin in the north 

1989). Other stratigraphic traps may be present in middle 
Cambrian dolostones (Gorter et al 1998), and in any coarse 
siliciclastic units that might be present at the base of the 

the presence of a number of circular structures, several 

as potential diapiric salt structures or domes associated 
with possible buried equivalents of the Bitter Springs 
Formation of the Amadeus Basin (Central Petroleum Ltd, 
Exploration document: http://www.centralpetroleum.com.au/

, accessed May 2011). If present, these 
would provide potential for various types of diapiric traps. 

and oil plays over large areas of the basin (Central Petroleum 
Ltd, ASX announcement, 26 May 2011).
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depositional system include the Bonaparte Basin to the north, 
which is now separated from the Ord Basin by the Halls 
Reward Fault and by a thin belt of Proterozoic basement 
rocks, and the Wiso Basin to the east, which is now separated 
from the Ord Basin by the Kalkarindji Province and by the 
Proterozoic Birrindudu and Victoria basins. The western 
margin of the basin unconformably overlies and is adjacent 
to the Palaeoproterozoic Halls Creek Orogen.

The Ord Basin succession is mostly contained within 
three main outcrop tracts, from south to north, the Hardman, 
Rosewood and Argyle synclines (originally named as ‘basins’ 
by Matheson and Teichert 1948, Figure 33.2 inset). Of the 
three component synclines, only the largest, the Hardman 
Syncline, has appreciable extent within the Northern 
Territory. It includes the entire Cambrian succession and 
is exposed in northwestern LIMBUNYA1 (Cutovinos et al 
2002). The Rosewood Syncline also impinges on the Northern 
Territory, with small outliers of the Headleys Limestone in 
western WATERLOO (Sweet 1973).

The basin succession is disconformable on basement 
of early Cambrian Antrim Plateau Volcanics (Kalkarindji 
Province), above Proterozoic rocks of the Birrindudu 
and Victoria basins. In the Northern Territory, the entire 
succession is included within the middle to ?late Cambrian 
Goose Hole Group, which becomes progressively younger 
towards the west (Figure 33.2). In Western Australia, coarse 
siliciclastic rocks of the Mahony Group of probable Frasnian 
(Late Devonian) age unconformably overlie the Goose Hole 
Group in the Hardman Syncline (Mory and Beere 1988) and 
these form the top of the Ord Basin succession. Super cial 
Cenozoic units unconformably overlie the Ord Basin in 
numerous places.

Signi cant studies on the Ord Basin include Playford 
et al (1975), Dow (1980), Mory and Beere (1985, 1988), Mory 
(1990) and Kruse et al (2004). A stratigraphic correlation 
chart for the Ord and other NT basins of similar age is in 

.

MIDDLE–?UPPER CAMBRIAN

Goose Hole Group 

The entire post-Antrim Plateau Volcanics Cambrian 
succession is included in the Goose Hole Group (Mory and 
Beere 1985). The group is altogether about 700 m thick 
and comprises middle Cambrian and possibly early late 
Cambrian rocks (Table 33.1, Figure 33.3). All internal 
formation contacts are conformable. Lithostratigraphic 
nomenclature was established by Traves (1955) and Mory 
and Beere (1985, 1988). 

Mory and Beere (1985) divided the Goose Hole Group 
into the Negri Subgroup (maximum thickness 530 m) 
and the overlying Elder Subgroup (370 m). Elements of 
the two successive sedimentary successions that have 
been recognised from sequence stratigraphic studies 

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large 
and small capital letters, respectively, eg LIMBUNYA, NEGRI.

Chapter 33: ORD BASIN PD Kruse and TJ Munson

INTRODUCTION

The Ord Basin (Wade 1924, McWhae et al 1958) straddles 
the Northern Territory–Western Australia border and 
outcrops over an area of about 8500 km2, of which about 
1700 km2 (ca 20%) is in the Northern Territory (Figure 33.1). 
It is an erosional remnant of an extensive, once-continuous 
middle Cambrian depositional area, spanning the northern 
and central portions of the Northern Territory and continuing 
southwards and eastwards into adjacent states. Contiguous 
portions of this depositional system in northern and central 
Australia are referred to in this volume as the Centralian B 
Superbasin (see Centralian Superbasin). Neighbouring 
basins that were also a part of this middle Cambrian 
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in the Georgina Basin to the east (Shergold et al 1988, 
Southgate and Shergold 1991, Laurie 2006) are also 
recognised within middle Cambrian strata of the Ord 
Basin: sequence 1 (Ordian) and sequence 2 (latest Ordian–
early Mindyallan). The entire Negri Subgroup represents 
sequence 1, whereas much of the Elder Subgroup probably 
represents sequence 2.

Negri Subgroup

The Negri Subgroup comprises, in ascending stratigraphic 
order, the Headleys Limestone, Nelson Shale, Linnekar 
Limestone and Panton Formation, the last with two 
constituent named members (Figure 33.3). The middle 
Cambrian succession of the subgroup is the most peritidal 

Figure 33.2. Geological map of Hardman Syncline (redrawn 
after Kruse et al 2004: gure 1). Location shown in Figure 33.1. 
Location of Hardman, Rosewood and Argyle synclines shown in 
inset map.
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of all correlative intervals in any of the Northern Territory 
sedimentary basins. It is dominated by maroon gypsiferous 
siltstone and mudstone, punctuated by three brief marine 
carbonate incursions represented by the Linnekar Limestone 
and carbonate intervals within the Panton Formation. Closest 
comparisons are therefore with the equivalent successions 
in the Daly and Wiso basins, and Barkly Sub-basin of 
the Georgina Basin, all of which share a predominance 
of maroon, ne siliciclastic rocks. Carbonate rocks of the 
Linnekar Limestone and Panton Formation have yielded 
sequence 1 marine fossils (Kruse et al 2004) that enable 
the sub-group as a whole to be correlated with the Tindall 
Limestone (Daly Basin), the Montejinni Limestone and 
Hooker Creek Formation (Wiso Basin), and the Top Springs 
Limestone, Gum Ridge Formation, Thorntonia Limestone 
and Border Waterhole Formation (Georgina Basin). The 
subgroup as a whole is broadly correlated with the Tarrara 
Formation (Carlton Group) of the Bonaparte Basin (Mory 
and Beere 1988).

Headleys Limestone
The Headleys Limestone (Traves 1955) is resistant to 
weathering and forms bold karsti ed exposures, particularly 
around the southern and eastern margins of the Hardman 
Syncline (Figure 33.2) in LIMBUNYA and adjacent areas 
of Western Australia. Where it is gently dipping, it tends to 
form cuestas, but in areas where it is more steeply dipping, 
it forms parallel-sided ‘walls’ up to 50 m high (Dow 1980, 
Cutovinos et al 2002 (Figures 33.4, 33.5). It also outcrops 
extensively in the Rosewood Syncline, but does not occur 
within the Argyle Syncline (Plumb 1968). Small isolated 
exposures of Headleys Limestone in western WATERLOO 
(Sweet 1973) mark the maximum eastward extent of the 
Rosewood Syncline into the Northern Territory. The 
formation is 35–50 m thick (Mory and Beere 1988) and 
overlies the Antrim Plateau Volcanics with apparent 
conformity, although there was probably a short time break 
between these units. Ferruginisation and silici cation of the 
underlying basalts may be the result either of weathering 

Unit, max 
thickness

Lithology Depositional 
environment

Stratigraphic 
relationships

Late Devonian

Mahony Group, 
up to 1000 m

Quartz sandstone, pebbly sandstone, conglomerate, minor siltstone. Alluvial fan, 
uviatile, aeolian, 

minor intertidal.

Unconformable on Elder 
Subgroup. Not present 
in NT.

GOOSE HOLE GROUP

ELDER SUBGROUP

middle–?late Cambrian: ?sequence 2

Overland 
Sandstone,
230 m

White to pale grey or fawn ne to medium lithic arkose and sandstone; trough 
and planar cross-beds, current ripple marks, parallel-lamination.

Braided uviatile. Conformable and 
gradational on Eagle 
Hawk Sandstone.

middle Cambrian: sequence 2

Eagle Hawk 
Sandstone, 210 m

Fine to medium feldspathic to micaceous, red-brown to maroon sandstone; 
minor siltstone, mudstone; trough cross-beds, ripple marks, parallel lamination, 
mud pebble and cobble moulds, decimetre-scale channels, desiccation cracks; 
ichnofossil assemblage of arthropod tracks.

Intertidal sand- 
and mud at.

Conformable and 
usually gradational 
on Panton Formation; 
possibly unconformable 
on Negri Subgroup 
in western Hardman 
Syncline (Dow 1980).

NEGRI SUBGROUP

middle Cambrian: sequence 1

Panton 
Formation, 308 m

Maroon gypsiferous siltstone, mudstone, minor feldspathic sandstone and 
limestone; limestone, marl and thin sandstone beds between named members; 
unfossiliferous, except for medial interval bracketed by named members, which 
contains trilobites (including Redlichia and Xystridura), brachiopods, hyoliths, 
molluscs, disarticulated echinoderms, chancelloriids and sponge spicules.

Peritidal; 
restricted shallow 
subtidal between 
named members.

Conformable and 
gradational on Linnekar 
Limestone.

Corby Limestone 
Member, 4.6 m

Microbial limestone, hyolith oatstone and oncoid bioclast limestone. Intertidal, 
shoreface and 
shallow subtidal.

Conformable within 
upper Panton 
Formation.

Shady Camp 
Limestone 
Member, 4 m

Basal gypsiferous microbial laminite overlain by oncoid-rich nodular hyolith 
oatstone.

Intertidal to 
shallow subtidal.

Conformable within 
lower Panton Formation.

Linnekar 
Limestone, 40 m

Microbial, bioclast and oncoid limestone, alternating with fossiliferous grey 
to olive-brown mudstone and marl. Low-diversity fauna of trilobite Redlichia 
forresti, hyolith Guduguwan hardmani, and brachiopods.

Peritidal to 
shallow subtidal.

Conformable on Nelson 
Shale.

Nelson Shale, 
183 m

Maroon to grey gypsiferous and pyritic shale and mudstone, minor ne 
sandstone, rare laminated limestone, unfossiliferous except for calcimicrobe 
Girvanella.

Intertidal to 
supratidal.

Conformable on 
Headleys Limestone.

Headleys 
Limestone, 50 m

Lower part medium- to thickly bedded microbial laminite with stromatolites; 
basal beds with ovoid and at siliceous nodules. Upper part at to slightly wavy, 
thinly bedded limestone, commonly with wrinkled surfaces due to original 
microbial bio lms and small siliceous spheroidal nodules possibly after former 
evaporitic minerals, ripple marks.

Intertidal 
to possibly 
supratidal.

Disconformable 
on Antrim Plateau 
Volcanics.

Table 33.1. Summary of Palaeozoic stratigraphic succession of Ord Basin. See Mory and Beere (1988) for more information on Upper 
Devonian Mahony Group, which occurs only in Western Australia.
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(Cutovinos et al 2002, Kruse et al 2004). A thickness of about 
15 m was measured for the lower interval in northeastern 
DIXON RANGE (Kruse et al 2004). The upper portion of 
the Headleys Limestone is of at to slightly wavy, thinly 
bedded limestone, commonly with wrinkled surfaces due to 
original microbial bio lms and siliceous spheroidal nodules 
up to a millimetre in size, possibly after former evaporitic 
minerals. The wrinkling occurs uniformly on planar beds, 
but is con ned to ripple troughs on rippled beds (Kruse 
et al 2004).

The Headleys Limestone lacks age-diagnostic fossils, 
but is constrained to the Ordian (middle Cambrian) by 
the securely dated Antrim Plateau Volcanics below and 
Linnekar Limestone above. It is entirely peritidal; planar 
stromatolites, fenestral fabrics, at-pebble conglomerates 
and probable evaporites together indicate an intertidal to 
possibly supratidal depositional environment.

Nelson Shale
The recessive Nelson Shale (Traves 1955) is widely 
distributed, but very poorly exposed within the three 
component synclines of the Ord Basin. In the Hardman 
Syncline, the unit forms a narrow to wide belt concentrically 
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Figure 33.3. Schematic stratigraphic column of Goose Hole 
Group (based on Mory and Beere 1985: gure 2). 

Figure 33.4. Typical outcrop of Headleys Limestone, near 
Blackfellow Rockhole (LIMBUNYA, NEGRI 52K 509500mE 
8078500mN, after Cutovinos et al 2002: gure 17).

Figure 33.5. Section through fault-associated monocline in 
Headleys Limestone, near Blackfellow Rockhole (view to 
southeast at LIMBUNYA, NEGRI 52K 509500mE 8078500mN). 
Nelson Shale underlies at terrain at left. Intervening Negri Fault 
(not exposed) is subparallel to base of scarp (after Cutovinos et al 
2002: gure 28).

prior to deposition of the Headleys Limestone (Sweet et al 
1974), or of recent processes (Mory and Beere 1985). The 
upper contact with the Nelson Shale is generally sharp.

The lower part of the Headleys Limestone consists of 
a medium- to thickly bedded microbial laminite, bearing 
common planar and some domical stromatolites. This 
interval features centimetre-scale pseudobeds of dark and 
light grey foetid limestone, ovoid and at siliceous nodules 
in the basal beds ( ), at least some of which 
have been interpreted to be of early diagenetic origin, and 
centrally raised and concentrically ringed features, 1–2 m 
diameter, that have been interpreted as cold seep structures 

. Ovoid and at siliceous nodules in basal beds of 
Headleys Limestone, near Blackfellow Rockhole. (LIMBUNYA, 
NEGRI 52K 510700mE 8077700mN, after Cutovinos et al 2002: 

gure 18).
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within the outcrop tract of the underlying Headleys 
Limestone (Figure 33.2). The unit weathers easily and 
typically forms rolling vertosol (‘black soil’) plains 
(Figure 33.7), with exposures mostly con ned to creek 
beds (Dow 1980). It reaches a maximum known thickness of 
100–183 m (Mory and Beere 1985). In the Argyle Syncline, 
where the Headleys Limestone is absent, the Nelson Shale 
is unconformable on the Antrim Plateau Volcanics. The 
upper contact with the Linnekar Limestone is sharp (Mory 
and Beere 1985, Cutovinos et al 2002). 

The Nelson Shale consists of maroon to grey, 
gypsiferous and pyritic shale and mudstone, with 
minor ne sandstone and rare laminated limestone. It is 
generally unfossiliferous, except for the presence of the 
calcimicrobe Girvanella (Dow 1980), and has not been 
directly dated. However, like the Headleys Limestone, the 
unit is constrained to the Ordian (middle Cambrian), by 
the securely dated Antrim Plateau Volcanics below and 
Linnekar Limestone above. The gypsiferous nature of the 
maroon sedimentary rocks indicates that the Nelson Shale 
was deposited under peritidal conditions (Mory and Beere 
1985, Kruse et al 2004) and the generally ne-grained 
sedimentary rocks are indicative of periodically exposed, 
mud-dominated intertidal ats.

Linnekar Limestone
The Linnekar Limestone (Traves 1955, Playford et al 
1975) occurs within all three component synclines of the 
Ord Basin. It is slightly more resistant to erosion than the 
units above and below it, and is best exposed as low cuestas 
around the eastern and southern margins of the Hardman 
Syncline (Figure 33.7), concentrically within the outcrop 
tract of the underlying Nelson Shale (Figure 33.2). In other 
parts of the Hardman Syncline, where the formation is 
more steeply dipping, it forms a narrower, less well exposed 
outcrop tract under Cenozoic soils and alluvium. In the 
Rosewood and Argyle synclines, exposures are generally 
poor (Dow 1980). The Linnekar Limestone is up to 40 m 
thick (Playford et al 1975), but is generally in the range 
8–31 m (Mory and Beere 1985, Cutovinos et al 2002). Its 
lower contact with the Nelson Shale is generally sharp, but 
the upper contact with the Panton Formation is gradational 

over about 6 m and is arbitrarily placed at the level where 
shale becomes predominant (Dow 1980).

The Linnekar Limestone consists of microbial, bioclast 
and oncoid limestones, alternating with fossiliferous 
grey to olive-brown mudstone and marl. An informal 
tripartite subdivision of the formation (Mory and Beere 
1985, Kruse et al 2004) comprises lower and occasionally 
upper microbial limestones (Figure 33.8), locally with 
stromatolites, and a medial richly fossiliferous interval of 
thinly bedded limestone, marl and shale. A low-diversity 
fauna of the trilobite Redlichia forresti, hyolith Guduguwan 
hardmani, and brachiopods Kyrshabaktella mudedirri 
and rare Wimanella con rms an Ordian sequence 1 age 
for the formation (Kruse et al 2004). The fossiliferous 
medial interval of the Linnekar Limestone was deposited 
in subtidal conditions and represents the oldest marine 
incursion within the Ord Basin succession. The upper and 
lower microbial limestone intervals were deposited in a 
more restricted peritidal setting (Kruse et al 2004).

Panton Formation
The Panton Formation (sensu Mory and Beere 1985) is 
widely distributed within the three component synclines of 
the Ord Basin, but is generally recessive and poorly exposed. 
In the Hardman Syncline, the unit forms a narrow to wide 
belt concentrically within the outcrop tract of the underlying 
Linnekar Limestone, with the most extensive exposures 
being in the eastern and central areas (Figure 33.2). The 
bulk of the formation weathers easily and typically forms 
sandy vertosol (‘black soil’) plains. Exposures are mostly 
con ned to incised creek beds, but minor limestone intervals 
are more resistant and tend to form subdued cuestas (Dow 
1980). Mory and Beere (1985) reported thicknesses for 
the Panton Formation of 85 m (incomplete type section at 
Mount Panton), 105 m and 308 m (maximum). The upper 
boundary of the Panton Formation with the Eagle Hawk 
Sandstone is usually gradational, although it can be sharp, 
and is apparently conformable (Mory and Beere 1985, Kruse 
et al 2004), although Dow (1980) reported an unconformable 
relationship in the western Hardman Syncline. The formation 
was rede ned by Mory and Beere (1985), so as to embrace 

Figure 33.7. View looking west towards Mount Panton from about 
52K 527000mE 808200mN. Nelson Shale underlies grassland 
in foreground; scarp in middle distance is Linnekar Limestone; 
Panton Formation forms Mount Panton; Shady Camp Limestone 
Member forms prominent bench midway up Mount Panton; Corby 
Limestone Member caps summit. 

Figure 33.8. Basal 2 m of Linnekar Limestone, from Nelson 
Springs–Mount Panton track, near Mount Panton (LIMBUNYA, 
NEGRI 52K 523900mE 8081600mN). Section commences with 
planar microbial laminite (hammer), succeeded in turn by domical 
stromatolites (midway through section) and domical thrombolites 
(top; after Cutovinos et al 2002: gure 19).
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ve superseded formation-rank units of Traves (1955). Two of 
these former units have been included within the formation as 
the Shady Camp Limestone Member and the stratigraphically 
higher Corby Limestone Member (Figure 33.7).

The Panton Formation consists predominantly of 
unfossiliferous, maroon-purple gypsiferous siltstone and 
mudstone, which were deposited under peritidal conditions. 
However, the medial portion of the formation is richly 
fossiliferous and represents a subtidal marine incursion, 
the second within the Ord Basin succession. It includes the 
Shady Camp Limestone and Corby Limestone members, 
which bracket an interval of fossiliferous limestone and 
marl, with oncoids, microbial laminite, at-pebble breccia 
and thin sandstone beds (Kruse et al 2004). The known 
fauna from this interval is more diverse than that in the 
Linnekar Limestone and is referred to the Ordian sequence 1. 
It contains many species that are also known from other 
Northern Territory sedimentary basins, including trilobites 
(such as Redlichia and Xystridura), brachiopods, hyoliths, 
molluscs, disarticulated echinoderms, chancelloriids and 
sponge spicules (Kruse et al 2004). The Shady Camp 
Limestone Member is 3–4 m thick and consists of a basal 
gypsiferous microbial laminite succeeded by oncoid-rich 
nodular hyolith oatstone (Figure 33.9) that marks the 
initial marine transgression from intertidal to shallow 
subtidal conditions. The Corby Limestone Member is 
2–4.6 m thick and contains microbial limestone, hyolith 

oatstone and oncoid bioclast limestone (Figure 33.10) that 
were deposited in intertidal, shoreface and shallow subtidal 
conditions (Cutovinos et al 2002, Kruse et al 2004). The 
upper Panton Formation, which consists mostly of maroon 
shale with thin ne sandstone beds that become increasingly 
common up-section, also contains a thin oncoid hyolith-
bearing limestone bed that represents a third brief marine 
interval within an otherwise peritidal interval.

Elder Subgroup

The Elder Subgroup (Figure 33.3) is a sandstone-
dominated succession overlying the Panton Formation. The 
subgroup outcrops mainly in the Hardman Syncline and, 
to a much lesser extent, in the Argyle Syncline. It reaches 
a maximum thickness of 370 m (Cutovinos et al 2002) and 

comprises two formations: the Eagle Hawk Sandstone and 
overlying Overland Sandstone (Mory and Beere 1985). 
The lower boundary of the group is generally regarded as 
being gradational and conformable on the Negri Subgroup 
(Mory and Beere 1985, Kruse et al 2004), although Dow 
(1980) reported that in the western Hardman Syncline, the 
former ‘Elder Sandstone’ was unconformable on former 
‘Hudson Formation’ (now upper Panton Formation), 
Headleys Limestone and Antrim Plateau Volcanics. The 
presence of an apparently conformable contact between the 
subgroups is signi cant, as the correlative contact in other 
Northern Territory basins is commonly a disconformity, 
representing a time break of probably short duration (see 

). The Elder Subgroup 
is unconformably overlain by the Upper Devonian Mahony 
Group in the western Hardman Syncline in Western 
Australia.

The subgroup lacks age-diagnostic fossils, but as it has 
an apparently conformable relationship with underlying 
sequence 1 rocks of the Negri Subgroup, the lower part, 
at least, is probably equivalent to latest Ordian–early 
Mindyallan sequence 2 units in other Northern Territory 
basins. The Eagle Hawk and possibly Overland sandstones 
are therefore broadly correlated with the Jinduckin 
Formation–Oolloo Dolostone interval of the Daly Basin, 
the Point Wake eld beds of the Wiso Basin, and with the 

Figure 33.9. Prominent beds of oncoid-rich, nodular hyolith 
oatstone in Shady Camp Limestone Member at Mount Panton 

(LIMBUNYA, NEGRI 52K 523200mE 8081200mN, after 
Cutovinos et al 2002: gure 22).

Figure 33.10. Cliff-forming, thickly bedded, oncoid bioclast 
oatstone in Corby Limestone Member at Mount Panton 

(LIMBUNYA, NEGRI 52K 523200mE 8081200mN, after 
Cutovinos et al 2002: gure 23).
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Anthony Lagoon Formation, Wonarah Formation, Ranken 
Limestone and Camooweal Dolostone of the Georgina 
Basin (see ). On the 
basis of lithological similarities, the Eagle Hawk Sandstone 
is also correlated with the Hart Spring Sandstone (Carlton 
Group) of the Bonaparte Basin (Traves 1955, Mory and 
Beere 1988). The overlying Overland Sandstone is therefore 
likely to be equivalent to the Skewthorpe Formation, or 
possibly to younger units of the Carlton Group (Mory and 
Beere 1988).

Eagle Hawk Sandstone
The Eagle Hawk Sandstone outcrops extensively within the 
Hardman Syncline (Figure 33.2) and in the centre of the 
Argyle Syncline. With the Overland Sandstone, it forms 
a narrow to moderately wide outcrop belt around the core 
of the syncline, which is occupied by the Upper Devonian 
Mahony Group. In the Northern Territory, the formation is 
restricted to western LIMBUNYA, where exposures were 
described by Cutovinos et al (2002) as ‘poor to moderate’. 
The unit ranges in thickness from 75–80 m to a maximum 
of 210 m at its type section in northeastern DIXON RANGE 
in Western Australia (Mory and Beere 1985).

The Eagle Hawk Sandstone consists of feldspathic to 
micaceous, ne to medium, red-brown to maroon sandstone, 
and minor siltstone and mudstone (Figure 33.11). It contains 
a variety of sedimentary structures, including trough cross-
beds, ripple marks, parallel lamination, mud pebble and 
cobble moulds, decimetre-scale channels and desiccation 
cracks (Mory and Beere 1988, Cutovinos et al 2002). 
It also contains an ichnofossil assemblage of arthropod 
tracks (Mory and Beere 1988, Kruse et al 2004), but these 
are not age diagnostic. The combination of rock types and 
sedimentary structures indicates deposition on intertidal 
sand- and mud ats (Mory and Beere 1988). 

Overland Sandstone
The Overland Sandstone outcrops only within the Hardman 
Syncline, in two main areas: a narrow belt partially encircling 
Mahony Group rocks in the core of the syncline; and a smaller, 
but broader area straddling the Western Australia–Northern 
Territory border, a minor part of which is in northwestern 
LIMBUNYA (Figure 33.2). There, the formation forms 

a steep-sided plateau, which includes the 230 m-thick type 
section (Mory and Beere 1985, Cutovinos et al 2002). In 
Western Australia, the unit thins to the southwest and 
eventually pinches out, probably as a result of erosion prior 
to deposition of the Mahony Group (Mory and Beere 1985). 
The contact with the underlying Eagle Hawk Sandstone was 
described as gradational by Mory and Beere (1985, 1988).

The Overland Sandstone consists of ne to medium 
lithic arkose and sandstone, which is white to pale grey or 
fawn, readily distinguishing it from the underlying red-
brown to maroon Eagle Hawk Sandstone. Lithic grains 
include quartz-mica schist, ne metasedimentary rock and 
quartzite, and sedimentary structures include trough and 
planar cross-beds, straight to sinuous current ripple marks 
and parallel-lamination (Mory and Beere 1988, Cutovinos 
et al 2002, Figure 33.12). The formation is unfossiliferous 
and is less assuredly dated than the Eagle Hawk Sandstone; 
it is most likely to be late middle or early late Cambrian. 
From its composition and sedimentary structures, Mory and 
Beere (1988) interpreted the environment of deposition as a 
braided uviatile depositional system draining a hinterland 
of low relief.

STRUCTURE

The Ord Basin is a part of the Hardman Fold Belt, which 
also affects rocks of the Mesoproterozoic Osmond Basin, 

Figure 33.11. Interbedded sandstone and mudstone of Eagle 
Hawk Sandstone. North bank of Negri River at Duncan Highway 
crossing (LIMBUNYA, NEGRI 52K 500000mE 8111700mN, after 
Cutovinos et al 2002: gure 24).

Figure 33.12. High-angle cross-bed set in parallel-laminated 
sandstone facies in Overland Sandstone, 9 km south-southwest of 
Mistake Creek community (LIMBUNYA, NEGRI 52K 501800mE 
8100200mN, after Cutovinos et al 2002: gure 27).
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the Mesoproterozoic to Neoproterozoic Victoria Basin 
and Neoproterozoic Wolfe Basin (Tyler and Hocking 
2001). Erosion, folding and faulting, probably in the Late 
Carboniferous (Mory 1990), have resulted in the Ord Basin 
succession being preserved in three isolated east-northeast-
trending asymmetric synclines (Hardman, Rosewood 
and Argyle synclines), separated by two anticlines 
(Figure 33.13). Normal faults that are subparallel to the 
synclinal axes are adjacent to the steep northern limbs of 
each syncline; these either branch off, or are a part of the 
Halls Creek Fault, which anks the basin to the west.

Several signi cant faults cut the Northern Territory 
portion of the Hardman Syncline. The major northwest-
trending Negri Fault transects the syncline and forms the 
southeastern basin margin for part of its length. The Negri 
Fault has a displacement of up to 25 km (Cutovinos et al 
2002) and affects the Antrim Plateau Volcanics, the entire 
Goose Hole Group and in adjacent Western Australia, 
the Upper Devonian Mahony Group. It was a long-lived 
structure that shows evidence of having been a growth 
fault during deposition of the Palaeoproterozoic Stirling 
Sandstone (Limbunya Group) of the underlying Birrindudu 
Basin (Cutovinos et al 2002); it thus predates the Ord Basin 
and was periodically reactivated during its history, including 
major movements in the late Palaeozoic that displaced the 
Ord Basin succession. Along the upper reaches of the Negri 
River, the Headleys Limestone has been brittly deformed 
by the fault into a series of fault blocks, some of these 
internally folded into broad synclines or anticlines with fold 
axes subparallel to the fault trend. In this area, the faulting 
is associated with copper mineralisation in the topmost 
Antrim Plateau Volcanics and basal Headleys Limestone 
(see Copper in Kalkarindji Province). Northwestward, 
at least to the state border, en echelon faulting is a feature 
of the Negri Fault. The Headleys Limestone is folded into 
a spectacular monocline (Figure 33.5), with associated 
parasitic folds in adjacent overlying Goose Hole Group 
rocks. Fold limbs are most clearly traced out by the 
limestone units.

The Limbunya Fault offsets the Headleys Limestone 
at the eastern margin of the Hardman Syncline. This is 
also an older Proterozoic structure (Cutovinos et al 2002) 
that was reactivated after deposition of the Cambrian 
succession. Adjacent to the Nelson Springs–Inverway 
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track, the upthrown northern side of the Limbunya Fault 
is a monocline in Headleys Limestone, which steepens 
toward the fault. A northwesterly extension of the fault, 
interpreted from aeromagnetic data, coincides with 
folding in the Linnekar Limestone and Corby Limestone 
Member, and possibly also the Eagle Hawk Sandstone.

To the north, a third, unnamed east-trending fault in the 
Stirling Creek area likewise affects the Headleys Limestone 
at the basin margin. The fault trace is marked by local 
breccia of subangular–subrounded pebbles to boulders of 
Headleys Limestone in a darker lime matrix. Fault splays 
bound upthrown blocks of Headleys Limestone within the 
adjacent ductile Nelson Shale, and the interpreted westerly 
extension of the fault highlights embayments in mapped 
formation boundaries up-section.

MINERAL RESOURCES

The Ord Basin has some potential for base metals, 
particularly copper, and diamonds. However, despite a 
number of exploration programs conducted since the 1960s, 
no commercial discoveries have yet been made. 

Base metals

Widespread, but mostly economically insigni cant 
copper occurrences at and adjacent to the Antrim Plateau 
Volcanics–Headleys Limestone contact are discussed 
elsewhere (see Copper in Kalkarindji Province). The 
largest of these copper prospects in the Northern Territory 
is Caves, which has an estimated 2000 t of ore averaging 
2–20% Cu (Erskine et al 1970). In adjacent Western 
Australia, Ord River Resources Ltd-Suplejack Pty Ltd are 
currently exploring a number of copper prospects along the 
southern margins of the Hardman Syncline in their Copper 
Flats project area. Copper has also been reported from 
younger Goose Hole Group units.

Inspired by early reports (Hardman 1885, Simpson 1951), AO 
(Australia) Pty Ltd examined the Panton Formation throughout 
the Northern Territory portion of the Hardman Syncline for 
stratabound copper and lead-zinc (Munro et al 1976). Syngenetic 
galena and blebs and veinlets of chalcocite were the only visible 
mineral occurrences. Anomalous metal values, up to 0.18% Cu, 
were mostly in carbonate rocks and adjacent grey shale.

Figure 33.13. Schematic cross-section of Ord Basin, showing asymmetric nature of Hardman, Rosewood and Argyle synclines (redrawn 
after Mory and Beere 1988: gure 6).



33:9

Ord Basin

Burdekin Resources explored the entire Goose Hole 
Group for base metals during 1994–1996 (Rugless 
and Pirajno 1995, Rugless 1996), using a variety 
of mineralisation models, including Superior-style 
Cu-Ag(-Co), Mississippi-style and Irish-style Pb-Zn, and 
stratabound sabkha-related Cu-Pb-Zn at the interface of 
evaporitic and limestone units (Linnekar Limestone and 
Panton Formation). Although a number of base metal 
anomalies were recorded, the continuity of mineralisation 
was considered to be insuf cient to warrant further 
exploration (Rugless 1997).

Concurrently, the Headleys Limestone–Nelson Shale 
contact was unsuccessfully targeted for stratabound 
copper by a joint venture of PG Lewis and CRA 
Exploration (Lewis 1996a, b). The maximum stream 
sediment copper assay obtained was 116 ppm Cu.

Diamonds

Several companies unsuccessfully explored for diamonds 
in the Ord Basin during the late 1970s and 1980s. Thus 
far, no con rmed microdiamonds and few kimberlitic 
indicator minerals have been recovered from the 
Northern Territory portion of the Hardman Syncline. A 
retrospective report of ve small diamonds (Rofeld 1995) 
in stream sediment samples taken in the late 1970s from 
the Negri River between Stirling Creek and Mistake 
Creek was not substantiated by Cooper (1995).

Ashton Mining Ltd, Negri River Corporation Ltd 
and Stellar Minerals NL explored for diamonds during 
the 1980s. Stream gravel samples from Headleys 
Limestone and Nelson Shale outcrop areas yielded non-
kimberlitic chromites (Ashton Mining 1981). Negri River 
Corporation obtained kimberlitic garnets and possibly 
kimberlitic chrome diopsides from stream sediment and 
bulk channel samples (Insearch 1981, 1982, 1983, Lohan 
1983), but follow-up sampling was barren (Lohan 1984a, 
b, Marshall 1985). Pyrope, picroilmenite and chrome 
diopside obtained by Stellar Minerals from the ne 
fraction of heavy mineral concentrates were found to 
be non-kimberlitic (Stewart 1984, Hickling and Stewart 
1985).
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red beds of the Innamincka Formation, in turn overlain by the 
Mudrangie Sandstone (PIRSA 2012, Figure 34.2). Within the 
early Palaeozoic succession, disconformities are recognised 
at three stratigraphic levels and are related to tectonic events. 
Early to late Cambrian intraplate rifting is interpreted to 
have propagated to the north-northwest. The structural style 
superimposed by deformation during the subsequent Alice 
Springs Orogeny follows arcuate northeast trends imposed by 
northwest-directed thrust faults. 

The western Warburton Basin is the larger portion and 
is situated between Proterozoic terranes of the Gawler 
Craton to the south, Musgrave Province to the west and 
Arunta Region to the north. This vast region has attracted 
little seismic and exploration drilling and is consequently 
much more poorly known and understood than the 
eastern part. It was in probable depositional continuity 
with successions of similar age in the Amadeus Basin to 

eastern Warburton Basin to the east of the Birdsville Track 
Ridge. Cambrian depositional areas of the Georgina and 
highly metamorphosed Irindina Province basins to the 
north might also have been continuous with the Warburton 
Basin, at least in part. This vast contiguous depositional 
area formed a large part of the Cambrian–Ordovician 
Centralian B Superbasin (see Centralian Superbasin: 

). In the Northern Territory, the western 
Warburton Basin overlies poorly known Proterozoic 
crystalline basement rocks and is entirely concealed 
beneath the younger Permian–Triassic Pedirka, Mesozoic 

Chapter 34: WARBURTON BASIN CJ Edgoose and TJ Munson

INTRODUCTION

The Warburton Basin is a vast subsurface region 
occurring mostly in northeastern South Australia and 
southeastern Northern Territory, with a small portion in 
southwesternmost Queensland (Figure 34.1). It is an Early 
Palaeozoic pericratonic basin containing an early Cambrian 
and Ordovician succession, with possible Devonian rocks 
observed in some areas (Radke 2009). Gravestock and 

as comprising only Cambrian and Ordovician volcanic 
and sedimentary rocks, and considered the overlying 
post-Ordovician sedimentary succession to be more 
characteristic of the Amadeus Basin. However, in this 
chapter, the overlying ?Late Ordovician to Devonian or 
Early Carboniferous succession is also described.

The basin comprises two parts (Figure 34.1): the eastern 
Warburton Basin (SA), which is separated by the Birdsville 
Track Ridge from the western Warburton Basin (SA and 
NT). The eastern Warburton Basin is essentially a fold belt, 
deformed and uplifted during the 450–300 Ma Alice Springs 
Orogeny of central Australia (or the equivalent Kanimblan 
Orogeny of eastern Australia) and subsequently buried beneath 
the Cooper Basin (SA). Its relatively well studied succession 
consists of the putative early Cambrian Mooracoochie 
Volcanics unconformably overlain by a thick, relatively 
complete middle Cambrian to Middle Ordovician succession 
of the mixed carbonate–siliciclastic Kalladeina Formation/
Dullingari Group, overlain by interbedded shale and sandstone 
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Eromanga and Cenozoic Lake Eyre basins (see Cenozoic 
geology and regolith). An interpreted basement high, the 
Andado Ridge, separates the contiguous Warburton and 
Amadeus basins (Figure 34.3). Much of the Cambrian and 
Ordovician succession can be more readily correlated with 
units of the Amadeus Basin (Figure 34.2), rather than to the 
known succession of the eastern Warburton Basin. ?Late 
Ordovician to Devonian or possibly Early Carboniferous 
strata that overlie these rocks, but underlie the Pedirka 

Amadeus Basin. 
Radke (2009) has suggested that the metamorphic 

extended over the NT portion of the Warburton Basin, 
south to just over the SA-NT border and eastwards into 
Queensland, without affecting the majority of the SA 
portion of the basin. Some weak metamorphism is recorded 
in the sedimentary succession intercepted by drilling in the 
NT, but the age of this interval, and the timing and possible 
relationship of this metamorphism to known tectono-
metamorphic events of the general area is unknown. Large-
scale erosion of Warburton Basin sedimentary rocks is 
postulated for the post-Ordovician period (Radke 2009, 
Sayers et al 2012); however, this is largely deduced from the 
eastern Warburton Basin and may not be applicable to the 

western Warburton Basin. From the Permo-Carboniferous 
to Palaeogene, two major intracontinental downwarps 
were centred to the southeast of the eastern Warburton 
depocentre, causing the Warburton succession to tilt 

accommodated Cooper Basin deposition in northeastern 
SA and southwestern Qld. The second downwarp was 
over a much broader area and resulted in Eromanga Basin 
deposition concealing all of the Warburton Basin.

From the limited seismic data available, Sayers et al 
(2012) recognised six seismic stratigraphic sequences 
in the NT part of the basin (Figure 34.2), all of which 
thicken to the east. In the NT, subsurface Early Palaeozoic 
to Devonian or Early Carboniferous rocks that are 
ascribed to the Warburton Basin have been intersected 
in a number of drillholes penetrating the Eromanga and 
Pedirka basins. Eight petroleum exploration wells record 
probable pre-Late Carboniferous Palaeozoic intervals: 
Hale River-1, McDills-1, Thomas-1, Colson-1, Poeppels 
Corner-1, Simpson-1, Beachcomber-1 and Etingimbra-1 
(Figures 34.3).

include Gatehouse (1986), Gravestock and Gatehouse 
(1995), Gravestock (1995), Sun et al (1997, 1998), Radke 
(2009) and PIRSA 2012.
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CAMBRIAN–ORDOVICIAN

Three main Cambrian depositional sequence sets (1–3), 
typical of the SA Cambrian, are recognised in the western 
Warburton Basin (Gravestock 1995). Sequence sets 1 and 2 
are early Cambrian, and Sequence set 3 is late early to late 
middle Cambrian in age. In the NT, unnamed successions 
in a number of drillholes have been tentatively assigned 

variation between the Warburton Basin successions 

correlate units and age from drillhole to drillhole, as well 

Amadeus, Georgina and eastern Warburton basins.

Sequence set 1

Drillholes McDills-1 and Thomas-1 in the NT are 
interpreted to intersect Cambrian Sequence set 1. In 

McDills-1, Sequence set 1 forms the majority of a 
452 m-thick carbonate unit of dark grey microcrystalline 
dolostone with thin bands of light grey microcrystalline 
limestone and dark shale (Amerada Petroleum 1965, 
Figure 34.4). Gravestock (1995) has suggested from 
wireline logs that this carbonate unit could be divisible 
into three sub-units: a lower 147 m-thick sub-unit of 
micaceous dolostone; a middle 222 m-thick sub-unit of 
limestone and lesser dolostone; and an upper 83 m-thick 
sub-unit of featureless grey dolostone. A thin limestone 
bed within the middle sub-unit bears the small skeletal 
fossils Micrina etheridgei and ‘Nisusia’ compta (Gilbert-

which are characteristic of the early Cambrian Faunal 
Assemblage 2 of Daily (1956). The carbonate unit can 
thus be correlated with the Todd River Dolostone of the 
Amadeus Basin (Figure 34.2), which also has elements 
of this faunal assemblage as well as archaeocyathids and 
other shallow marine remains (eg Laurie 1986). However, 

Figure 34.3. SEEBASETM depth-to-basement image (after Pryor and Loutit 2005) with NT geological region boundaries for reference, 
showing probable extent of subsurface Warburton Basin in the NT, location of drillholes intersecting Warburton Basin strata and seismic line 
of Figure 34.5. Yellow–brown tones are interpreted Proterozoic basement highs; blue–green tones are interpreted depocentres. Northerly 
limits of Warburton Basin deposition follow southern margins of Arunta Region. Interpreted boundary between Amadeus and Warburton 
basins is positioned along Andado Ridge. Box shows location of Figure 34.9. Location of structural trends is approximate: D-MR = Dalhousie-
McDills Ridge; HT = Hallows Trend; HF = Hector Fault; PFZ = Pellinor Fault Zone; BT = Border Trend; EBT = East Border Trend (see also 
Pedirka Basin: gure 38.2).
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Eromanga basins succession (Wiltshire 1982). These 
sedimentary rocks were interpreted to represent low-
energy, shallow shelf environments, and were considered 
to be correlatives of late Neoproterozoic or early Cambrian 
successions of the Amadeus and Georgina basins.

A minimum 298 m thickness of claystone, volcanigenic 
conglomerate, tuffaceous agglomerate and interlayered 

Figure 34.5), intruded by feldspathic 
dykes and possible andesitic sills, intersected in drillhole 
Hale River-1, was interpreted as ?Proterozoic basement 
by Amerada Petroleum (1966), but may be the early 
Cambrian Mooracoochie Volcanics or a correlative. The 
Mooracoochie Volcanics of the eastern Warburton Basin 
(Figure 34.2) comprise acid–intermediate volcanic rocks, 

rocks in this succession, as have been described from 
Hale River-1. Other potential correlatives are rift-related 

north, which have been subsequently metamorphosed to 
granulite facies so that their intrusive or extrusive origin 
cannot be determined, or the Late Devonian volcanigenic 
succession that was intersected in Poeppels Corner-1 (see 
below).

Sequence sets 2 and 3

Sequence set 2 is interpreted to be an equivalent of the 
Chandler Formation and Hugh River Shale of the Amadeus 
Basin, and in McDills-1 is represented by mudstone 
overlying dolostone of Sequence set 1 (Gravestock 1995), 
or possibly by the upper sub-unit of the underlying 
dolostone succession (see above). Cambrian Sequence 
set 3 is correlated with the middle Pertaoorrta Group of the 
Amadeus Basin (Figure 34.3), but has not been described 
from any of the drillholes in the NT. 

Unassigned strata

In Colson-1, 42 m of muscovite-chlorite phyllite or slate 
with an interpreted structural cleavage was intersected 
below the Permian succession of the Pedirka Basin 
(Beach Petroleum 1979). This low-grade metamorphosed 

of the Amadeus or Georgina basins, and may represent 
an older succession. Similarly, Beachcomber-1 intersected 
39.5 m of siliceous metasedimentary rocks with biotite, 
pyrite and vein quartz at its base (Dee 1988), and this 
succession may also represent basement rather than 
Warburton Basin sedimentary rocks. However at present, 
both of these drillholes sit within the interpreted margin of 
the western Warburton Basin.

In McDills-1, a succession of red beds overlies the 
Cambrian succession ( ) and is probably 
equivalent to red beds of the Innamincka Formation of 
the eastern Warburton Basin. It also probably correlates 
with either the Ordovician Pacoota Sandstone (Larapinta 
Group), or the slightly younger Stairway Sandstone of the 
Amadeus Basin (Figure 34.2). This succession comprises 

white, red-brown, tight to indurated sandstone, locally 
gypsiferous, with minor red and green shale intervals. 

0 5 cm A12-188.ai

Figure 34.4. Laminated calcareous siltstone from Todd River 
Dolostone equivalent unit in core from drillhole McDills-1 at 
2935.8 m. 

Figure 34.5. Basalt in core from drillhole Hale River-1 at 

Gravestock (1995) has suggested that there might be a 
disconformity between the middle and upper sub-units 
and that it is therefore possible that the upper sub-unit may 
instead be equivalent to the younger Chandler Formation 
or Giles Creek Dolostone of the Amadeus Basin. In 
Thomas-1, 157 m of indurated, hard, steeply-dipping, silty, 

and quartzite intervals, was intersected below the Pedirka/



34:5

Warburton Basin

?LATE ORDOVICIAN–DEVONIAN OR EARLY 
CARBONIFEROUS

In McDills-1, approximately 340 m of red-brown to orange, 

bedded and locally calcareous (Figure 34.7), overlies 
the Ordovician succession, and is considered equivalent 
to the ?Upper Ordovician–?Upper Devonian (but most 
likely Silurian) Mereenie Sandstone of the Amadeus Basin 
(Figure 34.2). Overlying this succession is just over 1000 m of 
sedimentary rocks that probably correspond to the Devonian 
Finke Group of the Amadeus Basin, with equivalents of all 
four formations (Polly Conglomerate, Langra Formation, 
Horseshoe Bend Shale, Idracowra Sandstone) present. In 
Etingimbra-1 to the south-southeast, an intersection of just 
over 250 m was assigned to the Finke Group by Osborne and 
Edwards (1990); this succession comprises an upper 41 m of 
sandstone and claystone attributed to the Idracowra Sandstone, 
and a lower 218 m of massive sandstone with minor claystone 
correlated with the Langra Formation section in McDills-1. 
A disconformity, related to the absence of a unit equivalent 
to the intervening Horseshoe Bend Shale, has been described 
between these two units. Approximately 50 m of shale, and 
interbedded kaolinitic and pebbly sandstone above the basal 
volcanic succession in Hale River-1 (Amerada Petroleum 
1966) is also considered to be equivalent to the Devonian Finke 

conditions. A thin (1.2 m) andesite with 207 m of associated 
agglomerate in Poeppels Corner-1 (Arco Australia 1985) 
has yielded a K-Ar date of 384 ± 3 Ma (Late Devonian). The 
andesite and agglomerate dip at about 30°, and were interpreted 

0 5 cm A12-185.ai 0 2 cm A12-186.ai

un-named unit overlying Todd River Dolostone equivalent unit in 
core from drillhole McDills-1 at 2725.8 m.

Figure 34.7. Characteristic red medium-grained sandstone 
from Mereenie Sandstone equivalent unit in core from drillhole 
McDills-1 at 2471.9 m.

to be a response to uplift and erosion in the Late Devonian–
Carboniferous, as constrained by an angular unconformity 
with the overlying Permian succession of the Pedirka Basin. It 
is possible that the undated volcanic succession in Hale River-1 
(see Sequence set 1 above) is actually a correlative of Devonian 
volcanic rocks dated in Poeppels Corner-1. In Simpson-1, an 
interval of red-brown to grey-brown silty shale marks the top 
of the Warburton Basin succession, and is in sharp contact 
with overlying well sorted ?aeolian sandstones with very poor 
porosity (Central Petroleum 2009). 

Recent seismic surveys in the NT portion of the western 
Warburton Basin have shown the existence of a carbonate 
rimmed platform (Erec Carbonate Platform Complex), 
which is up to 750 m thick, and reef complex (Pellinor 
Barrier Reef Complex), which is up to 1700 m thick, 
beneath the Eromanga and Pedirka basin successions 
(Ambrose 2008, Central Petroleum 2011, Ambrose et al 
2012, Figure 34.8). Various elements of the carbonate 
complexes, including platform, rim, reef, channel and 
fan facies, occur at depths in the range 2300–3500 m. 
The age of the Warburton Basin succession in this area 
is conjectural, but the presence of mild uplift and erosion 
at the pre-Permian unconformity is clearly recognised on 
seismic sections and corresponds to mild epeirogenesis 
during the 450–300 Ma Alice Springs Orogeny (Ambrose 
2008). The carbonate platform is pre-Permian as it underlies 
Early Permian stratigraphic units; Ambrose (2008) and 
Ambrose et al (2012) speculated that it may be equivalent 
to Devonian carbonate build-up/reef successions in the 
Canning and Bonaparte basins. However, the age of this 
interval is equivocal and it is also possible that it represents 
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an older carbonate succession, possibly Ordovician in age 
(Sayers et al 2012, J Sayers, Central Petroleum Ltd, pers 
comm 2012). Unexposed Ordovician carbonate reefs are 
also known from the Canning Basin.

STRUCTURE AND TECTONIC HISTORY

The western Warburton Basin succession has been folded 
into a number of northeast- to north-trending anticlinal 
structural ridges (trends), separating or segmenting the 
main depocentres of the overlying basins (see Pedirka 

, 38.3, Figure 34.3). Some of the 

collinear Dalhousie-McDills Ridge, Hallows Trend and 
Hector Trend, and the Border, Colson, Macumba-Bejah, 
East Border and Poolowanna-Thomas trends. These 

are interpreted to be composed of folded and faulted pre-
Permian sedimentary rocks (Questa 1990, Hibburt and 

with the exception of the ridges immediately to the east of 
the Eringa Trough (Pedirka Basin), are mostly downthrown 
to the east (Questa 1990). These structural ridges were most 
likely to have been formed during the later stages of the 
450–300 Ma Alice Springs Orogeny, by analogy with the 
probable Carboniferous age of deformation in the eastern 
Warburton Basin (Gravestock et al 1995, Apak et al 1995). 
Many of the marginal faults also experienced Mesozoic 
and Cenozoic reverse movements, but they have a long 
history and there is evidence that they have been repeatedly 

reactivated during the Phanerozoic. A series of northwest-
trending, down-to-basin normal faults, the Pellinor Fault 
Zone (Figures 34.3, 34.9; see Pedirka Basin
southern margin of the Hale River High and may have 
controlled deposition in the northern Warburton Basin 
during the Devonian–Carboniferous. These faults were 
reactivated as steep reverse faults in the Miocene (Ambrose 
2008, Ambrose et al 2012).

Drill sections record some effects of the 450–300 Ma 
Alice Springs Orogeny in the western Warburton Basin, 
with moderate to steeper dips recorded in some of the 
Palaeozoic succession (eg in Thomas-1). However, the lack 

assess the nature of any deformational effects. Ambrose 
(2008) reported only minor Miocene rejuvenation on steep, 

Palaeozoic succession during the Alice Springs Orogeny in 
the region of the ?Devonian carbonate-reef platform. The 
presence of a thick succession of the synorogenic Devonian 
Finke Group equivalent in McDills-1, Hale River-1 and 
Etingimbra-1, indicates that at least part of the basin acted as 
a foreland trough at this time, analogous to the southeastern 
Amadeus Basin. The absence of the Cambrian–Ordovician 
sedimentary succession in Hale River-1 suggests the loss 

is located, and this could be attributed to early phases of the 
Alice Springs Orogeny (Amerada Petroleum 1966).

Although the western Warburton Basin is temporally 
analogous to the Amadeus and Georgina basins, 
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particularly during the Cambrian and Ordovician, and 

the three basins, there also appears to be some marked 
contrasts in basin history. If the presumably rift-related 

Cambrian in age, it has no equivalents in either the 
Amadeus or Georgina basins. Possibly the Warburton 
Basin may have been the locus of rifting associated with 
the Cambrian extension recorded in these two basins, 
although the presence of thick Cambrian deposits in the 
southern Georgina Basin suggest that this area may have 
been the main locus of Cambrian deposition (see Georgina 
Basin)
a rift setting do occur in the now highly metamorphosed 
Irindina Province of the Arunta Region to the north of the 
Warburton Basin (Figure 34.3), interpreted as a deeply 
buried and subsequently exhumed deep depocentre of the 
Amadeus-Georgina basins depositional system during the 
late Neoproterozoic–Cambrian. 

The Devonian settings of the western Warburton and 
eastern Amadeus basins seem to be largely analogous during 
the deposition of the Finke Group, with a full section of rocks 
equivalent to this Amadeus Basin unit  present in McDills-1, 
and a thinner succession encountered in Hale River-1 and 
Etingimbra-1. The Finke Group is interpreted to have  been 
deposited in response to largely compressional deformation 
during the Alice Springs Orogeny. However, the Warburton 

Carboniferous in age, has no known counterpart in the 
Amadeus Basin. Ambrose (2008) interpreted that this carbonate 
complex was controlled by salient basement faults that were 
largely extensional during the Devonian–Carboniferous, 
with very large displacements of up to 2 km (eg Pellinor Fault 

Zone, Figures 34.3, 34.9). An extensional setting during this 
period is also indicated by Devonian volcanism in Poeppels 
Corner-1, the most easterly of the drill intersections. These 
proposed extensional settings are in contrast with the largely 
compressional deformation of the Alice Springs Orogeny.

MINERAL RESOURCES

Petroleum

Petroleum exploration programs that have encountered the 
western Warburton Basin succession in the NT have been 
mostly targeted at overlying Pedirka–Eromanga basin 
plays and the hydrocarbon potential of this deeply buried 
basin is therefore largely untested. Potential source rocks, 
thermal maturity, reservoir rocks, seals and possible trap 

evaluated and the presence of a Palaeozoic petroleum system, 
analogous to those of the contiguous Amadeus Basin, 
is yet to be demonstrated. Nevertheless, the Warburton 

accumulations in both its clastic and carbonate successions. 
Potential reservoir rocks are relatively common within 

the Palaeozoic clastic succession. For example in McDills-1, 
a thick section of alluvial quartz clastic rocks, including 
conglomerate, sandstone and minor shale, contains potential 
reservoir rocks at a number of levels, including the Mereenie 
Sandstone equivalent (Amerada Petroleum 1965, Ambrose 
2008). Generative source rocks and effective stratigraphic 

However, excellent source rocks are present in Permian and 
younger rocks of the overlying Pedirka and Eromanga basins, 
and there is some potential for structural traps updip from 
these source rocks, where they have been juxtaposed against 
older reservoir rocks by faulting (see Pedirka Basin).

The recognition of possible rimmed platform and barrier 
reef facies in the northern Warburton Basin (Ambrose 2008, 
Central Petroleum 2011, Ambrose et al 2012, Sayers et al 
2012) allows for a variety of potential petroleum reservoirs 
and stratigraphic traps that could contain commercial 
hydrocarbon accumulations. Potential targets are at viable 
depths of 2500–3500 m and include, for the barrier reef 
complex (Pellinor prospect, Figure 34.9), fringing reef, 
back reef, barrier reef, channelised fore reef slope and toe-
of-slope apron clastic rocks. For the carbonate platform 
(Erec and Lucan prospects), potential targets include the 
inner platform, carbonate mound facies, platform rim, fore 
reef slope and toe-of-slope apron clastic rocks. All of these 
facies have reservoired hydrocarbons in different basins 
around the world (Ambrose 2008, Ambrose et al 2012). 
Potential source rocks might be present in basinal, fore 
reef, back reef and barrier reef facies (Central Petroleum 
2011, Ambrose et al 2012). Possible reservoir–seal couplets 
and modes of entrapment include: (1) transgressive marine 
shales capping barrier reef reservoirs either internally or at 
the top of the succession; (2) transgressive marine shale/
evaporites capping back reef reservoirs; (3) sealing of back 
reef/fringing reef facies against the Pellinor Fault Zone to 
the south of the Hale River High; and (4) shale seal isolating 
fore reef slope clastic rocks from the barrier reef facies 
(Central Petroleum 2011, Ambrose et al 2012). 
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Creek Orogen. To the west, it is unconformably overlain by 
relatively undeformed Mesozoic and Cenozoic sedimentary 
rocks of the Money Shoal Basin, which are up to 4.5 km 
thick (Figure 35.2). This succession is continuous with that 
of the Bonaparte Basin to the west, but thins rapidly to the 
east, so as to form the onlapping edge of a vast Mesozoic 
to Cenozoic depositional area that extends over much of 
offshore northwestern Australia (Bradshaw et al 1990, 
Struckmeyer 2006b). Mesozoic and Cenozoic sedimentary 
rocks of the Carpentaria Basin onlap the Arafura Basin 
to the east and southeast, and are up to 1760 m thick. The 
northern limits of the Arafura Basin are not well de ned, 
although seismic data indicate that it extends towards 
the Aru Ridge and Merauke Rise to the south of Papua, 
Indonesia (Moss 2001). Palaeozoic sedimentary rocks are 
also known from central Papua, indicating that the original 
limits of the basin prior to Mesozoic tectonism may have 
been at least this far to the north (Fortey and Cocks 1986, 
Nicoll and Bladon 1991). To the northwest, the poorly 
explored Barakan Basin in Indonesian waters is of similar 
age and has a similar structure to that of the Arafura Basin 
(Barber et al 2004).

This chapter focuses on the onshore sedimentary 
succession of the Arafura Basin in the NT. A full discussion 
of the other components of the basin is beyond the scope 
of this volume, although brief summaries of the offshore 
successions are also included. Signi cant studies of the 
Arafura Basin and in particular, the onshore succession, 
include Plumb (1963,1965), Rix (1964a, 1965), Dunnet 
(1965), Petroconsultants (1989), Bradshaw et al (1990), 
McLennan et al (1990), Plumb and Roberts (1992), Rawlings 
et al (1997), Carson et al (1999), Struckmeyer (2006a, b), 
Totterdell (2006), Geoscience Australia (2008, 2012) and 
Zhen et al (2011).

Chapter 35: ARAFURA BASIN M Ahmad and TJ Munson

INTRODUCTION

The Neoproterozoic to Permian Arafura Basin extends 
from the onshore Northern Territory into Indonesian waters 
(Figure 35.1) and covers an area of about 500 000 km2. 
Structurally, the basin consists of northern and southern 
sections separated by the large deformed Goulburn Graben 
(Bradshaw et al 1990; equivalent to Arafura Graben of 
Petroconsultants 1989). The Goulburn Graben is a west-
northwest-trending asymmetric feature, over 350 km long 
and up to 70 km wide, that contains a sedimentary section 
in excess of 10 km thick. The region to the north of the 
Goulburn Graben forms the basin’s main depocentre and 
contains a sedimentary succession up to 15 km thick 
(Figures 35.2, 35.3). South of the Goulburn Graben a north-
dipping relatively undeformed ramp that extends onshore 
contains up to 3 km of sedimentary rocks. The Arafura 
Basin succession comprises sandstone, shale, limestone, 
dolostone, coal beds and glacial deposits and is summarised 
in Figure 35.4 and Table 35.1. Totterdell (2006) described 
four main phases of deposition within the basin (Basin 
phases 1–4) in the Neoproterozoic (Wessel Group), middle 
Cambrian–Early Ordovician (Goulburn Group), Late 
Devonian (Arafura Group) and Late Carboniferous–Early 
Permian (Kulshill Group equivalent). These basin phases 
were separated by long, relatively tectonically quiescent 
periods of non-deposition and erosion. Neoproterozoic and 
Cambrian sedimentary rocks, which outcrop on the northern 
extremity of Arnhem Land, from east of the Cobourg 
Peninsula to the Wessel Islands and extending inland up 
to about 80 km, are the only onshore manifestation of the 
basin. 

The Arafura Basin succession is underlain by Palaeo- 
to Mesoproterozoic rocks of the McArthur Basin and Pine 
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NEOPROTEROZOIC TO ?EARLY CAMBRIAN: 
BASIN PHASE 1

Wessel Group

Deposition in the Arafura Basin commenced in the 
Neoproterozoic during a period of upper crustal extension 
that resulted in the formation of a series of half grabens, 
which form an overall northeast-trending depocentre in 
the northern basin that continues into Indonesian waters 

(Totterdell 2006, Figure 35.3, see Structure and tectonics). 
The ll of these half grabens and the overlying sag phase 
sedimentary rocks comprise the Wessel Group (Plumb et al 
1976, Figure 35.2, 35.4), which is a succession of shallow 
marine, mostly quartz sandstone, mudstone and minor 
carbonate rocks. It is the only part of the basin, along with 
the middle Cambrian Jigaimara Formation (basal Goulburn 
Group), that is exposed onshore, where it reaches a composite 
thickness estimated to be about 2300 m (Rawlings et al 
1997). Offshore, in the central part of the basin, it reaches 
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a maximum thickness of about 10 000 m (Totterdell 2006). 
The group outcrops in an arcuate belt along the northwestern 
coastline of the Territory, from WESSEL ISLANDS-
TRUANT ISLAND1, through northern and western 
ARNHEM BAY, to eastern and northern MILINGIMBI 
and JUNCTION BAY (Figure 35.5). It unconformably 
overlies various formations of the McArthur Basin and 
is overlain, probably disconformably, by the Jigaimara 
Formation. The onshore Wessel Group comprises, in 
ascending order, the Buckingham Bay Sandstone, Raiwalla 
Shale, Marchinbar Sandstone and Elcho Island Formation 
(Table 35.1). These generally form an arcuate to linear 
outcrop tract parallel to the preserved margins of the basin 
with the younging direction northward towards the basin’s 
offshore depocentre. Seismic data indicate that the basal, 
offshore rift- ll succession of the group is not represented 
in onshore areas (Totterdell 2006).

The age of the Wessel Group is poorly constrained 
between underlying Mesoproterozoic basement rocks 
and the overlying middle Cambrian Jigaimara Formation 
(Goulburn Group). It was originally considered to be 
Neoproterozoic after Rb-Sr and K-Ar minimum dates 

1 Names of 1:250 000 mapsheets are in large capital letters, eg 
MILINGIMBI.

of 790 and 770 Ma, respectively, were determined for 
a single glauconite from the Elcho Island Formation at 
the top of the group (McDougall et al 1965). Plumb et al 
(1976) reinterpreted the age of the entire Wessel Group as 
Cambrian, based on the purported presence of Skolithos 
trace fossils in the Buckingham Bay Sandstone (Plumb 
1963, Dunnet 1965), and the discovery of a middle 
Cambrian metazoan fauna in what was then considered 
to be the Elcho Island Formation. However, Rawlings 
et al (1997) reinterpreted the Skolithos trace fossils as 
abiogenic dewatering structures and assigned the metazoan 
fauna to the Jigaimara Formation. The discovery of the 
carbonaceous fossil Chuaria in the Raiwalla Shale (Haines 
1998) subsequently reaf rmed a Neoproterozoic age for the 
group, although an early Cambrian age for the top of the 
group cannot be discounted. 

The Wessel Group is probably equivalent in age to 
Supersequence 3 and 4 rocks of the Centralian A Superbasin 
to the south (see ).

Buckingham Bay Sandstone
The Buckingham Bay Sandstone (Plumb and Roberts 1992) 
unconformably overlies various units of the McArthur Basin 
and is overlain conformably by the Raiwalla Shale. The 
formation outcrops in a broad gently dipping arc around 
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the margin of the onshore Arafura Basin in southwestern 
JUNCTION BAY, MILINGIMBI, ARNHEM BAY and 
southeastern WESSEL ISLANDS (Figure 35.5), and 
is best exposed near the coast of Flinders Peninsula and 
adjacent islands, with exposures becoming more broken and 
disintegrating into sand inland (Rawlings et al 1997, Carson 
et al 1999). In the absence of a complete section through the 
formation, Plumb and Roberts (1992) nominated a reference 

area on the northwestern side of Flinders Peninsula around the 
mouth of the Kurala River. The formation is estimated to be 
about 350 m thick near its type locality (Rawlings et al 1997).

The basal unit consists of massive to at-bedded, cross-
bedded, and occasionally rippled, medium- to coarse-
grained and sometimes pebbly, medium- to very thickly 
bedded, white to pale pink and yellow (with local red 
iron-oxide staining) sandstone. A local basal breccia or 

Unit, max thickness, 
(distribution) Lithology Depositional 

environment Stratigraphic relationships

Carboniferous–Permian
KULSHILL GROUP EQUIVALENT
5000 m (offshore) Interbedded sandstone, siltstone and claystone, 

with minor coal, and dolomitic rocks; palyno ora.
Fluvial to marginal 
marine to shallow 
marine.

Unconformable on Arafura Group 
succession. Unconformably overlain by 
Jurassic–Cenozoic Money Shoal Basin 
succession.

Late Devonian
ARAFURA GROUP
Darbilla Formation,
380 m (offshore)

Mudstone, sandy siltstone and lesser interbedded 
sandstone; includes ning-upward intervals; 
palyno ora.

Non-marine, 
possibly sabkha or 
tidal at, and uvial.

Apparently conformable on Yabooma 
Formation. Unconformably overlain by 
Jurassic Money Shoal Basin succession.

Yabooma Formation,
335 m (offshore)

Interbedded siltstone with dolomitic intervals, 
occasional thin sandstone beds; sparse fossil fauna 
of conodonts, sh and bryozoans.

Nearshore shallow 
marine.

Unconformable on Djabura Formation. 
Apparently conformably overlain by Darbilla 
Formation, or unconformably overlain by 
Jurassic Money Shoal Basin succession.

Djabura Formation,
466 m (offshore)

Interbedded, mudstone, siltstone, sandstone and 
minor carbonate rocks; diverse fossil fauna, 
including conodonts, ostracods, phosphatic 
brachiopods, conulariids and sh fossils; 
palyno ora.

Nearshore shallow 
marine.

Unconformable on Goulburn Group 
succession. Unconformably overlain by 
Yabooma Formation, or by Kulshill Group 
equivalent.

middle Cambrian to Early Ordovician
GOULBURN GROUP
Mooroongga Formation,
201 m (offshore)

Shale, limestone, sandstone, glauconitic sandstone, 
minor chert, dolomitic in part; becomes more 
calcareous up-section; limited conodont fauna.

Shallow marine. Probably conformable on Milingimbi 
Formation. 

Milingimbi Formation,
169 m (offshore)

Dolostone, limestone, glauconitic sandstone, shale; 
becomes more siliciclastic up-section; conodont 
faunas.

Shallow marine. Conformable on Naningbura Dolomite. 
Probably conformably overlain by 
Mooroongga Formation, or unconformably 
overlain by Arafura Group.

Naningbura Dolomite
1128 m (offshore)

Dolostone with silty dolostone intervals; conodont 
fauna near top.

Shallow marine. Apparently conformable on Jigaimara 
Formation.

Jigaimara Formation
470 m (offshore and 
onshore)

White to grey interbedded limestone, shale and 
dolostone, silici ed to chert and brecciated; 
possible microbial laminations; rich fossil fauna 
of trilobites, bradoriids, hyoliths, lingulate 
brachiopods and sponge spicules. 

Low-energy, shallow 
marine, probably 
subtidal.

Disconformable or unconformable on Elcho 
Island Formation.

Neoproterozoic to ?early Cambrian
WESSEL GROUP
Elcho Island Formation 
650–700 m (onshore)

Fine- to coarse-grained, thinly to medium bedded 
sandstone, often calcareous or dolomitic and 
locally glauconitic, with cross-beds, ripples, 
current lineations and load casts; minor mudstone 
interbeds; occasional carbonate intervals, locally 
strongly leached or silici ed to chert breccia

Shallow marine, 
occasional exposed; 
periodic evaporitic 
conditions.

Locally disconformable or possibly 
conformable on Marchinbar Sandstone.

Marchinbar Sandstone
300 m (onshore)

White, quartz-rich, ne- to medium-grained 
sandstone, mostly medium bedded, with horizontal 
laminations, trough cross-beds, wave and current 
ripples, rare desiccation cracks.

Relatively high-
energy very shallow 
marine.

Conformable and gradational on Raiwalla 
Shale.

Raiwalla Shale
1000 m (onshore)

Grey and green micaceous mudstone, red-brown 
when weathered, interbedded with ne- to 
medium-grained tabular sandstone.

Subtidal marine 
shelf, gradual 
upward shallowing 
with increasing 
storm in uence.

Conformable with sharp contact on 
Buckingham Bay Sandstone.

Buckingham Bay 
Sandstone 
350 m (onshore)

White, grey, pale pink, yellow and red, ne-
to coarse-grained, mostly medium to thickly 
bedded sandstone, with common cross-beds and 
occasionally ripples; rare mudstone interbeds; 
local basal breccia and conglomerate.

High-energy 
shallow marine.

Unconformable on McArthur Basin 
succession.

Table 35.1. Summary of Palaeozoic stratigraphic succession of the Arafura Basin.
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conglomerate, up to several metres thick, contains poorly 
sorted angular clasts up to boulder size in a sandstone 
matrix (Rawlings et al 1997). Higher in the succession, 
pale grey, medium-grained, thickly bedded, massive to 
weakly at-bedded sandstone is interbedded with recessive, 
ferruginous and micaceous, thinly bedded, ne-grained 
sandstone and mudstone. Near the top of the formation, the 
lithology tends to be more uniform, comprising medium-
grained, medium- to thickly bedded sandstone, varying 
from white to red and yellow with weathering. No metazoan 
fossils have been found in the Buckingham Bay Sandstone 
and purported Skolithos trace fossils recorded by Plumb 
(1963) and Dunnet (1965), and used to suggest a Cambrian 
age for the entire Wessel Group by Plumb et al (1976), were 
subsequently interpreted as having been caused by the 
dewatering of uidised sand, and are therefore abiogenic 
(Rawlings et al 1997).

The Buckingham Bay Sandstone is interpreted to 
have been deposited in a high-energy shallow marine 
environment. The formation probably correlates with 
the similar Bukalara Sandstone of the central northern 
Georgina Basin, which unconformably overlies the southern 
McArthur Basin succession (Pietsch et al 1991). 

Raiwalla Shale
The Raiwalla Shale (Plumb and Roberts 1992) outcrops 
poorly in a broad arcuate belt through MILINGIMBI and 
ARNHEM BAY (Figure 35.5). It overlies the Buckingham 
Bay Sandstone with a sharp concordant contact and is 
overlain conformably and gradationally by the Marchinbar 
Sandstone. The formation comprises mudstone with very 

ne- to medium-grained tabular sandstone interbeds 
(Rawlings et al 1997). The lower mudstone-rich part of 
the formation is very recessive and is poorly exposed. 
Sandstone scree dominates most surface exposures, so that 
it is dif cult to determine the ratio of sandstone to shale. 
Better exposures in the upper half of the formation probably 
re ect an increasing proportion of sandstone interbeds up-
section. An accurate thickness cannot be determined for 
the formation due to very shallow dips and the poor nature 
of outcrop, but it is estimated to be of the order of 1000 m 
(Rawlings et al 1997). Plumb and Roberts (1992) nominated 
a reference area for the formation around the Woolen River 
in ARNHEM BAY.

Mudstone is micaceous, at- to wavy-laminated and 
ssile (shaly). Sandstone varies from quartz-rich to lithic 

to micaceous, is ne- (dominant) to medium-grained, and 
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is thinly to medium bedded, with a few packets containing 
thicker beds. The sandstone typically displays at- to wavy- 
and some cross-lamination, and wave and current ripples 
are common on bed tops. Synaeresis cracks and mudclasts 
are also common, and soft-sediment deformation features 
are present locally. Small (millimetre-sized) iron-oxide 
inclusions, which are locally abundant, suggest that some 
intervals of the formation are pyritic in the subsurface. 
No metazoan or trace fossils have been recorded from the 
Raiwalla Shale, but carbonaceous impressions assigned to 
Chuaria have been used to assign a Neoproterozoic age to 
the unit (Haines 1998).

The Raiwalla Shale was probably deposited under 
subtidal, marine shelf conditions (Rawlings et al 1997). 
The basal contact is probably a marine ooding surface and 
represents a rapid deepening from the very shallow water 
conditions interpreted for the Buckingham Bay Sandstone. 
There is evidence for gradual upward shallowing with 
increasing storm in uence through the succession 
(Rawlings et al 1997). The Raiwalla Shale is correlated with 
the Cox Formation of the central northern Georgina Basin; 
this unit overlies the Bukalara Sandstone, an equivalent of 
the Buckingham Bay Sandstone (Pietsch et al 1991).

Marchinbar Sandstone
The Marchinbar Sandstone conformably and gradationally 
overlies the Raiwalla Shale and outcrops in a relatively linear 
belt through western TRUANT ISLAND, southeastern 
WESSEL ISLANDS, northwestern ARNHEM BAY and 
eastern MILINGIMBI (Figure 35.5). It was de ned by 
Plumb and Roberts (1992), who nominated a reference 
section on Marchinbar Island in WESSEL ISLANDS. 
The formation generally outcrops poorly, with exposures 
commonly restricted to places where creeks have eroded 
through the regional laterite capping. It is an estimated 
300 m thick in the vicinity of the Woolen River (ARNHEM 
BAY), where the most complete exposed section is located 
(Rawlings et al 1997). The upper contact with the Elcho 
Island Formation is regionally concordant, but at the only 
locality where the actual point of contact can be seen, the 
boundary is erosional and marked by a thin granule and 
pebble lag, suggesting the possibility of at least a local 
disconformity at this level (Rawlings et al 1997). 

The Marchinbar Sandstone is composed largely of clean, 
white quartz sandstone, which is dominantly medium-
grained, but which includes some ne-grained beds, 
mainly near the base. Thin red, ferruginous and matrix-
rich intervals are a minor component of the formation. 
Mudclasts are very common near the base, but decrease in 
abundance upwards. Most of the unit is medium-bedded, 
although more thinly and thickly bedded intervals are 
also present. Sedimentary structures include common 
horizontal lamination, trough cross-bedding, wave and 
current ripples, and rare desiccation cracks (Rawlings et al 
1997). No metazoan or trace fossils have been found in the 
formation and its interpreted Neoproterozoic age is based 
entirely on its stratigraphic position (Zhen et al 2011). A 
relatively high-energy very shallow marine environment is 
interpreted for the unit and it probably represents the top 
of a shoaling cycle that began in the lower Raiwalla Shale 
(Rawlings et al 1997). 

Elcho Island Formation
The Elcho Island Formation outcrops extensively in 
southern WESSEL ISLANDS, northwestern ARNHEM 
BAY and northeastern MILINGIMBI (Figure 35.5), along 
the coasts of northern Arnhem Land and Elcho, Howard 
and Banyan islands, and it is also sparsely exposed inland 
above the slightly more resistant Marchinbar Sandstone. It 
was de ned by Plumb and Roberts (1992), who nominated 
a reference section as cliff outcrops on Elcho Island, but 
was rede ned in Rawlings et al (1997), who nominated a 
type locality in western ARNHEM BAY. The formation is 
at least locally disconformable, or possibly conformable on 
the Marchinbar Sandstone and is probably disconformably 
overlain by the Jigaimara Formation of the Goulburn Group. 
A thickness of 650–700 m is estimated for the Woolen River 
area (Rawlings et al 1997). 

The Elcho Island Formation is a succession of ne- to 
coarse-grained, locally glauconitic, thinly to medium-bedded 
sandstone, generally interbedded with minor mudstone and 
chert. Sedimentary structures include trough and tabular 
cross-beds, wave and current ripples (Figure 35.6a), current 
lineations and load casts. The succession is sometimes 
calcareous or dolomitic, and chert breccia and leached rocks 
after carbonate are present locally. The age of the formation is 
poorly constrained between the Neoproterozoic lower Wessel 
Group and the middle Cambrian Jigaimara Formation, but 
a Neoproterozoic age is more likely from the absence of 
metazoan or trace fossils, and from radiometrically dating of 
a single glauconite from low in the Elcho Island Formation 
(McDougall et al 1965) at about 770 Ma (K-Ar) and 790 Ma 
(Rb-Sr). The Elcho Island Formation was deposited under 
shallow marine shelf conditions, which at times, reached the 
point of exposure and desiccation (Figure 35.6b). Periodic 
evaporitic conditions are indicated by halite pseudomorphs 
and desiccation cracks near the base and top.

MIDDLE CAMBRIAN TO EARLY ORDOVICIAN: 
BASIN PHASE 2

Goulburn Group

The early middle Cambrian–Early Ordovician Goulburn 
Group (Petroconsultants 1989, McLennan et al 1990, 
Bradshaw et al 1990, Nicoll et al 1996, Rawlings et al 1997) 
disconformably or unconformably overlies the Wessel 
Group and is unconformably overlain by the Late Devonian 
Arafura Group. It has sag- to sheet-like geometry and is 
structurally conformable with the upper, post-rift portion 
of the Wessel Group. The succession reaches a maximum 
thickness of about 2000 m in the offshore central part of 
the northern Arafura Basin and contains, in ascending 
order, the Jigaimara Formation, Naningbura Dolomite, 
Milingimbi Formation and Mooroongga Formation. 
The basal part of the Jigaimara Formation is exposed in 
southern WESSEL ISLANDS, northwestern ARNHEM 
BAY and northeastern MILINGIMBI (Figure 35.5), 
but the upper part of the unit and the other formations 
are only intersected in petroleum exploration drillholes 
in the Arafura Sea (Figure 35.4). The Goulburn Group 
represents prolonged deposition on a shallow marine shelf 
in a stable intraplate setting. 
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The age of the Goulburn Group has been established 
from the presence of a middle Cambrian marine fauna in 
the basal Jigaimara Formation and from Early Ordovician 
conodont faunas in the Milingimbi and Mooroongga 
formations (Zhen et al 2011). In offshore drillhole Money 
Shoal-1, unnamed and poorly dated ?Cambrian strata (from 
2530–2575 m) contain interbedded andesitic volcanic rocks, 
indurated ne- to medium-grained arkosic sandstone, and 
dark grey-green to black carbonaceous shale. The volcanic 
rocks might be stratigraphic equivalents of the Antrim 
Plateau Volcanics (Brown et al 1968, Petroconsultants 
1989, see Kalkarindji Province) and if so, then a late early 
Cambrian age is possible for the base of the group.

Jigaimara Formation
The Jigaimara Formation (Haines in Rawlings et al 1997) 
disconformably or unconformably overlies the Elcho Island 
Formation and is apparently conformably overlain by the 
Naningbura Dolomite (Rawlings et al 1997, Zhen et al 
2011). It is a succession of interbedded limestone, shale and 
dolostone that is exposed at Warnga Point on Elcho Island and 
on several small islands north and northeast of Milingimbi 
township (Figure 35.5). Exposures are scattered and nearly 

at-lying, and individual sections are only a few metres 
thick. The rocks are silici ed and consist of white to grey-
brown chert (presumably after limestone and calcareous 
siltstone). They are invariably brecciated to various degrees 
(jigsaw t to totally chaotic) and have a siliceous matrix. 
Individual clasts are commonly well laminated and possible 
microbial laminations are also present, as are enigmatic 
doughnut-shaped ?algal structures, about 20 cm in diameter 
(Rawlings et al 1997, Carson et al 1999). The formation 
reaches a maximum thickness of 470 m in offshore drillhole 
Arafura-1 (Zhen et al 2011). 

The Jigaimara Formation is very fossiliferous and 
contains a fauna of trilobites, bradoriids, hyoliths, lingulate 
brachiopods and sponge spicules at its base; this fauna 
is most likely to be middle to late Templetonian (early 
middle Cambrian) in age (Shergold in Plumb et al 1976, 
Laurie 2006a, b, Zhen et al 2011). The age of the top of the 
formation is constrained by the apparently conformably 
overlying Naningbura Dolomite, which is Furongian2 (late 
Cambrian) to early Tremadocian (Early Ordovician). The 
Jigaimara Formation is therefore Templetonian–?Mindyallan 
in age and can be correlated with sequence 2 (latest Ordian–
early Mindyallan) of the Centralian B Superbasin. This 
is the second of two successive widespread sedimentary 
successions, characterised by distinctive invertebrate faunas, 
that have been recognised in central and northern Australia 
from sequence stratigraphic studies of middle Cambrian strata 
in the Georgina Basin (Shergold et al 1988, Southgate and 
Shergold 1991, Laurie 2006c, see Centralian Superbasin: 

). The Jigaimara Formation was deposited in low-
energy, shallow marine, probably subtidal settings, following 
a regional transgression (Rawlings et al 1997).

Naningbura Dolomite
In offshore drillhole Arafura-1, the Naningbura Dolomite 
is a thick largely dolostone succession with silty dolomitic 

2 Corresponds to the Idamean–Datsonian Australian stages.

intervals that was deposited in a predominantly shallow 
marine environment. It is apparently conformable between 
the Jigaimara Formation (below) and the Milingimbi 
Formation, and is equivalent to units O1 to O7 of 
Petroconsultants (1989). Nicoll et al (1996) originally named 
this unit the Naningbura Formation, but it was not de ned 
and only brie y described. The Naningbura Formation’ 
was subsequently mentioned in Rawlings et al (1997), 
Carson et al (1999) and Struckmeyer (2006b), but none 
of these publications provided enough detail to properly 
establish the unit with this name. Nicoll (2006a) renamed 
the unit the Naningbura Dolomite, allocated a type section 

Figure 35.6. Elcho Island Formation. (a) Megaripples on wave-cut 
platform (near 561200mE 8671600mN, Galiwinku, Elcho Island, 
after Rawlings et al 1997, plate 34). (b) Desiccation cracks in 
sandstone at top of unit (522300mE 8647500mN, Banyan Island, 
after Rawlings et al 1997: plate 35).

a

b
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in Arafura-1, and provided a more detailed description 
of its lithologies, distribution and conodont fauna. This 
name was also used by Zhen et al (2011), who provided 
detailed descriptions of the conodont palaeontology and 
biostratigraphic succession. These publications rmly 
establish the name of the unit as Naningbura Dolomite 
and this nomenclature is followed herein. The Naningbura 
Dolomite is 1128 m thick in the type section in Arafura-1, 
the only drillhole to penetrate the entire unit (Figure 35.4). 
Incomplete thicknesses intersected in other drillholes are in 
the range 154–601 m. A conodont fauna recovered from the 
top of the unit is late Furongian to early Tremadocian in age 
(Nicoll 2006a, Zhen et al 2011), but the undated base of the 
unit may be as old as middle Cambrian. 

Milingimbi Formation
The Milingimbi Formation (Bradshaw et al 1990, Nicoll 
2006a) corresponds to units O8 and O9 of Petroconsultants 
(1989). It is conformable on the Naningbura Dolomite 
and is probably conformably overlain by the Mooroongga 
Formation, or is unconformably overlain presumably 
by the Late Devonian Arafura Group (Zhen et al 2011). 
The formation is of mixed lithology and comprises silty 
dolostone to limestone, glauconitic sandstone and shale, 
deposited predominantly in a shallow marine environment 
(Nicoll 2006a, Zhen et al 2011). The lower part of the 
Milingimbi Formation is dolomitic, but it becomes more 
siliciclastic up-section, where thin glauconitic sandstone is 
interbedded with dolostone, limestone and shale (Bradshaw 
et al 1990). In the type section in drillhole Arafura-1, the 
Milingimbi Formation is 163 m thick and in Goulburn-1, the 
unit is 169 m thick. Pre-Devonian erosion has truncated the 
formation in Torres-1, where it is only 95 m thick, and has 
completely removed the unit in Tasman-1 (Figure 35.4). 
Conodont faunas of Tremadocian (Early Ordovician) age 
have been described from the unit (Bradshaw et al 1990, 
Zhen et al 2011). 

Mooroongga Formation
The Mooroongga Formation (Bradshaw et al 1990, Nicoll 
2006a) corresponds to units O10 to O133 of Petroconsultants 
(1989). It is probably conformable on the Milingimbi 
Formation, but a major unconformity separates this unit 
from the overlying Upper Devonian Djabura Formation 
(Arafura Group). The Mooroongga Formation comprises 
shale and interbedded limestone with some thin sandstone 
interbeds and minor chert, and becomes more calcareous 
upward. Glauconite is common and parts of the formation 
are dolomitic (Zhen et al 2011). The depositional setting 
was predominantly shallow marine (Zhen et al 2011). The 
Mooroongga Formation is 131 m thick in Arafura-1, 201 m 
thick in Goulburn-1 and has been completely removed by 
erosion in Tasman-1 and Torres-1 (Nicoll 2006a, Zhen et al 
2011, Figure 35.4). Petroconsultants (1989) reported the 
presence of conodonts, ostracods, sh remains, conulariids, 
echinoderms, inarticulate brachiopods, gastropods, 
?tentaculitids and sponge spicules from this unit. The 

3 Petroconsultants (1989) did not describe Unit O13, but did 
include it in Geological cross-section A–A1 Arafura Basin’. It 
only occurs in Goulburn-1.

formation is considered to be of early Floian (late Early 
Ordovician) age, based on the limited, but diagnostic 
conodont fauna (Zhen et al 2011), and is about the same age 
as the late Tremadocian to Floian Florina Formation of the 
Daly Basin.

LATE DEVONIAN: BASIN PHASE 3

Arafura Group

The Upper Devonian Arafura Group (Petroconsultants 
1989, Bradshaw et al 1990, McLennan et al 1990) 
unconformably overlies units of the Goulburn Group. 
A hiatus of about 100 million years separates the two 
groups which are generally structurally conformable. The 
Arafura Group consists of shallow marine to non-marine 
interbedded mudstone, siltstone, sandstone and minor 
carbonate rocks. It has sag to sheet-like geometry in the 
northern Arafura Basin, where it is about 1500 m thick, 
but the geometry of the group is more complex within the 
Goulburn Graben (Totterdell 2006). Bradshaw et al (1990) 
divided the Arafura Group into the Djabura, Yabooma and 
Darbilla formations. It is unconformably overlain by strata 
equivalent to the Upper Carboniferous–Lower Permian 
Kulshill Group of the Bonaparte Basin, or where these are 
absent, by Jurassic strata of the Money Shoal Basin.

Djabura Formation 
The Djabura Formation (Bradshaw et al 1990) has been 
intersected in Tasman-1, Torres-1, Arafura-1 and Goulburn-1 
(Figure 35.4) and is equivalent to units D1–D4 of 
Petroconsultants (1989). It unconformably overlies various 
Cambrian and Ordovician units of the Goulburn Group and 
is unconformably overlain by the Yabooma Formation, or by 
younger (Upper Carboniferous) Kulshill Group equivalent 
sedimentary rocks (Nicoll 2006b). It ranges in thickness 
from 295 m to 466 m, and consists of interbedded, mudstone, 
siltstone, sandstone and minor carbonate rocks, which were 
deposited in a nearshore shallow marine environment (Nicoll 
2006b, Totterdell 2006). Diverse marine fossils, including 
conodonts, ostracods, phosphatic brachiopods, conulariids 
and sh fossils, are found throughout the unit. The conodonts 
indicate an early Famennian age for the formation (Nicoll 
2006b), but palynological dating suggests it is slightly older 
(Frasnian; Purcell 2006). 

Yabooma Formation
The Yabooma Formation (Bradshaw et al 1990) is 
equivalent to the interval from unit D5 to the lower part 
of unit D7 of Petroconsultants (1989). It unconformably 
overlies the Djabura Formation and is intersected 
in drillholes Torres-1, Arafura-1 and Goulburn-1 
(Figure 35.4). It is apparently conformably overlain by 
the Darbilla Formation, or is unconformably overlain by 
Jurassic sediments of the Money Shoal Basin (Bradshaw 
et al 1990, Nicoll 2006b). It ranges in thickness from 140 
to 335 m, and is predominantly composed of interbedded 
siltstone with dolomitic intervals and occasional thin 
sandstone beds. A relatively sparse fossil fauna includes 
conodonts, sh and bryozoan fragments recovered in 
cuttings from Goulburn-1. The conodont fauna is from 
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the base of the formation and indicates a late Famennian 
age (Nicoll 2006b). The Yabooma Formation is interpreted 
to represent predominantly nearshore shallow marine 
deposition (Bradshaw et al 1990, Totterdell 2006).

Darbilla Formation
The Darbilla Formation (Bradshaw et al 1990) is equivalent 
to the upper part of unit D7 and unit D8 of Petroconsultants 
(1989). It has only been intersected in Arafura-1 and 
Torres-1 (Figure 35.4), where it is 380 m and 262 m thick, 
respectively. The unit is apparently conformable on the 
Yabooma Formation and is overlain unconformably by 
Jurassic strata of the Money Shoal Basin. The formation is 
composed mostly of mudstone, sandy siltstone and lesser 
interbedded sandstone, and includes ning-upward intervals. 
It does not contain marine fossils and is interpreted to 
represent a largely non-marine regression (Petroconsultants 
1989, Bradshaw et al 1990, Nicoll 2006b, Totterdell 2006). 
Possible sabkha or tidal at and uvial depositional settings 
were suggested by Petroconsultants (1989). A palyno ora 
from the base of the Darbilla Formation indicates a latest 
Famennian (uppermost Strunian’ sub-stage) age for the 
unit (Nicoll 2006b). 

LATE CARBONIFEROUS–EARLY PERMIAN: 
BASIN PHASE 4

Kulshill Group equivalent

The Arafura Group is unconformably overlain by a Late 
Carboniferous–Early Permian sedimentary succession that 
is approximately equivalent in age to the Kulshill Group 
of the Bonaparte Basin (Totterdell 2006). Kulshill Group 
equivalent rocks reach a maximum thickness of about 
5000 m in the Goulburn Graben, which was formed at this 
time, but the original thickness of the group was probably 
much greater, as it is interpreted that up to 3000 m of 
section has been eroded following deformation and uplift 
in the Triassic (Struckmeyer et al 2006). The lower part of 
the group thickens into the bounding planar normal faults 
of the graben (Figure 35.2), indicating that it was a part of 
the rift succession. However, the upper part does not exhibit 
any noticeable divergence into the faults and is therefore 
considered to represent post-rift deposition. Kulshill Group 
equivalent rocks to the north of the Goulburn Graben 
have a sag to sheet-like geometry and a relatively uniform 
thickness (maximum 3000 m), except where eroded around 
the margins of the basin. They are structurally conformable 
with the underlying rocks and are also interpreted to be 
part of the post-rift succession. Seismic and magnetic data 
indicate that there was some magmatic activity in the basin 
during the rifting phase that resulted in the emplacement 
of sills and dykes, and a large magmatic body within the 
Goulburn Graben (Totterdell 2006). A dolerite intersected 
in drillhole Kulka-1 has been dated by K-Ar method at 
293 ± 3 Ma (Bradshaw et al 1990).

The Kulshill Group equivalent succession comprises 
interbedded sandstone, siltstone and claystone, with minor 
coal, and dolomitic rocks (Totterdell 2006). These were 
deposited in a variety of environments ranging from uvial 
to marginal marine to shallow marine (Petroconsultants 

1989). Palynological studies by Helby (2006) show that 
that this interval spans the Pennsylvanian–mid-Cisuralian 
APP11 to APP122 palyno oral zones of Price (1997), but 
most of the succession is Early Permian in age and only 
the basal 100 m corresponds to the Late Carboniferous. 
Petroconsultants (1989) divided the succession in several 
drillholes into four unnamed units and correlated these with 
the Tanmurra Formation, Point Spring Sandstone, Kuriyippi 
Formation and Treachery Formation of the Bonaparte 
Basin. However, improved dating of the succession shows 
that a better correlation is with units from the younger 
interval Kuriyippi Formation–lower Keyling Formation 
(see ).

The Kulshill Group equivalent succession is separated 
by a major unconformity from overlying strata of the 
Jurassic to Cenozoic Money Shoal Basin (Figure 35.2). 
In contrast to Arafura Basin strata, which are complexly 
faulted and folded, the Money Shoal Basin succession is 
generally undisturbed.

STRUCTURE AND TECTONICS

The Arafura Basin was initiated in the Neoproterozoic 
as a result of northwest–southeast-directed upper crustal 
extension that produced a series of northeast–southwest-
trending half grabens across the basin. The subsidence 
history was episodic, limited to four periods of basin-
wide subsidence (Basin phases 1–4) separated by long, 
relatively tectonically quiescent periods of non-deposition 
and erosion. Minor localised deformation in the Devonian 
and Carboniferous was probably due to the effect of far-

eld stresses associated with the Alice Springs Orogeny 
(Totterdell 2006). The WNW–ESE-trending Goulburn 
Graben (Figures 35.2, 35.3, 35.7) was formed in the Late 
Carboniferous to Early Permian, in response to oblique 
extension, and underwent oblique inversion in the Triassic 
during a phase of regional contractional deformation (Basin 
phase 5 of Totterdell 2006). The main deformations events 
that have affected the basin are discussed below, in ascending 
date order.

Neoproterozoic extensional faulting

Neoproterozoic half grabens occur over much of the 
northern basin (Figures 35.3, 35.7) and are in lled 
by Wessel Group sediments of Basin phase 1. They 
are bounded by simple planar normal faults that have a 
generally NE–SW strike, and dip to either the northwest 
or southeast, suggesting approximately NW–SE 
extension. Towards the centre of the basin, a displacement 
along these faults of up to 7000 m has been estimated 
(Totterdell 2006). In the western part of the northern 
Arafura Basin are WNW–ESE-oriented accommodation 
zones across which the polarity of the faults switches from 
northwesterly directed throw in the south to southeasterly 
directed throw to the north. A series of small extensional 
faults on the western margin of the basin has a NNW–SSE 
orientation, sub-parallel to the interpreted direction of 
extension. Totterdell (2006) suggested that the orientation 
of these cross faults may have been in uenced by the pre-
existing structural fabric of the underlying Pine Creek 
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Figure 35.7. Arafura Basin fault map (compiled from Totterdell 2006, gures 19, 21). Neoproterozoic extensional faults (purple) are 
mapped at base of Wessel Group. Dashed red lines show accommodation zones, across which the polarity of faults switches from 
northwesterly directed throw in south to southeasterly directed throw in north. Base Kulshill Group equivalent faults (blue) are mostly 
Late Carboniferous extensional faults, many of which experienced Middle–Late Triassic reverse reactivation. Thrust fault to south of 
Kulka-1 formed during Triassic deformation.

Orogen. In the eastern part of the basin, there appears to 
be a change in architecture to large-displacement, widely-
spaced faults. This change in structural style could re ect 
variations in the underlying basement fabric from west to 
east, from the complex deformation and strong structural 
fabric of the Pine Creek Orogen to the mildly deformed 
and eastward-thickening succession of the McArthur 
Basin (Totterdell 2006).

Minor Palaeozoic deformation

No known signi cant deformation events occurred between 
deposition of Basin phases 2 (middle Cambrian–Early 
Ordovician), 3 (early–middle Palaeozoic) and 4 (Late 
Carboniferous–Early Permian). Despite the presence 
of lengthy hiatuses between the Wessel, Goulburn and 
Arafura groups, the Palaeozoic basin succession is 
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relatively structurally conformable (Totterdell 2006). 
The only indication of structural movement in the early–
middle Palaeozoic succession is the absence of parts of the 
Goulburn and Arafura groups in some of the wells drilled 
in the Goulburn Graben, suggesting that there was some 
localised uplift and erosion prior to deposition of the Arafura 
Group. The timing of this minor disturbance coincides with 
the Middle Devonian Pertnjara-Brewer events of the Alice 
Springs Orogeny in central Australia (see Aileron Province) 
and suggests it may be related to the far- eld effects of these 
events. The hiatus of approximately 45 million years between 
the Arafura Group and the overlying Kulshill Group correlates 
with the nal, Early Carboniferous phase (Eclipse Event) of 
the Alice Springs Orogeny. Although there is no seismic 
evidence of any widespread contractional deformation of the 
Arafura Basin at that time, there is evidence of signi cant 
localised uplift and erosion, with at least 1000 m of Arafura 
Group missing at Tasman-1 (Totterdell 2006).

Late Carboniferous–Early Permian extensional faulting

The Goulburn Graben formed during a phase of Late 
Carboniferous–Early Permian northeast–southwest 
extension. It is a narrow, highly structured zone that has 
a west-northwest–east-southeast trend in the east and a 
northwest–southeast trend in the west (Figures 35.3, 35.7). 
This orientation might be re ecting the underlying structural 
grain of basement rocks (Totterdell 2006). Along much of its 
length, the Goulburn Graben has the morphology of a half 
graben, with master detachment faults de ning the northern 
margin and the southern marginal faults only intermittently 
developed. The bounding fault system to the north dips at 
an angle of about 50º to the south-southwest or southwest. 
Carboniferous–Permian extensional faulting appears to 
have been con ned to the Goulburn Graben, as there is 
little seismic evidence for extensional faulting of this age 
elsewhere (Totterdell 2006). 

Mid–Late Triassic contraction

During the Middle–Late Triassic, the Arafura Basin, and in 
particular the Goulburn Graben, experienced a major phase 
of contractional deformation (Basin Phase 5 of Totterdell 
2006). The effects of this deformation varied markedly across 
the basin. In the Goulburn Graben, it was relatively intense 
and was characterised by folding, inversion on pre-existing 
faults, the formation of new thrust faults, uplift and erosion. 
In the northern Arafura Basin, the affects of the deformation 
were less intense; limited contractional reactivation of 
Neoproterozoic half grabens resulted in the inversion of 
some Neoproterozoic extensional faults and the formation of 
inversion anticlines. The direction of regional compression 
is interpreted to have been NNW–SSE and was highly 
oblique to the dominant fault trends of the Goulburn Graben, 
resulting an element of dextral strike-slip or transpressional 
movement on parts of the fault system (Totterdell 2006).

Minor latest Triassic/Early Jurassic extensional faulting

After the Triassic deformation event, the margins of the 
Arafura Basin were uplifted, resulting in a basinward tilt, 

followed by erosion and the formation of a peneplain across 
the basin and adjacent basement areas. During this period 
of erosion, the basin appears to have been affected by a 
minor extensional episode that involved relatively small-
displacement, planar normal faulting within the upper part 
of the Arafura Basin succession. On the western margin 
of the basin, some older faults were reactivated and 
Triassic inversion anticlines were offset (Totterdell 2006). 
This faulting appears to predate the unconformity at the 
base of the Money Shoal Basin and is therefore probably 
older than later Jurassic extensional episodes that partly 
controlled deposition of the Money Shoal Basin succession 
(Struckmeyer 2006c).

MINERAL RESOURCES

The offshore Arafura Basin is very prospective for 
petroleum, but to date, there have been no commercial 
hydrocarbon discoveries. In the onshore Arafura Basin, 
known mineral occurrences include bauxite on Marchinbar 
and Elcho islands, and a small iron ore occurrence near 
Galiwinku (Figure 35.5). The following summary of these 
occurrences is derived from Ferenczi (2001).

Bauxite

Lateritic bauxite has developed on Neoproterozoic rocks of 
the Wessel Group at Marchinbar and Elcho islands.

Marchinbar Island

Bauxite deposits were rst reported from Marchinbar 
Island ( ) by Owen (1949), after he received 
samples, collected by the Northern Territory Coastal 
Patrol Service, that assayed up to 40.8% Av.Al2O3. The 
main lateritic bauxite deposits lie on the east coast of the 
island and were investigated by the Australian Aluminium 
Commission in the early 1950s. Ore resources for the seven 
tested deposits total 9.94 Mt and average 46.0% available 
Al2O3 and 4.0% reactive SiO2 (Owen 1953).

The deposits are developed over sedimentary rocks 
of the Marchinbar Sandstone. The bauxite ore consists 
predominately of cemented pisoliths of gibbsite, that have 
light brown and red-brown cores (Owen 1954). A tubular 
bauxite bed underlies pisolitic ore in several of the deposits 
(eg Able, Sphinx Head, Dog and Easy). Tubular ore reaches a 
maximum thickness of about 2 m and lenses out to the west, 
where the westerly deposits are all pisolitic (Ferenczi 2001). 
The underlying laterite is up to 10 m thick and largely consists 
of nodular ferricrete. The largest known deposit on the island 
is Able, which occupies an area of about 880 000 m2. One 
hundred and forty-two sampling pits were excavated by the 
Australian Aluminium Commission on a 61 x 122 m grid. 
A non-JORC Resource is given at 4.7 Mt at 47.1% Al2O3 
(Ferenczi 2001). Ore thickness varies from 0.76 m (cut-off) to 
5 m and averages 2.4 m (Owen 1953). Pisolitic bauxite forms 
the bulk of the resource (97%); the remaining 3% consists of 
massive and tubular bauxite, which underlies the pisolitic ore 
in the eastern section of the deposit. Bauxite quality usually 
varies with depth and lower grades are often found in the 
upper and lower portions of the pro le. The upper 0.5–1 m 
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of the bauxite bed in the eastern area of the deposit contains 
10–25% quartz sand and ne detrital material. Dry screening 
of samples from this area gave an average recovery factor of 
96% silica is in the form of free quartz (1.1%) and reactive 
(mostly kaolinite) silica (3.0%). Iron oxides (Fe2O3), which 
are mainly in the form of goethite, average 15.7% and TiO2 

averages 3.3% (Ferenczi 2001).

Elcho Island

At the eastern side of Elcho Island, two bauxite occurrences, 
separated by about 3 km, were recorded by Plumb (1965). 

These occurrences consist of thin loose intervals of pisolitic 
and tubular bauxite that unconformably overlie unaltered 
Marchinbar Sandstone (Plumb and Gostin 1973). The 
pisolitic layer is about 2 m thick and forms a series of 
discontinuous exposures over a 3 km strike length. Sand 
dunes cover the bauxite, adjacent to and away from the 
coast. A single sample from one of the occurrences assayed 
45.7% Al2O3 and 25% SiO2 (Plumb 1965). The high silica 
value may indicate contamination by quartz grains derived 
from nearby sand dunes. A laterite sample obtained during 
reconnaissance work by BHP (1964) near the southernmost 
occurrence assayed 25.7% Al2O3, 28.0% total SiO2 and 
23.3% Fe2O3. This area is essentially untested and may host 
bauxite deposits comparable to those on Marchinbar Island 
(Ferenczi 2001).

Iron ore

Elcho Island iron ore deposit

The Elcho Island iron ore deposit is a bauxitic lateritic 
pro le developed within the Elcho Island Formation. The 
deposit extends for about 2.5 km along the western coastline 
of the island, just to the north of Galiwinku. A lower sandy 
haematite layer and an upper haematitic sandstone bed are 
present in the upper part of the laterite pro le. The massive 
lower haematite bed is up to 0.45 m thick and contains the 
bulk of the iron ore resource (600 000 t grading 60.4% Fe 
and 0.054% P), as estimated by Rix (1964b). Most of the ore 
lies at or near the surface, with the overburden gradually 
increasing to the north where it reaches a maximum of 6 m. 
The overlying haematitic sandstone is up to 1.2 m thick and 
averages 40.4% Fe and 0.57% P (Rix 1964b).

Petroleum

The Arafura Basin is considered to have signi cant potential 
for petroleum, but so far there have been no commercial 
discoveries. Oil shows and in situ occurrences of bitumen 
are known from a number of stratigraphic levels. Nine 
exploration wells have been drilled, all within the Goulburn 
Graben, and four of these have recorded signi cant oil 
shows in Palaeozoic strata. The majority of the basin outside 
the Goulburn Graben remains underexplored.

In the early 1920s, bitumen was reported from Elcho 
Island, leading to the formation of the Elcho Island Naphtha 
and Petroleum Company, which drilled several unsuccessful 
holes in the 1920s on Elcho Island (Bell 1923). In the 1960s 
and early 1970s, stratigraphic drilling was carried out on 
Bathurst and Melville islands (McLennan et al 1990). In 
1971, Shell Development (Australia) Pty Ltd drilled the 

rst well in the offshore Arafura Basin (Money Shoal-1) to 
test the Mesozoic Money Shoal Basin succession. At about 
the same time, Elf Aquitaine Petroleum was operating in 
the central southern region of the Arafura Sea. These two 
operators carried out extensive mapping based on seismic 
data and de ned the Goulburn Graben as an important 
structural feature. The next phase of exploration in the early 
1980s involved a number of operators, including Diamond 
Shamrock Corporation, Esso Australia Pty Ltd, Petro na 
Exploration Australia SA and Sion Resources Ltd. A 
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number of wells were drilled at this time to test the Arafura 
Basin succession and Arafura-1 recorded oil shows over a 
425 m interval in the Devonian and Ordovician sections 
(Struckmeyer and Earl 2006a).

In the late 1980s and early 1990s, BHP Petroleum Pty 
Ltd targeted Mesozoic plays in the Goulburn Graben. The 
exploration program included an extensive 17 000 line km 
seismic survey, a regional aeromagnetic survey, and the 
drilling of three exploration wells. During the early 1990s, 
Geoscience Australia acquired a total of 5342 line km of 
regional deep seismic data across the Arafura Basin. In the 
2000s, a number of exploration activities have contributed to 
the available datasets and have improved the prospectivity 
of the region. These include non-exclusive regional 2D 
seismic datasets by TGS Nopec Geophysical Company Pty 
Ltd in 1998 and Veritas DGC Inc in 2002, and Synthetic 
Aperture Radar acquisition and interpretation across the 
region by INFOTERRA Ltd in 2003 (Struckmeyer 2006d).

Source rocks

Potential source rock intervals occur at a number of levels 
in the stacked McArthur, Arafura and Money Shoal basins 
(Figure 35.9). The Palaeo- to Mesoproterozoic McArthur 
Basin, which is interpreted to underlie much of the eastern 
Arafura Basin, contains at least ve potential source rock 
intervals, de ned as having total organic carbon (TOC) 
greater than 0.5%. Of these, the Barney Creek Formation 
(McArthur Group) and Velkerri Formation (Roper Group) 
have the highest TOC values, which range up to 8% and 
12%, respectively (Crick et al 1988, Jackson et al 988). If 
these potentially excellent source rocks underlie the Arafura 

Basin, it is conceivable that hydrocarbon generation and 
expulsion from these rocks may have occurred and may 
have charged younger reservoir units (Struckmeyer and 
Earl 2006b). 

Drillhole data and regional correlations indicate that 
a number of potential source rock intervals occur within 
the Arafura Basin succession (Bradshaw et al 1990, 
Edwards et al 1997). The Neoproterozoic Wessel Group 
contains promising source rocks (eg Raiwalla Shale and 
Elcho Island Formation), but no geochemical or organic 
petrological data are available for this interval and it is yet 
to be properly evaluated. Samples from the Cambrian–
Ordovician Goulburn Group have returned TOC values 
of up to 8.6%, but the higher values represent migrated oil 
and solid bitumen rather than dispersed organic matter. 
However, the presence of both abundant bitumen and oil 
stains in early Palaeozoic samples is indicative of a multi-
charge history from a proli c nearby source (Sherwood 
et al 2006). Oil stains in samples of Early Palaeozoic rocks 
from drillholes Arafura-1 and Goulburn-1 have similar 
geochemical and isotopic characteristics to the early middle 
Cambrian Thorntonia(!) petroleum system of the Georgina 
Basin (Boreham and Ambrose 2007).This suggests that the 
effective source rock within the Goulburn Group is most 
likely to occur in the Jigaimara Formation, which is also 
middle Cambrian in age (Sherwood et al 2006). Limited 
data from the Upper Devonian Arafura Group suggest a 
generally poor source potential for this interval, although 
potentially fair source rocks may be present within marine 
calcareous mudstones. Good to very good source rocks 
with Type II/III kerogen are present in the Permian–
Carboniferous Kulshill Group equivalent succession. The 

Era

PA
LA

E
O

ZO
IC

Age
(Ma)

Arafura
Group

Goulburn
Group

Wessel
Group

A
ra

fu
ra

 B
as

in

A
G

G

Ta
K

A

CAMBRIAN

Neoproterozoic

ORDOVICIAN

SILURIAN

P
E

R
M

IA
N

C
A

R
B

O
N

IF
.

MIDDLE

LATE

EARLY

LATE

EARLY

LATE

EARLY

Shows Potential
Source  

Stratigraphic unit Rock type / 
palaeoenvironment

A

D
E

V
O

N
IA

N

Darbilla Fm
Yabooma Fm
Djabura Fm

Mooroongga Fm
Milingimbi Fm

Naningbura Dol

Jigaimara Fm

?
Kulshill
Group

equivalent

SealRes250

300

350

400

450

500

?

Terrestrial

Fluvial–deltaic

Shallow marine

LimestoneShale

Unconformity

Sandstone Dolostone Petroleum exploration well
oil show
oil/gas show
oil indication A12-195.ai

Figure 35.9. Stratigraphic succession 
and petroleum systems elements for 
the Arafura Basin (modi ed from 
Totterdell 2006: gure 9). Abbreviations: 
A = Arafura-1; Dol = Dolomite; 
Fm = Formation; G = Goulburn-1; 
K = Kulka-1; Res = Reservoir; Ta = 
Tasman-1.



Arafura Basin

35:14

typical TOC range is <0.4 to 3% and several samples 
contain up to 9% TOC (Sherwood et al 2006). 

Reservoirs and seals

Potential reservoir rocks occur in both the Arafura and 
overlying Money Shoal basins. In the Arafura Basin, they 
include shallow marine limestone and dolostone units of 
the Cambrian–Ordovician Goulburn Group, terrestrial 
to uvio-deltaic interbedded sandstone and shale units of 
the Devonian Arafura Group and parts of the Permian–
Carboniferous Kulshill Group equivalent (Struckmeyer 
and Earl 2006b, Figure 35.9). Goulburn Group carbonate 
rocks have been shown to host oil and gas shows, and oil 
indications. They are generally ne grained, although some 
sandier intervals are present in the Ordovician section 
(Petroconsultants 1989). Original porosity is likely to have 
been mostly poor, but secondary porosity (vugs, fractures) 
has improved reservoir quality to 7.7% maximum porosity 
(Struckmeyer and Earl 2006b). Arafura Group sandstone 
and shale intervals also host oil shows. These rocks have a 
reported maximum porosity and permeability of 19% and 
7.83 mD, respectively, but average 9.6% porosity. Diagenesis 
has destroyed a signi cant proportion of the primary 
porosity, but where the rocks have not been so deeply buried 
in the northern part of the basin and are less hydrothermally 
altered, reservoir quality is likely to be better (Struckmeyer 
and Earl 2006b). Kulshill Group equivalent rocks generally 
have poor reservoir quality, with porosities averaging 5.5%, 
except for the upper parts of this unit where a maximum 
porosity of 17.7% has been recorded. Multiple fracture sets 
could enhance the overall permeability and porosity of this 
interval.

Potential seal rocks are present throughout the 
Arafura Basin succession, and potential regional seals 
are present in the Devonian and Cretaceous successions. 
Shale interbeds could provide intraformational seals for 
carbonate reservoir rocks within the Goulburn Group, 
and a variety of diagenetic seals and traps could also be 
present in carbonate units. Relatively thick (up to 400 m) 
shale intervals within the upper part of the Arafura Group 
could form intraformational seals and possibly a regional 
seal. Potential seals within the Kulshill Group equivalent 
succession are likely to be intraformational. Fine-grained 
Cretaceous sedimentary rocks of the Bathurst Island Group 
(Money Shoal Basin) directly overlie Palaeozoic rocks of 
the Arafura Basin in the eastern part of the basin and could 
provide a regional seal (Struckmeyer 2006b).

Thermal maturity

Sherwood et al (2006) evaluated the thermal maturity of 
potential source rocks from a number of levels within the 
Arafura and Money Shoal basins using a combination of 
FAMM (Fluorescence Alteration of Multiple Macerals) 
and conventional organic petrological analyses. Boreham 
(2006) provided analyses of the organic geochemical 
maturity of a number of source rock samples from the same 
succession. Based on these datasets, sedimentary rocks 
of the Cambrian–Ordovician Goulburn Group have been 
assessed as being presently mature to overmature for oil 

generation, Devonian Arafura Group rocks are early mature 
to mature for oil generation, and Carboniferous–Permian 
Kulshill Group equivalent rocks are immature to mature 
for oil generation, with maturity dependent on the thickness 
of Money Shoal Basin overburden (Struckmeyer and Earl 
2006b). Maturation levels of potential source rocks from the 
underlying McArthur Basin range from marginally mature 
to overmature for oil generation (Crick et al 1988, Jackson 
et al 1988, Ambrose and Silverman 2006). 

Prospectivity

A variety of possible structural and stratigraphic play 
types are present within the Arafura Basin, involving the 
juxtaposition of potential source, reservoir and seal rocks. 
Structural plays include large faulted anticlines, tilted 
fault blocks, and inversion anticlines formed during the 
Triassic deformation, whereas stratigraphic plays involve 
regional unconformities, intraformational and regional 
facies changes, and diagenesis (Petroconsultants 1989, 
Struckmeyer 2006d). The overlying Money Shoal Basin 
also contains a variety of stratigraphic and combined 
structural/stratigraphic plays that could have been charged 
by hydrocarbons sourced from underlying Palaeozoic and 
Mesozoic source rocks (McLennan et al 1990, Struckmeyer 
2006d). The thick successions of the Arafura and Money 
Shoal basins therefore provide a diverse range of potential 
traps at a number of stratigraphic levels.

Evidence for hydrocarbon generation and expulsion 
in the Arafura Basin includes oil shows/indications and 
gas indications in most drillholes (Earl 2006), and the 
presence of interstitial solid bitumen in many samples 
(Sherwood et al 2006). However, in the Goulburn Graben, 
geohistory studies have indicated that oil generation from 
early Palaeozoic rocks may have been halted after a period 
of early migration and before signi cant structures that 
could trap the oil were generated (Moore et al 1996). 
Early-formed hydrocarbon accumulations might also 
have been breached by erosion following the Triassic 
deformation event (Higgins 2009). This might explain the 
failure to date to nd a commercial accumulation in this 
portion of the basin. Indirect hydrocarbon indications in 
the northern Arafura Basin include shallow gas interpreted 
on sub-bottom pro le data and conventional seismic data, 
degraded seismic data, which could represent hydrocarbons 
within the succession, and Synthetic Aperture Radar 
(SAR) slicks on the sea surface. These indicators provide 
evidence for active petroleum systems within this part of 
the basin (Struckmeyer 2006d). Hydrocarbon generation 
in the northern Arafura Basin could have occurred 
much later than in the Goulburn Graben, with migration 
postdating structuring, suggesting that this area could be 
more prospective for petroleum than previously considered 
(Moore et al 1996, Higgins 2009).

REFERENCES

Ambrose GJ and Silverman M, 2006. Beetaloo Sub-basin: in 
Ambrose GJ (compiler) Northern Territory of Australia, 
onshore hydrocarbon potential, 2006. Northern 
Territory Geological Survey, Record 2006-003.



35:15

Arafura Basin

Barber PM, Carter PA, Fraser TH, Baillie PW and Myers K, 
2004. Under-explored Palaeozoic and Mesozoic petroleum 
systems of the Timor and Arafura seas, northern 
Australia continental margin: in Ellis GK, Baillie PW and 
Munson TJ (editors) ‘Timor Sea Petroleum Geoscience. 
Proceedings of the Timor Sea Symposium, Darwin, 
Northern Territory, 19–20 June 2003’. Northern Territory 
Geological Survey, Special Publication 1.

Bell NC, 1923. Discovery of asphaltum on Point Bristowe, 
Elcho Island. Northern Territory Geological Survey, 
Technical Report GS1923-0001/1.

BHP, 1964. Report on geological investigations carried out 
on Permit to Enter No113/1. BHP Pty Ltd. Northern 
Territory Geological Survey, Open File Company Report 
CR1964-0007.

Boreham CJ, 2006. Chemical maturity assessment and 
oil correlation in the Arafura Basin: in Struckmeyer 
HIM (compiler) ‘New datasets for the Arafura Basin’. 
Geoscience Australia, Record 2006/06.

Boreham CJ and Ambrose GJ, 2007. Cambrian petroleum 
systems in the southern Georgina Basin, Northern 
Territory, Australia: in Munson TJ and Ambrose GJ 
(editors) ‘Proceedings of the Central Australian Basins 
Symposium (CABS), Alice Springs, Northern Territory, 
16–18 August, 2005’. Northern Territory Geological 
Survey, Special Publication 2, 254–281.

Bradshaw J, Nicoll RS and Bradshaw M, 1990. The Cambrian 
to Permo–Triassic Arafura Basin, northern Australia. 
APEA Journal 30, 107–127.

Brown DA, Campbell KSW and Crook KAW, 1968. The 
geological evolution of Australia and New Zealand. 
Pergamon Press, Oxford.

Carson LJ, Haines PW, Brakel A, Pietsch BA and Ferenczi PA, 
1999. Milingimbi, Northern Territory (Second Edition). 
1:250 000 geological map series explanatory notes, 
SD-53-02. Northern Territory Geological Survey, Darwin 
and Australian Geological Survey Organisation, Canberra 
(National Geoscience Mapping Accord).

Crick IH, Boreham CJ, Cook AC and Powell TG, 1988. 
Petroleum geology and geochemistry of Middle 
Proterozoic McArthur Basin, Northern Australia II: 
assessment of source rock potential. American Association 
of Petroleum Geologists, Bulletin 72(12), 1495–1514.

Dunnet D, 1965. Arnhem Bay-Gove, Northern Territory (First 
Edition). 1:250 000 geological map series explanatory 
notes, SD 53-03, 04. Bureau of Mineral Resources, 
Australia, Canberra.

Earl KL, 2006. An audit of wells in the Arafura Basin. 
Geoscience Australia, Record 2006/02. 

Edwards DS, Summons RE, Kennard JM, Nicoll RS, 
Bradshaw J, Bradshaw M, Foster CB, O’Brien GW and 
Zumberge JE, 1997. Geochemical characteristics of 
Palaeozoic petroleum systems in Northwestern Australia. 
APPEA Journal 37(1), 351–379.

Ferenczi PA, 2001. Iron ore, manganese and bauxite deposits 
of the Northern Territory. Northern Territory Geological 
Survey Report 13.

Fortey RA and Cocks LRM, 1986. Marginal faunal belts 
and their structural implications, with examples from the 
Lower Palaeozoic. Journal of the Geological Society of 
London 143, 151–160.

Geoscience Australia, 2008. Arafura Basin. http://www.
ga.gov.au/oceans/rpg_Arafura.jsp.

Geoscience Australia, 2012. Petroleum geological summary, 
release areas NT12-1 and NT12-2, Money Shoal Basin 
and Arafura Basin, Northern Territory. Australia 2012. 
Offshore petroleum exploration acreage release. http://
www.petroleum-acreage.gov.au/release-areas/
documents/arafura/Money%20Shoal_Release.pdf. 

Haines PW, 1998. The carbonaceous fossil Chuaria Walcott 
(Neoproterozoic) from the lower Wessel Group, Arafura 
Basin, northern Australia. Alcheringa 22, 1–8.

Helby R, 2006. A palynological reconnaissance of new 
cuttings samples from the Arafura-1, Kulka-1 and 
Tasman-1 wells: in Struckmeyer HIM (compiler) ‘New 
datasets for the Arafura Basin’. Geoscience Australia, 
Record 2006/06.

Higgins KL, 2009. Petroleum prospectivity of the northern 
Australian region. Geoscience Australia, Record 2009/04.

Jackson MJ, Sweet IP and Powell TG, 1988. Studies on 
petroleum geology and geochemistry, Middle Proterozoic 
McArthur Basin, Northern Australia I: petroleum 
potential. APEA Journal 28(1), 283–302.

Laurie JR, 2006a. Middle Cambrian fauna from the 
Jigaimara Formation, Arafura Basin, Northern Territory: 
in Struckmeyer HIM (compiler) ‘New datasets for the 
Arafura Basin’. Geoscience Australia, Record 2006/06.

Laurie JR, 2006b. Macrofossils from Petro na Arafura 1, 
Goulburn Graben, Arafura Basin. Geoscience Australia, 
Professional Opinion 2006/01.

Laurie JR, 2006c. Early Middle Cambrian trilobites from 
Paci c Oil and Gas Baldwin 1 well, southern Georgina 
Basin, Northern Territory. Memoirs of the Association of 
Australasian Palaeontologists 32, 127–204.

McDougall I, Dunn PR, Compston W, Webb AW, Richard JR 
and Bo nger VM, 1965. Isotope age determinations of 
Precambrian Rocks of the Carpentaria region, Northern 
Territory. Journal of the Geological Society of Australia 
12, 67–90.

McLennan JM, Rasidi JS, Holmes RL and Smith GC, 1990. 
The geology and petroleum potential of the western 
Arafura Sea. APEA Journal 30, 91–106.

Moore A, Bradshaw J and Edwards D, 1996. Geohistory 
modelling of hydrocarbon migration and trap formation 
in the Arafura Sea. PESA Journal 24, 35–51.

Moss S, 2001. Extending Australian geology into eastern 
Indonesia and potential source rocks of the Indonesian 
Arafura Sea. PESA News 49, 54–56.

Nicoll RS, 2006a. Cambrian and Ordovician sediments and 
biostratigraphy of the Arafura Basin, offshore Northern 
Territory, Australia: in Struckmeyer HIM (compiler) 
‘New datasets for the Arafura Basin’. Geoscience 
Australia, Record 2006/06.

Nicoll RS, 2006b. Devonian stratigraphy and biostratigraphy 
of the Arafura Basin, offshore Northern Territory, 
Australia: in Struckmeyer HIM (compiler) ‘New datasets 
for the Arafura Basin’. Geoscience Australia, Record 
2006/06.

Nicoll RS and Bladon GM, 1991. Silurian and Late 
Carboniferous conodonts from the Charles Louis Range 
and central Birds Head, Irian Jaya, Indonesia. BMR 
Journal of Australian Geology & Geophysics 12, 279–286.



Arafura Basin

35:16

Nicoll RS, Shergold JH, Laurie JR and Bischoff GCO, 
1996. Cambrian and Ordovician biostratigraphy of the 
Arafura Basin, Northern Australia. Geological Society 
of Australia, Abstracts 41, 318.

Owen HB, 1949. Examination of a supposed bauxite-
bearing area on Cobourg Peninsula, NT. Bureau of 
Mineral Resources, Australia, Record 1949/041.

Owen HB, 1953. Bauxite in the Wessel Islands, Arnhem 
Land, NT. Bureau of Mineral Resources, Australia, 
Record 1953/039.

Owen HB, 1954. Bauxite in Australia. Bureau of Mineral 
Resources, Australia, Bulletin 24.

Petroconsultants, 1989. Arafura Basin. Northern 
Territory Geological Survey, Petroleum Basin Study. 
Petroconsultants Australasia Pty Ltd.

Pietsch BA, Rawlings DJ, Creaser PM, Kruse PD, 
Ahmad M, Ferenczi PA and Findhammer TLR, 1991. 
Bauhinia Downs, Northern Territory (Second Edition). 
1:250 000 geological map series explanatory notes, 
SE 53-03. Northern Territory Geological Survey, 
Darwin.

Plumb KA, 1963. Explanatory notes on the Wessel 
Islands-Truant Island 1:250,000 geological series sheet 
SC53-15/16. Bureau of Mineral Resources, Australia, 
Record 1963/134.

Plumb KA, 1965. Wessel Islands-Truant Island, Northern 
Territory (First Edition). 1:250 000 geological map 
series explanatory notes, SC 53-15, 16. Bureau of 
Mineral Resources, Australia.

Plumb KA and Gostin VA, 1973. Origin of Australian 
bauxite deposits. Bureau of Mineral Resources, 
Australia, Record 1973/156.

Plumb KA and Roberts HG, 1992. The geology of 
Arnhem Land, Northern Territory. Mineral Provinces 
15. Bureau of Mineral Resources, Australia, Record 
1992/55.

Plumb KA, Shergold JH and Stefanski MZ, 1976. 
Signi cance of Middle Cambrian trilobites from Elcho 
Island, Northern Territory. BMR Journal of Australian 
Geology and Geophysics 1, 51–55.

Price PL, 1997. Permian to Jurassic palynostratigraphic 
nomenclature of the Bowen and Surat Basins: in Green 
PM (editor) ‘The Surat and Bowen Basins, South-east 
Queensland’ Queensland Minerals and Energy Review 
Series. Queensland Department of Mines and Energy, 
Brisbane, 137–178.

Purcell R, 2006. Palynology report Arafura-1, Goulburn-1 
and Tasman-1, Goulburn Graben, Northern Territory, 
Australia: in Struckmeyer HIM (compiler) ‘New 
datasets for the Arafura Basin’. Geoscience Australia, 
Record 2006/06.

Rawlings DJ, Haines PW, Madigan TLA, Pietsch BA, 
Sweet IP, Plumb KA and Krassay AA, 1997. Arnhem 
Bay-Gove, Northern Territory (Second Edition). 
1:250 000 geological map series explanatory 
notes, SD 53-03, 04. Northern Territory Geological 
Survey, Darwin and Australian Geological Survey 
Organisation, Canberra (National Geoscience Mapping 
Accord).

Rix P, 1964a. Junction Bay Northern Territory (First 
Edition). 1:250 000 geological map series explanatory 
notes, SC 53-14. Bureau of Mineral Resources, Australia, 
Canberra.

Rix P, 1964b. Iron ore deposits, Elcho Island, Northern 
Territory. Bureau of Mineral Resources, Australia, 
Record, 1964/022, 2–10.

Rix P, 1965. Milingimbi, Northern Territory (First Edition). 
1:250 000 geological map series explanatory notes, 
SD-53-02. Bureau of Mineral Resources, Australia, 
Canberra.

Shergold JH, Southgate PN and Cook PJ, 1988. Middle 
Cambrian phosphogenetic system in Australia. Bureau 
of Mineral Resources, Australia, Record 1988/42, 78–81.

Sherwood N, Russell N and Faiz M, 2006. Thermal 
maturity evaluation using a combination of FAMM and 
conventional organic petrological analyses for samples 
from a suite of wells in the Arafura Basin, Australia: 
in Struckmeyer HIM (compiler) ‘New datasets for the 
Arafura Basin’. Geoscience Australia, Record 2006/06.

Southgate PN and Shergold JH, 1991. Application of 
sequence stratigraphic concepts to Middle Cambrian 
phosphogenesis, Georgina Basin, Australia. BMR Journal 
of Australian Geology and Geophysics 12, 119–144.

Struckmeyer HIM (compiler), 2006a. ‘New datasets for the 
Arafura Basin’. Geoscience Australia, Record 2006/06.

Struckmeyer HIM (compiler), 2006b. ‘Petroleum geology 
of the Arafura and Money Shoal basins’. Geoscience 
Australia Record 2006/22.

Struckmeyer HIM, 2006c. Basin evolution: Money Shoal 
Basin: in Struckmeyer HIM (compiler) ‘Petroleum 
geology of the Arafura and Money Shoal basins’. 
Geoscience Australia Record 2006/22, 29–37.

Struckmeyer HIM, 2006d. Potential play types and evidence 
for hydrocarbons: in Struckmeyer HIM (compiler) 
‘Petroleum geology of the Arafura and Money Shoal 
basins’. Geoscience Australia Record 2006/22, 55–60.

Struckmeyer HIM and Earl KL, 2006a. Introduction: in 
Struckmeyer HIM (compiler) ‘Petroleum geology of the 
Arafura and Money Shoal basins’. Geoscience Australia 
Record 2006/22, 1–3.

Struckmeyer HIM and Earl KL, 2006b. Petroleum systems 
elements: in Struckmeyer HIM (compiler) ‘Petroleum 
geology of the Arafura and Money Shoal basins’. 
Geoscience Australia Record 2006/22, 38–45.

Struckmeyer HIM, Ryan GJ and Deighton I, 2006. 
Geohistory models for Arafura Basin wells and pseudo-
wells: in Struckmeyer HIM (compiler) ‘New datasets 
for the Arafura Basin’. Geoscience Australia, Record 
2006/06.

Totterdell JM, 2006. Basin evolution: Arafura Basin: in 
Struckmeyer HIM (compiler) Petroleum geology of the 
Arafura and Money Shoal basins. Geoscience Australia, 
Record 2006/22, 4–28.

Zhen Yongyi, Laurie JR and Nicoll RS, 2011. Cambrian 
and Ordovician stratigraphy and biostratigraphy of the 
Arafura Basin, offshore Northern Territory. Memoirs 
of the Association of Australasian Palaeontologists 42, 
437–457.



36:1

 Bonaparte Basin

A11-253.ai

Ashmore
Platform

Laminaria
High M O N E Y

S H O A L
B A S I N

T I M O R  T R O U G H

B O N A P A R T E  B A S I N

Londonderry
High

Flamingo

Vulcan 

Sub-basin

Syncline

Ya
mpi 

She
lf

Petrel Sub-basin

Moyle
PlatformKulshill

Terrace

Berkeley Platform

Darwin ShelfMalita
 Graben

Calder
Graben

Paqualin
Transfer Zone

Kelp High

Troubadour
High

Sahul
Syncline

Goulburn
Graben

B R O W S E
B A S I N

Flamingo
High

Sahul Platform

Kununurra
Wyndham

Carr-Boyd
Basin

Carlton Sub-basin

Carlton
Sub-basin

Wolfe
Basin

Pincombe
Inlier

Ord Basin

Kimberley Basin

Speewah 
Basin

Bastian Basin

DARWIN

TIMOR-LESTE

INDONESIA

Victoria Basin

Burt Range Sub-basin

Birrindudu Basin

Daly Basin

Pine Creek
Orogen

Daly Basin

Birrindudu
Basin

Fitzmaurice
Basin

Keep Inlet
Sub-basin

W
A

N
T

131°

12°

9°

15°

129°127°125°

Halls
Creek

Orogen

Halls
Creek

Orogen

Ly
nd

oc
h 

Ba
nk

 F
au

lt

A

B

C

D

Mesozoic–CenozoicOffshore Petrel Sub-basin

platform/high

early Cambrian
Kalkarindji Province

road

fault

offshore basin boundary

syncline
location Figure 36.2

location Figure 36.18

sections in Figure 36.3 state boundary

locality

Palaeo–Mesoproterozoic
basins
Palaeo–Mesoproterozoic
orogens

onshore Bonaparte Basin

Neoproterozoic–
Palaeozoic

Archaean

C D
DARWIN NORTHERN

TERRITORY
WESTERN
AUSTRALIA

0 100 km

onshore coastal areas along the NT–Western Australia 
border northward into the Timor Sea across Australia’s 
continental margin. The basin covers an area of 
approximately 270 000 km2, with the onshore portion being 
about 20 000 km2. It contains up to 15 km of Phanerozoic, 

Chapter 36: BONAPARTE BASIN M Ahmad and TJ Munson

INTRODUCTION

The Bonaparte Basin (previously referred to as Bonaparte 
Gulf Basin, Figure 36.1) is a large, predominantly offshore, 
composite polyphase sedimentary basin, extending from 

Current as of November 2012

Figure 36.1. Regional setting of Bonaparte Basin showing major structural elements. NT geological regions from NTGS 1:2.5M GIS 
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rocks. Along with the Browse, Roebuck and Carnarvon 
basins in Western Australia, the Bonaparte Basin forms part 
of the Late Paleozoic to Cenozoic Westralian Superbasin 
(Bradshaw et al 1988), which extends along the northwestern 
continental margin of Australia from the Arafura Sea in the 
north to the Exmouth Plateau in the south.

The boundaries of the Bonaparte Basin are not well 

the northwest, the basin extends across the Timor Sea to 
the Timor Trough, where water depths exceed 3000 m. To 
the east the basin is bounded by the Lynedoch Bank Fault 
System, which separates it from the Money Shoal Basin, 
and to the southwest, it adjoins the offshore Browse Basin 
(Figure 36.1). Elements of the stratigraphic succession are 
continuous with those of adjacent offshore basins.

The Bonaparte Basin is structurally complex and 
consists of a number of Palaeozoic and Mesozoic platform 
areas and sub-basins (Mory 1991, Figures 36.1, 36.2). The 
Vulcan Sub-basin is a major northeast-trending Late Jurassic 
rift depocentre in the western part of the Bonaparte Basin. 
It is separated from the Ashmore Platform to the west and 

systems. The Ashmore Platform is a large elevated block 

overlying Permian–Triassic rocks which were faulted and 
eroded during the Jurassic. The Londonderry High comprises 
elevated Permian–Triassic rocks with thin Late Jurassic and 
Cretaceous cover. The Sahul Platform is also an elevated 
basement area overlain by less than 5000 m of Late Permian 
to Cenozoic rocks. It was uplifted to form a structural high 
during Jurassic extension of the adjacent Malita and Calder 
grabens. The Malita Graben is a northeast-trending trough 
between the Sahul Platform and Darwin Shelf. Its eastward 
extension is known as the Calder Graben. Both grabens 
contain a thick succession of late Palaeozoic, Triassic, 
Jurassic and Early Cretaceous sedimentary rocks. They were 
developed during the Middle Jurassic as a result of rifting 
prior to the break-up of Gondwana. The northwest-trending 
Sahul and Flamingo synclines are depocentres that link and 

and Calder grabens. They are separated by the Laminaria 
and Flamingo highs. The Petrel Sub-basin Figure 36.2) is a 
broad northwest-trending Palaeozoic rift in the southeastern 
Bonaparte Basin that extends into onshore areas of the 
NT and Western Australia. It contains a thick Palaeozoic 
succession overlain by thinner Mesozoic sedimentary rocks. 

and Mesozoic rifting that has resulted in a northeast-trending 
structural overprint. The Darwin Shelf, to the northeast of the 
Petrel Sub-basin, represents a thin succession of Jurassic to 
Cenozoic sedimentary rocks. The Keep Inlet Sub-basin refers 
to a poorly developed depocentre to the east and southeast 

1 

1  Names of 1:250 000 and 1:100 000 mapsheets are in large and 
LEGUNE.

The middle Cambrian to Early Carboniferous Carlton 
Sub-basin occurs to the south of an east–west fault zone 
in onshore areas of the basin, mostly in Western Australia. 
The Proterozoic Pincombe Inlier separates the Carlton Sub-
basin to the west from a northerly plunging syncline to 
the east that forms the Late Devonian–Carboniferous Burt 
Range Sub-basin (Sweet 1977). The Pincombe Inlier was a 
probable emergent palaeohigh through the Late Devonian to 
Early Carboniferous (Jorgensen et al 1990). 

The regional geology and stratigraphic succession of the 
Bonaparte Basin has been described by many authors over the 
last half century. Regional studies of the onshore succession 
include Traves (1955), Brady et al 
Roberts (1968), Dickins et al (1972), Laws (1981), Whitehead 
and Fahey (1985), Beere and Mory (1986), Mory (1988, 

Petroconsultants (1990), McConachie et al (1996) and Dunster 
et al 

(1988), Gunn and Ly (1989), MacDaniel (1988), Mory (1988, 
1991), Botten and Wulff (1990), Petroconsultants (1990), 

et al 
of papers in Ellis et al et al (2005, 2008, 2009) 
and Bourget et al
include Longley et al 
Geoscience Australia (2009, 2011).

accumulations and is an important petroleum producer. 

This chapter focuses on the onshore sedimentary 

A full discussion of the other components of the Bonaparte 

Carlton Group, which only outcrops in the Carlton Sub-
basin in Western Australia, and of the offshore successions 
of the Petrel Sub-basin are also included. 

Southeastern Bonaparte Basin

Inlet and Carlton sub-basins. The Petrel Sub-basin is located 
mostly offshore in the Joseph Bonaparte Gulf, but extends 
onshore into coastal areas of the NT (Figure 36.2). The sub-
basin is an northwest-trending Palaeozoic rift (Figure 36.3) 
that contains a succession of thick Palaeozoic and thinner 
Mesozoic sedimentary rocks. The eastern and western 
margins of the sub-basin are both faulted and converge to the 
south. To the east, the onshore Petrel Sub-basin and poorly 

onshore Carlton and Burt Range sub-basins abut Proterozoic 

Proterozoic basement rocks form extensive shelves around 
the eastern, western and southern margins of the southeastern 
Bonaparte Basin (Figure 36.2) and these are overlain by a 
relatively thin cover of Phanerozoic sedimentary rocks. The 

Platform, which extend to the north-northeast into the Darwin 
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Shelf. The Berkley Platform to the west extends eastward into 

by the Lacrosse Terrace. A large-scale northwest-plunging 
syncline extends along the axis of the Petrel Sub-basin, 
parallel to the prevailing structural grain, and regional dips 
within the sub-basin are also to the northwest, resulting in a 
progressive younging of the sedimentary succession in that 
direction from early Palaeozoic in onshore areas, through late 
Palaeozoic and Mesozoic to Cenozoic offshore (Figures 36.1, 
36.3). The Late Palaeozoic–Mesozoic succession exceeds 
15 000 m in thickness in the central and northern parts of the 
Petrel Sub-basin.

Late Middle Devonian to Early Carboniferous upper-
crustal extension resulted in the formation of a number 
of rift-related structures, particularly in the south and 
southwest of the basin (Figure 36.2
et al

include planated basement platforms (eg Berkley Platform 

the NT, the major structural elements include the Moyle 

and Carlton sub-basins. The Moyle Platform is bounded to 
the east by major faults of the Fitzmaurice Mobile Zone and 
to the west by the Moyle River Fault. It consists of crystalline 
basement rocks that are probably equivalent to those of the 

Late Carboniferous to Early Permian sedimentary rocks. 

The Kulshill Terrace refers to the onshore parts of the Petrel 

Fault where a thick, poorly exposed Palaeozoic succession 
has been intersected in drillholes. 

The stratigraphic succession of the southeastern 
Bonaparte Basin in the NT (Table 36.1) is complex and 

including Beere and Mory (1986), Mory and Beere (1988), 
Mory (1991), Gorter (1998) and Gorter et al

(2009, 2011).
Palaeozoic sedimentary rocks outcrop along the coast 

onshore succession of the Bonaparte Basin ranges from 
Cambrian to early Middle Triassic in age. Siliciclastic and 

Carlton Group outcrop along the southwestern margin 
of the Bonaparte Basin in Western Australia, within the 
Carlton Sub-basin (Mory and Beere 1988) and are the oldest 
sedimentary rocks within the basin. An unnamed subsurface 
evaporitic unit of uncertain lateral extent, penetrated in 
deep drillholes and interpreted from seismic data, is most 

et al
succession comprises the Late Devonian Cockatoo and 
Ningbing groups, the Late Devonian–Early Mississippian 
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Mississippian–Early Pennsylvanian Wadeye Group, Early 

overlain by the Middle Triassic–Jurassic Troughton Group, 
Jurassic–Early Cretaceous Flamingo Group, Cretaceous 
Bathurst Island Group equivalent and Cenozoic Woodbine 
Group. The only onshore outcrops of these offshore 
Middle Triassic and younger successions are isolated Early 

CAMBRIAN–ORDOVICIAN

Carlton Group

Carlton Group (Caye 
1968) outcrop along the southwestern basin margin in 

overlying tholeiitic basalts of the late early Cambrian 

the oldest sedimentary rocks within the Bonaparte Basin. 
The Carlton Group does not outcrop in the NT portion 
of the basin, although it is possible that it may occur in 

subsurface in offshore areas (Petroconsultants 1990). The 

areas of Western Australia, where it has been subdivided into 
six conformable formations (Figure 36.4), from base to top, 

Formation, Pretlove Sandstone, Clark Sandstone and 

1990). These were deposited in a range of environments, 
from intertidal to subtidal shallow marine to deeper marine 
towards the top. The top of the group is everywhere eroded.

Trilobite faunas from the Carlton Group were described 
in Shergold et al (2007) and enable a correlation of the 
middle Cambrian strata with the two successive sedimentary 
successions that have been recognised from sequence 
stratigraphic studies in the Georgina Basin in the NT to 
the east (Shergold et al 1988, Southgate and Shergold 

Spring Sandstone to Pretlove Sandstone probably represents 
sequence 2. A correlation chart showing the relationships of 
these units to successions in similar-aged NT basins is in 

.

?LATE ORDOVICIAN–?SILURIAN

to Middle Devonian interval in the onshore Bonaparte 
Basin, but extensive evaporite deposits of unknown lateral 
continuity are known from the southernmost offshore 

2002, Leonard et al
diapirs and salt pillows, penetrated in deep drillholes 
and interpreted from seismic data, that developed during 
Late Devonian–earliest Carboniferous extensional 

faulting and by passive rise during the Carboniferous–
Permian (Figure 36.2). There is no direct evidence of the 
depositional age of this evaporitic succession, but it most 

et al
stratigraphic relationships with similar successions in the 
Canning Basin of Western Australia (Jones et al 1997).

LATE DEVONIAN

Cockatoo Group

The Petrel Sub-basin developed as a rift basin in the Late 
Devonian as a consequence of northeast-oriented extension, 
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resulting in the deposition of siliciclastic and carbonate rocks 
in terrestrial and shallow marine environments. Devonian–
Carboniferous sedimentation within the sub-basin was 

regressive cycles (Petroconsultants 1990, McConachie et al 

Group sedimentary rocks were deposited during the Late 
Devonian (Laws 1981, Mory and Beere 1988). Coarse clastic 
rocks are associated with the eastern and western faulted 
basin margins and grade basinward into marine siliciclastic 
rocks, including siltstone and shale with interbedded 
sandstone and sandy limestone of the lower Bonaparte 

Figure 36.5). Interbeds of dolostone, marl and limestone 
are found along the western margin. In the NT, the group is 

Figure 36.6).
The Cockatoo Group (Rowley and Lee 1986) has been 

divided into ten formations, as summarised by Mory and 
Beere (1988), but only two formations are recognised in the 
NT (Dunster et al 2000): the Ragged Range Conglomerate 

Figure 36.7, 
Table 36.1). Constituent units occurring within Western 
Australia include the Steeple Peak Sandstone, Cyril 

Formation, Abney Sandstone, Cecil Sandstone, Maudoobar 

lateral and vertical stratigraphic relationships, and several 
unconformities have been recognised within the succession 
(Mory and Beere 1988). The Cockatoo Group is regarded 

Beere 1988). 

Ragged Range Conglomerate

of Plumb 1968) outcrops as low ridges and benches and is 
unconformable on Proterozoic rocks, the Antrim Plateau 

(Whitehead and Fahey 1985, Dunster et al 2000), and these 
two units are at least partially equivalent to several other 
formations in Western Australia, including the Steeple Creek 
and Cyril sandstones. The formation typically comprises 

sandstone with occasional cross-beds (Figure 36.8) and 
reaches a maximum thickness of about 300 m (Pontifex 
and Sweet 1972). Conglomerate clasts are set in a sandy 

a range of rock types, including quartzite, rhyolite, shale, 
phyllite and siltstone (Whitehead and Fahey 1985). Mory 
and Beere (1988) reported an intraformational angular 
unconformity within the Ragged Range Conglomerate 
in Western Australia. The formation was deposited in 
alluvial fan to shallow tidal conditions, proximal to uplifted 
Proterozoic rocks. Pelecypods and gastropods at the base 
and pelecypods at the top of the type section demonstrate a 

and Roberts 1968). 

Kellys Knob Sandstone

the Ragged Range Conglomerate. It outcrops as prominent, 
deeply dissected plateaux that dominate the topography 

Park (Whitehead and Fahey 1985, Figures 36.9, 10). South 
of Burt Range, conglomeratic beds that are assigned to 

et al 2000). The unit is also 
in faulted contact with the Enga Sandstone and Burt Range 

tabular body of cross-bedded quartz sandstone at least 300 m 

of red to orange, tabular, cross-bedded, medium-grained, 
pebbly quartz sandstone with conglomeratic beds towards 
the base (Whitehead and Fahey 1985). Facies analysis of 
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reworked alluvial fan deposits (Dunster et al 2000). 

Ningbing Group

and Roberts 1968) is only exposed in a narrow north-
northwest-trending belt in northeastern CAMBRIDGE 

Australia. In the NT, it is entirely subsurface and is only 
known from petroleum and deep mineral drillholes in 

et al 2000, 
Gorter et al 2005). In Western Australia, the group has been 

Limestone, and the laterally equivalent Garimala Limestone 
and Buttons Formation (Mory and Beere 1988). In the NT, 
only the Buttons Formation is recognised, the remainder of 
the succession being undivided (Table 36.1). As a result of 
local disconformities and rapid lateral facies changes, the 
thickness of the group varies considerably from 171 m in 
drillhole Ningbing-1 in Western Australia (Mory and Beere 

in northwest LEGUNE

group is Late Devonian (Famennian) in age (Mory and 
Beere 1988) and consists predominantly of carbonate rocks 
deposited as a reef complex similar to those of the Canning 
basin in Western Australia (Playford et al 2009). In offshore 
parts of the Bonaparte Basin, deeper marine rocks of the 

deposited at this time and are in part laterally equivalent 
to the Ningbing Group (Figure 36.5). The group is 
conformable or disconformable on the Cockatoo Group, or 
is disconformable on Proterozoic rocks, or on the Antrim 

overlain by the Weaber Group (Mory and Beere 1988). 

Undivided Ningbing Group
A thick section of undivided Ningbing Group (referred to 

et al 2000) 

the Ningbing Group by Mory and Beere (1988) for a 

Gorter et al (2005, Figure 36.11

dolostone with authigenic quartz and rare ostracodes, 
calcispheres and mollusc fragments, interpreted by Caye 
(1969) as representing a back reef lagoonal environment. 
This is overlain by 280.5 m of bioclastic and mottled 
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Figure 36.6. Northern Territory portion of Bonaparte Basin, 

geology and NTGS 1:2.5M geological regions GIS datasets. 

poorly mapped to assign to revised stratigraphic succession of 
Gorter (1998) and Gorter et al (2005, 2008, 2009). Cretaceous 

Carpentaria Basin, but are same age as, and were almost certainly 
continuous with Bathurst Island Group equivalent rocks of 
Bonaparte Basin.
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Unit, thickness (distribution) Lithology Depositional environment Stratigraphic relationships
Cenozoic
WOODBINE GROUP
undifferentiated Woodbine 
Group
<1300 m (offshore)

Siliciclastic and carbonate rocks. Marine shelf.
equivalent.

Cretaceous
BATHURST ISLAND GROUP EQUIVALENT
Wangarlu Fm equivalent
<2000 m (offshore)

Claystone with subordinate 
siltstone and minor sandstone, 
grading upward into claystone, 
calcimudstone and marl.

Inner to distal marine shelf. Conformable on Darwin Fm.

Darwin Fm equivalent 
<52 m (onshore and offshore)

Radiolarian chert, claystone and 
calcimudstone

Shallow marine. Conformable on Echuca Shoals Formation 

(onshore). 
Echuca Shoals Formation
>250 m (offshore)

Glauconitic claystone and 
siltstone.

Shallow marine.

Late Jurassic–Early Cretaceous
FLAMINGO GROUP
In ascending order: 
Elang Fm
Frigate Shale
Sandpiper Sandstone

Siliciclastic and lesser carbonate 
rocks.

Deltaic to shallow marine to 
open marine shelf.

Disconformable to unconformable on 
Troughton Group.

Middle Triassic to Middle Jurassic
TROUGHTON GROUP
In ascending order: 
Cape Londonderry Fm
Malita Fm
Plover Fm <500 m (offshore).

Dominantly siliciclastic rocks. Fluvial braided-stream, 

coastal.

Early Permian to Middle Triassic
KINMORE GROUP
MOUNT GOODWIN SUB-GROUP
undifferentiated Ascalon Fm 
/Mairmull Fm
20 m (onshore)

Shale and siltstone. Marginal marine to shallow 
marine.

In ascending order: 
Penguin Fm
Mairmull Fm
Ascalon Fm
Fishburn Fm 180 m 
(offshore)

Claystone, siltstone and minor 
sandstone.

Marginal marine, shallow 
marine, low-relief delta plain, 
nearshore marine.

HYLAND BAY SUB-GROUP
Tern Fm 
<73 m (offshore and onshore)

Sandstone, siltstone and mudstone 
in repeating cycles. sandy shoreface to estuarine.

Dombey Fm 
<30 m (offshore and onshore)

Limestone and sandstone. Marine shelf.

Cape Hay Fm Shale, sandstone and siltstone. River-dominated delta system 
with restricted shoreface.

Pearce Fm 
<50 m (offshore and onshore)

Limestone and shale and lesser 
sandstone. Sandstone more 
dominant in onshore areas.

shelf.

NOT SUB-GROUPED
Fossil Head Fm
<590 m (offshore and onshore) 

Carbonaceous siltstone and 
mudstone with sandstone and 
minor limestone.

Marine-shelf. Lower part may 
be prodeltaic.

Late Carboniferous–Early Permian
KULSHILL GROUP
Keyling Fm 
>500 m (offshore and onshore)

Mostly sandstone, with lesser 
siltstone, shale, coal, conglomerate 
and minor limestone.

Fluvial, subordinate 
lacustrine and paludal. 
Lesser marginal marine and 
intertidal.

Probably unconformable on Ditji Fm.

Ditji Fm
<130 m (offshore)

Calcareous sandstone, sandy 
limestone with minor coal.

Marine or marginal marine. Probably unconformable on Quoin Fm.

Quoin Fm
<750 m (offshore and onshore)

Sandstone, siltstone and shale.

nearshore and continental.

Probably unconformable on Treachery Fm.

Table 36.1. Summary of onshore and offshore stratigraphic succession of Petrel Sub-basin in the NT. Abbreviation: Fm = Formation 
(continued on next page).
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Unit, thickness (distribution) Lithology Depositional environment Stratigraphic relationships
Treachery Fm 
>300 m (offshore and onshore)

Tillite, diamictite, carbonaceous 
shale, varved siltstone, sandstone, 
and minor limestone and coal.

in part, possibly marginal 
marine or non-marine.

formations.

Border Creek Fm
>111 m (onshore)

Sandstone and conglomerate, 
minor siltstone.

Fluvial to deltaic.

Keep Inlet Fm Calcareous, feldspathic and lithic Fluvial and fan delta, 
glaciogenic.

Kuriyippi Fm
<1017 m (offshore and onshore)

Sandstone and lesser amounts of 
siltstone, shale and minor coal in glaciogenic in upper part. on older units.

Late Devonian–Early Carboniferous
WADEYE GROUP
Aquitaine Fm
>200 m (offshore and onshore).

Sandstone grading up into 
siltstone.

Mostly non-marine.
of Point Spring Sandstone in WA.

Arco Fm
<650 m (offshore and onshore).

Siltstone, shale, sandstone. Shallow marine
Lateral equivalent of Point Spring Sandstone 
(WA).

WEABER GROUP
Tanmurra Fm
<277 m (offshore and onshore)

Calcareous and dolomitic 
sandstone with minor limestone, 
siltstone and shale.

Transgressive, delta to 
shallow marine shelf. Burvill Fm.

Burvill Fm
<80 m (onshore)

Sandstone, siltstone, shale, 
calcareous sandstone and 
quartzose limestone.

Lower shoreface and offshore 
delta front or prodelta.

<200 m (offshore and onshore)
Claystone with minor siltstone and Moderately deep marine.

equivalent of Burvill Fm.
Utting Calcarenite 
<120 m (offshore and onshore)

Sandy limestone, calcareous 
sandstone, minor sandstone.

Marine.
Fm. Lateral equivalent ofBurvill Fm.

Yow Creek Fm Shale, ironstone and siltstone. Prograding delta.

Milligans Fm Mostly silty shale and 
lesser sandstone, limestone, 
conglomerate.

Moderately deep marine.

LANGFIELD GROUP
Zimmerman Sandstone
<133 m (onshore)

Quartzic to feldspathic and lithic 

shale.

Shoreface to shallow marine. Conformable on Septimus Limestone.

Septimus Limestone
300 m (onshore)

Limestone, quartzose limestone 
and and calcareous sandstone.

Conformable on Enga Sandstone.

Enga Sandstone 
<320 m (onshore)

Quartz sandstone, minor siltstone, 
shale and quartzose limestone.

Shallow marine, tidal channel, Conformable on  Burt Range Fm.

Burt Range Fm Calcareous sandstone, quartzose 
limestone and dolostone, minor 
carbonaceous shale.

Inner shelf to shoreface on a 

platform.

Disconformable on Ningbing Group.

Bonaparte Fm 
>930 m (onshore and probably 
offshore)

Shale, siltstone with interbedded 
dolomitic sandstone and minor 
quartzose limestone

Quiet relatively deep marine. Conformable and disconformable on Ningbing 
Group. Long-ranging unit is also a lateral 
equivalent of Cockatoo, Ningbing and other 

NINGBING GROUP
Buttons Fm
<350 (onshore)

Thinly bedded limestone and 
cross-bedded sandstone.

Conformable on undivided Ningbing Group, or 
unconformable on Cockatoo Group.

undivided Ningbing Group, Limestone and dolostone. Back reef lagoonal, reef crest 
and fore reef.

Conformable or disconformable on the 
Cockatoo Group, or disconformable on 
Proterozoic rocks, or on Antrim Plateau 

COCKATOO GROUP
Kellys Knob Sandstone
>300 m (onshore)

Quartz sandstone with 
conglomerate towards base.

Ragged Range Conglomerate 
<300 m (onshore)

Polymictic conglomerate and 
sandstone.

Alluvial fan to shallow tidal.

Table 36.1. Summary of onshore and offshore stratigraphic succession of Petrel Sub-basin in the NT (continued from previous page).
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limestone that contains algal bioherms and abundant 
bioclastic fragments of brachiopods, bryozoans, crinoids, 
gastropods, and encrusting and other algae. Caye (1969) 
interpreted this limestone as representing a shallow water 
turbulent environment, presumably in the reef crest or fore 
reef zones.

Buttons Formation
The uppermost Devonian (upper Famennian) Buttons 

Playford 1982) outcrops in the Burt Range area in Western 
Australia, but is only known from the subsurface in the NT. 

Figure 36.7
Gap, showing Late Devonian strata 
of Cockatoo Group overlying early 
Palaeozoic and Proterozoic strata 

KEEP, 52L 509500mE 
8259300mN, after Whitehead and 
Fahey 1985: plate 5). Cockatoo Group: 

Range Conglomerate. c = late early 

d = Meso–Neoproterozoic rocks of 

Fitzmaurice Basin. f = Palaeoproterozoic 

Figure 36.8. Gradational contact between Ragged Range 

EEP, Nigli Gap area, precise 
location unknown, after Whitehead and Fahey 1985: plate 7).

Figure 36.9

EEP, Nigli Gap area, precise location unknown, after Whitehead 
and Fahey 1985: plate 10).

Figure 36.10 a) Basal conglomerate with 
EEP

after Whitehead and Fahey 1985: plate 8). (b) Large-scale trough 
EEP, 

southern Burt Range Amphitheatre, precise location unknown, 
after Whitehead and Fahey 1985: plate 9).

a

b
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It is a stratigraphic equivalent of the Garimala Limestone, 
which outcrops in the Ningbing Range in Western Australia. 

respectively, of Buttons Formation (Caye 1969, Gorter 
et al 
described in any detail. Mory and Beere (1988) described 

the Buttons Formation in Western Australia as being 

(wackestone, grainstone, calcimudstone) and cross-bedded 
sandstone, with sandy and laminated carbonate beds. In 

overlies undivided Ningbing Group and is unconformably 
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Cockatoo Group rocks and the Milligans Formation 
(Weaber Group), with other components of the Ningbing 

been interpreted for the formation (Mory and Beere 1988).

LATE DEVONIAN–EARLY CARBONIFEROUS

By the Mississippian, the Petrel Sub-basin had developed 
via rifting into a northwest-trending basin that accumulated 

of post-rift subsidence and salt withdrawal during the 
Carboniferous and Permian (Geoscience Australia 2009). 

These Carboniferous–Permian sedimentary rocks form the 

maximum thickness of about 900 m and has been divided 

Dickins et al 1972, Figures 36.6, 36.12, Table 36.1). It 
includes, in ascending stratigraphic order, the subsurface 
Bonaparte Formation, and the outcropping Burt Range 
Formation, Enga Sandstone, Septimus Limestone and 
Zimmerman Sandstone (Figure 36.13). The Bonaparte 
Formation has been shown to be also laterally equivalent 
to formations of the underlying Cockatoo and Ningbing 
groups (Mory 1990, McConachie et al 1996, Figure 36.5). 
It is therefore longer ranging (Late Devonian–
Carboniferous) than the remainder of the group, which is 
Early Carboniferous (Tournaisian). Fine-grained rocks of 
the Bonaparte Formation were deposited in quiet, relatively 
deep marine conditions, and this formation is interpreted 
as the distal equivalent of the other correlative units, 
which were deposited in a more proximal, shallow marine, 

conformable and disconformable on the Ningbing Group, 
and is unconformably overlain by the Weaber Group and by 

Group.

Bonaparte Formation

1968) is only known from onshore petroleum exploration 

although it also possibly occurs in the subsurface in the 
northwestern NT and in offshore areas of the Petrel Sub-

Mory (1990) and McConachie et al (1996) showed that 
the formation is a long-ranging unit that is also laterally 
equivalent to formations of the underlying Cockatoo and 

2280 and 3210 m depth in drillhole Bonaparte-1 (Beere 

(930 m) of the formation, but the base of the unit was not 
reached in this drillhole. Several drillhole intersections in 
the NT were assigned to the Bonaparte Formation by Mory 
and Beere (1988). These include a 633 m thick intersection 

et al 

this group. The Bonaparte Formation is therefore limited in 
areal extent to interpreted deeper-water portions of the Petrel 
Sub-basin away from the basin’s margins. The formation 
consists of shale and siltstone with interbedded variably 
dolomitic sandstone and minor quartzose limestone, and 
was deposited in a quiet-water marine shelf or a deeper 
basinal setting of uncertain depth (Mory and Beere 1988). 
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Burt Range Formation

et al 
1952) outcrops in a north to southeast-trending arcuate 

NT, it is best exposed as low- to moderate-relief benches 

Park (Figure 36.13). The formation is conformable or 
disconformable on the Ningbing Group and is conformably, 

overlain by the Enga Sandstone. It is also probably 
unconformably overlain in the subsurface by the Milligans 
Formation of the Weaber Group (Mory and Beere 1988). 
Whitehead and Fahey (1985) interpreted the formation to 

but Dunster et al (2000) described the contact between the 
two formations in this area as being faulted. The formation 

area in Western Australia (Rowley and Lee 1986), but these 
units have not been recognised in the NT. 

The Burt Range Formation reaches a maximum thickness 

thick (Whitehead and Fahey 1985). Exposures of the unit are 
dominated by calcareous sandstone, quartzose limestone 
and dolostone. Carbonaceous shale has also been intersected 
in drillholes (d’Auvergne et al 1980, Mory and Beere 1988, 
Jorgensen et al 1990). Sedimentary structures include rare 
intraformational breccias and clasts, ripples and bioturbation. 
Brachiopods collected from the base of the formation in 

Carboniferous age (J Laurie pers comm in Whitehead and 
Fahey 1985), but a more diverse fossil assemblage including 
brachiopods, crinoid fragments, bivalves, gastropods, corals, 
nautiloids, echinoids, bryozoans and conodonts, indicates an 

Druce 1969, Roberts 1971). The Burt Range Formation is 
interpreted to have been deposited during a period of overall 

carbonate platform. Local environments of deposition include 
high-energy shoals and lower-energy intertidal–supratidal 
settings (Mory and Beere 1988).

Enga Sandstone

In the NT, the formation forms a resistant cap on the Burt 
Range Formation or is exposed as dissected plateaux. It 
conformably overlies the Burt Range Formation (Whitehead 
and Fahey 1985, Figure 36.13), although the contact is 

conformable underlies the Septimus Limestone. Whitehead 
and Fahey (1985) also described a locally disconformable 

(1988) estimated a maximum thickness of about 320 m for the 
unit in Western Australia, but exposures in the NT are less 
than 150 m thick (Whitehead and Fahey 1985). The formation 

2A, where it is less than 50 m in thickness (Petroconsultants 
1990), but the positioning of the stratigraphic picks in these 
NT drillholes is uncertain (Dunster et al 2000). 

The Enga Sandstone consists of fossiliferous quartz 
sandstone with minor siltstone, shale and quartzose limestone. 
Beds range from massive to laminated to cross-bedded, and 
may be bioturbated. Fossils include bivalves, brachiopods, 
gastropods, bryozoans, trilobites, ostracods, foraminifera, 
crinoids, conodonts, algae and plant fragments (Mory and 
Beere 1988). The conodonts indicate a mid-Tournaisian age 
(Druce 1969). A shallow marine setting, dominated by beach, 

for the formation (Mory and Beere 1988). 

Septimus Limestone 

Figure 36.13
south from northern end of Burt Range 
Amphitheatre, showing Burt Range 
Formation overlain by Enga Sandstone 
with Zimmerman Sandstone in middle 
distance. Border Creek Formation of 

and Zimmerman Sandstone. a = Border 

Sandstone of underlying Cockatoo 
EEP, near 

52L 502000mE 8258000mN, after 
Whitehead and Fahey 1985: plate 11).
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et al 1952) outcrops mostly in the central Burt Range in 
eastern CAMBRIDGE GULF in Western Australia, but a 
few scattered exposures in westernmost AUVERGNE were 
assigned to this formation by Pontifex and Sweet (1972) 
and Whitehead and Fahey (1985). In the Burt Range, the 
formation is conformable between the Enga Sandstone 
below and the Zimmerman Sandstone. However, in the type 
section at Mount Septimus to the north, it is unconformably 
overlain by Kulshill Group rocks that Mory and Beere (1988) 
referred to the Keep Inlet Formation, and in the subsurface 
in the NT, it is unconformably overlain by the Milligans 
Formation of the Weaber Group (Petroconsultants 1990). 
In the type section, the formation reaches an estimated 
maximum thickness of about 300 m, but it thins rapidly 
away from this area to be only 25 m thick in exposures 9 km 
to the south (Mory and Beere 1988). The formation has 
been intersected in Keep River-1 and Weaber-1 in the NT, 
where it is about 100 m thick (Petroconsultants 1990), but 
the positioning of the stratigraphic picks in these drillholes 
is uncertain (Dunster et al 2000). 

In the type section, the Septimus Limestone consists of 
limestone, quartzose limestone and calcareous sandstone 
(Mory and Beere 1988). Elsewhere, the sandstone facies is 

to distinguish the unit from the sandstone formations above 
and below (Dunster et al 2000). The sparse NT exposures 

calcareous feldspathic sandstone (Figure 36.14). A marine 
fauna of brachiopods, crinoids, minor corals, molluscs, 
trilobites, blastoids, ostracods, conodonts, echinoids and 
sponges is present within the formation (Thomas 1962, 
Roberts 1971) and the conodont fauna indicates a mid-
Tournaisian age (Druce 1969). A high-energy shallow water 
environment of deposition has been interpreted for the unit 
(Veevers and Roberts 1968, Mory and Beere 1988).

Zimmerman Sandstone
The Zimmerman Sandstone (Veevers and Roberts 1968) 
outcrops in the central Burt Range in eastern CAMBRIDGE 
GULF in Western Australia and is also exposed in several 
low hills in a small area in Keep River National Park in 
westernmost AUVERGNE (Whitehead and Fahey 1985). It 
has not been intersected in the subsurface. The formation 
is conformable on the Septimus Limestone and forms 

disconformably overlain by Kulshill Group rocks that were 
referred to the Keep Inlet Formation by Mory and Beere 
(1988) in Western Australia, and to the Border Creek 
Formation by Whitehead and Fahey (1985) in the NT. The 
type section is at Mount Zimmerman in Western Australia, 
where the formation comprises 133 m of brown to white 
quartz sandstone with interbedded white siltstone in the 
upper part (Veevers and Roberts 1968). However, the unit 
thins rapidly away from this area to be only 25 m thick, 4 km 
to the south of the type section, and it has been completely 
removed by erosion about 6 km to the north (Mory and 
Beere 1988). The NT exposures consist of <30 m of friable, 
medium-grained, slightly calcareous sandstone. Some 
beds are almost entirely quartzose, whereas others contain 
quartz, feldspar and lithic grains. The latter were derived 
from a mixed igneous and metamorphic provenance, which 

Dunster et al (2000) interpreted as indicating a major clastic 

shoreface to shallow marine environment of deposition is 
likely (Mory and Beere 1988). Uncommon marine fossils 
from this unit in Western Australia include brachiopods, 
bivalves, bryozoans, crinoids, and trace fossils including 
Rhizocorallium. The brachiopods indicate a late Tournaisian 
age (Roberts 1971). 

Weaber Group

The Weaber Group (Traves 1955, Gorter et al 2005) is a 
complex succession of clastic and carbonate sedimentary 
rocks that reaches a maximum thickness of about 2400 m 
and is separated by several unconformities (Figure 36.12). 
The group is exposed in the onshore Petrel Sub-basin in 
northeastern CAMBRIDGE GULF and southeastern 
MEDUSA BANKS in Western Australia, and northwestern 
AUVERNGE in the NT (Figure 36.6). It also occurs in the 
subsurface in the offshore Petrel Sub-basin and in PORT 
KEATS (Creevey 1966, Duchemin and Creevey 1966, 
Dickins et al 1972). The group contains eight formations 
(Mory and Beere 1988, Gorter et al 2005); these are, in 
ascending stratigraphic order, the Milligans Formation, 
which incorporates the former ‘Waggon Creek Formation’ 
as a facies association, Yow Creek Formation, Utting 

is laterally equivalent to these last two units, Tanmurra 
Formation, Sandbar Sandstone and Sunbird Formation 
(Figure 36.12). Of these, the Milligans Formation, 
including the Waggon Creek facies association, subsurface 
Yow Creek Formation, subsurface Utting Conglomerate, 

subsurface Tanmurra Formation are found in onshore 
areas of the NT (Table 36.1); the other formations occur 
in Western Australia or offshore (Figure 36.15). The 
group originally included the Point Spring Sandstone at 
its top (Mory and Beere 1988), but this unit has since been 
included in the Wadeye Group by Gorter et al (2005). The 

Group, although the relationship may be conformable in 
offshore depocentres (Mory 1991), and is unconformably 
overlain by the Wadeye Group. It is Early Carboniferous 

Figure 36.14. Septimus Limestone (darker rock in lower half of 
image) unconformably overlain by Border Creek Formation in 
northern end of Burt Range Amphitheatre (AUVERGNE, KEEP, 52L 
501900mE 8259100mN, after Whitehead and Fahey 1985: plate 12).
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Figure 36.15
et al (2005, 2008, 2009). 
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(Mississippian: latest Tournaisian to early Serpukhovian) in 
age (Mory and Beere 1988, Gorter et al 2005).

Milligans Formation
The Milligans Formation (Caye 1968, Gorter et al 2005) 

et al 

basin. The recessive unit outcrops poorly in northwestern 
et al 2000), but is only known from 

the subsurface in onshore areas further to the north. In 
the NT, thick sections of Milligans Formation have been 
penetrated (Gorter et al

lower intervals within the Milligans Formation, separated 

(Gorter et al 2005). The offshore Milligans Formation 
consists mostly of fossiliferous silty shale, but onshore 
intersections include interbedded sandstone, limestone 
(packstone and grainstone) and conglomerate of the 
Waggon Creek facies association. The Milligans Formation 

foraminiferans, conodonts, ostracodes and palynomorphs 
that are consistent with a marine depositional setting for 
most of the formation (Mory and Beere 1988, Gorter et al 
2005). The coarser Waggon Creek facies is interpreted 
as a basin margin equivalent of the basinal Milligans 
Formation, although the precise depositional environment 
is uncertain. The facies may in part represent beach rock 
and dolomitic cliff-foot talus deposits accumulated in 
a palaeovalley (Jones 1989), or submarine fan deposits 
(Mory 1991), or turbidite channel deposits capped by 
marine shale (Gorter 1991, as cited in Gorter et al 2005). 

Yow Creek Formation

et al (2005) as the upper part of the 
Milligans Formation (sensu Mory and Beere 1988), 
unconformably overlying the Milligans Formation (sensu 
stricto). The formation is 180 m thick in the type section 
in drillhole Bonaparte-1, where it consists of slightly silty 
and rarely fossiliferous shale, with common ironstone and 
a basal, weakly fossiliferous sandy siltstone (Gorter et al 
2005). It was interpreted by Gorter et al

but these intersections were not described. Lavering and 

succession and Gorter et al (2005) indicated that the 
formation was deposited during a “regression, possibly 
driven by tectonics”.

Utting Calcarenite

et al 

lateral equivalents of the coarse clastic-dominated Burvill 
Formation developed near the margins of the Petrel Sub-

the formation consists of fossiliferous sandy limestone 
(wackestone and packstone), calcareous sandstone and 

and Roberts 1968, Mory and Beere 1988). It is richly 
fossiliferous and contains conodonts, foraminiferans, 
ostracodes, brachiopods, corals, echinoids, trilobites and 
shark remains, described in various publications as listed 
in Gorter et al
age. Mory and Beere (1988) interpreted the formation as 
a low-energy marine deposit, whereas Gorter et al (2005) 
argued for a more energetic low-stand environment from 
the presence of large amounts of course-grained detritus 
and reworked fossils.

et al 2005) 

These units are both lateral equivalents of the coarse clastic-
dominated Burvill Formation, which is developed near the 
margins of the Petrel Sub-basin. The unit is unconformably 
overlain by the Tanmurra Formation offshore and in 

thick (Gorter et al

of slightly micaceous and carbonaceous claystone with 

ostracodes, scolecodonts, acritarchs and palynomorphs 
(summarised in Gorter et al 2005) that indicate a late 

environment of deposition. Gorter et al (2005) interpreted 
the formation as representing a rapid deepening event 

Burvill Formation

basin in Western Australia and is considered to be a lateral 

although the stratigraphic relationships are not entirely 
clear. The formation is conformable (Mory and Beere 

of Gorter et al 2005) and is unconformably overlain by 
the Tanmurra Formation (Gorter et al 2005). It forms 
discontinuously exposures in northeastern CAMBRIDGE 

known from shallow stratigraphic drillholes (Dunster et al 
2000). The Burvill Formation consists of sandstone and 
minor siltstone, shale, calcareous sandstone and quartzose 

but medium to coarse phases are locally common. A 
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diverse assemblage of macrofossils (including brachiopods 
described by Thomas 1971), trace and microfossils indicate 

may young to the north (Mory and Beere 1988). Mory and 
Beere (1988) suggested a lower shoreface and offshore 
depositional environment in a delta front or prodelta setting.

Tanmurra Formation

et al 1977) was 
deposited throughout the Carlton Sub-basin, Cambridge 

and Burvill Formation, and is unconformably overlain 

Serpukhovian Sunbird Formation, and onshore by the 
Point Spring Sandstone of the Wadeye Group (Gorter et al 
2005). It is 277 m thick in the type section in Bonaparte-1 

et al 
2005), although the top of the formation has been eroded in 

-2A and -5 (Dunster et al 2000). The Tanmurra Formation 
consists of calcareous and dolomitic sandstone with minor 
limestone, siltstone and shale. Large amounts of reworked 

indicates the active erosion of earlier rocks (Gorter et al 
2005) and the formation is regarded as being transgressive. 
A deltaic to shallow marine shelf environment of deposition 
has been interpreted for the unit (Mory and Beere 1988, 
Gorter et al 2005).

The Late Mississippian–Early Pennsylvanian Wadeye 
Group (Gorter et al 2005) is represented on the margins of 
the Petrel Sub-basin in northeastern Western Australia by 
the Point Spring Sandstone, consisting of sandstone, pebbly 
sandstone and minor siltstone, and in deeper parts of the 

rocks of the Arco and Aquitaine formations (Gorter et al 
2005, Figure 36.12). Gorter et al (2008) subsequently 

the Weaber Group and commented that it probably should 

Geoscience Australia (2009) have retained the original 

Member’ (Mory and Beere 1988) of the Point Spring 
Sandstone was reinterpreted by Gorter et al (2005) as being 

original rank as the Border Creek Formation (sensu

et al 2000) are excluded from the group. The Wadeye Group 
is unconformable on formations of the Weaber Group and is 

et al 
2005). Its base is characterised by seaward-directed canyon 
incision as a result of a major fall in sea level. In the NT, the 

Arco and Aquitaine formations (Table 36.1). 

Arco Formation
The subsurface Arco Formation (Gorter et al 2005) 
unconformably overlies the Sunbird Formation, or 
where this is absent, the Tanmurra Formation, and is 
unconformably overlain by the Aquitaine Formation. The 
Arco and Aquitaine formations are laterally equivalent 
to the onshore Point Spring Sandstone (Figure 36.12). 
The formation is 105 m thick in the type section in 
offshore drillhole Sandbar-1, where it consists of a lower 

sandstone. Sandstone of the lower interval has up to 5% 
recrystallised limestone grains with occasional fossils and 

sandstone interbeds except for the uppermost 50 m which 
is mostly sandstone (Gorter et al
et al interpreted this succession as representing a basinal 

surface. The Arco Formation contains palynomorphs, 
conodonts and ostracodes that indicate a Serpukhovian to 
earliest Pennsylvanian age. The upward-coarsening nature 
of the formation indicates a progradational depositional 
environment, probably representing the advancement of a 
broad shelf towards a seaward basinal deep, but there is little 
evidence of the involvement of deltas (Gorter et al 2005). 

Aquitaine Formation
The subsurface Aquitaine Formation (Gorter et al 
2005) unconformably overlies the Arco Formation and 

laterally equivalent to the onshore Point Spring Sandstone 
(Figure 36.12). In the type section in Sandbar-1, the 
Aquitaine Formation is 95 m thick and consists of a lower 

siltstone interbeds and an upper part that is gradational 
into siltstone (Gorter et al 2005). The formation is thicker 

et al
environment was suggested for the formation by Gorter 
et al (2005) from a paucity of in situ marine fossils, although 

LATE CARBONIFEROUS–EARLY PERMIAN

Kulshill Group

(Western Australia), and in the NT in northwestern 
et al 

et al 
1972, Gorter et al 2008, Figure 36.6). It also occurs 
extensively in the subsurface in all these mapsheets, and 
in the offshore Petrel Sub-basin. The group is over 1500 m 
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equivalent, the Border Creek Formation (Figure 36.12). 
These are overlain by, in ascending stratigraphic order, the 
Treachery Formation, Quoin Formation, Ditji Formation 

Table 36.1

or to younger units. 

Group, or where this is absent, is unconformable on older 

areas in the NT (Whitehead and Fahey 1985, Petroconsultants 
1990, Dunster et al 2000). It is unconformable to conformable 

et al 2008, 
Figure 36.15
overall transgressive cycle and environments of deposition 

Formation (Mory 1991, Mory et al 2008). Glacial strata in 

(Mory et al 2008).

Kuriyippi Formation
The Pennsylvanian (Bashkirian)–Early Permian (Asselian) 

shale and minor coal, overlain by glacial sandstone and 
conglomerate. It is extensive in the offshore Petrel Sub-

The formation reaches a maximum thickness of 1017 m 
in the type section in offshore drillhole Lesueur 1 (Mory 

but the presence of glauconite in some drillholes suggests 
a shallow marine environment at least in part (Gorter et al 

Gorter et al (2008) tentatively assigned this interval to 
the informally named Blacktip member and indicated that 
it probably should be included with genetically related 
younger glaciogenic strata of the overlying Treachery 
Formation. A complex incised channel network at the top of 

ice sheet at this time (Gorter et al 2008).

Keep Inlet Formation

the extent that these formations were assigned to the same 

and Beere (1988) and Petroconsultants (1990) respectively. 

and lithic quartz sandstone, with clay clasts, and pebbles 
and boulders of exotic rocks, and minor coal, indicative of 

et al 2008). Spores and 
palynomorphs, and the interpreted glaciogenic environment 
of deposition indicate a likely correlation with the upper 

et al 2008). 

Border Creek Formation

was included as a member of the Point Spring Sandstone 
by Mory and Beere (1988), but was restored to its original 

Gorter et al (2005), who regarded as being an onshore 

Roberts (1968) described the Border Creek Formation as 

Weaber groups, and Whitehead and Fahey (1985) listed the 
unit as being unconformable on the Zimmerman Sandstone, 

(Figures 36.13, 36.14). Gorter et al (2005) described 
the formation as being unconformable on the Burvill 
Formation and Tanmurra Formation (Weaber Group) and 

and Roberts (1968) reported that the formation is overlain 

the Treachery Formation (Geoscience Australia 2009). The 
Border Creek Formation is exposed as prominent cliffs of 

(NT). It also occurs in the subsurface in a number of onshore 

et al 2000) and Weaber-1, Ningbing-1 and Bonaparte-1 and 
-2 (Gorter et al 2005). The formation consists of sandstone 
and conglomerate (Figure 36.16) with lesser interbedded 
siltstone. The sandstone is generally cross-bedded and 
contains occasional pebble beds. Whitehead and Fahey 

preferred a deltaic setting for the unit in Western Australia.

Treachery Formation
The Sakmarian Treachery Formation (Mory 1988) occurs 
extensively in the offshore subsurface and is also recognised 

Figure 36.16. Basal conglomerate in Border Creek Formation 
EEP, near 52L 501900mE 8259100mN, after 

Whitehead and Fahey 1985: plate 13).



36:19

 Bonaparte Basin

in onshore drillholes in the eastern side of the Petrel Sub-

the eastern side of the sub-basin in this area (Dickins et al 
1972, Gorter et al 2008). The informally named glaciogenic 
Blacktip member occurs at the base of the Treachery 
Formation (Gorter et al 2008) and forms a petroleum reservoir 
at Blacktip-1. The Treachery Formation unconformably 

unconformably, by the Quoin Formation. It is about 250 m 
thick in offshore drillholes, thickens to greater than 300 m 

only about 130 m thick in Moyle-1 (Gorter et al 2008). The 
formation consists of tillite, diamictite, carbonaceous shale, 
varved siltstone, sandstone and minor limestone and coal 
(Mory 1991, Gorter et al 2008). The diamictite contains 
exotic pebbles, some of which are facetted. The depositional 
environment for the formation is possibly glaciomarine, at 
least in part, although a marginal marine or non-marine 
setting is also possible (Gorter et al 2008). 

Quoin Formation
The subsurface Sakmarian Quoin Formation (Gorter 
et al 2008) and overlying Ditji Formation were originally 

The Quoin Formation occurs extensively in offshore areas 
and is intersected in onshore wells in the east of the Petrel 
Sub-basin. It is probably unconformable on the Treachery 
Formation and is overlain, probably unconformably, by the 
Ditji Formation. The unit reaches a maximum thickness of 

offshore areas (Gorter et al 2008). The formation is a sharp-

of sandstone, siltstone and shale. Most sandstone–shale 

The environment of deposition is interpreted to have been 

from ice sheets carried vast quantities of sediments into the 
basin (Geoscience Australia 2009). In offshore areas around 
Blacktip-1, the formation was probably deposited in tidal 

nearshore to continental environment has been interpreted 
(Gorter et al 2008).

Ditji Formation
The Sakmarian Ditji Formation (Gorter et al 2008) overlies 
the Quoin Formation, probably unconformably, and is 

The unit is only known from offshore wells and appears to 
be absent in onshore areas. It reaches a maximum thickness 
of about 130 m and consists of calcareous sandstone 
grading to sandy limestone with minor interbeds of coal. 
The formation is interpreted as a transgressive sequence 
deposited in response to the end of glaciation. A marine or 
marginal marine setting is likely (Gorter et al 2008).

Keyling Formation

in Gorter et al 2008) unconformably overlies the Ditji 
Formation and is unconformably to conformably (in the 

Group). It comprises mostly sandstone, with lesser 
siltstone, shale, coal, conglomerate and minor limestone. 
The formation occurs throughout the offshore southeastern 
Bonaparte Basin and is found in the subsurface in 

Formation (Geoscience Australia 2009). In the vicinity of 

but it thickens to greater than 500 m offshore. Gorter et al 
(2008) interpreted a mostly non-marine environment of 
deposition for the unit, possibly as part of a broad belt of 
meandering streams, with subordinate lacustrine facies 
and coal swamps. Lesser marginal marine and intertidal 
environments are also interpreted from intervals in some 
offshore drillholes. 

EARLY PERMIAN TO MIDDLE TRIASSIC

Gorter et al

the Northern Territory (Figure 36.6) and is extensive in the 
subsurface in the offshore Bonaparte Basin (Figure 36.15). 
The group comprises, in ascending stratigraphic order, the 

Goodwin sub-groups, each of which contains a number 
of constituent formations (Table 36.1). The group is best 
known from offshore drillhole intersections, and although 
most units are represented in onshore parts of the basin 

et al 1972, 
Mory 1991), they have not generally been distinguished on 
geological maps due to discontinuous exposures, low dips 

Detailed palaeogeographic reconstructions of units within 

Fossil Head Formation
et al 

southern Petrel Sub-basin and is also questionably present 

et al 2005). The formation 
unconformably to conformably (in the north) overlies 

unconformably or with a sharp boundary by the Pearce 

thickness in the range 116–590 m (Mory 1991) and consists 
of carbonaceous siltstone and mudstone with sandstone and 
minor limestone. Abundant fossils, including bryozoans, 
brachiopods, echinoderms, corals, gastropods, ostracodes 

(Geoscience Australia 2009) and a marine shelf environment 
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of deposition. The lower part of the formation may have 
been deposited in a prodeltaic setting (Mory 1991). 

 
Gorter 1998) comprises mudstone, siltstone, sandstone and 
carbonate rocks that collectively attain a thickness of up 
to ca 2300 m in the central and outer parts of the Petrel 

ascending stratigraphic order, the Torrens, Pearce, Cape 

deposited in a range of environments, including prodelta, 
deltaic, shoreface and open marine shelf. These units have 
been relatively well described in offshore drillholes, but are 

available on the offshore Torrens Formation (Gorter 1998), 
which was given formation status in Gorter et al (2009). 
This unit is 22 m thick in drillhole Torrens-1 and has a 
limited areal distribution. It has not been fully described 

Pearce Formation
 Formation’ was 

et al

Pearce Formation is unconformable between the Fossil 

Gorter (1998) into lower and upper units. The lower unit 
is an 8 m-thick limestone in the type section in offshore 
drillhole Penguin-1 and consists of bioclastic limestone 
with abundant bryozoans and minor shelly debris. The 
unit becomes increasingly dominated by clastic rocks to 
the southeast and onshore is probably a sandstone (Gorter 

consists of a basal dark shale overlain by allochthonous 
bioclastic limestone, with brachiopods, bryozoans and 
other shelly debris. An offshore marine to marine shelf 
environment of deposition was considered likely for the 
formation by Gorter (1998). 

Cape Hay Formation
et al

Bay Subgroup and is probably equivalent to the onshore 
et al

Dombey Formation and can be subdivided into at least two 
and possibly more subunits (Gorter 1998, Robinson and 

overlain by thinly bedded sandstone, siltstone and shale, 
that grade in the southeast to more massive sandstone. This 
overall regressive succession is unconformably overlain 
by a thin interval of marine shale, followed by at least 
two regressive sandstone-dominated cycles of the upper 

The upper succession is generally restricted to the central 
areas of the Petrel Sub-basin due to uplift and erosion 

to Capitanian age (Gorter 1998) and was deposited as part of 
a widespread, river-dominated delta system with restricted 

Dombey Formation
The Dombey Formation (Bhatia et al 
Mory 1988, Gorter 1998) is a laterally extensive limestone-
dominated unit that represents a widespread marine 
transgression. Mory (1991) indicated that the formation 
is possibly equivalent, at least in part, to the onshore 

et al (1972) and 
Gorter (1998) tentatively correlated the unit with onshore 
fossiliferous sediments at Cape Dombey (Archbold et al 

a lower unit of limestone with shale intercalations, overlain 

shale and marl below a second interval of limestone with 
shale interbeds (Gorter 1998). The bryozoan-rich limestone 

with a marine shelf environment of deposition and a 
Wuchiapingian age (Gorter 1998). 

Tern Formation

is unconformable on the Dombey Formation and is overlain, 
probably unconformably, by the Penguin Formation of the 
Mount Goodwin Subgroup. It is probably equivalent (Mory 
1991, Gorter 1998) to onshore sandstone at Cape Dombey 

beds’ of Dickins et al
in the type section in offshore drillhole Tern-1 and 73 m 
thick in Tern-3 Gorter 1998). It consists of repeating cycles 
of sandstone, siltstone and mudstone that were interpreted 
by Bann et al
sandy shoreface successions deposited in a well oxygenated 
marine environment, overlain by a bioturbated estuarine 
succession that was deposited in a brackish water setting. A 
latest Wuchiapingian to Changhsingian age is likely for the 
formation (Geoscience Australia 2009). 

in Gorter et al 2009) consists predominantly of siltstone 
and shale and is extensive in the subsurface over much of 
the offshore Bonaparte Basin (Figure 36.15). It reaches a 
maximum thickness of 670 m in drillhole Dillon Shoals-1 
(Mory 1991) and is 570 m thick in the type section in 

et al 2009), 
but thins towards the southern and eastern basin margins. 

eastern Bonaparte Basin or the Sahul Group elsewhere. 
The succession consists of the latest Permian Penguin 
Formation overlain by the Early Triassic Mairmull, 
Ascalon and Fishburn formations (Gorter et al 2009). 
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The subgroup is represented onshore by a thin 20 m-thick 

et al 1972, Mory 1991).

Penguin Formation
 Penguin Formation 

consists of claystone, carbonaceous siltstone and minor 
calcareous sandstone in upward-coarsening cycles. It is 

deposited in a transgressive marginal marine environment 
(Gorter 1998, Gorter et al 2009). The formation is not 
recognised in onshore areas.

Mairmull Formation

Formation (Gorter et al 2009) is equivalent to the 

Gorter et al (1998). It conformably overlies the Penguin 
Formation, or where this is absent, unconformably 

overlain by the Ascalon Formation. The unit is 199 m thick 
in the type section in drillhole Fishburn-1 and consists of 
claystone and siltstone with rare thin sandstone interbeds, 
which are more common towards the top. The Mairmull 

et al 1972, Gorter 
et al 2009), but these units have not been differentiated 
in maps of the area. Dickins et al (1972) referred to 

Lower Triassic age’ and described them as consisting of 

rocks have a distinctive low-angle cross-lamination and 
contain lingulid brachiopods, estheriid conchostracens, 
indeterminate plants and vertebrate remains. In general, 
a shallow marine environment has been interpreted for 
the Mairmull Formation (Gorter et al 2009), Dickins et al 
(1972) suggested that the onshore exposures may have 
been deposited in a brackish estuary or bay.

Ascalon Formation

et al
Formation sandstone’ of Gorter et al (1998). It is 32.5 m 
thick in the type section in offshore drillhole Ascalon-1A 
and is a prominent sandstone and siltstone unit, developed 
along the southern margin of the Bonaparte Basin, that 
becomes increasingly shaly to the northwest. The formation 
unconformably overlies the Mairmull Formation and is 
conformably and transitionally succeeded by the Fishburn 
Formation (Gorter et al

Formation (Dickins et al 1972, Gorter et al 2009), but these 
units have not been differentiated in maps of the area. The 
Ascalon Formation was probably deposited during a sea 
level lowstand in a transitional paralic to shallow marine 
setting. Seismic surveys show that in the vicinity of offshore 
drillhole Blacktip-1, sandstone of this unit is associated 
with a series of anastomosing channels, many of which 
appear to be meandering, suggesting a low-relief delta plain 
depositional environment (Gorter et al 2009). 

Fishburn Formation

Fishburn Formation (Gorter et al 2009) is equivalent to 

It is widespread in the offshore Bonaparte Basin, but is 
truncated by erosion towards the southern margin and is 
not recognised in onshore areas. The formation consists 
of claystone with minor siltstone and sandstone and is 
179.5 m thick in the type section in drillhole Fishburn-1. 
A nearshore depositional environment was interpreted by 
Gorter et al (2009). 

MIDDLE TRIASSIC TO MIDDLE JURASSIC

Troughton Group

The Troughton Group (Gunn 1988) is an offshore 
succession unconformably overlying the Mount Goodwin 
Subgroup and extending across much of the Bonaparte 
Basin (Figure 36.15). In the southeastern part of the basin, 
this group consists of the Cape Londonderry, Malita and 

Norian) Cape Londonderry Formation is a regressive 
succession of sandstone and minor siltstone and shale that 
was deposited over most of the Petrel Sub-basin. It attains 

thins onto the basin margins. The lower and upper parts 

and Pollard formations elsewhere in the Bonaparte Basin. 
The Cape Londonderry Formation was deposited during 

braided stream environment (Geoscience Australia 2009). 
The Late Triassic (Norian–Rhaetian) Malita Formation 
attains a thickness of approximately 300 m in the Petrel 

basin margins in the east and south. The red bed character 
of the formation suggests a generally non-marine, possibly 
arid environment. Following deposition of the Malita 
Formation, an Early Jurassic transgression resulted in the 
deposition of deltaic to nearshore sandstone and shale of the 
Early–Middle Jurassic Plover Formation over large parts 
of the offshore Bonaparte Basin, including the central and 
northern Petrel Sub-basin. The formation thickens from the 
basin margins to over 500 m in the centre of the basin.

LATE JURASSIC–EARLY CRETACEOUS

Flamingo Group

The offshore Middle Jurassic–Early Cretaceous Flamingo 

and Wulff 1990) is disconformable on the Troughton Group 

Cleia Formation, Frigate Shale and Sandpiper Sandstone 
(Mory 1991, Pattillo and Nicholls 1990, Whittam et al 
1996, Geoscience Australia 2009), deposited during a time 

Elang Formation consists 
of retrogradational deltaic sandstone deposited as a result 
of a widespread mid- Callovian marine transgression and 
is equivalent to the Laminaria and Montara formations 
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elsewhere in the Bonaparte Basin (Figure 36.15). 
After deposition of the Elang Formation, continued 
rapid subsidence resulted in the deposition of a an up to 
250 m-thick succession of marine mudstone (Frigate Shale 
and equivalents). The upper part of the Flamingo Group 
is the Sandpiper Sandstone
deltaic sandstone-dominated unit of Late Jurassic to earliest 
Cretaceous (Tithonian–Berriasian) age (Mory 1991). 

CRETACEOUS

The Bathurst Island Group (Mory 1988) was originally 

group extends across the Bonaparte Basin, and elements of 
the group are also known from the adjoining Browse Basin 
to the west. A regional unconformity of Early Cretaceous 

with interrupted sedimentation and erosion that removed 
large volumes of sediment from the basin’s margins, 
platforms and highs, but only a minor sedimentary hiatus 
occurred in the Petrel Sub-basin and adjacent depocentres. 
Bathurst Island Group equivalent rocks consist of thick, 
shale-dominated marine sedimentary rocks, with thick 
successions accumulated in the Petrel Sub-basin, Malita 
Graben and Calder Graben. In the Petrel Sub-basin, the 
group comprises the Echuca Shoals Formation and two units 
that are equivalent to the Darwin Formation and Wangarlu 
Formation of the Money Shoal Basin, but a number of other 

(Mory 1988, Figure 36.15
interval of glauconitic shale was originally referred to the 
Darwin Formation, but has since been renamed the Echuca 

applied to the overlying Aptian to Albian section (Whittam 
et al 
Radiolarite’ by Geoscience Australia (2009, 2011). Bathurst 
Island Group equivalent strata attain a thickness of up to 
2000 m (mostly Wangarlu Formation equivalent) in the 
Petrel Sub-basin and Malita Graben, but thin to the west to 
be 100–300 m thick on the Ashmore Platform (Mory 1988).

Echuca Shoals 
Formation (Pattillo and Nicholls 1990) consists of 
glauconitic marine claystone and siltstone that were 
deposited widely across the Bonaparte Basin as a result 
of the foundering of the Australian margin following 

Darwin Formation equivalent strata consist of radiolarian 
chert, claystone and calcimudstone and represents the peak 
of the Early Cretaceous transgression. Much of the northern 
NT was inundated by a shallow marine sea at this time 
(see Carpentaria Basin) and isolated onshore exposures 
of Early Cretaceous age, corresponding to this formation, 

Dickins et al (1972) described two localities containing 
Early Cretaceous marine fossils (belemnites and radiolaria) 

has been affected by slumping, so the thickness is possibly 
excessive. These outcrops consist of claystone, pebbly 
siltstone, pebbly sandstone and sandstone. A siliceous 
duricrust may be developed on other Early Cretaceous 
outcrops in places. Thick Albian to mid-Campanian 
Wangarlu Formation equivalent 

overlie the Darwin Formation equivalent in offshore areas. 
The basal interval of this formation comprises massive 
claystone with subordinate siltstone and minor sandstone, 
which grade up-section into claystone, calcimudstone and 
marl. Sandstone of Santonian age is locally developed in 

northern Bonaparte Basin (Geoscience Australia 2009). A 
inner to distal marine shelf depositional setting is likely for 
the unit (Petroconsultants 1990).

CENOZOIC

The northward tilt of the Bonaparte Basin, established 
during the Cretaceous was maintained throughout the 
Cenozoic. Along the axis of the Petrel Sub-basin and in the 

sedimentary rocks of the Woodbine Group (McLennan et al 
1990) were deposited with a hiatus occurring during the 

Figure 36.15). The lower section 
is generally a sandy succession grading upwards into 
widespread shelf carbonate development during Miocene 
time, which appears to have transgressed the palaeohighs 
(Petroconsultants 1990). The Woodbine Group is up to 

have not been differentiated in the southeastern Bonaparte 
Basin.

TECTONIC HISTORY

The Bonaparte Basin has a long and complex Phanerozoic 
structural history that has been described in numerous 

McCaffrey (1988), Gunn and Ly (1989), Pattillo and 
et al

et al
et al (1996), Shuster et al et al (1998, 2002), 

et al (2002) Longley et al (2002), Peresson et al 
et al 

(2012). The basin has undergone two phases of Palaeozoic 
extension, a Late Triassic compressional event and further 
extension in the Mesozoic that led to the break-up of 

convergence of the Indo-Australian and Southeast Asian 
microplates has resulted in the formation of a major tectonic 

Timor Trough and widespread fault reactivation across the 
western portion of the basin. 

Geoscience Australia (2009, 2011) have outlined the 
principle events in the evolution of the Bonaparte Basin, and 
the following brief summary is mainly derived from these 
sources:
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Igneous Province (see Kalkarindji Province) in the 
late early Cambrian, widespread regional subsidence 
resulted in transgression across much of the northern 
part of Australia and initiated deposition in the Carlton 
Sub-basin.
The northwest-trending Petrel Sub-basin formed during 
Late Devonian to Mississippian extension.
Pennsylvanian to Early Permian extension overprinted 
the older northwesterly trend with a northeasterly 

and Malita Graben.
Late Triassic compression caused uplift and erosion 
on the southern margins of the Petrel Sub-basin, 

Jurassic extension coinciding with the commencement 

Sahul Syncline, and Malita and Calder grabens as major 
depocentres.
Early Cretaceous thermal subsidence resulted in a thick 

prograding across the offshore basin throughout the 
Cretaceous and Cenozoic. 

tectonic plate and Southeast Asian microplates formed 
the Timor Trough and the strongly faulted northern 
margin of the adjacent Sahul Platform.

MINERAL RESOURCES

The onshore Bonaparte Basin contains a total of 37 
recorded mineral occurrences, 12 each of heavy mineral 
sands, coal and base metals, and one occurrence of ochre 
(Figure 36.17). The Sandy Creek (Manbarrum) and 

currently being actively explored by TNG Ltd. Near Sandy 
Creek, but just across the border in Western Australia, a 

occurrences are located in beach sands along the coastline 

seams have been noted in onshore and offshore drillholes 
penetrating Permian strata and diapiric salt has been an 
exploration play within the basin since the 1970s. The 
offshore Bonaparte Basin is a world-class oil and gas 
province with proven resources and currently producing 

southern Petrel Sub-basin.

Base metals

Cerussite, a lead carbonate mineral, was discovered in the 

et al 
in the same area were reported during an oil search program 

prospects have been discovered within the NT in a belt from 
Figure 36.18), all within the Early 

Australia Minerals Pty Ltd in 1971 (Rowley and Lee 1986, 
Jorgensen et al 1990) and this deposit is also hosted by the 
Burt Range Formation. A number of other base metals 
prospects and occurrences are present within the Bonaparte 
Basin in Western Australia, mostly in older Late Devonian 
strata (Figure 36.18). 

In the NT portion of the basin, Aquitaine and its Bonaparte 
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1972. Exploration methods included detailed geophysical 

total of 19 diamond drillholes and 50 percussion drillholes 

the project from Aquitaine and completed an IP survey which 
demonstrated the prospectivity of the Burt Range Formation 

several diamond holes to test one of the IP anomalies. In 

TEM soundings and concluded that gravity anomalies within 
the Burt Range Formation had considerably increased the 
prospectivity of the Sandy Creek area, with the potential for 
extensions to the mineralised zone both north and south along 
strike to be tested by further drilling (TNG 2008). In August 
2005, titles were granted to Tennant Creek Gold Ltd (now 
TNG Ltd) which named the area the Manbarrum Project. 
Tennant Creek Gold commenced a resource drilling program 

announcement of 10.5 Mt at 3.3% combined Pb-Zn at Sandy 

extensive exploration in the area and outlined a number of 

The Sandy Creek Pb-Zn-Ag deposit, on the eastern margin of 
the Bonaparte Basin, is hosted within carbonate rocks of the 
Burt Range Formation (Figure 36.18

hosted by carbonate rocks of this formation. Discontinuous 
Zn-Pb-Ag mineralisation is present over a 15 km strike 

mineralisation is irregularly distributed below the contact 
between quartzose carbonate rocks of the Burt Range 
Formation and shale and sandy siltstone of the overlying 
Milligans Formation (Figure 36.19). This contact forms the 
hangingwall to the deposit and no zinc-lead mineralisation 
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has penetrated into the overlying shale, which acted as a 
seal to the mineralising brine. Mineralisation (Figure 36.20) 
consists of sphalerite, silver-bearing galena and pyrite, and is 
predominantly hosted by a quartzose dolostone (100–120 m 
thick) within the Burt Range Formation. In places, it appears 
to extend into underlying silty carbonate rocks. Two distinct 
styles of mineralisation are present: (a) high-grade (eg 16 m 
at 9.5% Pb and 2% Zn) breccia zones, within and proximal 
to north-trending, near-vertical basement-related faults; and 
(b) lower-grade (eg 5 m at 1.6% Pb and 1.4% Zn) stratabound 
sedimentary carbonate breccia and porous dolomitic sandstone 
(Ferenczi 2005). Mineralisation includes a near-surface zone 
of supergene mineralisation, which is predominantly sphalerite 
with locally high-grade galena in a clay matrix. The oxide 
mineralisation is estimated to represent 20% of the total metal 

disseminated grains of pyrite-marcasite-sphalerite-galena, 

aggregates that completely replace the host rock. Open-

sphalerite-marcasite and coarse euhedral marcasite is also 

Djibitgun

Figure 36.18), was located by 

drilling program. This deposit is composed predominantly 
of zinc and silver mineralisation within the oxidised zone of 
a quartz sandy carbonate unit of the Burt Range Formation, 

mineralisation commences at approximately 30 m depth and 
extends to 90 m. Higher-grade zones are evident within the 
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exploration in onshore areas of Western Australia and the NT, 
and minor coal has been reported from other formations of the 

shallow drillhole, completed by CRA Exploration Pty Ltd, 

Iron ore

In 2008, during a soil and rock chip sampling program 
by TNG Ltd, high-grade haematite iron mineralisation 
was discovered from an area known as Legune Prospect 
(formerly Ochre Mine). Legune Prospect (Figure 36.17) 
extends over an area of about 900 x 500 m and comprises 
a low-lying hill with an extensive haematite cap. Samples 

assay results of greater than 60% Fe and relatively low 
levels of silica and phosphorous (TNG 2008).

Ochre

Limonitic and haematitic sandy clay has been mined 
from weathered Burt Range Formation at the Ocher 
Mine (Wicklow Claim

Wygralak and Ahmad (1995) described the geology and 
the old workings, which consisted of a 10 x 10 x 5 m pit, 
adjacent to which 260 forty-four-gallon drums of ochre had 
been stockpiled and abandoned. 

Salt

The Bonaparte Basin contains several diapiric structures 
that have been interpreted as salt domes. Salt Exporters 
Australia (1993) conducted gravity surveys in conjunction 

River, but their tenements were surrendered without drilling. 

This drillhole intersected a salt column over 200 m thick, 
with the well bottoming in salt. The operator estimated the 
salt thickness as being more than 1200 m, as the intersected 
salt was on the shoulder of the dome and 1000 m deeper 
than the top of the structure. With an interpreted diameter 

to 150 million tonnes of salts per vertical metre. The oil 
explorers estimated the top of the dome to be only about 

under shallow waters adjacent to the coast and Minemakers 
planned to drill test this structure, but the cost of testing the 
target by a barge mounted drilling program was deemed 
prohibitive and the EL was surrendered (Minemakers 2011). 

Figure 36.20. Base metals mineralisation at Sandy Creek (images IR Scrimgeour). (a
in quartzose dolostone of Burt Range Formation. (b) Sphalerite-galena mineralisation in drill core. (c
void in drill core. (d) Coarse galena crystals and sphalerite.

a b

c d
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Petroleum

The Bonaparte Basin is a well established oil and gas 
province, with proven resources and a number of currently 

publications on the petroleum geology of the basin and the 

Geoscience Australia (2011).
Most exploration activity within the basin has been 

focused offshore, where numerous petroleum accumulations 
Figures 36.2, 36.21

potential remains onshore, where exploration costs are 

A12-293.ai

Swift
Skua

Cassini

Jabiru
Challis 

Bayu/Undan
Elang

Petrel

Tern

Blacktip

Frigate

Kakatua

Troubadour
Evans Shoal

Caldita

Barossa

Abadi

Sunrise

Jahal
Kuda Tasi

Puffin

Laminaria

Montara

Crux

Cornea

TIMOR-LESTE

AUSTRALIA

INDONESIA

NTW
A

TIMOR-LESTE

INDONESIA
INDONESIA

Ashmore
Platform

Laminaria
High

M O N E Y
S H O A L
B A S I N

T I M O R  T R O U G H

B O N A P A R T E  B A S I N

Londonderry
High

Vulcan 

Sub-basin

Ya
mpi 

She
lf

Petrel Sub-basin

Moyle
PlatformKulshill

Terrace

Berkeley Platform

Darwin ShelfMalita
 Graben

Calder
Graben

Kelp High

Troubadour
High

Goulburn
Graben

B R O W S E
B A S I N

Flamingo
High

Sahul Platform

Kununurra
Wyndham

Carlton Sub-basin

Carlton
Sub-basin

Wolfe
Basin

Pincombe
Inlier

Ord Basin

Kimberley Basin

DARWIN

Victoria Basin

Burt Range Sub-basin

Birrindudu Basin

Daly Basin
Bonaparte
Basin

Pine Creek
Orogen

Daly Basin

Birrindudu
Basin

Fitzmaurice
Basin

Keep Inlet
Sub-basin

W
A

N
T

131°

12°

9°

15°

129°127°125°

Halls
Creek

Orogen

Mesozoic–Cenozoic

platforms/highs

early Cambrian
Kalkarindji Province

road locality

fault offshore basin boundary

Palaeo–Mesoproterozoic
basins
Palaeo–Mesoproterozoic
orogens

Neoproterozoic–
Palaeozoic

Vulcan-Plover(!)

gas field

oil field

Source 
pods

Elang-Elang(!)

Permian-Hylande Bay(?)

Hyland Bay-Hyland Bay(?)

Plover-Plover(.)

Hyland Bay-Keyling-Hyland Bay(.)

Milligans-Kuriyippi/Milligans(!) Archaean

Petroleum system
limits

Wyndham

NORTHERN
TERRITORY

WESTERN
AUSTRALIA

0 100 km

Figure 36.21



 Bonaparte Basin

36:28

most cases where these units were intersected. Notable 
previous publications on onshore areas of the basin, mostly 
focused on the Petrel Sub-basin, include Mory and Beere 
(1988), Petroconsultants (1990), McConachie et al (1996), 
Edwards et al
Summons (1996), Edwards and Zumberge (2005), Gorter 
et al

The Phanerozoic succession of the Bonaparte Basin 
contains good potential source rocks, reservoir rocks 
and seals at a number of levels, with late Palaeozoic 
and Mesozoic intervals considered to be particularly 
highly prospective. These have been described in 

et al Figure 36.21), following the nomenclature 

Permian–Carboniferous in age, three are Permian and 
three are Jurassic. These are respectively included in 
the Larapintine, Gondwanan and Westralian petroleum 
supersystems of Bradshaw (1993).

Milligans-Kuriyippi/Milligans(!) Petroleum System
This system occurs in the southern Petrel Sub-basin and is 
the only one to extend onshore. It incorporates a number 
of non-commercial discoveries of oil, gas, and oil plus gas, 
including Barnett and Turtle (offshore), and Bonaparte, 

onshore or on islands. Although the active source rocks 
for this system were originally assigned to the Milligans 
Formation, hydrocarbons were probably generated from 

et al

and remapping (Geoscience Australia 2011). 

Hyland Bay-Hyland Bay(?) Petroleum System
This system is only recognised from the Sahul Platform in 

Figure 36.1). It is bounded 
to the south and east by the limits of the Sahul Platform, and 
to the north by the limits of Permian deposition. The system 

Hyland Bay/Keyling-Hyland Bay(.) Petroleum System

dominated, but geochemical data indicate that coaly shales 

potential. Gas discoveries attributed to this system include 
Fishburn-1, Penguin-1, Petrel and Tern, and the producing 

Figure 36.2).

Permian-Hyland Bay(?) Petroleum System

is poorly constrained. It is gas-prone, but has some 

oil potential, and includes small gas discoveries at 
Prometheus-1 and Rubicon-1, and oil shows in Torrens-1. 

Elang-Elang(!) Petroleum System
This system extends across the Sahul Syncline, Flamingo 

as other small non-commercial discoveries.

Plover-Plover(.) Petroleum System
This system extends north from the Malita and Calder 

into Indonesian waters. The system is gas-prone (with 
moderate liquids), but has little or no oil potential. It 
includes the gas discoveries at Chuditch-1, Evans Shoal, 
Lynedoch, Sunrise and Troubadour, and probably the 
Abadi gas discovery in Indonesian waters.

Vulcan-Plover(!) Petroleum System

but extends a short distance onto the Ashmore Platform to 

gas, or oil plus gas accumulations of the Cassini, Challis, 

non-commercial discoveries.

Figure 36.21 shows the distribution of major oil and 

addition, there are a number of substantial undeveloped 
gas discoveries within the basin, including the Petrel, 
Tern, Sunrise, Troubadour, Evans Shoal, Caldita and 
Barossa Abadi
Indonesian waters. 

Jabiru

approximately 650 km due west of Darwin. It was 
discovered in 1983 when drillhole Jabiru-1A intersected 
at 57 m gross oil column within sandstone of the upper 
Plover Formation (Troughton Group) and basal Flamingo 

(Ashmore Cartier) Pty Ltd (PTTEPAA) and produced 
112.5 mmbbl of oil from 1986 until it was decommissioned 
in 2010 (Department of Resources, Minerals and Energy 
Group 2012).

Challis/Cassini

approximately 600 km west of Darwin. The Challis oil 

separate culmination on the same structural trend, 5 km 
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60 mmbbl of oil before being decommissioned in 2010 
(Department of Resources, Minerals and Energy Group 

Skua-Swift/Swallow-Montara

in 1985, when Skua-1 was drilled to test a tilted horst block 

the Early to Middle Jurassic Plover Formation (Troughton 

produced 20.5 mmbbl of oil before being decommissioned 
in 1997 (Department of Resources, Minerals and Energy 

of Skua and were discovered in 2006 by Coogee Resources 
(Ashmore Cartier) Pty Ltd, which owned and operated the 

Project, owned and operated by PTTEPAA, and are currently 
under development.

Laminaria/Corallina

Darwin and are operated by Woodside Energy Ltd. Laminaria 

to 2011 has been 187.8 mmbbl of oil. 

Elang/Kakatua/Kakatua North

Petroleum Development Area, approximately 500 km 

North in 1997. Production commenced in 1998, with 

produced 31.3 mmbbl of light, low sulfur crude oil from an 
originally estimated recoverable reserve of 32.6 mmbbl until 
2007. Drillhole Elang West-1 and its sidetrack intersected 
an oil column in the nearby Elang West structure, but this 
discovery was never developed.

Bayu-Undan

were discovered in 1995 and are operated by ConocoPhillips 
Australasia. They have recoverable reserves of more than 

and condensate). Production of liquids commenced in April 

via a 500 km subsea pipeline to a single-train LNG plant at 
Wickham Point, Darwin, which commenced operations in 
2006. All of the LNG is exported to Japan.
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INTRODUCTION

The onshore Phanerozoic Canning Basin covers in excess 
of 400 000 km2, of which only about 5000 km2 occurs in 
the Northern Territory. The Lucas Outlier (Figure 37.1) 
forms the easternmost terrane of the Canning Basin and is 
separated from the main outcrop tract by a narrow structural 
high containing northerly extensions of the Murraba Basin 
(Playford et al 1975, Hocking 1994). The outlier occurs over 
extensive parts of THE GRANITES1 and LUCAS (Western 
Australia), where it is represented by the Lucas Formation 
and Pedestal beds, and discontinuous outcrops also occur 
in STANSMORE and WEBB (Western Australia), and 
in HIGHLAND ROCKS (Blake et al 1979). The Lucas 
Outlier overlies Neoproterozoic strata of the Murraba Basin 
and much of it is covered by various sur cial Cenozoic 
sediments. The following discussion is in part based on 
information from Vandenberg et al (in press).

DEVONIAN

In the Northern Territory, the Lucas Formation outcrops over 
the western and southwestern part of THE GRANITES and 
the northwesternmost corner of HIGHLAND ROCKS, where 
<10 m-high cliffs are exposed along the edge of Lake White. 
The formation is at-lying to gently dipping and comprises 
medium- to ne-grained calcareous to non-calcareous 
sandstone, interbedded with siltstone and mudstone, which 
are locally calcareous (Blake et al 1979). Facies variations 
and the presence of cross-beds, mudstone pellets and ripple 
marks, plus the absence of marine fossils suggest deposition  
in a uvial lacustrine environment. The formation is 
estimated to be about 1000 m thick in THE GRANITES 
(Hodgson 1976). The Lucas Formation is inferred to 
unconformably overlie the Redcliff Pound Group of 
the Murraba Basin and to be unconformably overlain 
by the Pedestal beds (Blake et al 1979). Based on 
lithostratigraphic correlations with the Pertnjara Group 
of the Amadeus Basin (Jones 1991) and with other 
sedimentary rocks of the northeastern Canning Basin, the 
Lucas Formation is interpreted to be Devonian (Blake 
et al 1979, Hocking 1994).

In the Northern Territory, the Pedestal beds outcrop mainly 
in the western and southwestern part of THE GRANITES 
and the northwestern edge of HIGHLAND ROCKS. One 
small outcrop also occurs about 8 km east of Jangga Bluff in 
the western part of the latter mapsheet. In Western Australia, 
exposures are widely scattered over LUCAS, STANSMORE 
and WEBB. The Pedestal beds are up to 500 m thick and 
are composed of thin to very thick sandstone interbedded 
with minor conglomerate and shale (Blake et al 1979). The 
sandstone is typically planar laminated to shallowly planar 
cross-laminated and comprises medium to ne-grained, 
poorly sorted, subrounded to subangular quartz. In places, 
the sandstone contains isolated pebbles and stringers of 

pebbles. The conglomerate is massive and comprises pebbles 
and cobbles with very rare boulders supported by a poorly 
cemented silty sand matrix. Most clasts are tabular and very 
rounded. They are composed of silici ed ne-grained quartz 
sandstone, with chert of various colours, less common vein 
quartz and rare granite. Sedimentary structures and facies 
variations indicate that the Pedestal beds were deposited in 
an alluvial fan environment.

The Pedestal beds unconformably overlie basalt of 
the Cambrian Antrim Plateau Volcanics of the Kalkarindji 
Province in THE GRANITES and are inferred to be 
unconformably above the Lucas Formation (Blake et al 
1979). No useful stratigraphic relationships are discernible 
in HIGHLAND ROCKS. The Pedestal beds have been 
interpreted to be stratigraphically equivalent to the Devonian 
Pertnjara Group in the Amadeus Basin and sediments in the 
eastern Canning Basin (Blake et al 1979, Grey 1990, Jones 
1991). The southern contact of the northern outcrops of the 
Pedestal beds in HIGHLAND ROCKS is a steeply north-
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dipping fault, which is intensely oxidised and ferruginised. 
Along this southern margin, the Pedestal beds dip steeply 
to the north, with dips becoming shallower away from 
the contact. There are also moderately tight, upright, east-
plunging folds up to a few hundred metres across expressed 
in the Pedestal beds. This deformation probably occurred 
during the Alice Springs Orogeny suggesting that deposition 
of the beds predates the latest phase of deformation during 
this event (latest Carboniferous; Haines et al 2001).

COMMODITIES

The rst recorded exploration of the Northern Territory portion 
of the Canning Basin was during the 1970s when several 
companies exploring for uranium attempted to follow-up 
radiometric and magnetic anomalies identi ed in Government 
surveys. Work was mainly undertaken in conjunction with 
exploration programs over the older surrounding rocks. 
Radiometric anomalies either could not be replicated with 
ground work or were found to be due to sur cial cover. The 
uranium potential at depth in the Canning Basin itself remains 
untested. 

Magnetic anomalies within, or under the Canning Basin 
have also been targeted as possible kimberlites without success 
and some gold exploration programs have been extended from 
older terrains (eg Tanami Region) into the Canning Basin. 
Current exploration titles in the area are focused on gold, 
presumably in the older underlying rocks, or uranium in the 
Cenozoic cover. Despite the known deposits and occurrences 
of base metals in the Western Australian portion of the 
Canning Basin and the presence of mapped structures suitable 
for mineralisation in the eastern portion, the Northern Territory 
part of the basin has received almost no systematic work for 
these commodities. In contrast, the Western Australian portion 
has been targeted for base metals using various genetic models 
and geophysical targets with af nities to iron oxide copper 
gold analogues (eg Newera 2008).

There has been no petroleum exploration in the Northern 
Territory portion of the Canning Basin.
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Territory and the remainder in South Australia, with a small 
portion in southwestern Queensland (Figure 38.1). The 
basin is separated from the similarly aged subsurface Cooper 
Basin in South Australia and Queensland to the southeast 
by a basement high (Birdsville Track Ridge, Figure 38.2), 
which is a 150–200 km-wide zone of non-deposition and 
erosion (Ambrose et al 2007). To the southwest, it directly 
overlies, or is faulted against the Mesoproterozoic Musgrave 
Province and is separated from the subsurface Permian 
Arckaringa Basin (Hibburt 1995) by the Bitchera and 
Muloorina basement ridges (Gatehouse 1986, Hibburt and 
Gravestock 1995). It is possible that sedimentary deposits 
once extended across intervening basement ridges between 
the Pedirka and Arckaringa basins (Hibburt and Gravestock 
1995) and that these have since been removed by erosion. 
The NT portion of the Pedirka Basin encompasses the 
following mapsheets: southeastern RODINGA1, southern 
HALE RIVER, southwestern SIMPSON DESERT 
NORTH, eastern FINKE, McDILLS and SIMPSON 
DESERT SOUTH.

The only outcropping strata of the Pedirka Basin is along 
the northwestern margin, where the Early Permian Crown 
Point Formation is exposed. Much of the remainder of the 
basin is at depths of greater than 400 m and the basin reaches 
maximum depths in excess of 3000 m at its deepest points in 
the east (Ambrose et al 2007). The major depocentres of the 
1 Names of 1:250 000 mapsheets are in large capital letters, eg 
RODINGA.
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INTRODUCTION

The Cambrian–?Devonian Warburton Basin, Permian–
Triassic Pedirka Basin and Late Triassic–Cretaceous 
Eromanga Basin are three stacked basins in the southeastern 
corner of the Northern Territory that also extend over 
areas of adjoining Queensland, South Australia and New 
South Wales (Figure 38.1). Triassic rocks were previously 
included within the ‘Simpson Basin’ (or ‘Simpson Desert 
Basin’; Smyth and Saxby 1981, Moore 1986), but following 
Ambrose et al (2012), these strata are here included within 
the Pedirka Basin succession and the name ‘Simpson Basin’ 
is abandoned. This arrangement is more consistent with the 
stratigraphic successions of the nearby Cooper and other 

do not apportion their Permian and Triassic sections into 

time break (Central Petroleum 2011a, Ambrose et al 2012) 
between the Permian and Triassic successions of these 
overlapping depositional areas.

The largely subsurface, intracratonic Pedirka Basin 
unconformably overlies the Amadeus and Warburton 
basins, above Proterozoic crystalline basement rocks, 
and is unconformably overlain by strata of the Eromanga 
Basin. It contains an up to 1.5 km-thick diverse succession 

continental red bed deposits. It has an area of about 
100 000 km2, approximately half of which is in the Northern 

Current as of August 2012
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Geological Regions National Geoscience 
Dataset. Margins of subsurface Pedirka 
Basin compiled from Ambrose (2006), 
Middleton et al (2007), Central Petroleum 
Ltd (ASX announcement 22 April 2009) 
and SARIG. 
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basin are the Eringa, Madigan and Poolowanna troughs, which 
are segmented and separated by a series of structural ridges 
and major faults (Figure 38.2, 38.3). The Eringa Trough 

northeast-trending asymmetric depocentre in the west of the 
basin containing in excess of 1500 m of Permian and lesser 
Triassic sedimentary rocks. The trough is offset and probably 
segmented across a northwest–southeast-trending transverse 
fault (Camelot Fault of Ambrose and Heugh 2010), with older 
glaciogene deposits dominating the succession to the south 
of this structure and younger coal-bearing deposits more 

pre-Permian sedimentary rocks and a ridge of underlying 
basement rocks (Andado Ridge) that collectively form the 
Andado Shelf. Gently dipping Permian strata thin and pinch 
out to the west across the Andado Shelf as a result of onlap and 
erosion, so that only the Crown Point Formation occurs along 

from the Madigan Trough to the east by a series of major faults 

structural features include, from south to north, the Dalhousie-
McDills Ridge (Hibburt and Gravestock 1995), previously 
referred to as the McDills Trend or McDills-Mayhew Trend 
(Youngs 1976, Giuliano 1988), the Hallows Trend and the 
Hector Trend (equivalent to ‘Hector Fault Trend’ of Ambrose 

and Heugh 2010). The saucer-shaped Madigan Trough to 
the east of these structures contains in excess of 1000 m of 
Pedirka Basin strata and is bounded to its east by the north-
trending Madigan Fault. The Madigan Trough is separated 
from the Hale River High to the north by major fault system, 
here termed the Pellinor Fault Zone (equivalent to ‘Pellinor 
Fault Trend’ of Central Petroleum 2011a, ‘Bravo Fault Trend’ 
of Ambrose and Heugh 2010 and ‘Hale River Fault Zone’ of 
Ambrose 2006). The Hale River High is a complex fault block, 

early Cambrian volcanic rocks, that is mostly bald of Permian 
and Triassic strata (Ambrose and Heugh 2010). East of the 
Madigan Fault, on the Colson Shelf, a condensed Permian 
succession reaches a maximum thickness of only 135 m in 
Simpson-1 (Ambrose et al 2012, Figure 38.5a). The major 
Triassic depocentre and deepest part of the Pedirka Basin is 
the Poolowanna Trough which occupies much of the east of 

this trough, which in places contains over 300 m of Triassic 
section overlain by more than 2500 m of Jurassic–Cretaceous 
Eromanga Basin strata (Ambrose et al 2007). In the Northern 
Territory, this trough comprises several elongate depocentres, 

trending reverse faults (Ambrose 2006).
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The Pedirka Basin contains a succession ranging in age 
from Early Permian to Late Triassic and has been divided 

Table 38.1); in ascending stratigraphic 
order, these are the Permian Crown Point Formation, 
a formation equivalent to the Tirrawarra Sandstone of 
the Cooper Basin and the Purni Formation, which are 
unconformably overlain by the Triassic Walkandi and Peera 
Peera formations. This succession is correlated with late 
Palaeozoic sedimentary rocks of the Cooper Basin in the 

the Bonaparte Basin in the northwest (Figure 38.4). As the 
basin is mostly in the subsurface, details of the succession 
have mostly been derived from drillhole intersections and 

Figure 38.5).

Youngs (1975), Moore (1986), Giuliano (1988), Questa 
(1990), Hibburt and Gravestock (1995), Gravestock (1995), 
Alexander and Jensen-Schmidt (1995), Alexander et al 
(1996), Ambrose (2006), Ambrose et al (2002, 2007, 2012), 
Draper (2002), Cotton et al (2006), Middleton et al (2007), 
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Unit, max thickness Lithology Depositional environment Stratigraphic relationships

Triassic

Peera Peera Formation 
190 m (Walkandi-1)

Shale, siltstone, minor sandstone 
and coal at base, overlain by cyclical 

by highly carbonaceous shale with 
occasional thin sandstone beds. 

paludal.
Unconformable beneath Poolowanna 
Formation (Eromanga Basin). Disconformable 
or unconformable (low-angle) on Walkandi 
Formation, or unconformable on Purni 
Formation or Warburton Basin strata. 

Walkandi Formation 
247 m (Blamore-1)

Interbedded shale, siltstone and minor Shallow ephemeral lacustrine 
(continental red-beds).

Unconformable on Purni Formation or 
Warburton Basin strata.

Permian

Purni Formation  
564.3 m (Blamore-1)

Sandstone, siltstone, shale, 
carbonaceous shale, coal, minor 
conglomerate. Four internal units (in 
ascending order A1, A, B, C).

outwash towards base.
Conformable on Tirrawarra Sandstone 
equivalent or Crown Point Formation. 

unit C 
145 m (CBM107-001)

Sandstone, siltstone, shale, 
carbonaceous shale, coal.

Unconformable on unit B.

unit B
257.3 m (Blamore-1)

Sandstone, siltstone, shale, 
carbonaceous shale, thin to thick coal 
seams.

As for unit C. Disconformable on unit A.

unit A
246 m (CBM107-001)

Fine sandstone, siltstone, shale, 
carbonaceous shale, thin to thick coal 
seams.

As for unit C. Conformable on unit A1.

unit A1
118 m (Blamore-1)

Thinly interbedded pyritic sandstone 
and lesser siltstone, minor thin coal 
seams.

Conformable on Tirrawarra Sandstone 
equivalent or Crown Point Formation.

Tirrawarra Sandstone 
equivalent 
200 m (Mount 
Hammersley-1)

conglomeratic feldspathic sandstone, 
minor siltstone and claystone.

glacial outwash. Point Formation.

Crown Point Formation 
504 m (Mount 
Hammersley-1)

Conglomerate, diamictite, cross-
bedded pebbly and coarse sandstone, 

siltstone, thick claystone-dominated 
intervals with varvite bands.

and periglacial. strata, or on Proterozoic basement rocks.

Table 38.1. Summary of Pedirka Basin stratigraphic succession. Drillholes are located in Figure 38.5a.
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Radke (2009), Ambrose and Heugh (2010), Jones et al 
(2011), Central Petroleum (2011a).

PERMIAN

Crown Point Formation
The Crown Point Formation (Wells et al 1966) is widespread 
in the western Pedirka Basin and outcrops as mesas, buttes 

and low mounds in central northern FINKE, southeastern 
RODINGA and southwestern HALE RIVER (Shaw 1968, 
Wells 1969). The western limits of outcrops coincide with 
the Newland Ranges Ridge of Neoproterozoic–middle 
Palaeozoic rocks (Oakes et al 1991, Figure 38.2). The 
formation occurs across the Andado Shelf, and has been 
intersected in a number of drillholes within the Eringa and 
Madigan troughs and on the Colson Shelf, but is absent from 
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Figure 38.5. Location of (a) drillholes and (b) NT seismic lines within the Pedirka Basin. Seismic lines 85NT-03 and CB08-01 (labelled) 
are shown in Figures 38.7 and 38.8, respectively.

the Poolowanna Trough further to the east. Exposures of 
the formation are up to 48 m thick in FINKE (Wells 1969), 
but are possibly much thicker (?365 m) in HALE RIVER 
(Shaw 1968). The formation is thickest in the southern 
Eringa Trough, where a thickness of 504 m was intersected 

in Mount Hammersley-12 in South Australia (Ambrose 
2006). In areas to the south of the Madigan Trough, to the 
2 Middleton et al (2007) tentatively interpreted this interval as 
consisting of 347 m of Crown Point Formation overlain by 157 m 
of Stuart Range Formation of the Arckaringa Basin.



Pedirka Basin

38:6

east of the Dalhousie-McDills Ridge and Hallows Trend, 
intersections of up to ca 200 m have been recorded in several 
drillholes (Middleton et al 2007). Thinner successions of 
less than 100 m have been intersected in Simpson-1 (Central 
Petroleum 2009c) and Colson-1 (Middleton et al 2007) to 
the east on the Colson Shelf (Figure 38.5). The Crown Point 

strata, or where these are absent, on Proterozoic basement 

by Tirrawarra Sandstone equivalent rocks or where this is 
absent, is overlain by the Purni Formation (Ambrose 2006, 
Central Petroleum 2011a). 

The Crown Point Formation consists of conglomerate, 
diamictite, cross-bedded pebbly and coarse sandstone, 

claystone-dominated intervals with varvite bands (Crowell 
and Frakes 1971, Giuliano 1988). Striated and faceted erratics 
were reported by Wells (1969) from exposures in FINKE. 
These strata are interpreted as representing a range of 

Conglomerate, coarse sandstone and diamictite are more 
common in the vicinity of depositional highs, whereas 
glaciolacustrine mudstone is present in basinal areas, such 
as the Eringa Trough (Hibburt and Gravestock 1995, Jones 
et al (2011). Palynological evidence (Youngs 1975, 1976) 
indicates that the age of the Crown Point Formation is Early 

equivalent to the upper part of Zone APP121 of Price 1997), 
but the unit has also been interpreted as Late Carboniferous–
Early Permian in various publications (eg Jones 1973, Kemp 
et al 1977, Oaks et al 1991, Ambrose 2006), depending 
on placement of the Carboniferous–Permian boundary. 
However, correlative late Palaeozoic glacial deposits in the 
Bonaparte Basin in northern Australia are relatively well 
dated as Early Permian (Gorter et al 2008) and a Permian 
age is also supported by a lack of evidence for substantial 
glaciation in the Late Pennsylvannian in eastern Australia 
(Jones and Fielding 2011). The Crown Point Formation is 
correlated with the glacigene Merrimelia Formation of the 
Cooper Basin, Boorthanna Formation of the Arckaringa 
Basin and upper Kuriyippi Formation of the Bonaparte 
basin (Figure 38.4).

Tirrawarra Sandstone equivalent

in the Cooper Basin in South Australia and Queensland, 
where it comprises a succession of sandstone, conglomerate 

outwash fan settings (Hill and Gravestock 1995). A similar 
sandstone-dominated unit is recognised in the Pedirka 
Basin, conformably between the Crown Point and Purni 
formations. The stratigraphic status of this equivalent unit 
is unclear; it has been regarded as a distinct formation (eg  
Ambrose 2006, Central Petroleum 2011a, Ambrose et al 
2012), but has also been included as the upper part of the 
Crown Point Formation (eg Jones et al 2011). Tirrawarra 
Sandstone equivalent strata are recognised in the Eringa 
and Madigan troughs, and also occur across the Colson and 
Andado shelves. The unit is thickest in the southern Eringa 
Trough in South Australia, where it is about 200 m thick 

in Mount Hammersley-13 (Ambrose 2006). In Northern 
Territory drillholes, the Tirrawarra Sandstone equivalent 
is much thinner and is generally less than 50 m thick; 
in Simpson-1 it is 31 m thick (Central Petroleum 2009c) 
and it reaches a maximum-known thickness of 61.4 m in 
CBM93-002 (Central Petroleum 2011b). The unit thins and 
pinches out to the west across the Andado Shelf and is absent 
along the western margins of the basin. It is both conformable 

conformably overlain by the Purni Formation. The unit is 
possibly equivalent to the upper Boorthanna or Stuart Range 
formations of the Arckaringa Basin (Figure 38.4).

The Tirrawarra Sandstone equivalent in the Pedirka 

sandstone with minor siltstone and claystone. The sandstone 
is generally feldspar-rich, massive to cross-laminated or 
cross-bedded, kaolinitic, and has occasional carbonaceous 

and coarsening-upward beds are present. The age of the 
Tirrawarra Sandstone equivalent succession is interpreted 

equivalent to the upper part of Zone APP121 of Price 1997), 
as both the underlying Crown Point and overlying basal Purni 
formations are both also of this zone (Central Petroleum 
2011a, Ambrose et al 2012). The top of the unit is therefore 
older than the top of the Tirrawarra Sandstone in the Cooper 
Basin, which has been placed at the top of Zone 3a (APP122, 

outwash environment of deposition has been interpreted for 
the unit (Ambrose 2006, Central Petroleum 2011a). 

Purni Formation
The Purni Formation (Youngs 1975) is widespread in 
the western Pedirka Basin and occurs in the Eringa and 
Madigan troughs, and across the Andado and Colson 
shelves. However, it is absent in the Poolowanna Trough 
and thins to the west across the Andado Shelf to be absent 

Madigan troughs, the Purni Formation ranges in thickness 
from about 300 m to greater than 550 m, with a maximum 
thickness of 564.3 m in drillhole Blamore-1 in the Madigan 
Trough (Central Petroleum 2008, Figure 38.5). On the 
Colson Shelf, the formation is much thinner and it is only 
135 m thick in drillhole Simpson-1 (Ambrose et al 2012). 
The Purni Formation is conformable on the Tirrawarra 
Sandstone equivalent, or where this is absent, the Crown 
Point Formation. It is unconformably overlain by the Early 
Triassic Walkandi Formation within and to the east of the 
Eringa Trough, or by Mesozoic strata of the Eromanga 
Basin elsewhere. The Purni Formation is considered to 
be the lateral equivalent of the Patchawarra and younger 
formations of the Gidgealpa Group of the Cooper Basin, 
and of the Stuart Range and Mount Toondina formations of 
the Arckaringa Basin (Alley 1995, Figure 38.4). 

The Purni Formation is a thick succession of sandstone, 
siltstone, shale, coal and minor conglomerate. The succession 
in South Australia was informally subdivided into three 

3 Middleton et al (2007) tentatively assigned this interval to the 
Mount Toondina Formation of the Arckaringa Basin.
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‘facies suites’ on the basis of relative proportions of sandstone, 
shale and coal by Youngs (1975). This subdivision consists 
of a basal suite of carbonaceous shale with lesser lenticular 
sandstone and coal stringers, deposited in a predominantly 
low energy, meandering stream environment; a medial 

and an upper suite of carbonaceous shale with abundant coal 

informal stratigraphic units (A1, A, B and C) are recognised, 
based on drillhole and seismic data (Central Petroleum 2011a, 
Ambrose et al 2012, Figure 38.6). Units A1–B are equivalent 
to the ‘lower Purni Formation’ of Ambrose and Heugh (2010), 
whereas Unit C is equivalent to the ‘upper Purni Formation’. 

The basal Unit A1 is a sandstone-rich interval 
conformably overlying Tirrawarra Sandstone equivalent 
rocks. It consists of thinly interbedded sandstone and 
lesser siltstone with minor thin coal seams, and reaches a 
maximum thickness of 118 m in drillhole Blamore-1. The 
unit lacks varved shale and has sandstone that is commonly 
pyritic rather than feldspathic, which along with the 
presence of more abundant carbonaceous material, serves 
to differentiate it from the underlying Tirrawarra Sandstone 
equivalent (Jones et al 2011, Central Petroleum 2011a). This 
basal unit contains a palynological assemblage (Ambrose 

et al 2012) assigned to the Zone 2–early Zone 3 (Asselian–

equivalent to the upper Zone APP121 to APP122 zones of 
Price (1997). Like the Tirrawarra Sandstone equivalent, it 

deposits (Central Petroleum 2011a). 
The conformably overlying Unit A is a much thicker 

carbonaceous shale and coal that reaches a maximum thickness 
of 246 m in drillhole CBM107-001. It is characterised by the 
presence of numerous coal seams of varying thicknesses 
and lateral extent. The more substantial of these seams are 
laterally very extensive and the largest attains a maximum 
thickness of greater than 30 m and a strike length of 70 km. 
The Unit A succession was deposited in a predominantly 

(Jones et al 

extensive coal seams were probably deposited in long-lived, 
widespread peat mire systems formed by allocyclic processes 

like plants. Thinner, less continuous coal seams are more 
likely to have had an autocyclic origin, such as river avulsion 
into peat swamps (Central Petroleum 2011a). Unit A contains 
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palynological assemblages referred to the Sakmarian Zone 3a 

of Zone APP122 of Price (1997). A probable disconformity of 
uncertain duration separates this interval from the overlying 
Unit B (Ambrose et al 2012).

Unit B is a succession of sandstone, siltstone, shale 
and coal that reaches a maximum thickness of 257.3 m in 
drillhole Blamore-1. The basal 50 m of this unit consists of 

thick with erosive bases. This is overlain by a thick succession 
of sandstone, siltstone, shale, carbonaceous shale and coal 
seams of varying widths up to 25 m thick (Central Petroleum 
2011a, Ambrose et al 2012). Unit B contains palynological 
assemblages referred to the late Sakmarian–early Kungurian 

which is equivalent to the APP2–near-top APP32 zones of 
Price (1997). A similar environment of deposition to the 
underlying Unit A is probable (Ambrose et al 2012). 

Unit C contains a succession similar to that of the 
underlying units and was deposited in much the same 
setting. However, it is separated from Unit B and from the 
overlying Walkandi Formation by major unconformities. 
The unit varies in thickness from about 10 m in drillhole 
CBM93-003 to 145 m in CBM107-001, but its areal 
distribution is poorly understood and the unit may pinch 
out to the west before the zero edge of the Purni Formation 
succession. A palynological assemblage from Unit C has 
been referred (Ambrose et al 2012) to the Late Permian 

to the APP4 and possibly APP5 zones of Price (1997).
As the Purni Formation contains major internal 

unconformities and its age has been extended to encompass 
much of the Permian, it may be appropriate to elevate the 

of the unit as formations. This would be more consistent with 
the stratigraphic nomenclature in the adjacent Cooper Basin, 
where the corresponding Permian succession is subdivided 
into a number of formations and included within the 
Gidgealpa Group (Figure 38.4). However, more geological 

extent and age of these informal units before a stratigraphic 

TRIASSIC

During the Triassic, deposition shifted towards the east 
of the Pedirka Basin and was accommodated in several 
depocentres, in particular the Poolowanna Trough, although 
Permian and Triassic strata overlap in central areas of 
the basin, including the Eringa and Madigan troughs 
(Figure 38.2). A major unconformity between the Permian 
and Triassic successions is indicated by erosion of Permian 
strata in structurally high positions, such as the Dalhousie-
McDills Ridge (Moore 1986, Ambrose et al 2002). This 
unconformity has been attributed to Late Permian–Early 
Triassic compressional reactivation of older fault systems, 
accompanied by southeasterly directed regional tilting 
(Questa 1990, Ambrose et al 2007). 

The Triassic succession is divided into two units, 
the basal Walkandi Formation and the disconformably 

overlying Peera Peera Formation, both of which occur only 
in the subsurface. The Walkandi Formation is correlated 
with the Arrabury Sandstone of the Cooper Basin (Ambrose 
2006), whereas the Peera Peera Formation is correlated 
with the Cuddapan Formation of the basal Eromanga Basin4 
(Figure 38.4). 

Walkandi Formation
The Walkandi Formation (Moore 1986) was deposited on a 
peneplaned surface, resulting from erosion probably at the 
end of the Permian. The formation is a continental red-bed 
succession and consists of interbedded shale, siltstone and 

1990, Ambrose and Heugh 2010). These rock types all have a 

red. A maximum thickness for the formation of 247 m is 
attained in drillhole Blamore-1 (Ambrose and Heugh 2010), 

in depocentres of the Poolowanna Trough (Ambrose et al 
2007). The Walkandi Formation unconformably overlies the 
Purni Formation in the central areas of the Pedirka Basin, but 
elsewhere unconformably overlies Warburton Basin strata. 
The unit is overlain disconformably or with a very low-
angle unconformity by the Peera Peera Formation (Ambrose 
et al 2007). A shallow, ephemeral lacustrine environment 
of deposition has been interpreted for the unit, with coarser 
rock types being suggestive of shoreline or near-shoreline 

mottled shale in drill core intersections of the formation are 
evidence of subaerial desiccation and paedogenesis (Moore 

Walkandi Formation, but are not well enough preserved to 
enable greater precision (Gravestock 1995). The age of the 
top of the unit is constrained by its stratigraphic position 
beneath the ?Middle–Late Triassic Peera Peera Formation 
and a ?Late Permian–early Middle Triassic age is indicated 
by correlation of the unit with red bed strata of the Arrabury 
Formation of the Cooper Basin (Figure 38.4).

Peera Peera Formation
The Peera Peera Formation is mainly developed within 
the Poolowanna Trough, where it attains a maximum 
thickness of ca 190 m in drillhole Walkandi-1 (Gravestock 
1995, Figure 38.5). The formation thins westward onto the 
Colson Shelf, where it is ca 35 m thick in drillhole Colson-1 
(Beach Petroleum 1979), and extends to the east of the 
Poolowanna Trough, where it overlaps the Birdsville Track 
Ridge in places, implying a possible direct connection 
with equivalent strata (Cuddapan Formation) of the basal 
Eromanga Basin. Ambrose and Heugh (2010) reported 
that the formation also extends north into the Colson 
Shelf–Madigan Trough area, but it is absent in drillholes 
Blamore-1 and Simpson-1 (Central Petroleum 2008, 2009c). 
The formation is disconformable or unconformable on the 
Walkandi Formation, or where this is absent in central areas 
of the basin, is unconformable on the Purni Formation, or 
where both formations are absent in areas to the east, is 
presumed to be unconformable on Warburton Basin strata. 
4 Originally considered to be the uppermost unit of the Cooper 
Basin, but reassigned to the basal Eromanga Basin by Draper 
(2002).
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A three-fold subdivision of the Peera Peera Formation 
was recognised by Moore (1986) from studies of drillholes 
in the deepest section of the Poolowanna Trough; a basal 
unit of grey shale, siltstone, and minor sandstone and coal is 

sandstone cycles, which is in turn overlain by an upper unit of 
black, silty, highly carbonaceous shale with occasional thin 
sandstone interbeds. Sandstone tends to be coarser grained 

towards the top (Questa 1990). These features collectively 

deposition for the formation, with dark shale in the lower 
and upper units being indicative of lacustrine or paludal 
environments (Moore 1986, Questa 1990). The basal contact 
with the Walkandi Formation is marked by a regional sheet 
sandstone up to 20 m thick, interpreted to have been deposited 
in response to a sharp drop in the base level of erosion, 
followed by a more gradual rise in base level, responding to 
rising sea levels (Ambrose 2006). The Peera Peera Formation 
is correlated with the Late Triassic Cuddapan Formation of 
the basal Eromanga Basin (Gravestock 1995) and may also 
be equivalent to the uppermost part of the Tinchoo Formation 
(Figure 38.4), if the base is as old as Middle Triassic, as 
suggested by Ambrose (2006).

STRUCTURE AND TECTONIC HISTORY

The structural framework and tectonic history of the 
Pedirka Basin have been described or summarised a number 
of publications including Wopfner (1981, 1985), Questa 
(1990), Hibburt and Gravestock (1995), Alexander et al 
(1996), Ambrose et al (2002, 2007, 2012), Ambrose (2006), 
Ambrose and Heugh (2010) and Central Petroleum (2011a).

Basement structures

There are a number of northeast- to north-trending anticlinal 
structural ridges (trends) across the basin (Figures 38.2, 
38.3), separating or segmenting the main depocentres; 

east, the collinear Dalhousie-McDills Ridge, Hallows Trend 
and Hector Trend, and the Border, Colson, Macumba-
Bejah, East Border and Poolowanna-Thomas trends. These 

are interpreted to be composed of folded and faulted pre-
Permian sedimentary rocks (Questa 1990, Hibburt and 

with the exception of the ridges immediately to the east 
of the Eringa Trough, are mostly downthrown to the east 
(Questa 1990). Many of these marginal faults experienced 
Mesozoic and Cenozoic reverse movements, but they have 
a long history and there is evidence that they have been 
repeatedly reactivated during the Phanerozoic. 

Several tectonic events are recognised in adjacent regions 
that may have been involved in the structuring of pre-Permian 
basement rocks underlying the Pedirka Basin (see Geological 
framework). These include the 580–530 Ma Petermann 
Orogeny, which was mainly focused on the Musgrave 
Province and Amadeus Basin to the west, the late Early and 
Middle Ordovician (480–460 Ma) Larapinta Event, which 

the long-lived 450–300 Ma Alice Springs Orogeny (ASO) of 
central Australia, and the 360–320 Ma Kanimblan Orogeny 
of eastern Australia.

In the eastern Warburton Basin, Cambrian and 
Ordovician rocks have been affected by folding and 
northwest-directed thrusting, poorly constrained between 
the Late Ordovician and Late Carboniferous (Haines et al 
2001). Gravestock et al (1995) and Apak et al (1995) both 
favoured a Carboniferous age for the deformation, but 
attributed it to the Alice Springs and Kanimblan orogenies, 
respectively. A Carboniferous age for the deformation is 
consistent with the age of granites that intrude the Warburton 
Basin succession in the east (Gatehouse et al 1995) and with 
ca 330 Ma thermal overprinting of Cambrian volcanic rocks 
low in the succession (Wopfner 1972). Haines et al (2001) 
suggested that the northwest-directed thrusting might 
indicate that the Warburton Basin occupied a transitional 
domain between the east–west compression in eastern 
Australia and the predominantly north–south compression 
characteristic of the ASO in central Australia.

Permian and Triassic structures

Early Permian deposition in the Pedirka Basin was probably 

northwest–southeast compressional phase of the 450–300 Ma 
Alice Springs Orogeny of central Australia (Alexander and 

basin appears to have been largely derived from orogenic 
highlands associated with this orogeny (Ambrose et al 2002, 
Ambrose 2006). It was probably deposited on a moderately 
undulating eroded topography (Ambrose et al 2007). 

to reconstruct, due to the limited structural information 
available from this largely subsurface basin and because of 
the effects of later tectonic activity during the Mesozoic and 
Cenozoic, which has resulted in folding and the reactivation 
of major structures. The major Permian depocentres (Eringa 
and Madigan troughs) have complex geometries and are 

controlled subsidence and depositional patterns. The Eringa 
Trough is strongly asymmetric and is deepest along its eastern 
margin (Figure 38.3
by a series of major faults associated with Dalhousie-McDills 
Ridge, and Hallows and Hector trends (Ambrose and Heugh 
2010), suggesting that its original structure may have been 
that of a half-graben or a series of half-grabens, developed in 
an overall strike-slip setting. These faults preserve Mesozoic 
and Cenozoic reverse movements, but they have a long 
history of reactivation and probably experienced oblique 

accommodate the considerable (up to 1000 m) subsidence 
indicated by the thick successions in adjacent depocentres. 

The Madigan Trough is bounded to the north by the 
northwest-trending Pellinor Fault Zone (Figure 38.2), which 
comprises a series of northwest-trending, originally down-to-
basin normal faults on the southern margin of the Hale River 
High that were reactivated as reverse faults in the Miocene 
(Ambrose et al 2012). Adjacent to the hangingwall of this fault 
system is a thick Permian conglomeratic facies apparently 
shed off the fault scarps bounding this high (Ambrose and 
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Heugh 2010), indicating that the fault zone was an active 
structure controlling sedimentation in the trough at this time. 
The Madigan Trough is bounded to west by the Hallows and 
Hector trends, and to the east by the Madigan Fault, but the 
effects of these structures on sedimentation within the trough 
are unclear. The Permian succession to the east of the Madigan 
Fault on the Colson Shelf is condensed and sand prone (Central 
Petroleum 2011a, Ambrose et al 2012), suggesting that this fault 

The normal movements on the Pellinor Fault Zone at that 
time are indicative of northeast–southwest-directed extension, 
suggesting that these near-orthogonal north- and northeast-
trending structures were most likely to have experienced 
strike-slip or oblique-slip movements. 

In the Late Permian, an episode of mild structural 
deformation and uplift, accompanied by regional 
southeasterly tilting and subsidence is indicated by the erosion 
of Permian strata from structural highs and the migration of 
Triassic depositional areas southeastward into the developing 
Poolowanna Trough (Ambrose et al 2002, 2007, Central 
Petroleum 2011a). The resulting basin framework was 
largely inherited by the overlying Eromanga Basin, as the 
Poolowanna Trough was also the main depocentre for this 
basin in this area. The western part of the Pedirka Basin at 
this time was being subjected to continued uplift and erosion, 
and this provided an important sediment source for the 
slowly subsiding Poolowanna Trough (Questa 1990). The 
Poolowanna Trough comprises several elongate synclinal 
depocentres, segmented by several Palaeozoic ridges 
extending into its northern areas (Questa 1990, Ambrose and 
Heugh 2010). These include the Colson, Macumba, Bejah, 
East Border, Thomas and Poolowanna trends (Figure 38.2), 
which are commonly associated with north-trending reverse 
faults, most of which are downthrown to the east. Vertical 
displacement on these structures was less than that on 

Heugh 2010). At the end of the Triassic, the basin succession 
experienced minor uplift and erosion (peneplanation) 
resulting from mild rejuvenation of pre-existing faults prior 
to the onset of Eromanga Basin deposition (Ambrose et al 
2007). Ambrose and Heugh (2010) noted that there was also 
major rejuvenation along the same structural trends during 
the Late Cretaceous and Cenozoic.

Although the intracratonic Pedirka Basin developed in an 
area that was relatively distant from active plate boundaries, 
the initiation and subsequent development of the basin may 
have been related to long-lived plate convergence between 
eastern Gondwana and the Panthalassan Ocean that formed 
the Devonian to Cretaceous New England Orogen, as well as 
a number of Early Permian to Middle Triassic sedimentary 
basins inboard of this orogen in eastern Australia. Wopfner 

convergence may have been expressed in the Pedirka Basin 
area as strike-slip movements along northeast- and northwest-
trending shear zones. Wopfner speculated that Early Permian 
half-graben and trough structures could have developed as 
strike-slip displacements at depth were transmitted through 
overlying sedimentary cover. Direct evidence of dextral 
shearing was subsequently noted by Ambrose (2006) from the 

across the Dalhousie-McDills Ridge (Figure 38.7). A series 

of compressional tectonic events at about the Permian–Triassic 
boundary (Hunter-Bowen event; see Holcombe et al 1997) 

Basin succession (see Table 38.1), by southeasterly platform 
tilting within the basin at about this time (Ambrose et al 2002, 
2007), and by northeasterly tilting in the Cooper Basin area 
(Gravestock and Jensen-Schmidt 1998). In the Middle Triassic, 
the thrust front in the New England Orogen propagated 
westward into Permian–Triassic basins inboard of the orogen (eg 
Bowen and Gunnedah basins) effectively ending sedimentation 
in these areas (Korsch and Totterdell 2009). The Late Triassic 
hiatus that followed this event is also evident in basins further 
to the west, where it is expressed as unconformities at the top of 
the Cooper and Pedirka basin successions.

MINERAL RESOURCES

The Pedirka Basin contains substantial resources of coal, 
which could potentially be exploited by mining, or for 
unconventional petroleum. The basin is also very prospective 
for conventional petroleum. The basin is incompletely 
covered by several vintages of 2D seismic data and contains 
a number of petroleum and mineral exploration drillholes 
(Figure 38.5).

Coal

Purni Formation and minor coal occurs within the Triassic 
Peera Peera Formation. These coal resources may have 
economic potential via mining and/or Underground Coal 

techniques (see Petroleum). 
Thick extensive coal seams, generally sub-bituminous in 

rank and interbedded with clastic rocks, occur within Purni 
Formation units A, B and C (Figure 38.6) on the Andado 
Shelf, and in the Eringa and Madigan troughs. Coal seams 
reach a maximum thickness in excess of 30 m and can be 
laterally very extensive (Figure 38.8), attaining a strike 
length of over 70 km for the A3 ‘super seam’, which is one 
of the largest within the basin (Ambrose and Heugh 2010). 
Thick coal-rich intervals have been intersected in a number 
of exploration drillholes, including: CBM93-004, which has 
a net 153 m of coal in seams >1 m; Blamore-1, which has a 
net 160 m of coal in seams >0.2 m or a net 111.3 m of coal 
in seams >1 m, and CBM93-001, which has net 139.4 m 
of coal in seams >1 m thick, with the thickest seam being 
34.6 m (Jones et al 2011, Central Petroleum 2011c). Drilling 
has intersected thick Permian coal successions on the central 
portion of the Andado Shelf (drillholes CBM93-001, 93-004) 

in drillholes SHEL27109-1, 27109-2 and 28095-1. Coal-
bearing successions thicken downdip towards the axis of 
the Eringa Trough (Central Petroleum 2011a, Ambrose et al 
2012, Figure 38.3), but are buried at depths of up to 2000 m. 
Within the Eringa Trough, coal-bearing successions are more 
prominent to the north of the northwest–southeast-trending 
transverse Camelot Fault (Figure 38.2), with older glaciogene 
deposits tending to dominate the succession to the south 
of this structure (Ambrose and Heugh 2010). Towards the 
western basin margin across the Andado Shelf, coal seams 
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are at shallower and possibly mineable depths, but are yet to 
be studied in detail. Thick coal seams have been intersected 
at relatively shallow depths of 300–400 m in drillhole 
CBM107-002 and coal could occur at lesser depths in other 
areas in this part of the basin (Central Petroleum 2011a, 
Ambrose et al 2012). In the Madigan Trough, coal-bearing 
successions up to 750 m thick occur to the west of the north–
south-trending Madigan Fault at depths of up to 2000 m; to 
the east of this fault on the Colson Shelf, the Purni Formation 
is more condensed and sand prone, and only one 7 m coal 
interval was intersected in drillhole Simpson-1 where the 
Permian succession is just 135 m thick (Central Petroleum 
2009c). Jones et al (2011) provided a JORC Exploration Target5 
tonnage estimate for coal within Central Petroleum’s NT 
petroleum permits alone of between 470 and 570 Gt at depths 
<1000 m below the surface, plus a further 1570 to1920 Gt of 
coal at depths >1000 m.

In Purni Formation unit A, coal seam thicknesses and 
abundance both increase upsection to the topmost A3 ‘super 
seam’ (Ambrose and Heugh 2010). This laterally very extensive 

troughs and across the Andado Shelf. A3 coal contains 
various amounts of vitrinite and inertinite with the latter 
being slightly more abundant; liptinite contents, dominated 
by sporinite, average 5–10%. Unit B coals are best developed 
along the south-central Andado Shelf, but are also laterally 
extensive along the strike of the Andado Shelf and may 
extend to mineable depths in the west of the basin (Ambrose 
and Heugh 2010). The coals are truncated by erosion along 
the western basin margin of the Andado Shelf in the vicinity 
of CBM107-002 (Figure 38.5), but they could be at mineable 
depths in other areas, such as the western–northwestern basin 
margin. Unit B coals have variable amounts of vitrinite and 
inertinite (Ambrose and Heugh 2010: table 4), with vitrinite 
dominant in some drillhole samples (eg CBM93-001, 93-004) 
and inertinite in others (eg CBM107-001); liptinite content 
averages 5–10% with a maximum of 11.37% in samples from 
CBM93-004. Unit C coals are stratigraphically the highest 
in the succession, so are therefore an attractive exploration 
target, but their distribution is poorly known. The relatively 
thin unit C may be absent in the shallower western part of 
the basin, due to erosion or to pinching out of the unit in that 
direction. A net thickness of 35 m of coal was intersected in 
drillhole CBM107-001, where unit C is 145 m thick. The coal 
comprises 50–60% inertinite, 25–35% vitrinite and is rich in 
liptinite averaging 10–15% (Ambrose and Heugh 2010).

Pedirka Basin coal is generally sub-bituminous in rank and 

viable open-cut mining of the coal would require the presence 

this has yet to be demonstrated. Underexplored areas of 
the basin that might be targeted for shallow coal deposits 
by exploratory drilling include the western margin of the 
Andado Shelf along a strike length >100 km, where thick 
coal seams could occur on broad uplifted fault blocks, and 
where both Purni Formation and pre-Purni Formation strata 
have been eroded to some extent, and a number of other areas 
within the basin, including uplifted fault blocks along the 
margins of the Hale River Block (Ambrose and Heugh 2010).

5 Note that this is not a JORC-compliant Resource.

Petroleum

Stacked basins in the southeastern corner of the NT and adjacent 
areas are prospective for both conventional and unconventional 
petroleum at a number of stratigraphic levels. Possible plays 
in this region are associated with fractured basement rocks 
(Central Petroleum 2011e), early and mid Palaeozoic rocks 
of the Warburton Basin, Permian and Triassic rocks of the 
Pedirka Basin, and Mesozoic rocks of the Eromanga Basin. 
These basins have structures and depocentres in common 

one basin succession. The Pedirka Basin contains elements of 
the Permian–Triassic Gondwanan petroleum supersystem of 
Bradshaw (1993) and Draper (2000).

The petroleum prospectivity of the Pedirka Basin has 

of which include Smyth and Saxby (1981), Moore (1986), 
Kingsley (1987), Questa (1990), Alexander et al (1996), 
Ambrose et al (2002, 2007), Ambrose (2006), Middleton 
et al (2007), Mulready Consulting Services (2009), Central 
Petroleum (2009b, 2011c, d) and Ambrose and Heugh (2010).

Conventional petroleum

The NT potion of the Pedirka Basin has only been sparsely 
explored for conventional petroleum, although there is good 
potential for commercial accumulations. The succession 
has been penetrated by 18 drillholes (Figure 38.5) and 
there is about 3500 line km of modern seismic data over a 
relatively large prospective area of 70 000 km2 (Ambrose 
et al 2002). So far, only non-commercial conventional 
hydrocarbon accumulations have been found in this area, in 
basal Jurassic sandstones of the overlying Eromanga Basin. 

Source rocks
Coal measures and carbonaceous shale within the Permian 
Purni and Triassic Peera Peera formations constitute the best 
source rocks within the basin. Thick coal measures from the 

kerogen (Smyth and Saxby 1981) and have fair to good source 
potential. The Peera Peera Formation also has fair to good 
source potential, mostly due to the formation’s coals, and 
Ambrose et al (2007) reported that it is a mixed oil–gas source 
rock in the Madigan and northern Poolowanna troughs. The 
formation has a total organic content of up to 18%, with most 
of the organic material occurring towards the top of the unit 
(Questa 1990, Ambrose et al 2007). Samples from NT and 
South Australian drillholes record a high content of type III 
kerogen, but type II kerogen is present in shaly coal facies in 
Poeppels Corner-1 (Ambrose and Heugh 2010).

Reservoirs
In the Pedirka Basin, potential sandstone reservoirs possessing 
fair to good reservoir quality occur at the levels of the Crown 
Point Formation, Tirrawarra Sandstone equivalent and Peera 
Peera Formation. Good sandstone reservoirs also occur in the 
Poolowanna Formation and Algebuckina Sandstone of the 
overlying Eromanga Basin (Questa 1990). There is also some 
potential for sandstone reservoirs within the Purni Formation 
(Ambrose et al 2007, Ambrose and Heugh 2010). Porosities are 
in the range <9–13% for the Crown Point Formation, 9–14% for 
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the Tirrawarra Sandstone equivalent and 10–18% for the Peera 
Peera Formation (Kingsley 1987). Secondary fracture porosity 

units and in the tighter rocks of the Crown Point Formation 
and Tirrawarra Sandstone equivalent (Ambrose et al 2002).

Thermal maturity
Existing quantitative data on maturity from the NT portion 
of the Pedirka Basin indicate that the source rocks are mature 
for oil generation over much of the basin at depth. Ambrose 
(2006) noted that the thick Permian successions in the Madigan 
and northern Poolowanna troughs are oil-prone and -mature. 
Questa (1990) reported that Permian–Triassic successions have 

values (Ro) = 0.7–0.9%] over large portions of the basin and 
Mulready Consulting Services (2009) reported samples of 
Purni Formation coal from drillhole Blamore-1 that yielded 

early oil generating window. However, they noted that values 
from drillholes within the Madigan Trough from further south, 
where the coals are more deeply buried, will be higher and well 
within the oil generative window. Ambrose and Heugh (2010) 
reported that the Purni succession has probably not reached the 
gas window in the axis of the Madigan Trough and hence, oil 
may not have been displaced on a regional scale to the distal 
basin margins by gas displacement, as it has in the Cooper Basin 
area. Rock Evaluation (Rockeval) Pyrolysis data, Hydrogen 

that the organic matter at the top of the Purni coal succession 
is immature for oil generation, but is in the early oil generating 
window near the base of the unit. The data indicate that the oil 
generative window in the Pedirka Basin will be at a probable 
maximum depth of about 1250 m, with the hot dry gas window 
more deeply buried (Mulready Consulting Services 2009). 
Maturity modelling for the Triassic Peera Peera Formation 
in the Poolowanna Trough indicates that it is in the mid–late 
mature oil window (Ambrose et al 2007). Late Permian and 
Late Triassic episodes of regional tilting to the southeast 
indicate that the most deeply buried Permian and Triassic 
source rocks will also occur in the southeast, where they are 
probably in the late stages of oil generation (Ambrose 2006). 

Prospectivity
The Warburton, Pedirka and Eromanga basins have an 
abundance of organically rich source rocks, porous and 
permeable reservoirs with effective vertical seals, and 
closed anticlinal structures. Reservoir objectives and their 
associated source rocks range in age from earliest Cambrian 
to Early Cretaceous. Upper Palaeozoic and Mesozoic rocks 
remain the primary exploration targets but underlying 
Palaeozoic (Cambrian to Devonian) clastic and carbonate 

At least three unnamed petroleum systems are present 
in the Simpson Desert area (Questa 1990, Ambrose et al 
2002); these incorporate source rocks of the Permian Purni 
and Triassic Peera Peera formations (Pedirka Basin), and the 
Early Jurassic Poolowanna Formation (Eromanga Basin), plus 

were generated prior to Oligocene–Miocene tectonism, 
but there is some uncertainty as to the exact timing. Questa 
(1990) indicated that Permian and post-Permian source rocks 

would have been incapable of generating liquid hydrocarbons 
until after the deposition of thick Winton Formation covering 
sediments (Eromanga Basin) in the Late Cretaceous and 

would have taken place much before Eocene time. However, 
Ambrose and Heugh (2010) preferred a Late Cretaceous time 

expulsion possibly occurring as early as the Early Cretaceous. 
In both cases, hydrocarbon generation is interpreted to have 
been in response to increasing temperatures related to loading 
associated with deposition of the Winton Formation, so that pre-
Cenozoic structural and stratigraphic traps in the basin could 

oil migration. There is also some possibility that traps could 

have been generated and migrated from older Warburton Basin 
source rocks. Questa (1990) indicated that modelling of early 
Palaeozoic rocks in the Eringa Trough suggests that these more 
deeply buried rocks could have generated hydrocarbons in 
the Permian or possibly during the later stages of the Alice 
Springs Orogeny in the Late Carboniferous.

(Ambrose and Heugh 2010, Figure 38.9) include: Tirrawarra 
Sandstone equivalent sandstone blanketed by basal shale 
of the Purni Formation shale, equivalent to the Tirrawarra 

couplet of the Cooper Basin (Ambrose et al 2002); intra-Purni 

et al 2007). The basal 
Triassic Walkandi Formation is also an important regional seal 

seal couplets that could have trapped petroleum sourced from 
Permian–Triassic rocks also occur in the overlying Mesozoic 
Eromanga Basin succession, including intra-Poolowanna 

owie Formation basal shale6 and Cadna-owie Formation 

Figure 38.10 shows the known distribution of Permian 
prospects and leads and Permian Purni Formation source 

Triassic source kitchens that would be expected to be mature 
for oil generation (Ro >1.0) are located in the Madigan, 
northern Poolowanna and northern Eringa troughs. The 
absence of gas displacement of early-reservoired oil would 
be conducive to relatively short migration pathways for 
oil generated in these troughs, and traps formed prior to 
loading by the Winton Formation that are within 5–20 km 
of source kitchens are therefore good exploration targets 
(Ambrose and Heugh 2010). Favourable structural settings 
would be enhanced by a prolonged history of structural 
growth that would maximise the possibility of migration 
postdating structuring (Ambrose et al 2002). Possible 
traps (Figures 38.9, 38.10) include numerous four-way 
dip closures, combination structural-stratigraphic plays on 

6 Equivalent to uppermost ‘Murta Formation’ shale of previous 
usage (eg Ambrose and Heugh 2010), but referred to basal Cadna-
owie Formation by Gray et al (2002, see Eromanga Basin). Murta 
Formation and underlying Namur Sandstone in Cooper Basin 
are equivalent to upper Algebuckina Sandstone in Poolowanna 
Trough (Krieg et al 1995).
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of sandstone reservoirs, hangingwall fault plays, eg on the 
southern, fault-bounded margin of the Hale River High, and 
pinchout plays towards the basin margins (Ambrose et al 
2002, Ambrose and Heugh 2010). Effective traps might occur 
within these structures at a number of stratigraphic levels 
ranging from the early Palaeozoic to the Mesozoic within 
the stacked Warburton, Pedirka and Eromanga basins. The 
major risk for the preservation of early-formed oil pools is 
the breaching of traps by the reactivation of faults in the 
Cenozoic (Ambrose and Heugh 2010).

There are a number of petroleum leads and prospects 
(Figure 38.10) in the vicinity of the Pedirka Basin that 
have attracted recent exploration interest, including the 

Madigan, Simpson East, Avalon and Blamore prospects. The 
Madigan Prospect is a multi-level robust 4-way dip closure 
at Permian–Jurassic and probably earlier Palaeozoic levels to 
the northeast of the adjacent Madigan Trough. It has a best 
estimate Undiscovered Oil Initially In Place (UOIIP) potential 
of 4 Bbbl (billion barrels) in post-Permian sediments alone 
(Central Petroleum 2011d). The Simpson East Prospect is a 
robust 4-way dip closure at Palaeozoic and Mesozoic levels, 
located between the Madigan and northern Poolowanna 
troughs. This prospect is interpreted to have formed largely 
as a result of drape and compaction over a massive ?Devonian 
carbonate platform developed on a regional high. It could have 
a best estimate UOIIP of up to 350 MMbbl (million barrels) 

W E

Cadna-owie Formation

Cycle 1

Cycle 2

sealRegional

CRETACEOUS

BASAL JURASSIC

JURASSIC–EARLY
CRETACEOUS

TRIASSIC 

PALAEOZOIC 

Eromanga
Basin

EARLY PERMIAN

Northern
Poolowanna Trough

PALAEOZOIC

Migration pathway

Potential oil play

Potential oil/gas play

Algebuckina Ss

Peera Peera Fm

Poolowanna Fm

Purni Formation

Tirrawarra SS equiv.
Crown Point Fm

A12-019.ai

Algebuckina Sandstone
Poolowanna FormationPurni Formation

Tirrawarra Sandstone equiv. 

Crown Point Formation Peera Peera Fm

Pedirka
Basin

Semi-regional seals

Figure 38.9
et al 2002).

135° 136° 30’

Avalon Prospect

Madigan Prospect
Simpson East Prospect

Blamore Prospect

0 100 km

Late Triassic–Cretaceous
Eromanga Basin

Pedirka Basin (Subsurface)

Triassic

Permian

approximate eastern 
limits of Permian strata

migration pathway

Purni Fm (mid point Ro > 1.0)

Structural lead near top Purni 
Fm (after Kingsley 1987)

Purni Fm (mid point Ro >0.65)

Purni Fm (mid point Ro <0.65)

Other Palaeozoic basin

normal fault

thrust fault

anticlinal trend

synclinal trend

H
ec

to
r F

au
lt

D
al

ho
us

ie
-M

cD
ills

 R
id

ge
Pu

rn
i F

au
lt

Bo
rd

er
 T

re
nd

Pellinor Fault Zone

Hector Trend

Mount
Hammersley

Trend

Camelot Fault

Hallows Trend

Permian zero edge

A12-013.ai

MADIGAN

COLSON

SHELF

TROUGH

ANDADO

HALE RIVER 
HIGH

SHELF

SOUTHERN
POOLOWANNA

TROUGH

NORTHERN
POOLOWANNA

TROUGH

Amadeus Basin

27°
  

NT
SA

TR
OUGH

ER
IN

GA

?

?

?

?

?

25°

26°

Figure 38.10
from Ambrose et al 2002, Ambrose and Heugh 2010).



38:15

Pedirka Basin

in post-Permian strata and an additional 1.5 Bbbl UOIIP 
at pre-Permian levels (Central Petroleum 2011d). Drillhole 
Simpson-1 tested a small sub-closure to the west of the main 
structure, but only encountered minor oil shows at Jurassic 
levels (Central Petroleum 2009c). The Avalon and Blamore 
prospects are the northernmost of a series of prospects, located 
along the northern end of the anticlinal Hallows Trend between 
the Eringa and Madigan troughs. These structures together 
could have a best estimate UOIIP of up to 120 MMbbl (Central 
Petroleum Ltd internet site: http://www.centralpetroleum.
com.au/exploration.php, accessed January 2012). Drillhole 
Blamore-1 tested the Blamore structure, and intersected 
a 15+ m residual oil column at Mesozoic levels (Central 
Petroleum 2008), but no live oil. Ambrose and Heugh (2010) 
speculated that this residual oil column may represent a 
migration pathway that raises the possibility of spill-migration 
updip along the Hallows Trend to a greater fault-dependent 
closure associated with the Camelot Fault (Figure 38.2).

Unconventional petroleum

The extensive Permian and lesser Triassic coal measures and 
carbonaceous shale of the Pedirka Basin have considerable 

Liquids (GTL) processes, so as to produce ‘ultra-clean’ 
distillate fuels. Because potential source rocks are rich in 
oil-prone macerals, the gas adsorbed to the coal will contain 
higher homologues than methane and should produce more 
synthetic crude and syngas during synthesis than methane 
alone would (Mulready Consulting Services 2009). Mulready 
Consulting Services (2009) estimated the total unrisked and 
as yet undiscovered, prospective recoverable synthetic gas 
(syngas) resource contained within the coals of the Purni 
Formation, above an arbitrary 1000 m cutoff, to be in the 

to produce between 1.11 and 1.39 trillion barrels of liquids 
in a typical GTL plant. However, commercial exploitation 
of these resources would need to take into account the  
potential for environmental problems due to the presence of 
a major aquifer of the Great Artesian Basin in the overlying 
Algebuckina Sandstone of the Eromanga Basin (Krieg 1985).
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INTRODUCTION

The Jurassic–Cretaceous intracratonic Carpentaria Basin 
(Smart et al 1980) lies beneath the Gulf of Carpentaria 
in offshore northern Australia and extends onshore into 
Queensland and the Northern Territory. It is overlain by 
Cenozoic sediments of the Karumba Basin (in Queensland) 
and extends over a total area of about 680 000 km2. 
Approximately 20% of the offshore basin is in Northern 
Territory waters. The basin was formed as a gentle 
intracratonic downwarp in the Jurassic and Cretaceous, and 
contains a typically thin, but laterally extensive sedimentary 
succession with a maximum thickness of about 1760 m in 
the offshore Carpentaria Depression (Weipa Sub-basin), 
which constitutes the basin's major depocentre (Burgess 
1984). The Carpentaria, Eromanga and Surat basins together 
form the bulk of the Great Australian Basin (Green 1997, 
Draper 2002) of central and northeastern Australia. Other 
interconnected eastern Australian basins (eg Clarence-
Moreton, Nambour and Laura basins) could also be 
considered to be a part of this vast depositional system. 

McConachie et al (1990) subdivided the Carpentaria 
Basin into four sub-basins (Western Gulf, Weipa, Staaten 
and Boomarra) that are recognised by the characteristics 
of the basal Mesozoic sandstone or the basement they 
overlie (Figure 39.1). Onshore in the Northern Territory, a 
condensed succession of the Western Gulf Sub-basin onlaps 
an erosional surface of deformed Proterozoic rocks of the 
Arnhem Province, and sedimentary rocks of the McArthur, 
Georgina, Wiso and Daly basins. The former 'Dunmarra 
Basin' in the NT is here reinterpreted as a westerly extension 
of the Western Gulf Sub-basin across the northern part of 
the Territory as a result of a major marine transgression in 
Aptian to early Albian time.

Basement highs separate the Carpentaria Basin from 
adjacent contemporaneous basins. To the east, the basin 
is bounded by Proterozoic rocks of the Coen, Yambo 
and Georgetown inliers and by Carboniferous rocks 
of the Cape York-Oriomo Ridge, although there were 
probable connections in the vicinity of the Coen Inlier 
across basement highs (Bramwell and Kimba arches) 
with contemporary basins in northeastern Queensland, 
including the Papuan and Laura basins. Lithological 
continuity is probable between these depositional areas 
(Krassay 1994b). To the north, the boundary with the 
Morehead Basin (Papua New Guinea) is poorly de ned. 
The Money Shoal Basin in the northwest is separated from 
the Carpentaria Basin by the ill-de ned offshore Wessel 
Rise and by the onshore Kombolgie palaeohigh (new 
informal name, Figure 39.1), which consists of Proterozoic 
Katherine River Group rocks that form the southwestern 
part of the Arnhem Land Plateau. The northern margin, to 
the south of Darwin, is here taken to be a line enveloping 
the eroded Cretaceous outcrops. To the southeast in 
Queensland, the Carpentaria Basin is separated from the 
Eromanga Basin by the Euroka Arch and, although there is 
probable stratigraphic continuity between the two basins, 
depositional environments to the south of the arch are 
interpreted to have been more restricted and lower energy 
(Krassay 1994b). Within the Northern Territory, the 
southern margins of the basin correspond to the mapped 
limits of the main Cretaceous outcrops within the Territory, 
but also incorporate areas of subcrop beneath Cenozoic 
sediments, as determined from waterbores (unpublished 
NTGS data). Note that the mapped boundaries of the basin 
in the Northern Territory do not necessarily coincide 
with the depositional margins, which have been eroded or 
covered by Cenozoic sediments in many places. 

Chapter 39: CARPENTARIA BASIN TJ Munson, M Ahmad and JN Dunster

Figure 39.1. Schematic map showing extent of Carpentaria Basin and sub-basins (modi ed after McConachie et al 1994, 1997). Maximum 
extent of Cretaceous deposition (Aptian) derived from NTGS GIS database and unpublished waterbore data compiled by NTGS. Approximate 
late Albian regional shoreline after Krassay (1994b). Overlying Cenozoic Karumba Basin (Queensland) not shown for clarity.
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Middle to Late Jurassic sediments within the basin 
were sourced from the east and consisted of uvial clastic 
rocks in a series of basement depressions, mostly within the 
Weipa and Staaten sub-basins (McConachie et al 1990). A 
marine transgression affected the north of the basin in the 
latest Jurassic–earliest Cretaceous and gradually became 
more widespread (Frakes et al 1987). Marine deltaic to 

uvio-lacustrine environments at this time were replaced 
by widespread shallow-marine to marine conditions, which 
reached their maximum extent during the Aptian to early 
Albian, when much of the northern part of Australia was 
inundated. This late Early Cretaceous transgression resulted 
in a thick mudstone succession over much of the basin. 
Pisolitic manganese was also precipitated in protected 
coastal areas along the west coast of Groote Eylandt at about 
this time (Ferenczi 2001). By late Albian times, shorelines 
had retreated from much of the Northern Territory, but 
shallow-marine conditions persisted in eastern and offshore 
areas, and in Queensland (Figure 39.1). Albian to later 
Cretaceous deposits indicate a continuing regression, with 
depositional environments gradually shallowing from 
shallow marine to paralic. During Late Cretaceous time, 
the margins of the basin were locally faulted, uplifted and 
eroded prior to the commencement of sedimentation in the 
overlying Karumba Basin.

LATE EARLY–EARLY LATE CRETACEOUS

The stratigraphic succession of the Carpentaria Basin and 
its sub-basins has been established from onshore exposures, 
stratigraphic drillholes, onshore and offshore petroleum 
wells, several deep water bores, and marine seismic data. It 
has been summarised in a number of publications, including 
Skwarko (1966), Smart et al (1980), Burgess (1984), 
McConachie et al (1990, 1994, 1997), Krassay (1994a, b) 
and Ferenczi (2001). The following discussion is focused on 
the Western Gulf Sub-basin in the Northern Territory.

Onshore Western Gulf Sub-basin

The Western Gulf Sub-basin occupies much of the Gulf of 
Carpentaria and extends onshore across much of the north 
of the Northern Territory (Figure 39.1). Smart et al (1980) 
conservatively located the western boundary of the sub-basin 
offshore, to the east of Groote Eylandt. This boundary was 
subsequently extended onshore (Krassay 1994a, b) to include 
Cretaceous marine facies of the 'Coastal Belt' of Skwarko 
(1966). It is here extended further westward to include strata 
previously referred to the 'Inland Belt' of Skwarko (1966), 
later informally named the 'Dunmarra Basin' by NTGS 
geologists in 1990. The thin, at-lying, relatively undeformed 
onshore succession forms tablelands, mesas, buttes and 
isolated rounded exposures, mantling Proterozoic and early 
Palaeozoic basement rocks from eastern Arnhem Land 
southwards along the Northern Territory coastline towards 
the Queensland border, and westward as an extensive outcrop 
tract across the central northern part of the Northern Territory 
to the vicinity of the Joseph Bonaparte Gulf. The scattered 
exposures are remnants of a once much more continuous 
outcrop tract that has been eroded and dissected by coastal 
peneplanation (Figure 39.2).

In the main depocentres of the Carpentaria Basin to the 
east, the relatively thick (up to 1760 m) succession has been 
divided into seven principle units (Figure 39.3), consisting of 
quartzic sandstone at the base, overlain by thick intervals of 
quartzic glauconitic sandstone, lithic glauconitic sandstone 
and shale. Krassay (1994b) referred a much thinner onshore 
succession (maximum composite thickness 50–60 m, but 
generally less than 20 m) in the Arnhem Land area to two 
units, the Walker River and Yirrkala formations (previously 
Mullaman Beds of Skwarko 1966). These have been broadly 
correlated with the Gilbert River Formation and Rolling 
Downs Group equivalent (Smart et al 1980) of the central 
Carpentaria Basin. The two formations have been recognised 
throughout much of the 'Coastal Belt' of Skwarko (1966), but 
their distribution to the west is unclear.

The Walker River Formation (Krassay 1994b, Rawlings 
et al 1997) consists of moderately to well sorted, typically 
cross-bedded, ne- to coarse-grained quartzic sandstone, 
which is interbedded with laminated clayey siltstone and 
chert granule and pebble conglomerate. The unit forms both 
upward- ning and -coarsening cycles that are typically 5 
to 10 m thick. Where the base of the formation is exposed, 
it consists of thick, normally graded, chert cobble to pebble 
conglomerate that grades upward into sandstone containing 
molluscan macrofossils and marine trace fossils. Krassay 
(1994b) equated the formation with informal units 2–7 of the 
'coastal belt' of Skwarko (1966) and tentatively correlated it with 
units B and C of Skwarko's 'inland belt' ('Dunmarra Basin'). 
The Walker River Formation contains a range of sedimentary 
structures, including hummocky cross-strati cation, 
planar cross-bedding, wave and current ripples, convolute 
lamination, slump structures and sole markings that indicate 
deposition in a predominantly shallow-marine shelf setting 
mostly above storm wave base. Krassay (1994b) determined 
a range of palaeoenvironments, including foreshore, offshore 
shallow marine, and distal deltaic to deltaic marine. 

The Yirrkala Formation (Krassay 1994b, Rawlings et al 
1997) is massive to thickly planar-bedded and consists of 
friable, kaolinised arkosic sandstone and poorly sorted, ne- 
to very coarse-grained, matrix-poor quartzic sandstone that 
are interbedded with minor claystone. The unit contains large-
scale cross-beds, dispersed chert pebbles and rare, moderately 
to poorly preserved plant fossils, particularly in upper, ner-
grained parts of the unit. It disconformably overlies the 
Walker River Formation, or is unconformable on Proterozoic 
sedimentary and metasedimentary rocks, or is nonconformable 
on Proterozoic granite. The formation was interpreted by 
Krassay (1994b) to represent sandy bedform, channel and 
gravel bar deposits, deposited as uvial, high-energy channel 
deposits and valley lls. Krassay remarked that, in places, the 
formation resembled unit 1 of the 'coastal belt' and unit A of the 
'inland belt' of Skwarko (1966), but the stratigraphic position 
of these units beneath interpreted Aptian shallow-marine 
intervals (Walker River Formation and equivalents) suggests 
that they are not correlatives. Non-marine, restricted-marine 
and shallow-marine rocks in the uppermost part of the onshore 
succession, including the Yirrkala Formation, are correlated 
with the offshore Normanton Formation equivalent at the top 
of the Rolling Downs Group equivalent (Rawlings et al 1997).

The thin Cretaceous sedimentary succession of the 
'Inland Belt' of Skwarko (1966) or former 'Dunmarra 
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Figure 39.2. (a) Distribution of Cretaceous outcrops in Northern Territory portion of Carpentaria Basin and major watercourses (compiled 
from GA 1:1M GIS database). (b) Generalised Cretaceous outcrop map overlaid on digital elevation model, with approximate boundaries 
of Cretaceous basins and sub-basins. Headward erosion from coastlines has resulted in extensive peneplanation, leaving scattered remnant 
exposures of Cretaceous strata on coastal plains. Kombolgie palaeohigh separates Carpentaria Basin from Money Shoal Basin and may 
or may not have been emergent. Arbitrary northwestern boundary of Carpentaria Basin and southern boundary of Money Shoal Basin 
correspond to lines enveloping Cretaceous outcrops, but it is likely that these depositional areas were connected at time of maximum ooding 
(Aptian–early or middle Albian).
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Basin' forms a widespread outcrop tract that covers an area 
of about 200 000 km2 over the central northern part of the 
Northern Territory, extending from the Joseph Bonaparte 
Gulf towards the Queensland border (Figure 39.1). All 
of these strata are here included within the Western Gulf 
Sub-basin, because the relatively thin 'Dunmarra Basin' 
succession is interpreted to be merely a condensed version 
of the coastal succession with few signi cant lithological 
differences, there is no separate depocentre within the 
'Dunmarra Basin', and the two depositional areas are 
interpreted to have been directly connected at the time of 
deposition. The 'Dunmarra Basin' is therefore considered 
to be a westward extension of the Carpentaria Basin 
across the Northern Territory at the time of maximum 
transgression of the Cretaceous sea. For descriptive 
purposes, this outcrop tract is here informally referred to 
as the 'Dunmarra region'.

Strata of the Dunmarra region have not been affected 
by tectonic activity and are near-horizontal, except for rare 
local faulting that has possibly resulted from the rejuvenation 

of earlier basement faults. Skwarko (1966) used the blanket 
term Mullaman Beds for all the onshore Cretaceous strata 
of the Northern Territory, but this name has since been 
abandoned (Hughes 1978, Krassay 1994b) and the succession 
has not otherwise been formally named. Skwarko divided 
the 'Mullaman Beds' of the 'Inland Belt' into three informal 
units (A–C), which can be distinguished across most of this 
region (Figure 39.4). Unit A is the lowermost of these and 
comprises plant fossil-bearing, massive, cross-bedded quartz 
sandstone and rare siltstone. The unit is of variable thickness, 
but is usually in the range 3–25 m. Browne and Randal 
(1969) reported a maximum thickness of about 37 m from a 
borehole in BEETALOO. The ora does not allow accurate 
dating, but is generally indicative of the late Mesozoic. 
Unit B conformably overlies unit A and comprises a lower 
layer of siltstone overlain by ne-grained sandstone. Both the 
siltstone and sandstone contain some plant fossils, which as 
for unit A, do not provide a basis for accurate dating. Skwarko 
(1966) reported a thickness of up to 5 m for each of the two 
intervals, but the extent of variation in both thickness and 
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composition within the unit across the region has not been 
documented. Unit C comprises claystone and silty claystone 
with small lenses of sand and, in places, small gypsum 
concretions (Figures 39.5, 39.6). It contains marine fossils 
and disconformably overlies the older non-marine units A and 
B. Unit C is usually greater than 20 m in thickness and in many 
areas, is much thicker; Brown (1969) reported a thickness of 
60 m in DALY WATERS and combined thicknesses for units 
B and C of greater than 60 m have been reported from a number 
of areas, eg WALLHALLOW (Plumb and Rhodes 1964), 
BEETALOO (Brown and Randal 1969), TANUMBIRINI 
(Paine 1963) and elsewhere. Several arenaceous foraminifera 
fossil species have been recorded from unit C, but they have 
only a limited value in establishing a precise date. 

The age of units within the onshore Western Gulf Sub-
basin has been broadly established from biostratigraphic age 
determinations and correlations. Krassay (1994a, b) reported 
an age of late Aptian to early Cenomanian for the Walker 
River Formation, but indicated that the base may be as old 
as early Aptian. The Yirrkala Formation is estimated from 
lithostratigraphic correlations to be in the age range Albian 
to Cenomanian. Lignitic coal partings from within the unit 
(Dodson 1967) have yielded a Late Albian micro ora (Evans 
1967). Strata from the Dunmarra region are regarded as 

being Aptian to early or possibly middle Albian age, based 
on a broad correlation with the Walker River Formation and 
on the reported Aptian to early Albian age of the maximum 
marine incursion across the Northern Territory (Frakes 
et al 1987). Hughes (1978) correlated units A–C in the 
northwestern part of the Dunmarra region with plant fossil-
bearing arenaceous sediments of the 'Petrel Formation' (now 
?Plover Formation equivalent; see Money Shoal Basin) and 
the overlying shallow-marine mudstone-dominated Darwin 
Formation of the Money Shoal Basin. The correlative Darwin 
Formation is regionally extensive and is also recognised in 
the Petrel Sub-basin of the Bonaparte Basin in the Joseph 
Bonaparte Gulf. The onshore succession in the Dunmarra 
region also possibly correlates with the terrestrial Unit 1 
of the 'Coastal Belt' succession of Skwarko (1966) and at 
least part of the overlying marine Walker River Formation. 
However, note that lithologically similar rocks at apparently 
similar stratigraphic positions, but from widely separated 
localities, may be diachronous in a transgressive–regressive 
setting. Thus, the basal terrestrial rocks of the Dunmarra 
region are likely to be age-equivalents of marine strata in 
deeper areas of the basin to the east.

In general, the onshore Western Gulf Sub-basin 
succession records a large-scale marine transgression–
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Figure 39.5. Thinly to medium bedded, planar bedded, medium-
grained, marine sandstone probably of Unit C. Cap on prominent 
Hill in Daly Basin area (0774116mE 8406136mN). 

Figure 39.6. Trails or burrows on bedding plane from same locality 
as Figure 39.5. 
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regression that resulted in the inundation of much of the 
northern part of the Northern Territory. Basal terrestrial 
strata can probably be referred to a variety of uvial and 
possibly lacustrine settings (Krassay 1994b), including 
high-energy channel deposits and valley lls, deposited on 
a basement topography of low to moderate relief. Krassay 
indicated that palaeocurrent directions in uvial rocks at the 
base of the Walker River Formation are to the east-southeast 
and southeast, consistent with a westerly provenance at this 
time. Marine transgression resulted in the drowning of these 
areas and the development of estuarine facies, represented 
by mixed coarser and ner units, followed by predominantly 
shallow-marine conditions, represented by the Walker River 
Formation and equivalents. Finer-grained marine sediments 
are widespread across the Dunmarra region indicating that 
relatively deep shallow-marine conditions prevailed across 
much of this region at the time of maximum ooding 
during the Aptian to early Albian (Frakes et al 1987). The 
onshore marine succession along the western edge of the 
Gulf of Carpentaria has been interpreted as representing an 
oblique transect across an exhumed, broad, low-gradient, 
epeiric Cretaceous shelf system (Rawlings et al 1997), from 
proximal, coastal plain to inner shelf environments in the 
north to progressively more distal marine environments in 
the south. Krassay (1994b) interpreted this shelf to have 
been wide and gently sloping, with a low sediment supply 
and low rates of subsidence. Following the withdrawal of the 

sea in late Aptian–early Albian times, exposed Cretaceous 
rocks of the Dunmarra region were eroded and subjected 
to lateritisation in many areas. The Yirrkala Formation 
represents a return to terrestrial conditions in the east, as 
relative sea level continued to drop in the late Albian. 

MINERAL RESOURCES

The Carpentaria Basin hosts occurrences of a number of 
mineral commodities including bauxite, manganese, oil 
shale, heavy minerals, limestone, salt and coal (Smart et al 
1980). In the Northern Territory, bauxite and manganese 
are the only commodities found in commercial quantities 
within the succession and these are currently being mined 
by open cut operations at Groote Eylandt and Gove, 
respectively. The location of some important occurrences is 
shown in Figure 39.7.

Bauxite

The Carpentaria Basin hosts a number of major bauxite 
deposits. The main resources are on the west coast of Cape 
York Peninsula in northern Queensland (Weipa deposit) 
and the Gove Peninsula in the Northern Territory. Ferenczi 
(2001) has reviewed the Northern Territory occurrences 
and the following description is largely based on this 
publication. For discussions on the bauxite occurrences in 
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Cape York Peninsula, reference could be made to Smart 
et al (1980), McConachie et al (1990) and Eggleton and 
Taylor (2008). Total resources in the Weipa region are 
of the order of 1212 Mt at 45–50% Al2O3. (Taylor et al 
2008). In the Gove region, total existing reserves are 
226 Mt at 49.4% Al2O3 at the main Gove deposits (Rio 
Tinto 2010). 

Main Gove Plateau

The Gove Plateau bauxite deposit was discovered when 
the Northern Territory Coastal Patrol Service collected 
a specimen of pisolitic bauxite from near Gove airstrip 
that assayed 52.6% Al2O3. This led to a more detailed 
reconnaissance and assessment of the Gove deposit by a 
Bureau of Mineral Resources (BMR) geologist, HB Owen, 
in August 1952. Extensive exploration followed and in 
1965, Nabalco Ltd was given an opportunity to explore and 

develop the deposits. In 1968, Nabalco proposed a $1.5B 
bauxite-alumina project that was subsequently approved 
by the Federal Government. The project involved the 
establishment of a 6 Mt/yr open cut mine, an 18.7 km ore 
conveyor system, an alumina re nery, a modern town 
(Nhulunbuy) and a port. Mining commenced in 1971 and 
the alumina plant was commissioned in 1972. About 221 Mt 
of bauxite averaging 50.5% Al2O3 has been produced to 
July 2012.

The main plateau hosting the Gove deposit is gently 
undulating and is typically 30–60 m ASL. The deposit 
developed over the Yirrkala Formation and is divided into 
three separate orebodies (Figure 39.8); these are referred 
to as the Main Gove Plateau (mainly in SML 1), Rocky 
Bay (SML 4) and Eldo Road (SML 2 and 3) deposits.

The thickness of the bauxite sheet in the Main Gove 
Plateau deposit averages about 3.7 m, and ranges from 
absent at plateau edges and on hill crests to 10 m in 
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topographic swales (Figure 39.9). Up to eight layers 
are recognised in the normal or complete laterite pro le 
(Figure 39.10), these are from top to bottom: topsoil; 
loose pisolitic bauxite; cemented pisolitic bauxite; tubular 
bauxite; lower nodular bauxite; nodular ironstone; mottled 
zone; and saprolite (Figure 39.11). Details of these layers 
are provided in Ferenczi (2001).

The bauxite is mainly composed of gibbsite and minor 
boehmite, particularly in the upper levels of the pro le. 
Haematite and goethite are the iron oxide constituents of 
ore-grade material. Silica is present as quartz (average 0.8%) 
and in kaolinite (average 3.3%). Titanium oxides average 
about 3.2% and are present in the form of anatase, although 
there are also trace amounts of zircon and ilmenite. 

Rocky Bay

The Rocky Bay deposit covers an area of 9 km2 and, after 
a 1966 drilling program on a 200 m square grid, was 
estimated to contain about 18.7 Mt of bauxite averaging 
50.5% Al2O3 and 5.1% SiO2, at an average thickness of 
2.61 m (Nabalco 1968 as quoted in Ferenczi 2001). The 
average free silica content of the ore is about 2.5%. This 
reserve estimate included a resource with a lower silica 
content of 10 Mt at 51.7% Al2O3 and 3.8% SiO2. Mining of 
the deposit commenced in January 1996 and a 20 year mine 
life has been estimated. Ore is hauled to a stockpile, which 
is located 10 km to the west of the deposit, from where it is 
transported by conveyor to the Gove re nery.
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Eldo Road

Eldo Road is divided into northern and southern orebodies. 
After a 1966 drilling program on a 200 m square grid, 
Eldo Road North was estimated to contain up to 6.2 Mt at 
50.4% Al2O3 and 7.0% SiO2. The deposit has an average 
thickness of 2.77 m and includes a low silica resource of  
0.75 Mt at 52.2% Al2O3 and 4.2% SiO2. Eldo Road South 
contains 20.4 Mt at 50.9% Al2O3 and 6.4% SiO2 and has 
an average ore thickness of 4.42 m. It includes a low silica 
resource of 7.9 Mt at 51.9% Al2O3 and 4.1% SiO2 (Nabalco 
1968).

Dhupuma

Grubb (1970) outlined a bauxite deposit on the Dhupuma 
Plateau that covers an area of 11 km2 but geological mapping 
by NTGS (Rawlings et al 1997) indicated that about 5 km2 
of bauxite material is present. The bauxite layer ranges 
between 3.5 and 11 m in thickness and is developed over 
a sandstone and claystone succession (Yirrkala Formation 
overlying granite basement of the Bradshaw Complex) at 
97 m depth. Ferenczi (2001) estimated that 35–70 Mt of 
bauxite-bearing material exists at Dhupuma.

Other bauxite occurrences

Bauxite pro les have developed at several other places, 
but investigations so far have indicated that they are 
uneconomic. At the Cato Plateau, located 32 km to 
the southwest of Nhulunbuy, bauxitic laterite overlies 
friable sandstone and shale of the Yirrkala Formation. 
The coarse pisolitic and tubular bauxitic laterite averages 
3 m in thickness. Best sample (0–1.8 m on the cliff 
section) returned 32.0% Av.Al2O3 (available alumina) 
and 12.3% Re.SiO2 (reactive silica). Similar results were 
reported by Gardner (1957) and Chesnut et al (1966). At 
Umbakumba some low-grade, sandy pisolitic and tubular 
bauxite is partly exposed along cliff sections and in a 
creek between Umbakumba and Thompsons Bay on 
Groote Eylandt. This occurrence was brie y investigated 
by government geologists (Shields 1968, Dodson 1969, 
Watts 1970). The thickness of the bauxite interval varies 
from 1–6 m and averages 2–3 m. Grab samples averaged 
35.0% Al2O3, 30.1% SiO2 and 26.0% Fe2O3. Loose 
sand was present in some of the assayed samples. The 
highest assay obtained was 41.4% Al2O3, 21.6% SiO2 
and 16.0% Fe2O3. Watts (1970) sampled ve shallow 
exploratory pits in order to determine the quality of 
subsurface material. The highest assay from 0.65 m 
depth in pit 2 returned 41.6% Al2O3, 13.9% SiO2, and 
19.4% Fe2O3 over 1.2 m. 

Manganese

A number of manganese occurrences are known from the 
Carpentaria Basin succession. The world-class deposit at 
Groote Eylandt (Figure 39.12) is the largest of these and is 
currently being mined. Ferenczi (2001) has reviewed these 
occurrences and the following description is largely based 
on this publication.

Figure 39.11. Bauxite ore from Main Gove Plateau laterite pro le. 
(a) Loose pisolitic bauxite (NTGS collection). (b) Cemented 
pisolitic bauxite (J Dunster collection). (c) Tubular bauxite (NTGS 
collection).

a

b

c
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Groote Eylandt

Manganese was discovered at Groote Eylandt in 1960, when 
PR Dunn assayed four samples from a site near the Groote 
Eylandt airstrip that yielded >50% Mn. Follow up mapping 
and test pit work by BMR identi ed signi cant deposits of 
high-grade manganese between the Angurugu and Emerald 
rivers (Crohn 1962). Between 1963 and 1967, BHP Ltd 
carried out extensive exploration drilling and test pitting 
which outlined a reserve of 64 Mt averaging 30–50% Mn 
(GEMCO 1967). Mining of the deposits commenced in 
1965. The current resource estimate is 116 Mt at 46.2% Mn 
(measured, indicated) and 39 Mt at 43.3% Mn (inferred), for a 
total of 161 Mt at 45.9% Mn (BHP-Billiton 2012). The Groote 
Eylandt Mining Company Ltd (GEMCO) is a wholly owned 
subsidiary of Samancor Ltd (60% BHP-Billiton, 40% Anglo 
American Corp). 

The manganese deposits are hosted within the Walker 
River Formation. The mineralization is in a stratiform, 
massive to disseminated sheet-like body averaging 3 m 
in thickness, which thins and dips gently (<5°) to the west 
(Figure 39.12). Four separate deposits (Deposit F, A, D 
and J) are outlined (Figure 39.13). These deposits occupy 
a series of west-northwest-trending depressions between 
elongate ridges of the Palaeoproterozoic Dalumbu Sandstone 
(Figure 39.14) and together form an ore zone 22 km long 
and up to 6 km wide. This orebody varies in thickness from 
0.1–11.5 m and the thickest portions of the ore interval (>6 m) 
are con ned to discrete pods along the eastern basement 
terraces. Thinner parts occur over west-northwest-trending 
basement ridges.

The main manganese minerals are pyrolusite and 
cryptomelane with minor amounts of romanechite, 
todorokite, verandite, braunite, lithiophorite, birnessits and 
chalcophanite (Ostwald 1988). Gangue minerals include 
kaolinite, detrital quartz and iron oxides. The ore minerals 
are present in a variety of textural types but oolitic/pisolitic 
textures are predominant with local concretionary textures 
(Figure 39.15). The ooliths and pisoliths are variably 
cemented. Most pisoliths and ooliths do not contain distinct 
nuclei. When present, nuclei may include silt- to ne sand-
sized quartz grains, abraded pisolith or oolith fragments, or 
aggregates of detrital quartz and clay material. The cortex is 
accretionary in nature and consists of alternating laminae of 
romanechite (often altered to cryptomelane) and pyrolusite. 
Ostwald (1990) identi ed lamentous and coccoid bodies, 
wavy and wrinkled lamination (oncolite microstructures), 
and columnar structures (stromatolites), all of which suggest 
a biogenic origin for the pisoliths and ooliths. Physical 
reworking is indicated by the presence of attened or 
irregularly shaped grains, and by fractured pisolith and oolith 
fragments. Pisolitic facies ore is generally best developed on 
palaeo-sea oor terraces adjacent to palaeo-highs. A number 
of manganese ore types are recognised, based on texture, 
ore/gangue ratio, grade attributes, mineralogy, degree of 
cementation and laterisation (Pracejus et al 1988). Post-
depositional diagenetic supergene and pedogenic processes 
have produced a complex vertical and lateral distribution 
of Mn ore units or facies (Pracejus et al 1988) and include 
massive textureless ores, leached ores, siliceous ores, Mn-
concretions, Mn-spherulites, Mn-impregnations/cements, 

replaced ooliths and pisoliths (eg ferruginised), mangcrete 
and clay pipe structures.

Manganese oxides were originally precipitated as pisoliths 
and ooliths in a shallow-marine nearshore environment. 
This interpretation is supported by the occurrences of well 
documented sedimentary structures, accretionary pisoliths/
ooliths and foraminifera at levels below, above and in the ore 
interval (Pracejus et al 1988, Dammer et al 1996). Varentsov 
(1982) suggested that “primary pisolitic ores” resulted from 
reworking of a pre-existing weathered crust that developed on 
the underlying manganiferous marl unit. However, this model 
would infer that the pisoliths were concretionary in origin, 
and this is inconsistent with interpretations from pisolith 
studies (Ostwald 1988, 1990, Bolton et al 1988). Bolton et al 
proposed an inorganic catalytic oxidation process for Mn 
oxide pisolith formation in an oxidised, agitated, shoaling 
nearshore marine environment. Ostwald (1990) proposed a 
biogenic origin for the pisoliths, based on the identi cation 
of microscopic algal structures and suggested that pyrolusite, 
which forms the 'primary pisoliths', may not represent the 
original mineralogy. Dammer et al (1996) carried out K-Ar 
dating of romanechite (43.7 ± 1.2 Ma), and cryptomelane 
and Ba todorokite (6 Ma and 18 Ma); these dates are much 
younger than the host sequence and it has been proposed that 
the present mineralogy of the Groote Eylandt ore is entirely 
the product of intense chemical weathering cycles from the 
Early Cenozoic to the present. 

The ultimate source of manganese is considered to be the 
subaerial weathering and erosion of the underlying marl unit 
(Slee 1980). Manganese carbonate in the marl was leached and 
the Mn transported as a bicarbonate complex in west- owing 
streams into oxidising, nearshore marine environments where 
it precipitated to form Mn oxide pisoliths. However, Frakes 
and Bolton (1984) suggested that manganese concentration 
occurred during an Albian marine transgression in anoxic, 
organic-rich basin waters. They suggested that manganese 
oxides were later precipitated during an early Cenomanian 
marine regression on coastal terraces. Precipitation of Mn 
oxide is thought to occur, initially, via catalytic oxidation 
onto mainly organic particles and membranes, and then via 
autocatalytic processes (Bolton et al 1988).

Other occurrences

Shallow offshore areas adjacent to Groote Eylandt may 
contain down-dip extensions of onshore manganese deposits 
currently being mined by GEMCO. A number of sea-based 
exploration titles covering these prospective areas were 
applied for in 2009. However, in 2012, the Northern Territory 
Government placed a three-year moratorium on seabed 
exploration and mining in this region. 

The Rosie Creek South prospect is located about 75 km to 
the northwest of Borroloola and was discovered by BHP Ltd 
(Berents 1994). Manganese mineralisation is within claystone 
and minor conglomerate at the base of the Cretaceous Walker 
River Formation, at the unconformity with the underlying 
Yiyintyi Sandstone. Berents (1994) suggested that the 
deposit may contain 4.5–5.5 Mt at 25% Mn. Details on the 
methodology for these estimates are unknown. Moderate 
to high levels of phosphorus (0.08–0.14%) and silica 
(14.0–31.4%) are present in intercepts containing >30% Mn.
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Regional exploration by BHP Ltd between 1964 and 1967 
in the East Arnhem Land region led to the discovery of the 
Caledon 1 prospect, which is located in the Caledon Bay area, 
about 70 km to the southwest of Nhulunbuy. Four prospecting 
pits were sunk adjacent to a creek that contained exposures 
of Cretaceous manganiferous sandstone (BHP 1964a). These 
pits indicated the existence of at least two sandy Mn lenses 
within a 2 m-thick interval. At the Peter John prospect, which 
is located 31 km to the west-southwest of Nhulunbuy (BHP 
1964a, b, Chesnut et al 1967), a sample from a 0.45 m-thick 
sandy Mn lens assayed 31.7% Mn, 21.4% SiO2 and 10.3% Fe 
(BHP 1964a). Follow-up pit sinking and RC drilling indicated 
that the mineralisation was largely sur cial. Two Mn lenses are 
located at the northern end of Probable Island (Probable Island 
prospect). A 30 m-thick interval of siltstone and sandstone 
(Walker River Formation?) separates the two lenses, which 
are 1.5 m and 2.1 m thick (BHP 1964a, b). A chip sample from 
the thinner lens assayed 41% Mn, 12.5% SiO2 and 7.5% Fe.

Other signi cant discoveries in the Gulf region include 
Yiyntyi, Batten Creek and Caledon 2. At Yiyintyi, initial 
RC drilling by BHP Ltd intersected 2 m at 39.2% Mn and 
9.2% Fe (Berents et al 1994). Follow-up drilling indicated that 
the mineralisation has limited lateral continuity (Rennison 
et al 1995). At Batten Creek, patchy Mn mineralisation was 
intersected in an RC drillhole (6 m at 15.1% Mn, unwashed) 
beneath a TEM anomaly (Paterson 1996). There is very 
little information on Caledon 2 other than a reference to 
outcropping pisolitic manganese material in excess of 2 m in 
thickness within Cretaceous sediments (Frakes 1990).

Dunmarra region

There are few known mineral occurrences in Cretaceous 
strata from the Dunmarra region. In the last two decades, 
extensive exploration for diamonds has been undertaken by 
various explorers, but although several microdiamonds have 
been recovered, no kimberlite pipes have been located. On the 
basis of correlations with the Walker River Formation, there 
is some chance of locating Groote Eylandt-type manganese 
occurrences. Manganese mineralisation is present in 
lithologies mapped as Cretaceous 10 km southwest of Renner 
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Springs. The occurrence is termed Renner Spring No 5 and 
is characterised by manganese oxides partially replacing 
siltstone and chert. It essentially contains low-grade ore 
with less than 22% Mn and pockets of medium-grade ore 
containing 22–38% Mn (Hussey et al 2001).

Petroleum

In 1978, The Shell Company of Australia Ltd reviewed the 
hydrocarbon potential of the Carpentaria Basin and concluded 
that Proterozoic and/or Palaeozoic source rocks could charge 
overlying Mesozoic traps. They acquired offshore permits in 
the Gulf of Carpentaria in 1980 and a regional seismic survey 
program at relatively wide spacing (50 km) was shot in the 
early 1980s. In 1984, the dry well, Duyken-1 (Figure 39.16), 
was drilled and all exploration leases were subsequently 
relinquished. In the late 1980s, a Comalco Ltd / Bridge Oil Ltd 
JV collected over 3000 line km of multifold seismic data and 
drilled four petroleum wells (McConachie et al 1990), which 
failed to intersect substantial hydrocarbon accumulations. 
The Geological Survey of Queensland also drilled four cored 
stratigraphic wells in deeper parts of the basin. Since that 
time, there has been little petroleum exploration activity in 
the basin. 

In the offshore Western Gulf Sub-basin, which constitutes 
all of the Northern Territory portion of the Carpentaria Basin, 
sandstones within the 50–150 m-thick Gilbert River Formation 
constitute good potential reservoirs. This formation is sealed 
by Wallumbilla Formation equivalent shale throughout much 
of the offshore basin (Burgess 1984). The effectiveness of 
this reservoir/seal pair has been demonstrated by oil shows 
in the south of the basin and good ows of water have been 
recorded in onshore drillholes from the sandstones (Thomas 
et al 1991), although no commercial hydrocarbons have yet 
been discovered. 

Good potential source rocks occur in sedimentary 
successions underlying the Carpentaria Basin. These include 
Proterozoic organic-rich shale within the McArthur and 
Roper groups in the relatively unmetamorphosed McArthur 
Basin and possibly pre-Jurassic sedimentary rocks of the 
little-known Bamaga Basin, which is a small sag basin 
identi ed from seismic data in the offshore northeastern 
Gulf of Carpentaria, west of the northern tip of Cape York 
Peninsula (Passmore et al 1993). Under conditions of late 
migration or remigration, Carpentarian Basin reservoirs 
could have received a hydrocarbon charge from these source 
rocks. Possible source rocks from within the Carpentaria 
Basin succession include intervals within the Garraway 
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Sandstone and Gilbert River Formation, and organic-rich 
shale of the Wallumbilla Formation equivalent (Burgess 1984, 
McConachie et al 1990, Thomas et al 1991). Although the 
Mesozoic succession is thin onshore and, offshore, is less than 
1800 m at its maximum depth, oil shows have been reported 
in onshore wells, showing that hydrocarbon generation is 
occurring within the basin. The deeper offshore portion of 
the basin may be within the oil window (Burgess 1984) and 
there is potential for signi cant petroleum accumulations in 
the vicinity of the Weipa Sub-basin (McConachie et al 1994).

In Northern Territory waters, any hydrocarbon 
accumulations are likely to be controlled by the nature of 
the underlying basement and by the distribution of potential 

uvial sandstone reservoirs of the Gilbert River Formation. 
The base Mesozoic unconformity is rugged, and irregular 
in the offshore Western Gulf Sub-basin, but is smoother 
and atter in the eastern and southern parts of the basin 
(Figure 39.16). The irregular unconformity surface in the 
west was interpreted as karstic topography or reefal buildups 
by Burgess (1984), who suggested that the offshore basement 
rocks were carbonates of Middle Proterozoic or Cambrian 
age. Alternatively, this basement might be an eroded terrane 
of well bedded sediments or metasediments of the Proterozoic 
McArthur Basin (Thomas et al 1991), or possibly older rocks 
of the Arnhem Province, or possibly younger Neoproterozoic–
early Palaeozoic equivalents of the Georgina/Arafura 
basins. The smoother topography in the east and south was 
interpreted by Thomas et al (1991) as possibly representing a 
northerly extension of the Isa Superbasin.

Basal Carpentaria Basin sediments include quartzic 
sandstone of the aerially restricted Eulo Queen Group in the 
south of basin, overlain by more widespread uvial quartzic 
sandstones of the Gilbert River Formation. In the western 
part of the basin, these basal uvial sediments were deposited 
in valleys and troughs between prominent basement highs 
(Thomas et al 1991). This geometry would be compatible 
with possible stratigraphic traps in basal channel sandstones 
of the offshore Carpentaria Basin succession, top sealed by 
Wallumbilla Formation equivalent shale. Isolated distributary 
or tributary incisions could potentially create numerous 
hydrocarbon- lled pinch-out traps and compactional drape 
traps over palaeohighs are another possible play type 
(McConachie et al 1990). However, rapid variations in 
palaeotopographic relief suggest that individual hydrocarbon 
accumulations would be small (Thomas et al 1991). Seismic 
data indicate that the western Carpentaria Basin is relatively 
unstructured, so there appears to be limited potential 
for conventional structural traps. Fault traps juxtaposing 
Wallumbilla Formation equivalent top seal against pre-
Mesozoic reservoir rocks are possible in the Western Gulf 
Sub-basin, but suitable fault systems are unlikely to be 
extensive and large hydrocarbon accumulations are therefore 
unlikely (Thomas et al 1991). More closely spaced in ll 
seismic data would be useful to better delineate targets in the 
western parts of the offshore basin. 
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to the south of the main outcrop tract at least as far as 
southern DARWIN. Southeast of Darwin, outcrop tracts 
of the Money Shoal and Carpentaria basins are separated 
by Proterozoic rocks of the informally named Kombolgie 
palaeohigh (see Carpentaria Basin). Little is known about 
the northern portion of the basin, which extends beyond the 
Australia–Indonesia seabed boundary.

The offshore succession of the Money Shoal Basin is 
relatively well known from petroleum wells in the Goulburn 
Graben and is correlated with that of the Bonaparte Basin 
to the west. However, the Money Shoal Basin succession 
is thinner and less complete than that of the Bonaparte 
Basin, because it represents the proximal onlap edge of the 
Mesozoic to Cenozoic succession (Struckmeyer 2006b). 
It has been divided into four packages; in ascending 
stratigraphic order, these are the Early–Middle Jurassic 
Troughton Group equivalent, which is represented by only 
its youngest unit, the Plover Formation equivalent; the Late 
Jurassic–Early Cretaceous Flamingo Group equivalent; the 
late Early–Late Cretaceous Bathurst Island Group; and the 
Cenozoic Woodbine Group equivalent (Struckmeyer 2006b, 
Figure 40.3
below, as a full description of the offshore succession is 
beyond the scope of this volume.

Onshore exposures of the Money Shoal Basin are scattered 
across the northern NT and offshore islands from BATHURST 
ISLAND1 to westernmost JUNCTION BAY and extend 
southward into northern ALLIGATOR RIVER and southern 
DARWIN (Figure 40.4). Three discrete successions, separated 

1 Names of 1:250 000 mapsheets are in large capital letters, eg 
DARWIN.

Chapter 40: MONEY SHOAL BASIN M Ahmad and TJ Munson

INTRODUCTION

The mostly offshore Jurassic to Cenozoic Money Shoal 
Basin extends northward from the onshore Northern 
Territory into Indonesian waters (Figure 40.1) and covers an 
area of about 230 000 km2. It is a tilted passive margin basin 

are generally monoclinal and relatively undeformed. The 
Money Shoal Basin sedimentary succession unconformably 
overlies the Neoproterozoic to Permian Arafura Basin and 
Proterozoic rocks of the Pine Creek Orogen and McArthur 
Basin. It is up to 4500 m thick in the northwest of the basin, 
but thins rapidly eastward to less than 500 m (Figure 40.2). 
The base of the succession ranges in age from Middle 
Jurassic in the west to Late Cretaceous in the east. It 
therefore forms a time-transgressive sediment wedge that 
onlaps the Arafura Basin from the west. Sediments were 
mostly deposited in marine environments, but there were 

The Money Shoal Basin is bounded to the west by the 
Lynedoch Bank Fault System, which separates it from 
the Calder and Malita grabens of the Bonaparte Basin. 
To the east, the basin is bounded by a Mesozoic hinge 

contiguous offshore Carpentaria Basin. The southern basin 
boundary to the south of Darwin is erosional, but at the 
time of maximum transgression (Aptian to early Albian), 
when much of northern Australia was inundated under a 
shallow sea (see Frakes et al 1987), the Money Shoal Basin 
was probably continuous with the onshore Carpentaria 
Basin, and small scattered erosional outliers of Money 
Shoal Basin rocks occur over Pine Creek Orogen basement 
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by unconformities are represented; in ascending stratigraphic 
order, these are the ?Plover Formation equivalent (?Troughton 
Group equivalent); the Bathurst Island Group, represented 
by the Darwin, Marligur and Wangarlu formations, and 

Moonkinu Sandstone; and the ungrouped Eocene Van Diemen 
Sandstone (Hughes 1978, Petroconsultants 1989). Flamingo 
Group equivalent and Woodbine Group equivalent rocks, as 

132°30'131°30' 133°30' 134°30' 135°30'

9°30'

10°30'

11°30'

INDONESIAAUSTRALIA

NORTHERN
TERRITORY

10
00

2000

3000

1500

50
0

2500

km

1000

TW
T 

(m
s)

2000

3000

0

dry, abandoned
Petroleum exploration well

oil show
oil/gas show
oil indication
oil/gas indication

section in Figure 40.3

A09-252.ai

Petroleum exploration well

oil show
dry, abandoned

oil indication
oil/gas indication
oil/gas show

Wessel Group (rift phase)

Neoproterozoic–?early Cambrian

Cambrian–Ordovician

Late Devonian

Late Carboniferous–PermianCenozoic

Cretaceous

Jurassic–Early Cretaceous

Woodbine Group equivalent

upper Bathurst Island Group

lower Bathurst Island Group

upper Flamingo Group equivalent

Arafura BasinMoney Shoal Basin

Goulburn Group

Arafura Group

BasementKulshill Group equivalent

Jurassic
lower Flamingo Group equivalent 

Troughton Group equivalent

Goulburn-1
Arafura-1

Torres-1Tasman-1
Chameleon-1

Money Shoal-1Kulka-1
Cobra-1

Tuatara-1

M
on

ey
 S

ho
al

 B
as

in
A

ra
fu

ra
 B

as
in

A12-207.ai

  

Figure 40.2. Northern and eastern portions of offshore Money Shoal Basin in Australian waters, showing total sediment thickness 

Figure 40.3
Figure 40.2.

Figure 40.3



40:3

Money Shoal Basin

A summary of the stratigraphic succession of the Money Shoal 
Basin is in Table 40.1.

et al
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Unit, thickness,
(distribution)

Lithology Depositional 
environment

Stratigraphic relationships

Miocene–Recent

WOODBINE GROUP EQUIVALENT

undivided Woodbine 
Group equivalent
<1300 m
(offshore)

Lower unit of coarse quartzite sandstone with 
claystone interbeds, minor coal and dolostone; upper 
unit of calcareous claystone and marl with calcarenite 
interbeds (drillhole Cobra-1A).

Shallow marine to 
deltaic. Alternating 

marine at top.

Unconformable on Bathurst Island Group 
and ?Van Diemen Sandstone.

Eocene

UNGROUPED

Van Diemen 
Sandstone
<60 m
(offshore and onshore)

Cross-bedded, medium- to coarse-grained quartz 
sandstone, minor lenses of siltstone and granular 
conglomerate.

Fluvial. Unconformable on Bathurst Island Group.

Late Early–Late Cretaceous

BATHURST ISLAND GROUP

undivided Bathurst 
Island Group <2000m
(offshore and onshore)

and siltstone with locally thick interbeds of mostly 
Deltaic to open 
marine environments, 
deepening to west.

Unconformable on Flamingo Group 
equivalent, or Proterozoic rocks of Pine 
Creek Orogen (in south).

Moonkinu Sandstone
ca 400 m
(offshore and onshore)

quartz sandstone, interbedded with lesser siltstone 
and mudstone.

High-energy shallow 
marine.

Conformable on Wangarlu Formation in 
Money Shoal Basin. Lateral equivalent 
of middle part of Wangarlu Formation 
equivalent in Bonaparte Basin.

Wangarlu Formation
287 m
(offshore and onshore)

Micaceous mudstone, claystone; variable amounts of 
glauconitic siltstone, sandstone, marl and limestone.

Shallow marine Conformable on Darwin Formation.

Marligur Formation 
62 m
(onshore)

Medium- to coarse-grained, poorly consolidated 
quartz sandstone, clayey sandstone and sandy 
claystone.

Marginal marine, 
paralic.

Unconformable on Proterozoic rocks of 
Pine Creek Orogen. Equivalent of Darwin 
Formation.

Darwin Formation
<63 m
(offshore and onshore)

Claystone and minor silty claystone, sandy claystone, 
phosphatic nodular claystone, radiolarian siltstone, 

and glauconitic sandstone; locally developed basal 
conglomerate.

Shallow marine, 
neritic.

Unconformable on Proterozoic rocks 
of Pine Creek Orogen. Equivalent of 
Marligur Formation.

Howard Sand member
26 m
(onshore)

Deconsolidated, clean to clayey quartz sandstone. Shallow marine, 
neritic.

Unconformable on Proterozoic rocks of 
Pine Creek Orogen.

Late Middle Jurassic–Early Cretaceous

FLAMINGO GROUP EQUIVALENT

Undivided Flamingo 
Group equivalent
1230 m
(offshore)

Fine-grained, partly glauconitic quartz sandstone 
with interbedded mudstone and minor coal.

Fluvial, deltaic and 
shallow marine, 
deepening to west.

Unconformable on Plover Formation 
equivalent. Unconformity divides group 
into lower and upper successions.

Jurassic–Early Cretaceous 

GROUP UNCERTAIN

Undivided (JKl1) 
<10 m 
(onshore)

Conglomerate, conglomeratic sandstone, sandstone 
and sandy claystone.

Fluvial to paralic. Unconformable on Proterozoic rocks of 
Pine Creek Orogen.

Undivided (JKl2) 
<57 m 
(onshore)

Unconsolidated quartz-rich sand, clayey in part. Fluvial to paralic. Unconformable on ?Plover Formation 
equivalent.

?Plover Formation 
equivalent
 <5 m 
(onshore)

Friable, poorly sorted, commonly limonitic sandstone 
and minor conglomerate.

Fluvial to shallow 
marine.

Unconformable on Proterozoic rocks of 
Pine Creek Orogen.

Late Early–late Middle Jurassic

TROUGHTON GROUP EQUIVALENT

Plover Formation 
equivalent
 <564 m 
(offshore)

Fine- to coarse-grained sandstone interbedded with 
siltstone and claystone, and minor coal.

Fluvial braided river 
systems; ?marine in 
upper part, deepening 
to west.

Unconformable on Palaeozoic rocks of 
Arafura Basin.

Table 40.1. Summary of Mesozoic–Cenozoic stratigraphic succession of the Money Shoal Basin.
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the lower interval, which underlies the unconformity, was 
referred to the Plover Formation, whereas the overlying 
interval was placed within the Flamingo Group. 

In the western Goulburn Graben, the offshore Plover 
Formation equivalent is up to 564 m thick, but the unit thins 
rapidly to the north and east and is absent in drillholes of 
the eastern Goulburn Graben (Struckmeyer 2006b). The 

interbedded with siltstone and claystone, and minor coal. 

environment (Struckmeyer 2006b). Barber et al (2004) 
suggested that the depositional setting was a series of braided 
river systems that fed into a wide, northeast–southwest-
trending marine shelf, with the Goulburn Graben being 
the focus of one of these rivers. Lowe-Young et al (2004) 

Plover Formation in the Evans Shoal area, which is just 
to the west of the Money Shoal Basin in the northeastern 
Bonaparte Basin. The base of the offshore Plover Formation 
equivalent is dated as late Early Jurassic (Pliensbachian) in 
age, whereas the age of the top of the unit is constrained by 
the regional Callovian unconformity.

in the Katherine–Darwin region were originally included 
within the former ‘Mullaman Beds’ (Skwarko 1966, 
equivalent to ‘Mullaman Group’ of Noakes 1949). This 
term was abandoned by Hughes (1978), who divided the 
Mesozoic succession into a lower unit equivalent to the 
former ‘Petrel Formation’ and an upper unit, the Darwin 
Formation of the Bathurst Island Group. This nomenclature 
was followed by Pietsch and Stuart-Smith (1987) during 
mapping of the Second Edition DARWIN mapsheet. 
Onshore exposures of the former ‘Petrel Formation’ consist 
of friable, poorly sorted, commonly limonitic sandstone and 
minor conglomerate. In the Berry Springs–Rum Jungle area 
(central-western DARWIN), these rocks form numerous 
small isolated outcrops less than 4 m in thickness. Further 
to the east, in central and southern DARWIN, exposures 

mesa-like caps, at least 3 m thick, over Pine Creek Orogen 
metasedimentary rocks. No fossils have been found in 
these rocks and Pietsch and Stuart-Smith (1987) tentatively 
assigned an age of Late Jurassic to Neocomian2 to them. 
However, the age of these rocks could range from Early 
Jurassic to Early Cretaceous and without a more precise age 
control, they could be representatives of either the Plover 
Formation equivalent or the overlying Flamingo Group 
equivalent, as these units contain broadly similar rock types 
that were deposited in similar environments. 

Pietsch and Stuart-Smith (1987) also mapped two 
unnamed units (JKl1 and JK12) as ‘undivided sediments’ in 
the Bynoe Harbour–Indian Island and Mary River areas, 
respectively (Figure 40.4). The age and stratigraphic 
positions of these units are also uncertain and they may 
belong either to the Bathurst Island Group or to underlying 
strata (Pietsch and Stuart-Smith 1987). Unit JKl1 consists 
of an up to 10 m-thick succession of conglomerate, 
conglomeratic sandstone, sandstone and sandy claystone, 

2  European Early Cretaceous epoch containing the Berriasian to 
Hauterivian ICS stages. 

2 is 
an unconsolidated quartz-rich sand, clayey in part, which 
overlies limonitic sandstone and conglomerate that Pietsch 

LATE MIDDLE JURASSIC–EARLY CRETACEOUS

Flamingo Group equivalent

A Callovian (late Middle Jurassic) to Hauterivian (Early 
Cretaceous) succession, intersected in offshore drillholes 
of the Money Shoal Basin (Figure 40.3), is equivalent to 
the Flamingo Group (Gunn 1988) of the Bonaparte Basin 
(Struckmeyer 2006b). The succession was previously called 
the ‘Money Shoal Group’ by Petroconsultants (1989), but 
this name has been abandoned. Flamingo Group equivalent 
strata have not been recognised in onshore areas of the NT, 
although the group may be represented by poorly dated 
rocks in central and southern DARWIN that are currently 
tentatively assigned to the Plover Formation equivalent 
(see above). The group is unconformable on Troughton 
Group equivalent rocks and is unconformably overlain by 
the Bathurst Island Group. These unconformities are of 
regional extent and are dated as Callovian and Aptian (late 
Early Cretaceous), respectively. The group is separated into 
lower and upper successions by a mid-Tithonian (late Late 
Jurassic) unconformity (Struckmeyer 2006b).

partly glauconitic quartz sandstone with interbedded 

and shallow marine environments (Struckmeyer 2006b). 

Bonaparte Basin, the group consists mostly of a condensed 
succession of mudstone deposited in an open marine setting. 
Towards the east, the group becomes increasingly sand-prone. 
Like the underlying Plover Formation equivalent, the group 
is thickest in the western Goulburn Graben region (1230 m in 
drillhole Money Shoal-1), but it thins rapidly to the north and 
east and is absent in wells of the eastern Goulburn Graben. 

deltaic setting, whereas the unconformably overlying upper 
succession represents prograding marine deltaic deposits 
(Struckmeyer 2006b). 

Hauterivian (Early Cretaceous) age at the top of the 
offshore Flamingo Group equivalent as ‘Darwin Formation 
equivalent’, and correlated it with the similarly aged 
(Valanginian–Barremian) Echuca Shoals Formation, 
which forms the base of the Bathurst Island Group in the 
Bonaparte Basin, and with the Darwin Formation, which 
forms the base of this group in the southern Money Shoal 
Basin. However, the Darwin Formation in the southern part 
of the basin is younger (Aptian) in age (Burger in Hughes 
1978) and is therefore not a correlative of this unit. 

LATE EARLY–LATE CRETACEOUS

Bathurst Island Group

The Bathurst Island Group (Mory 1988) was originally 
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Senior 1974, Hughes 1978) in the Money Shoal Basin, but 
the unit extends westward across the Bonaparte Basin, and 
elements of the group are also known from the adjoining 
Browse Basin further to the west. The group is mainly 
located offshore on the northern and northwestern Australian 
continental shelf, but it extends onshore in the northern NT on 
BATHURST ISLAND, MELVILLE ISLAND, COBOURG 
PENINSULA, westernmost JUNCTION BAY, northern 
ALLIGATOR RIVER and DARWIN (Figure 40.4). The 
offshore Bathurst Island Group is up to 2 km thick in the 
western Money Shoal Basin and thickens to the west into 
the Calder Graben of the Bonaparte Basin. However, the 
group thins markedly eastwards to be less than 100 m thick 
to the east of Goulburn-1 (Struckmeyer 2006b, Figure 40.3, 
see also ). The succession thins 

rapidly to the south towards the margins of the Money 
Shoal Basin and is 569 m thick in drillhole Tinganoo Bay-1 
in northeastern Melville Island, 289 m in BMR Cobourg 
Peninsula-3, and 83 m in Gunn Point-1, which is its maximum 
thickness in the Darwin region (Kemezys 1968, Hughes 
1973, 1978). In the Money Shoal Basin, the Bathurst Island 

claystone, marl and siltstone, with locally thick interbeds of 

form a series of stacked, thick prograding units deposited in 
deltaic to open marine environments that deepened to the 
west. The onshore succession is divided into the Darwin, 
Marligur, Wangarlu formations and Moonkinu Sandstone 
(Hughes 1978, Pietsch and Stuart-Smith 1987), which were 
deposited in shallow marine, lacustrine and near-shore 

The Bathurst Island Group was deposited in the Early–
Late Cretaceous during an overall transgressive–regressive 
cycle that reached its peak during the Aptian to early Albian, 
when much of the northern part of Australia was inundated 
(Frakes et al 1987, Henderson 1998). The base of the group 
is diachronous; in the Bonaparte Basin it is Valanginian 
(Early Cretaceous, Geoscience Australia 2011), whereas 
in the eastern Money Shoal Basin, it is slightly younger 
(Late Aptian, Struckmeyer 2006b). The top of the group 
is Maastrichtian (Late Cretaceous) and is unconformable 
beneath the Cenozoic Van Diemen Sandstone or Woodbine 
Group equivalent.

Darwin Formation
The Darwin Formation (Mory 1988, ‘Port Darwin Beds’ 
of Jensen 1914) and its lateral equivalent, the Marligur 
Formation, comprise the basal units of the Bathurst Island 
Group in the Money Shoal Basin. These units are equivalent 
to the upper part of the former ‘Mullaman Beds’, a name 
that was previously used to describe all onshore Mesozoic 
outcrops of the Northern Territory (Skwarko 1966, 
Hughes 1978). The Darwin Formation and its equivalent 
are widespread through the western Money Shoal and 
Bonaparte basins and extend onshore in places along the 
northern and western coasts of the NT. In the offshore 
Bonaparte Basin, the equivalent unit has been named 
the ‘Darwin Radiolarite’ (Geoscience Australia 2011). 
Struckmeyer (2006b) correlated a clastic unit at the top 
of the Flamingo Group equivalent in the offshore Money 
Shoal Basin with the Darwin Formation, but this unit is 
older (Hauterivian as opposed to Aptian) and is therefore 
not an age correlative (see above). 

The Darwin Formation is exposed in the Darwin 
region (DARWIN, Figure 40.4) and has been intersected 
in drillholes in Bathurst and Melville islands, the Cobourg 
Peninsula and in the offshore area. In the Darwin area, it 

Burrell Creek Formation of the Pine Creek Orogen with a 
marked unconformity, which is well exposed at the bases of 
sea cliffs around Darwin city and in several road cuttings 
( ). Elsewhere, the formation unconformably 
overlies other Pine Creek Orogen units, including the 
Wildman Siltstone and Koolpinyah Dolostone. A basal 
0.1–4 m-thick polymictic conglomerate, which is visible 
in cliff exposures around Darwin ( ), lies on 

. Darwin Formation. (a) Flat-lying claystone of 
Darwin Formation unconformably overlying moderately dipping 
Proterozoic Burrell Creek Formation (Pine Creek Orogen). Note 

at top of section (road cutting in Tiger Brennan Drive, east of 
Darwin city, DARWIN, 52L 708000mE 8624000mN). (b) Basal 
conglomerate of Darwin Formation above scoured unconformity 
surface on near-vertical Burrell Creek Formation. Clasts in lower, 
normally graded conglomerate bed are dominantly of vein quartz; 
upper polymictic conglomerate bed contains clasts of vein quartz 
and Burrell Creek Formation (road cutting in Tiger Brennan 
Drive, Darwin city, DARWIN, 52L 700800mE 8621600mN).

a

b
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the unconformity surface locally (Doyle 2001). The Darwin 
Formation and its equivalent form a relatively thin layer 
across the southern portion of the Money Shoal Basin and 
eastern Bonaparte Basin. The succession is 30 m thick in 
drillhole Petrel-1 to the west of Darwin (see Bonaparte 

) and 42 m thick in Tinganoo Bay-1 in 
northeastern Melville Island (Hughes 1978). In the Darwin 
region, the formation rarely exceeds 20 m, but a maximum 
thickness of 63 m was intersected in drillholes EM 48 and 
49 (Doyle 2001).

The onshore Darwin Formation dominated by claystone 
and minor silty claystone. Other rock types include sandy 
claystone, phosphatic nodular claystone, radiolarian 

sandstone, glauconitic sandstone and a locally developed 
basal conglomerate (Hughes 1978, Pietsch and Stuart-
Smith 1987, Doyle 2001). In the Darwin area, the formation 
is capped by a lateritic duricrust. According to Pietsch 
and Stuart-Smith (1987) and Henderson (1998), drillhole 
intersections show that the unit grades laterally into and 

Formation to the east. However, Doyle (2001) noted that 
the facies relationships between these formations are not 
clear and that the Darwin Formation varies lithologically 
from east to west and from north to south and is not always 

contains trace-fossil beds (burrows) and has yielded 
macrofossils (belemnites, ammonites, marine reptiles) and 
microplankton (Hughes 1978, Murray (1985, 1987), Pietsch 
and Stuart-Smith 1987, Henderson 1998, Doyle 2001, Kear 
2002). Palynological studies indicate a late Aptian age for 
outcrop and subsurface samples of the formation (Burger in 
Hughes 1978, Henderson 1998, Kear 2002), but the top may 
range into the Albian, if the unit is genuinely conformable 
beneath the middle Albian–Cenomanian Wangarlu 
Formation (see below). The environment of deposition has 
been interpreted as relatively low-energy shallow marine/
paralic (Pietsch and Stuart-Smith 1987, Henderson 1998).

The Darwin Formation includes the informally named 
Howard Sand member (Doyle 2001), which consists of 
deconsolidated, clean to clayey, medium- to coarse-grained 
quartz sandstone lenses occurring above the Proterozoic 
unconformity. This unit is widespread in the subsurface 
in the Darwin rural area and is of variable thickness from 
2–3 m up to a maximum of 26 m. A typical section from 
the western side of the Howard River contains basement 
siltstone, unconformably overlain by deconsolidated 

claystone containing ammonites. A typical section from 
east of the Howard River consists of a basal interval of 
quartz and chert fragments in brown clay above the 
unconformity with the Koolpinyah Dolostone, overlain 
by the Howard Sand member, overlain by claystone and 
sandy claystone (Doyle 2001).

Marligur Formation
The Marligur Formation (Mory 1988, ‘Marligur Member’ 
of Hughes and Senior 1974) outcrops in southeastern 
COBOURG PENINSULA, westernmost JUNCTION BAY, 
and northernmost DARWIN (Figure 40.4). Pietsch and 
Stuart-Smith (1987) also mapped small areas of the formation 

in western DARWIN, but it is unclear whether or not these 
are genuinely of this unit. The Marligur Formation has also 
been intersected widely in drillholes in the Koolpinyah and 
Woolner station areas in the northern part of DARWIN, 
but it is not recognised in offshore areas. Exposures are 
generally poor, deeply weathered and only a few metres in 
thickness. In many areas, extensive lateritisation and deep 
chemical weathering have resulted in the development of a 

zone over the unit. At Cape Hotham at the mouth of the 
Adelaide River (DARWIN), the formation is exposed in 
low cliffs up to 3 m high and as coastal pavements.

The Marligur Formation comprises medium- to coarse-
grained, poorly consolidated quartz sandstone, clayey 
sandstone and sandy claystone, and was deposited under 
marginal marine/paralic conditions (Pietsch and Stuart-
Smith 1987). It is unconformable on Proterozoic basement 
rocks and a thin quartzic conglomerate bed, known only 
from rubble, is present at the base of the formation above 
the contact (Henderson 1998). Drillhole intersections show 

Stuart-Smith 1987, Henderson 1998), although Doyle (2001) 
noted that the facies relationships between these units are 
not clear (see above). Burger in Hughes (1978) indicated 
a broad Neocomian to Aptian age for the formation from 
palynological studies of samples from drillhole BMR 
Cobourg Peninsula-1, but it is generally regarded as being 
the same age (late Aptian) as the Darwin Formation 
(Henderson 1998). The maximum thickness of the unit is a 
drillhole intersection of 62 m in BMR Cobourg Peninsula-5. 

Wangarlu Formation
The Wangarlu Formation (Mory 1988, ‘Wangarlu Mudstone 
Member’ of Hughes and Senior 1974) of the western Money 
Shoal Basin and its equivalent in the Bonaparte Basin are 
widely distributed in offshore areas of these basins. The 
formation extends onshore in the northern NT, where it is 
exposed in western COBOURG PENINSULA and northern 
DARWIN (Figure 40.4), and it has also been intersected 
in drillholes in BATHURST ISLAND and MELVILLE 
ISLAND, as well as on the mainland. Strata equivalent to 
the formation reach a maximum thickness of over 2000 m 
in the Malita Graben of the offshore Bonaparte Basin to 
the northwest of Bathurst Island, and are 756 m thick in 
drillhole Petrel-1 in the Petrel Sub-basin to the west 
of Darwin (see ). In the 
southern Money Shoal Basin, the Wangarlu Formation is 
287 m thick in Bathurst Island-2 and 212 m thick in BMR 
Cobourg Peninsular-3 (Hughes 1978), but the unit thins 
towards the southern margin of the basin to be only 32 m 
thick in drillholes near Gunn Point in DARWIN (Pietsch 
and Stuart-Smith 1987).

The Wangarlu Formation is dominated by micaceous 
mudstone with variable amounts of glauconitic siltstone, 
sandstone, marl and limestone (Mory 1988, 1991). Pyrite, 
which oxidises to leave sulfurous encrustations, dark grey 
pyritic nodules, calcareous concretions and carbonaceous 
material are relatively common in the onshore succession 
(Hughes 1978). Widespread exposures in western 
COBOURG PENINSULA are soft and shrink on drying 
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to form crumbly blocks (Hughes 1978), indicating the 
presence of swelling clay minerals (smectites, ). 
Pietsch and Stuart-Smith (1987) described the succession 
in northern DARWIN as consisting of weathered kaolinitic 
claystone, which is exposed sporadically along the cliff line 
facing Shoal Bay and as small, sporadic wave-cut ledges 
and escarpments along the north coast. A 20–30 m-deep 

over these outcrops (Henderson 1990, Doyle 2001). The 
Wangarlu Formation is a marine unit which contains neritic 

1987, 1988). Much of the shale in the formation is probably 
prodeltaic in origin (Mory 1988, 1991). Doyle (2001) 
interpreted relatively slow rates of marine sedimentation 
during deposition of the unit.

In the offshore Bonaparte Basin, the Wangarlu Formation 
equivalent has been given a broad Albian to Maastrichtian 
age (Berger in Hughes 1978, Mory 1991, Geoscience 
Australia 2011), but the formation spans a shorter time 
interval (Albian–Cenomanian) in the Money Shoal Basin. A 
relatively diverse ammonite fauna, recovered from the lower 
and middle parts of the formation at Cox Peninsula and Shoal 
Bay (DARWIN), has been dated as late Albian (Whitehouse 

the base of the formation at Gunn Point are no older than 
middle Albian (Dettmann in Henderson 1998). The age of 
the top of the formation in the southern Money Shoal Basin 
is constrained by the conformably overlying Cenomanian 
Moonkinu Sandstone, which is a lateral equivalent of 

Formation equivalent in the Bonaparte Basin (Mory 
1991, Henderson 1998). Palynological age determinations 
of drillhole samples of the Wangarlu Formation from 
MELVILLE ISLAND and COBOURG PENINSULA have 
yielded a wholly Cenomanian age for the unit in this area 
(Burger in Hughes 1978). 

The contact between the Darwin and Wangarlu 
formations has generally been interpreted as conformable 
(eg Mory 1991, Pietsch and Stuart-Smith 1987), and Doyle 
(2001) reported it as being conformable and gradational 
over 3–4 m in northern DARWIN. However, the apparent 
absence of an early Albian section in the southern Money 
Shoal Basin suggests either that a disconformity spanning 
this time interval occurs between the Darwin/Marligur and 

Wangarlu formations (Burger in Hughes 1978, Henderson 
1998), or alternatively, a highly condensed early Albian 
section might be present at the top of the Darwin Formation 
(Henderson 1998). 

Moonkinu Sandstone
The Moonkinu Sandstone (Mory 1988, ‘Moonkinu Member’ 

of McLennan et al 1990) appears to be mostly restricted 
to the southwestern Money Shoal Basin and probably 
the eastern Bonaparte Basin. It conformably overlies the 
Wangarlu Formation, but is also a lateral equivalent of 

Formation equivalent of the Bonaparte Basin (Mory 1991, 
Henderson 1998). The distribution of this formation within 

within the Wangarlu Formation equivalent (Mory 1988, 
1990). The extent of the unit to the north and northwest of 
Bathurst Island and Cobourg Peninsula is also uncertain, 
although McLennan et al (1990) noted that it pinches out 
to the north. The formation is unconformably overlain by 
Cenozoic sedimentary rocks of the Van Diemen Sandstone 
and Woodbine Group equivalent in onshore and offshore 
areas, respectively. 

The Moonkinu Sandstone is exposed in eastern 
BATHURST ISLAND, southern and western MELVILLE 
ISLAND and central and eastern COBOURG PENINSULA 
(Figure 40.4), and has been intersected in numerous 
drillholes in this area. It consists of grey to yellow, cross-

sandstone, interbedded with lesser light to dark grey siltstone 

this unit distinguishes it from the underlying mudstone-
dominated Wangarlu Formation. The type section is the 
cliffs adjacent to Moonkinu Beach on Bathurst Island, where 
the unit is about 18 m thick, but the succession thickens to a 
maximum of ca 400 m in drillhole Tinganoo Bay-1 (Hughes 
1978). The Moonkinu Sandstone is sparsely fossiliferous, 
but scattered molluscan faunas (Wright 1963, Skwarko 
1983, Henderson in Hughes 1978, Stilwell and Henderson 
2002) place it within the Cenomanian–Turonian. Hughes 
(1978) interpreted a shallow marine to deltaic setting for the 
Moonkinu Sandstone, and sedimentary structures in the 
type section were considered to be indicative of a shoreface 
environment by Mory (1991). Henderson (1998) noted that 
sandstone of the Moonkinu Formation is characteristically 
bioturbated and has sedimentary structures that are 
consistent with deposition on a shallow shelf. The sandstone 
of the formation was reinterpreted as sand sheets driven by 
storm activity onto the shelf, with interbedded mudstone 
and siltstone intervals representing ambient, fair-weather 
deposition of suspended load.

CENOZOIC

Ungrouped

Van Diemen Sandstone 
The Van Diemen Sandstone (Hughes and Senior 1974, 
Hughes 1978) unconformably overlies the Moonkinu 

. Wangarlu Formation. Fresh smectite 
(montmorillonitic) clay from drillhole EM84 in northern 
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Sandstone and is widely exposed as sea cliffs, discontinuous 
low ridges and dissected plateaux on BATHURST ISLAND 
and MELVILLE ISLAND (Figure 40.4). Exposures are 
strongly weathered and are heavily iron-stained, particularly 
inland (Hughes 1978). The distribution of the formation 
in offshore areas of the basin to the north of the islands is 
uncertain; however, the unconformity at the base of the 
unit dips gently to the northwest and can be traced for over 

formation is overlain by Quaternary sand and soil; offshore 
relationships with the younger Neogene Woodbine Group 
equivalent are unclear. 

The Van Diemen Sandstone comprises white to 
yellow, cross-bedded, medium- to coarse-grained quartz 
sandstone, with minor lenses of siltstone and granular 
conglomerate. The sandstone is friable and poorly sorted, 
and is composed of sub-angular to rounded quartz, with 
minor opaque minerals and tourmaline, and little matrix. 
On southern Bathurst Island, up to 60 m of Van Diemen 
Sandstone was intersected in auger drillholes (Laws 
1967). The formation gradually thickens northward across 
the islands and, in its type section at Cape Van Diemen, 
an incomplete section of more than 55 m in thickness is 
exposed (Hughes and Senior 1974). Plant fossils have been 
recovered from mudstone within the unit and these are 
Eocene or possibly younger in age (White in Hughes 1978). 

for the formation (Hughes 1978). 
In the Bonaparte Basin, the Woodbine Group contains 

Paleogene units of equivalent age to the Van Diemen 
Sandstone, suggesting that the range of the equivalent 
group in the Money Shoal Basin could be extended into the 
Paleogene to include this formation.

Woodbine Group equivalent

Sedimentary rocks equivalent to the Woodbine Group 
(McLennan et al 1990) of the Bonaparte Basin are widespread 
over much of the offshore Money Shoal Basin, but are not 
present in onshore areas. The group is generally less than 
400 m thick over much of the western portion of the basin, 
but thickens rapidly to the west towards the Calder Graben 
of the Bonaparte Basin, where it is a maximum 1300 m thick 
in Lynedoch-1 (Struckmeyer 2006b). The group thins to less 
than 100 m in the eastern Goulburn Graben (McLennan 
et al 1990), but seismic evidence suggests that further to the 
east, the unit may gradually thicken towards the Carpentaria 
Basin (Struckmeyer 2006b). In the Bonaparte Basin, the 
Woodbine Group ranges from Paleocene to Holocene, 
with a hiatus occurring during the Oligocene (Mory 1988, 
Geoscience Australia 2011), but the base of the equivalent 
group in the Money Shoal Basin is much younger (early 

Paleogene and early Neogene that separates the group from 
the underlying Bathurst Island Group.

The Woodbine Group equivalent is poorly documented 
in the Money Shoal Basin and is not subdivided into 
formations. BHP Petroleum (1993) provided a description 
of the succession in drillhole Cobra-1A, where it consists 
of a lower unit of probable early to middle Miocene age, 
consisting of coarse-grained quartzitic sandstone with 

claystone interbeds and minor coal and dolostone, overlain 
by an upper late Miocene and ?younger unit of calcareous 
claystone and marl with calcarenite interbeds. Struckmeyer 
(2006b) interpreted this succession as representing initial 
deposition in localised, shallow marine to deltaic settings, 
followed by a more widespread open marine environment 
in the late Miocene. This is comparable to interpretations 
of the Woodbine Group in the Bonaparte Basin where a 
lower sandy succession grades upwards during Miocene 
time into a widespread shelf carbonate succession that 
appears to have transgressed the basin’s palaeohighs 
(Petroconsultants 1990). 

The Quaternary succession at the top of the Woodbine 
Group equivalent was laid down during periods of 

interglacial cycles (Nott and Roberts 1996). This resulted 
in periods of widespread exposure at times of lower sea 
level that alternated with shallow marine conditions at 
times of higher sea level. During sea level lowstands, the 
present river systems also drained across an extensive 
exposed shelf, transporting sediments to areas which are 
now submerged (Woodroffe 1993). Exposed areas were 

et al 2009). 
During sea level highstands, conditions were likely to have 
been similar to those prevailing on the present-day shelf, 
with terrigenous sand nearshore, silt and clay on the middle 
shelf, and a general increase in carbonate content seawards 
(Jongsma 1974).

STRUCTURE AND TECTONICS

Mesozoic strata of the Money Shoal Basin were largely 
deposited during a period of passive margin subsidence, 

occurring on the northwestern Australian margin to the west. 
In the late Cenozoic, the basin experienced a compressional 
tectonic phase related to collision between the Australia-
India plate and Southeast Asian microplates to the north. 

The Late Jurassic was characterised by Oxfordian to 
Tithonian rifting in the Bonaparte Basin that led to the 
formation of the Malita and Calder grabens, and the Vulcan 
Sub-basin (Patillo and Nicholls 1990, Longley et al 2002). 
The effects of this extension were much less pronounced 
in the Money Shoal Basin, but were expressed as relatively 
small-scale normal faulting along the boundaries of 
the Goulburn Graben, particularly along the southern 
boundary. These faults were probably reactivated Late 
Carboniferous structures and controlled sedimentation 
in this area in the Late Jurassic to Early Cretaceous. The 
Callovian unconformity that underlies the Flamingo Group 
equivalent was the result of a minor extensional event, which 

Flamingo Group equivalent across a reactivated boundary 
fault of the Goulburn Graben (Struckmeyer 2006b).

Late Early Cretaceous to Cenozoic strata dip at a low 
angle to the northwest as a result of slow subsidence and 

occur in Albian claystone of the Bathurst Island Group in 
the eastern Bonaparte and western Money Shoal basins, 
and are probably related to differential compaction across 
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graben margins. Most fault displacements apparently die 
out upwards in the thick Wangarlu Formation (McLennan 
et al 1990). The Woodbine Group equivalent is generally 
undeformed, although some structures have formed as a 
result of northern margin collisional processes, related to the 
subduction of Australia beneath the Eurasia plate in the late 
Miocene to Holocene. These include occasional steep, normal 
reactivation faults in the northern part of the basin close to the 
Indonesian border, a large anticline in the vicinity of drillhole 
Money Shoal-1, and small inversion and other compressional 

features that have developed along major graben-bounding 
faults (McLennan et al 1990, Struckmeyer 2006b). 

MINERAL RESOURCES

The Money Shoal Basin is prospective for a number of 
mineral commodities including mineral sands (Figure 40.7), 
bauxite (Figure 40.8) and extractive minerals. Mineral 
sands deposits have been discovered at numerous locations 
on the beaches of Melville and Bathurst islands and some of 
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these have been intermittently mined since 2006. Bauxite 

Cobourg Peninsula, and on Croker and Melville islands, 
but these are yet to be exploited. Extractive minerals, 
including sand and porcellanite, are quarried in the Darwin 
region for a variety of industrial and ornamental uses. The 
offshore Money Shoal Basin is also very prospective for 
petroleum, although no commercial discoveries have yet 
been made.

Heavy mineral sands

Ilmenite-, leucoxene-, zircon- and rutile-bearing heavy 
mineral sands are present along the Quaternary coastal 
plains of Melville and Bathurst islands. Heavy mineral sand 
accumulations are present within both the Pleistocene and 

these are Pleistocene-aged littoral quartzic sands associated 
with the palaeo-shoreline. The immediate provenance 
of the heavy mineral sands is the Cenozoic Van Diemen 
Sandstone, which contains thin laminae of identical heavy 
minerals. The Pleistocene and Holocene deposits have 
been subjected to two cycles of erosion and deposition, 
being originally derived from Palaeoproterozoic igneous 
and metamorphic rocks of the Pine Creek Orogen. Carbon 
dating of the underlying shelly coquina at the Lethbridge 
deposit on Melville Island has yielded a date of 2000 years 

Early investigations to assess the concentrations of 
mineral sands on Melville Island included Mackay (1956), 
Murphy (1970), Hughes (1978), and McGoldrick (1995). 
These investigations included shallow auger drilling to the 
water table and indicated the presence of heavy mineral 
sand as zones and layers of black sand near the high-water 
mark, associated with depressions in the dunes behind. No 
heavy mineral grades were reported in these early studies 
and the rutile content was stated as too low to be of interest 
at that time; however, a modal analysis of 80 samples 
from a number of localities (Hughes 1978) indicated a 

tourmaline and kyanite are the main heavy minerals with 
zircon forming up to 70% of the heavy mineral fraction. 

Ltd) has conducted an extensive exploration program for 
heavy mineral sands along the coastlines of Melville and 

economic deposits.

Tiwi Islands are shown in Figure 40.7. In 2006, total resources 
were given at 6.98 Mt averaging 4.4% heavy minerals, 
mainly zircon, rutile and leucoxene (Figure 40.9a). These 
resources were established at the Andranangoo (3.52 Mt), 
Lethbridge (1.57 Mt) and Puwanapi (1.89 Mt) deposits 
(Matilda Minerals 2006). Production commenced in late 
2006 and was suspended in September 2008 after producing 
a total of 46 000 t of zircon concentrate grading 50% zircon 

Lethbridge West deposit. Mining produced 11 400 t of high-
grade concentrate (Figure 40.9b), containing approximately 
70% combined zircon and rutile, from 134 500 t of ore. This 
was loaded onto bulk carriers by barge in Lethbridge Bay 

(Figure 40.9c) and shipped to China for processing (Matilda 
Lethbridge 

South deposit, 4 km southeast of Lethbridge West, in March 
2012. This deposit contains JORC compliant reserves of 

and is described in Hughes (1978) and in various reports by 

Matilda announced a maiden Inferred Resource for the large 
Kilimiraka deposit on the south coast of Bathurst Island 
near Cape Fourcroy that comprises 56.2 Mt grading 1.6% 
heavy minerals for 893 700 t of heavy minerals, including 
over 92 000 t zircon, 57 000 t rutile, 127 000 t leucoxene 
and 368 000 t ilmenite. This deposit is much larger than the 
Lethbridge deposits and has the potential to underpin an 

Figure 40.9. Lethbridge heavy mineral sands mining operations 
a) Heavy mineral sand concentrate. 

(b) Lethbridge West processing plant with concentrate stockpile. 
(c) Conveyor loading heavy mineral sands concentrate onto a 
barge at Jessie River, Lethbridge Bay, Melville Island. 

a

b

c
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Bauxite

Lateritic bauxite deposits in the Money Shoal Basin include 
occurrences on the Cobourg Peninsula, Croker Island 
and Melville Island (Figure 40.8). Those in the Cobourg 
Peninsula–Croker Island area have developed over undivided 
Bathurst Island Group, whereas those on Melville Island are 
developed over the Cenozoic Van Diemen Sandstone. The 
bauxitic laterite in the Cobourg Peninsula–Croker Island 
area is up to 4 m thick and averages about 2 m. It forms a 
gently north-sloping land surface that is best exposed along 
the northern coastlines (Hughes 1978). 

laterite that assayed 47.32% Al2O3 at Mount Roe on 

followed-up by Owen (1949) who established the presence 
of 0.6–1.4 m-thick pisolitic bauxite at the locality visited 
by Brown. Rio Tinto Exploration Pty Ltd conducted some 
reconnaissance work on bauxite deposits on Croker Island 
(Matheson 1957) that were later drill-tested by Reynolds 
Metals Company (Kidd 1961). Australian Mining and 
Smelting Company Ltd (Patterson 1958) investigated 
bauxites in the Snake Bay area on Melville Island and United 
Uranium NL conducted geochemical sampling of bauxite 
occurrences on the Cobourg Peninsula (Larsen 1965). 
Swiss Aluminum Mining Australia Pty Ltd conducted 
geochemical sampling at Cache Point on western Melville 
Island and prospects on the Cobourg Peninsula (Swiss 

Aluminum 1969, 1970a, b). These bauxite occurrences were 
described by Ferenczi (2001).

A close correlation exists between the distribution 
of bauxite and thorium anomalies detected by 
airborne radiometric surveys (Hughes 1978). Thorium 
concentrations in 13 samples collected from the Cobourg 
Peninsula ranged from 6–54 ppm and averaged 35 ppm 
(Hughes 1978). Of the 12 known occurrences of bauxite 
in the Money Shoal Basin, drilling has been conducted at 

Island and Araru Point. 

Vashon Head and Midjari Point

At Vashon Head on the Cobourg Peninsula, a 1–4.5 m-thick 
bauxite deposit that averages 3 m in thickness extends 
over an area of about 48 km2 (Figure 40.10). The pisolitic 
bauxite layer overlies a ferruginous nodular laterite that 
has developed over a shale bed in the undivided Bathurst 
Island Group (Weber 1969). The deposit has been explored 
by United Uranium NL by rock chip sampling, auger 
drilling and pit excavation. This work has outlined inferred 
resources of 9.7 Mt averaging 46.2% Al2O3 and 16.1% SiO2 
at an average thickness of 3 m, and 5.8 Mt averaging 
36.7% Al2O3 and 20.2% SiO2 at an average thickness of 
1.7 m. Most of the silica appears to be reactive ie, it is present 
in silicate minerals such as clay (usually kaolinite). Fe2O3 
content is about 14% and TiO2 content is about 3% (Larson 
1965, Weber 1969, Ferenczi 2001). The bauxite resource 
at Vashon Head appears to be of sub-metallurgical-grade, 
but no ore characterisation work has been conducted and if 
the clay minerals are loosely bound in the bauxite material, 
then crushing and washing may reduce the reactive silica 
content and improve the potential of this deposit as a source 
of metal-grade bauxite (Ferenczi 2001).

The Midjari Point prospect is located just to the 
south of Vashon Head. A measured section of the bauxite 

Figure 40.11. Gibbsite 
is the principal mineral within the bauxite layers and is 
commonly in the form of pisoliths that generally vary 
from 2–8 mm in size. Kaolinite, haematite and minor 
quartz form the remaining minerals. The pisoliths occur 
with reworked framework grains of quartz, feldspar, 
calcite, tourmaline, opaque minerals, broken pisoliths and 
rock fragments, and are set in a matrix composed of very 

quartz grains. Ferruginous nodules and detrital clasts 
from underlying beds are commonly scattered through the 
loose pisolitic layer.

Croker Island

Bauxite is present only in the northern part of Crocker 
Island. It averages about 1.5 m in thickness and occupies 
an area of about 80 km2 (Kidd 1961). Pisolitic bauxite 
overlies a hard, red-brown tubular laterite with a sharp 
contact. Pisoliths are 3–8 mm in diameter. The tubular 
laterite grades down into a mottled clay zone that in turn 
overlies grey weathered shale of the Bathurst Island Group. 
This deposit was explored by Reynolds Metals Company by 
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Figure 40.10. Vashon Head bauxite deposit, Cobourg Peninsula 
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drilling, which outlined an inferred resource of 660 000 t 
averaging 30%+ Av.Al2O3 (Kidd 1961). Six grab samples 
subsequently obtained by United Uranium NL averaged 
35.3% Al2O3, 31.2% SiO2, 25.6% Re.SiO2, 15.4% Fe2O3 
and 1.85% TiO2 (Larsen 1965). The high levels of reactive 
silica in the Croker Island deposit reduces the potential for 
commercial exploitation (Ferenczi 2001).

Araru Point

A 0.5–2.4 m-thick pisolitic bauxite deposit has been 
outlined over an area of 13 km2 at Araru Point on the 
Cobourg Peninsula. United Uranium NL explored this 

resource of 2.4 Mt averaging 35–40% Al2O3 and 20%+ SiO2 
(Larsen 1964, Weber 1969). Additional surface sampling 
was conducted by Swiss Aluminum Mining Australia Ltd 
and 12 samples from this work averaged 42.3% Al2O3, 
18.1% SiO2, 16.1% Fe2O3 and 3.2% TiO2 (Swiss Aluminum 
1970a, b). Low tonnages and Al2O3 content, and high 
levels of reactive silica reduce the commercial viability 
of this deposit as a source of metallurgical-grade bauxite 
(Ferenczi 2001).

Other occurrences

Bauxite has been reported from a number of other locations 
on the Cobourg Peninsula and Melville and Bathurst 
islands (Swiss Aluminum, 1969, 1970a, b, Hughes 1978, 
Ferenczi 2001, Figure 40.8). At Smith Point on the Cobourg 
Peninsula, tabular bauxite has been reported along the 
narrow headland separating Port Essington and Port Bremer 
(Hughes 1978). It covers an area of about 20 km2 and varies 
in thickness from 0.5–2 m. At Turtle Point, along the western 

about 2 m thick (Hughes 1978) and at Danger Point in the 
northeastern Cobourg Peninsula, the presence of an iron-

Melville Island, bauxite has been reported at Milikapiti 
Hill and Piper Head. At the former occurrence, bauxite is 
known to extend over an area of 15 km2 and the maximum 
thickness of the pisolitic layer is about 6 m (Hughes 1978). 

Extractive minerals

Sand

Doyle (2001) provided details of investigations, including 
geological mapping and extensive drilling, for extractive 

prospective areas. The Howard Sand member of the Darwin 

sand for used in the construction industry. The Boral Sand 
Pit (Figure 40.12) near Howard Springs is operated by 
Boral Industries and produces 60 000–80 000 t/yr of coarse 

Dredging extends to 20–25 m below the surface and there 
is still a substantial resource that could be accessed by 
extending the western and northern sides of the excavation 
(Doyle 2001). AN47, which is located to the south of the 
Howard Springs Forestry Reserve and owned by All Earth 
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Industries, is extracting sand by bucket excavation from the 
Howard Sand member to about 6 m depth (Figure 40.13). 
This operation produces about 7000 m3 per year of coarse 
washed sand for concrete aggregate. A number of other sand 
prospects have been located and drilled by Doyle (2001) and 
the total sand resource in the Darwin region is estimated to 
be about 10 Mt, most of it in the Howard Sand member. 

Figure 40.11
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Porcellanite

that occurs in the siliceous zone beneath lateritic duricrust 
of the Darwin Formation in the Darwin area, where 
it is exposed in coastal cliffs. The upper 2–4 m of the 

rock with a silica content approaching that of silcrete. The 
underlying altered and porous siltstone is much weaker 
and deforms plastically under loading. The geotechnical 
properties of the Darwin porcellanite have been described 
by McQueen (1957) and more recently by McNally et al 
(2000). Porcellanite has been used in many of the historical 
buildings of Darwin (Figure 40.14) and was obtained from 
the now-abandoned Larrakeyah Quarry, located at Doctors 
Gully at the northern end of Darwin city. Another quarry was 
developed during the Second World War on the present site 
of the Stuart Park Primary School. Porcellanite was crushed 
and used as exposed aggregate in concrete bunkers and gun 
turrets at East Point and Casuarina Beach (Doyle 2001). 
The currently operating Koolpinyah Porcellanite Quarry 
at Shoal Bay Peninsula ( ) has been excavated 
down to about 3 m depth, below which the material becomes 
softer. The porcellanite from this quarry is hand worked by 
stonemasons for building stone; other material is washed 
and rounded and is used as an ornamental landscape stone. 

Petroleum

The history of petroleum exploration in the Arafura and 
Money Shoal basins is discussed in Arafura Basin. A 
number of exploration programs involving drilling and 
seismic acquisition have been conducted in these stacked 

basins, particularly since the 1960s, but so far, no commercial 
hydrocarbon accumulations have been discovered. Despite 
this, the Money Shoal Basin remains underexplored and 
is prospective for petroleum. Nine offshore petroleum 
exploration wells have been drilled in the basin, all in the 
region of the underlying Goulburn Graben. Direct evidence 
of hydrocarbon generation and expulsion is provided by 

Figure 40.12. Dredge in operation at Boral sand pit in Howard 
Sand member (photograph from Doyle 2001).

Figure 40.13. One of the open pits at AN47 quarry. Excavation is 
down to water table (photograph from Doyle 2001).

Figure 40.14. (a) Porcellanite block work in St Mary’s Cathedral, 
Darwin. (b) Detail of block work in bell tower of St Mary’s 
Cathedral.

a

b
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oil shows/indications and gas indications in the majority 
of wells drilled, at various levels in the Palaeozoic and 
Mesozoic successions. 

Source rocks and thermal maturity

Potential source rock intervals occur at a number of levels 
in the stacked McArthur, Arafura and Money Shoal 
basins ( ) and those from the pre-Mesozoic 
successions are discussed in McArthur Basin and Arafura 
Basin. In the Money Shoal Basin, potential source rocks 
containing oil-prone Type II/III kerogen occur throughout 
the Mesozoic section. The Jurassic Plover Fm equivalent has 

and some intervals within the overlying Jurassic–Early 
Cretaceous Flamingo Group equivalent have TOC values 
up to 4.9%, indicating fair to very good source potential for 
these units (Struckmeyer and Earl 2006). Both successions 
are generally immature for oil generation over much of the 
basin, particularly in the east, but maturity increases to 
the northwest and in the deepest parts of the basin, such 
as the western Goulburn Graben and areas further to the 
north, they are likely to be mature for oil and possibly gas 
generation (McLennan et al 1990, Higgins 2009). The 
Cretaceous Bathurst Island Group has TOC values in the 
range 0.5–2.7%, indicating that some intervals have fair to 
good source potential. Over most of the Money Shoal Basin, 
these rocks are immature for hydrocarbon generation, but 
they may be buried deep enough to reach oil maturity in 
the westernmost Goulburn Graben and adjacent areas of the 
Bonaparte Basin (Struckmeyer and Earl 2006).

Reservoirs and seals

The upper Plover Formation provides the reservoir 
for gas accumulations in the eastern Bonaparte Basin 
and equivalent rocks in the Money Shoal Basin have 
variable porosities in the range 5–27% (Earl 2006), 
indicating that there is potential for favourable reservoirs 
in the basin. Seals could be provided by claystone-rich 
intervals in the lower Flamingo Group equivalent, and 

by the Bathurst Island Group in the eastern part of the 
basin ( ). Flamingo Group rocks host major 
hydrocarbon accumulations in the Bonaparte and Browse 
basins, and equivalent rocks in the Money Shoal Basin 
are likely to have similar reservoir potential (Struckmeyer 
and Earl 2006). Earl (2006) reported that samples of this 
group from drillhole Tasman-1 have good to excellent 
reservoir properties, with an average porosity of 18.5% 
and a maximum of 32%. Interbedded mudstone intervals 

of the Bathurst Island Group could provide a regional seal. 
The reservoir properties of sandstone intervals within the 
Bathurst Island Group have not been properly assessed, but 
samples from drillhole Tuatara-1 have yielded porosities of 
13–33 %, with an average of 20% (Earl 2006).

Prospectivity

An assessment of the prospectivity of the Money Shoal Basin 
by Higgins (2009) concluded that the underexplored northern 
portion of the basin was most likely to contain hydrocarbon 
accumulations, particularly towards the western margins, 
where up to 4.5 km of preserved section is thick enough to have 
enabled the generation of hydrocarbons from in situ Jurassic 
source rocks. The portion of the basin overlying the Goulburn 
Graben has been tested by nine exploration drillholes that 
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have demonstrated the presence of good-quality reservoirs 
and seals in the basin succession, and of hydrocarbons in the 
region; however, these have failed to locate any commercial 
hydrocarbon accumulations. The southern portion of the 
basin contains less than 3 km of sedimentary rocks and has 
received little exploration interest. Due to the thinness of the 
succession, in situ sourcing of hydrocarbons is unlikely and 
long-range migration from neighbouring source kitchens in 
the Bonaparte and Arafura basins would be necessary to 
charge potential traps (Higgins 2009). 

The Money Shoal Basin has a variety of potential 
stratigraphic and combined stratigraphic/structural plays 
for hydrocarbons sourced from underlying Palaeozoic 
sedimentary rocks and from mature Mesozoic source rocks 
in the western and northwestern parts of the basin. Onlap 
plays associated with the underlying Triassic unconformity 
occur within increasingly younger strata to the east, and 
provide numerous potential targets within Middle Jurassic 

transgressive and highstand settings (Struckmeyer 2006c). 
Other plays include broad anticlines draped over the 
Palaeozoic succession and tilted fault blocks above the 
margins of the Goulburn Graben (McLennan et al 1990). 
Good potential plays are also associated with a large Late 
Jurassic (Tithonian) channel system, at least 225 km long 
and an average of 10 km wide, that follows the major 
bounding faults of the Goulburn Graben (BHP Petroleum 
1993, Miyazaki and McNeil 1998, Barber et al 2004). This 
system provides numerous potential stratigraphic and 

features, which remain untested. Middle–Late Cretaceous 
prograding shelf and contiguous slope and basin deposits 
also provide numerous potential plays, particularly within 
lowstand wedge deposits such as slope fans, channel-levee 
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geology and regolith). However, the southwestern margins 
of the basin are exposed in SA and the northeastern part of 
the basin in central Qld is also exposed and has been eroding 
since the Late Cretaceous. The surface elevation of the basin 
is highest over central Qld, where it is ca 300 m above present-
day sea-level, but elevations decrease towards the southwest 
to below present-day sea level (Waschbusch et al 2009). 

The stratigraphic nomenclature of the Eromanga Basin 
is complex and has evolved over a century. Units of the 
same lithology and in the same stratigraphic position have 
been given different names in different parts of the basin. 
The stratigraphic succession in the Northern Territory is 
summarised in Table 41.1 and a correlation chart that includes 
successions from other portions of the Great Australian 
Basin is presented in Figure 41.2. The Jurassic succession is 
mainly terrestrial and comprises uviatile uart  sandstone 
interbedded with carbonaceous shale. The Early Cretaceous 
succession is largely marine, whereas late Early Cretaceous 
strata were deposited in a regressive sea. The early Late 
Cretaceous part of the Eromanga Basin succession was laid 
down in a mix of environments, including shallow marine, 
paralic, lacustrine, paludal and uviatile. 

Numerous studies have been published on the Eromanga 
Basin, of which some of the more signi cant include 
Whitehouse (1955), Day (1964, 1966, 1967, 1968, 1969), 
Vine and Day (1965), Vine et al (1967), Senior et al (1969, 
1978), Casey (1970), Exon and Senior (1976), Haig and 
Barnbaum 1978, Burger and Senior (1979), Habermehl 

Chapter 41: EROMANGA BASIN TJ Munson

INTRODUCTION

The Cambrian Devonian Warburton Basin, 
Carboniferous Triassic edir a Basin and Jurassic
Cretaceous Eromanga Basin are three stac ed basins in 
the southeastern corner of the Northern Territory that also 
extend over areas of adjoining Queensland, South Australia 
and New South Wales (Figure 41.1). The Eromanga, Surat 
and Carpentaria basins together form the bul  of the Great 
Australian Basin1 (Green 1997, Draper 2002b) of central 
and northeastern Australia. Other interconnected eastern 
Australian basins (eg Clarence-Moreton, Nambour and 
Laura basins) could also be considered to be a part of this 
vast depositional system. The Northern Territory part of 
the Eromanga Basin contains about 2300 m of Jurassic to 
Cretaceous strata overlying rotero oic (Aileron rovince 
and Musgrave rovince), alaeo oic (Amadeus Warburton 
and Georgina basins, rindina rovince) and ermian Triassic 
( edir a Basin) successions. Elsewhere, the Eromanga 
Basin also overlies the Bowen, Cooper, Galilee, Arc aringa 
and older basins, and crystalline basement roc s. Most of 
the succession is in the subsurface and in the NT is largely 
overlain by Ceno oic and ecent sedimentary roc s of the 
La e Eyre Basin and other sur cial deposits (see Cenozoic 
1 These basins were originally de ned by Mott (1952) as portions 
of the Great Artesian Basin, a term best restricted to hydrogeology 
as portions of the artesian system are within sedimentary roc s of 
other basins (eg Bowen, Galilee basins).

Current as of May 2012

Figure 41.1. egional geological 
setting of Eromanga Basin. NT 
geological regions slightly modi ed 
from NTGS 1:2.5M geological regions 
GIS dataset. Queensland geological 
regions simpli ed and slightly modi ed 
from Denaro and Dhnaram (2009) and 
Geoscience Australia (GA) Geological 

egions National Geoscience Dataset. 
SA geological regions simpli ed and 
slightly modi ed from Department for 
Manufacturing, Innovation, Trade, 

esources and Energy (DMIT E), 
South Australia esources Information 
Geoserver (SA IG: http://www.
sarig.dmitre.sa.gov.au/) and from GA 
Geological egions National Geoscience 
Dataset. Ceno oic covering strata (eg 
La e Eyre Basin) not shown.
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(1980, 1986), papers in Moore and Mount (1982), Burger 
(1986), papers in Gravestoc  et al (1986), John and Almond 
(1987), papers in O’Neil (1989), Questa (1990), Green et al 
(1991, 1992), Krieg et al (1995), Draper (2002a, b), Gray 
et al (2002), Gray and Draper (2002), McKellar (2002), 
Ambrose et al (2002, 2007), Ambrose (2006), Cotton et al 
(2006), Waschbusch et al (2009) and Ambrose and Heugh 
(2010, 2011). The distribution of outcrops in the NT portion 
of the basin is shown in Figure 41.3.

JURASSIC–EARLY CRETACEOUS

In the NT portion of the Eromanga Basin, the Jurassic and 
older part of the Early Cretaceous succession is divided 
into two units (Figure 41.2, Table 41.1), the oolowanna 

ormation and Algebuc ina Sandstone. 

Poolowanna Formation
The entirely subsurface oolowanna ormation (Moore 
1986b  oolowanna beds’ of Wiltshire 1978) is the basal 
unit in the Eromanga Basin succession in the NT in the 

oolowanna, Madigan and Eringa troughs. However, it 
thins to the west and is absent along the western an s of 
the latter two depocentres, where it is overlapped by the 
Algebuc ina Sandstone (Figure 41.4). The oolowanna 

ormation unconformably overlies ermian and Triassic 
sedimentary roc s of the edir a Basin in the NT and 
SA and the Cooper Basin in SA and Qld. In the Cooper 
Basin, it also unconformably overlies the Late Triassic 
Cuddapan Formation, which is the lowermost unit of the 

Eromanga Basin in that area (Gray et al 2002). Elsewhere, it 
unconformably overlies earlier alaeo oic sedimentary and 
metasedimentary basement roc s. In the western Eromanga 
Basin in the NT and northern SA, the oolowanna Formation 
intertongues with and is conformably overlain by the 
Algebuc ina Sandstone. To the east on the Birdsville Trac  

idge, it is conformably overlain by the Hutton Sandstone, 
which is a lateral e uivalent of the lower Algebuc ina 
Sandstone, and in the Cooper Basin area further to the 
east, it intertongues with and is conformably overlain by 
the Hutton Sandstone (Krieg et al 1995, Gray et al 2002). 
The oolowanna Formation is a lateral e uivalent of the 

recipice Sandstone and overlying Evergreen Formation 
of the northeastern Eromanga Basin and Surat Basin 
(McKellar 2002). The main depocentre for the formation 
is the oolowanna Trough, where it reaches a maximum 
thic ness of 206 m in drillhole oolowanna-1 in SA (Krieg 
et al 1995). Thic  sections are also present to the east and 
northeast of the trough in southwestern Qld, where the 
formation reaches a thic ness of 165 m in drillhole DIO 
Curalle-1 (Gray et al 2002). In the NT, the oolowanna 
Formation reaches maximum thic nesses of 205 m in 
Thomas-1 (Wiltshire 1982) and 193 m in oeppels Corner-1 
(Arco Australia 1985), but it thins to the north and west to 
be 109.4 m thic  in Colson-1 (Beach etroleum 1979), 39 m 
in Simpson-1 (Central etroleum 2009a) and less than 10 m 
in Blamore-1 (Central etroleum 2008, Figure 41.5).

An informal two-fold division of the oolowanna 
Formation is recognised in Qld, where a lower interval 
of medium to very coarse sandstone, grading in places to 

Table 41.1. Summary of Jurassic Cretaceous stratigraphic succession of NT portion of Eromanga Basin.

Unit, max thickness Lithology Depositional environment Stratigraphic relationship

Cretaceous

ROLLING DOWNS GROUP

MANUKA SUBGROUP

Winton Formation 
620 m

Claystone, siltstone and mudstone with 
interbedded sandstone and minor coal 
seams.

Fluviatile to paludal to 
lacustrine. aralic, estuarine, 
deltaic and uviatile near base.

Conformable on Mac unda Formation. 
Unconformable beneath Ceno oic sediments, 
including those of La e Eyre Basin.

Mackunda Formation 
144 m

Labile lithic sandstone, siltstone 
and mudstone, lesser mud-clast 
intraformational conglomerate.

Shallow marine and paralic. Conformable on Allaru Mudstone.

WILGUNYA SUBGROUP

Allaru Mudstone 
306 m

artly pyritic mudstone with 
calcareous siltstone interbeds, cone-
in-cone limestone, minor sandstone 
and limestone.

Shallow marine. Conformable on Toolebuc Formation or 
Wallumbilla Formation.

Toolebuc Formation
65 m

Mudstone with thin layers of siltstone, 
subordinate labile sandstone, 
limestone, marl and conglomerate.

Shallow marine. Conformable on Wallumbilla Formation.

Wallumbilla Formation 
237 m

Mudstone and siltstone, minor thin 
interbeds of ne sandstone and 
limestone.

Shallow marine, nearshore to 
marginal marine, minor non-
marine.

Conformable on Cadna-owie Formation; 
unconformable disconformable on 
Algebuc ina Sandstone in west.

UNGROUPED

Cadna-owie Formation 
81 m

Sandstone, siltstone, silty mudstone 
and mudstone, minor claystone.

Lacustrine to restricted marginal 
marine, minor uviatile and 
subtidal shallow marine. 

Conformable on Algebuc ina Sandstone.

Jurassic–Early Cretaceous

Algebuckina Sandstone 
757 m

Quart ic sandstone, with granule 
and pebble layers, minor shale and 
siltstone.

Fluviatile. Disconformable unconformable on 
oolowanna Formation or basement roc s.

Poolowanna Formation 
205 m

Sandstone, siltstone and coaly shale, 
arranged in two upward- ning cycles. 
Thin discontinuous coal seams.

Fluviatile and lacustrine. Unconformable on ermian and Triassic 
roc s of edir a Basin or basement roc s.
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granule conglomerate, is overlain by an aerially extensive 
interval of mudstone, siltstone and lesser sandstone and 
coal arranged in ning-upward cycles (Almond 1983, 
Green 1997). These represent cyclical uviatile lacustrine 
sedimentation (Gray et al 2002), with the ner upper 
interval mar ing a rise in the base level of erosion that has 
been correlated with a global rise in sea level ( assmore and 
Burger 1986, Gray et al 2002). An informal twofold division 
is also recognised in the NT and northern SA, where the 
formation is typically arranged in two transgressive, 
upward- ning uviatile-lacustrine cycles. Each of these 
is 50 100 m in thic ness and consists of interbedded 
sheet-li e sandstone that nes upwards to coaly shale and 

siltstone (Ambrose et al 2007, Ambrose and Heugh 2010). 
Sandstone is planar cross-bedded, hori ontally bedded and 
ripple cross-laminated; siltstone and shale are laminated 
and massive; and coal seams are usually thin (<0.5 m 
thic ) and discontinuous (Krieg et al 1995). The lower 
parts of these two cyclic successions are interpreted to 
have been deposited under uviatile conditions, whereas 
overlying ner-grained strata were laid down in overban  
environments related to progressive ponding of drainage 
lines. This was followed by lacustrine conditions at the top 
of each cycle (Ambrose and Heugh 2010). These two cycles 
are regionally extensive and progressively onlap the basin 
margins and local palaeo-highs, where the upper cycle 
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(cycle 2) overlaps cycle 1. Cycle 2 appears to be generally 
sandier than the e uivalent upper interval in the northeast 
and east of the basin, which suggests a more proximal 
depositional environment. The oolowanna Formation is 
assigned (Draper 2002a, Figure 41.2) to the Early Jurassic 
( liensbachian Toarcian) A J221 A J331 palyno oral 
ones of rice (1997). 

Algebuckina Sandstone 
The Algebuc ina Sandstone (Wopfner et al 1970) is widely 
distributed along the western portion of the Eromanga 
Basin in the NT and SA. The upper parts of this thic  unit 
are exposed along the western margins of the basin in SA 
and the NT, mostly in southeastern KULGE A1, eastern 
FINKE and southeastern ODINGA; Figure 41.3, 
where it was described under the local name De Sou a 
Sandstone’ (Wells 1969, Edgoose et al 1993), and in 
southeastern ILLOGWA C EEK, where it was described 
as Hooray Sandstone (Shaw and Freeman 1985). In 
southern TOBE MO E  and northern HA  IVE , 

1 Names of 1:250 000 mapsheets are in capital letters, eg 
KULGE A.

outliers of the Eromanga Basin, mapped as Hooray 
Sandstone by Mond and Harrison in Senior et al (1978), 
but subse uently described as undifferentiated Jurassic
Cretaceous by Kruse et al (2002), may be Algebuc ina 
Sandstone at least in part (see Undifferentiated below). 
Exposures of the Algebuc ina Sandstone in the NT 
consists mostly of mesas and buttes, or ledges on the 

an s of mesas beneath exposures of Early Cretaceous 
roc s. The formation extends in the subsurface from 
these areas into the Eringa, Madigan and oolowanna 
troughs. The Algebuc ina Sandstone is considered to be 
laterally e uivalent to a thic  succession in the eastern and 
northeastern portions of the basin, in the Cooper Basin area 
and in Qld, consisting of the Hutton Sandstone, Bir head 
Formation, Adori Sandstone, Westbourne Formation, 
Namur Sandstone and Murta Formation (Nugent 
1969, Figure 41.2). The formation is disconformable
unconformable on the oolowanna Formation, with basal 
massive sandstone beds locally eroding deeply into coaly 
shale capping cycle 2 at the top of the underlying unit 
(Ambrose et al 2007, Ambrose and Heugh 2010). It is also 
unconformable on other pre-Meso oic units, including 

ermian Triassic strata of the edir a Basin along the 
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western an s of the Madigan and Eringa troughs and 
on the western margins of the basin. The formation is 
conformably overlain and in places overlapped by the 
Early Cretaceous Cadna-owie Formation (Krieg et al 
1995), except in FINKE, where the e uivalent De Sou a 
Sandstone’ is overlain, apparently disconformably, by 
Early Cretaceous roc s assigned to the Bulldog Shale ’ 
(Wells 1969, Edgoose et al 2002). However, it is possible 
that roc s e uivalent to the Cadna-owie Formation, which 
is yet to be identi ed in this area, may be present within 
this interval. In the main depocentre in the oolowanna 
Trough, the Algebuc ina Sandstone reaches a maximum 
thic ness of 757 m in oolowanna-1 (Moore 1986b). In 
the southeast of the NT, the formation is 581 m thic  in 
Colson-1 (Beach etroleum 1979), 620 m in Thomas-1 
(Wiltshire 1982) and 598.3 m in oeppels Corner-1 
(Arco Australia 1985), but it thins to the north and west 
to be 458.4 m thic  in Simpson-1 (Central etroleum 
2009a), 254.2 m in McDills-1 (Amerada etroleum 
1965), 282.7 m in Blamore-1 (Central etroleum 2008) 
and 198 m in CBM 93-002, which is located towards the 
western margins of the basin (Central etroleum 2011a, 

Figure 41.5). The e uivalent succession in the Cooper 
Basin area (Hutton Sandstone Murta Formation) reaches 
a maximum thic ness of about 850 m (Krieg et al 1995). 

The Algebuc ina Sandstone is a thic  succession of 
ne- to coarse-grained, uart ic continental sandstone, 

with granule and pebble layers. Minor lenses of shale and 
siltstone are locally present and shale intraclasts are common 
in coarser beds. Sedimentary structures include large- and 
medium-scale tabular-planar or trough cross-beds (Krieg 
et al 1995, Ambrose and Heugh 2010). Near the basin margins 
in SA, a twofold subdivision of the formation into a lower, 

aolinitic poorly sorted interval and an upper clean and well 
sorted interval, separated by an erosional unconformity is 
recognised (Wopfner et al 1970). This subdivision does not 
appear to be present in more central portions of the basin 
(Krieg et al 1995). Macrofossils recorded from exposures of 
the formation along the margins of the basin include leaves, 
stems, reproductive structures and pieces of wood up to 4 m 
long of ferns, cycads, bennettites, seed ferns and conifers 
(Harris 1962, Hopgood 1987). alyno oras indicate that the 
formation ranges in age from late Early Jurassic (Toarcian) 
to Early Cretaceous (Berriasian; rice 1978, Moore 1986b), 
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but a slightly younger Valanginian age was indicated in 
Krieg et al (1995).

The absence of marine fauna and the presence of a 
more-or-less unidirectional cross-strati cation indicate 
a uviatile origin for the Algebuc ina Sandstone. There 
have been a number of differing interpretations of the 
environment of deposition. Wopfner et al (1970) suggested 
that the setting was a senile and deeply weathered 
landscape with low-gradient rivers, episodic sheet ooding 
and an arid to seasonally arid climate, which was followed 
by wetter conditions with stronger more uniform ow 
and lacustrine bar as well as uviatile deposition. Moore 
(1986b) interpreted a braided uviatile environment for the 
formation with possible development of alluvial facies near 
cratonic source areas in SA and the NT. Wiltshire (1989) 
interpreted an environment that ranged from a mixed 
aeolian and receding scarp setting in the hinterland to 

uart  sand-dominated lacustrine, and Krieg et al (1991) 
interpreted a wet, cool to temperate conifer-forested setting 
with mar ed seasonal snow melt causing variable river ow. 

Undifferentiated
Outliers of Eromanga Basin strata in southern 
TOBE MO E  and northern HA  IVE  (Figure 41.3) 
were originally described as Tarlton Formation, Longsight 
Sandstone or Hooray Sandstone (Smith 1963, 1965, Mond 
and Harrison in Senior et al 1978), but were remapped (in 
Tobermorey) as undifferentiated Jurassic Cretaceous by 
Kruse et al (2002). The outliers consist of mesa-forming 
planar to cross-bedded, medium coarse sandstone, and 
minor mudstone, siltstone and conglomerate (Smith 1963, 
Kruse et al 2002). These roc s are most li ely to be 
e uivalents of the Algebuc ina Sandstone and possibly the 
Cadna-owie Formation, rather than the overlying, generally 

ner-grained Wilgunya Subgroup.

CRETACEOUS

The Cretaceous succession of the Eromanga Basin has 
been established independently in the southwestern and 
northeastern portions of this large depositional area, 
resulting in a complex nomenclature that is confusing and 
dif cult to correlate (Figure 41.2). In the northeast of the 
basin, the Cretaceous succession above the widespread 
Cadna-owie Formation (Wopfner et al 1970) is included 
within the olling Downs Group (Whitehouse 1955), which 
comprises the Wilgunya Subgroup (Casey 1959, Australian 
Water esources Council 1975) and overlying Manu a 
Subgroup (Vine et al 1967). The Wilgunya Subgroup 
includes, in ascending stratigraphic order, the Wallumbilla 
Formation (Vine et al 1967), Toolebuc Formation (Casey 
1959) and Allaru Mudstone (Vine and Day 1965, Vine et al 
1967). The Manu a Subgroup comprises the Mac unda 
Formation (Vine and Day 1965) and overlying Winton 
Formation (Whitehouse 1955), both of which are recognised 
over most parts of the basin. In the southwest of the basin, 
the Marree Subgroup (Forbes 1966, Thomson 1980) is 
e uivalent to the Wilgunya Subgroup and, in ascending 
stratigraphic order, comprises the Bulldog Shale (Freytag 
1966), Coori iana Sandstone (Thomson 1980, Moore and 

itt 1982) and Oodnadatta Formation (Freytag 1966). 

Wopfner et al (1970) de ned the Neales iver Group in 
the southwest of the basin to embrace the entire succession 
from the Cadna-owie Formation to the Winton Formation, 
including the Marree Subgroup. However, this group e uates 
to the same interval as the previously de ned olling 
Downs Group, except for inclusion in it of the underlying 
Cadna-owie Formation (which is presently excluded from 
the latter group). Furthermore, the Mac unda and Winton 
formations were already included within the olling Downs 
Group, so the concept of the Neales iver Group was awed 
from the outset and the name has not been widely used. In 
order to reconcile the group-level Cretaceous nomenclature 
of the basin, WM Cowley (Convenor, SA Stratigraphy 
Subcommission, in litt 2012) has proposed a number of 
recommendations that are followed herein:

The name Neales iver Group’ is abandoned, and the 
name olling Downs Group is applied to the succession 
in the southwestern Eromanga Basin from top Cadna-
owie Formation to top Winton Formation.
The name Marree Subgroup is retained for the interval 
Bulldog Shale to Oodnadatta Formation, but is included 
within the olling Downs Group.
The name Manu a Subgroup is adopted for use 
throughout the basin to encompass the Mac unda and 
Winton formations.
The Cadna-owie Formation, which is a transitional 
terrestrial to marine unit that is generally conformable 
between the uviatile succession below and the marine 
succession above, remains ungrouped pending a better 
determination of its af nities.

The nomenclature of formation-level units from the 
interval between the Cadna-owie and Mac unda formations 
(Marree and Wilgunya subgroups) is also complicated 
and dif cult to reconcile. The presence or absence of the 
Coori iana Sandstone and Toolebuc Formation determines 
which of the subgroup-level nomenclatures has been 
applied to successions within the basin (Questa 1990). The 
two formations generally occur in different parts of the 
basin, but in areas where they are both present, they have 
been shown to be at different stratigraphic levels (Krieg 
et al 1995, Figure 41.6). Overlying and underlying units 
therefore cannot be directly correlated; the Wallumbilla 
Formation is e uivalent to the Bulldog Shale, Coori iana 
Sandstone and lower part of the Oodnadatta Formation, 
whereas the Toolebuc Formation and Allaru Mudstone are 
e uivalent to the middle and upper part of the Oodnadatta 
Formation. The nomenclature becomes complicated in areas 
where the Coori iana Sandstone and Toolebuc Formation 
are both present, and also in areas where these formations 
are either absent or poorly de ned; in these areas, the ne-
grained units of the Marree and Wilgunya subgroups are 
dif cult to distinguish from one another (Questa 1990). 

In the NT, the nomenclature is particularly confusing 
and poorly de ned. Questa (1990) noted that the Toolebuc 
Formation, which distinguishes the Qld succession, was 
generally absent over most of the NT portion of the basin 
except in the far southeast, where it had been described 
from a few drillholes. As a result of this perception, the SA 
nomenclature (Bulldog Shale Oodnadatta Formation) has 
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been generally used to describe the succession in the NT 
part of the basin. Notably, the Coori iana Sandstone, which 
serves to de ne the succession in SA, has not been recognised 
in the NT, although it is possibly present in the subsurface 
in southerly areas near the SA border. ecent drilling by 
petroleum and mineral explorers has now established that 
the Toolebuc Formation is much more widespread than 
previously recognised, and it is present in drillholes across 
the NT portion of the basin, including the Eringa Trough 
and areas further to the west (Ambrose and Heugh 2011, 
Figure 41.6). The Wilgunya Subgroup nomenclature is 
therefore more applicable to the NT than that of the Marree 
Subgroup, and the names Wallumbilla Formation Allaru 
Mudstone are more appropriate to describe the succession, 
as rst suggested by Moore (1986a). This nomenclature is 
followed herein (Figure 41.2, Table 41.1).

Ungrouped

Cadna-owie Formation
The Cadna-owie Formation (Wopfner et al 1970; e uivalent 
to ‘Transition beds’ of Whitehouse 1955) is a thin, mainly 

ne-grained unit that represents a transition from terrestrial 
to marine depositional environments during a widespread 
Early Cretaceous transgression. The formation extends 
throughout the Eromanga Basin, mostly in the subsurface 
except for exposures along the southwestern margin of the 
basin in SA. It is possibly e uivalent to the upper part of the 
locally named ‘De Sou a Sandstone’, which outcrops in the 
western part of the basin in the NT, mostly in KULGE A 
and FINKE (Wells 1969, Edgoose et al 1993), although 
the unit is yet to be recognised in these areas. The Cadna-

owie Formation contains the uviatile deltaic Mount Anna 
Sandstone Member (Wopfner et al 1970) and uviatile tidal 
Trinity Well Sandstone Member (Forbes 1966) near the top 
of the formation in SA, and the transitional ( beach setting) 
Wyandra Sandstone Member (Senior et al 1975), which 
occupies a similar stratigraphic position at the top of the unit 
in Qld. The formation is conformable on the Algebuc ina 
Sandstone in the west and southwest of the basin, although 
an erosional contact can be present (Krieg et al 1995), and 
on the Murta Formation and Hooray Sandstone in the east 
and northeast of the basin. A shale at the base of the Cadna-
owie Formation in the west of the basin, commonly referred 
to as uppermost ‘Murta Formation’1 shale by petroleum 
explorers (eg Ambrose and Heugh 2010), was referred to 
the basal Cadna-owie Formation by Gray et al (2002). The 
formation is conformably overlain by the Bulldog Shale in 
the southwest of the basin and by the laterally e uivalent 
Wallumbilla Formation, in areas to the north and east 
(Figure 41.4). Over most of the basin, the unit is generally 
60 90 m thic ; it is only 10 20 m thic  where it is exposed 
along the southwestern basin margin (Moore and itt 1985) 
and it reaches a maximum of 100 m thic  in the Cooper 
Basin area. In general, the formation thins towards the 

an s of the basin and across many prominent structural 
highs (Questa 1990). In the Northern Territory, the unit is 
thic est towards the central parts of the basin in the east 
and south, and thins towards the an s of the basin in the 
northwest; it is 81 m thic  in oeppels Corner-1 (Arco 
Australia 1985), 59.5 m in Thomas-1 (Wiltshire 1982), 
1 Murta Formation and underlying Namur Sandstone in the 
Cooper Basin are e uivalent to the upper Algebuc ina Sandstone 
in the oolowanna Trough (Krieg et al 1995).
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42.1 m in Colson-1 (‘Transition Beds’; Beach etroleum 
1979), 82 m in McDills-1 (‘Transition Beds’; Amerada 

etroleum 1965), 35.6 m in Simpson-1 (including 20.6 m 
identi ed as ‘Murta Member’; Central etroleum 2009a), 
35.3 m in Blamore-1 (including 30.3 m identi ed as ‘Murta 
Member’; Central etroleum 2008) and 23 m in CBM 93-02 
(Central etroleum 2011a, Figure 41.5). 

The Cadna-owie Formation consists predominantly 
of thinly to thic ly interbedded sandstone, siltstone, silty 
mudstone and mudstone, and minor claystone, typically 
with parallel bedding and upward-coarsening intervals. 

ebbly layers, diamictites and coarse breccia layers occur 
locally, and large rounded dropstones, up to boulder si e, 
are widely distributed around the basin margin in SA (Krieg 
et al 1995). Sandstone is lithic to uart ic and sublabile, and 
is generally very ne- to ne-grained, although laterally 
extensive or locally developed medium- to very coarse-
grained sandstone interbeds also occur (Gray et al 2002, 
Krieg et al 1995). Some sandstone, particularly towards the 
top of the unit, may be carbonate cemented. Finer-grained 
beds may be laminated or occasionally cross-laminated, 
and coarser beds are sometimes trough cross-bedded at 
small to medium scales. Other sedimentary structures 
present within the formation include dewatering structures, 
ripple and hummoc y cross-strata, tidal-bundle successions 
and minor bioturbation (Krieg et al 1995). An informal 
twofold division of the formation is recognised in many 
parts of the basin, particularly in the east and northeast 
(John 1985, Questa 1990, Gray et al 2002), although only 
a single coarsening-upward interval has been described 
from central parts of the basin (Moore and itt 1984, 1985, 
Krieg et al 1995). The lower interval consists of upward-
coarsening silty mudstone, mudstone and very ne to ne 
sandstone, whereas the upper interval, which includes the 
named sandstone members, consists of ne- to medium-
grained thic ly bedded sandstone and minor siltstone. 

The Cadna-owie Formation contains low-diversity 
microplan ton (dinocyst and spinose- and non-spinose-
acritarch) assemblages at various levels, suggesting 
depositional conditions ranging from fresh- to brac ish-
water lacustrine to restricted marginal marine, with the 
marine in uence increasing upsection (Gray et al 2002 
and references therein). In areas around the basin margins, 
subtidal to peritidal to uviatile facies are indicative of 
an irregularly advancing, possibly oscillating shoreline 
with extended intervals of stillstand (Krieg et al 1995). In 
deeper parts of the basin, Moore and itt (1985) interpreted 
lacustrine, followed by paralic, then shoreface and beach 
environments for the formation. Fra es and Francis (1988) 
interpreted a very seasonal climate at the time of deposition, 
with winters cold enough to allow rivers and basin shorelines 
to free e; these cold conditions resulted in the formation of 
periglacial features within the formation, such as dropstones 
and diamictite. The palyno ora has been assigned to the upper 
A K12 to A K31 Early Cretaceous palynostratigraphic 
ones (late Valanginian early Aptian, Figure 41.2).

Rolling Downs Group

The olling Downs Group (Whitehouse 1955) is a thic  
(up to about 1700 m) sedimentary succession that extends 

throughout the Eromanga Basin. It has been subdivided into 
the Marree and laterally e uivalent Wilgunya subgroups 
(Casey 1959, Forbes 1966, Australian Water esources 
Council 1975, Thomson 1980), which are overlain by the 
widespread Manu a Subgroup (Vine et al 1967, Table 41.1). 
Isopach maps showing the principal depocentres of the 
group in southwestern Qld and northeastern SA are 
presented in Figure 41.7.

Wilgunya Subgroup

Wallumbilla Formation
The Wallumbilla Formation (Vine et al 1967) is widespread 
in Qld, northeastern SA, northwestern NSW and the 
southeastern area of the NT, in the Eromanga, Carpentaria 
and Surat basins. It is laterally e uivalent to the Bulldog 
Shale, Coori iana Sandstone and lower part of the 
Oodnadatta Formation in SA, and the ne-grained units 
within this succession are lithologically very similar to, and 
not easily distinguished from the Wallumbilla Formation. 
The name ‘Bulldog Shale’ has been previously used to 
describe the formation in the NT (eg Questa 1990, Ambrose 
and Heugh 2010), but this name is inappropriate due to the 
widespread occurrence in NT drillholes across the basin 
(Ambrose and Heugh 2011, Figure 41.6) of the Toolebuc 
Formation, which de nes the top of the Wallumbilla 
Formation in Qld and NSW. In the western part of the basin, 
the local name ‘ umbalara Shale’ (Wells 1969) has been 
used for ne-grained exposures at a similar stratigraphic 
level that, in southern FINKE, were subse uently assigned 
to the Bulldog Shale  by Edgoose et al (2002, Figure 41.3). 
The Coori iana Sandstone, which de nes the SA 
nomenclature, and Toolebuc Formation are both apparently 
absent in this area, so the true af nities of these exposures 
are unclear and the succession might therefore represent any 
or all of the ne-grained units from the interval above the 
Algebuc ina Sandstone. These roc s form a belt of outcrops 
extending from southeastern FINKE, through northwestern 
McDILLS to southern HALE IVE  and are here referred 
to as unassigned Wilgunya Subgroup. The Wallumbilla 
Formation is e uivalent to the former ‘ oma Formation’ 
and lower part of the overlying former ‘Tambo Formation’ 
of Whitehouse (1955) of the northern Surat Basin, and the 
name ‘ oma Formation’ has sometimes also been used for 
the Wallumbilla Formation in the NT (eg Beach etroleum 
1979). Both of these names were abandoned following a 
revision by Vine et al (1967), which adopted the current 
Surat Basin nomenclature.

In the NT, the Wallumbilla Formation is conformable, 
generally with a sharp boundary, on the Cadna-owie 
Formation, except in FINKE, where the Cadna-
owie Formation has not been recognised and the 
‘ umbalara Shale’ was described by Wells (1969) as 
being unconformable disconformable on the ‘De Sou a 
Sandstone’ (now Algebuc ina Sandstone; Edgoose et al 
2002). The formation is conformably overlain by the 
Toolebuc Formation (Alexander et al 2006), or where this 
is absent, is conformably overlain by the Allaru Mudstone 
(Gray et al 2002). The Wallumbilla Formation is mostly 
subsurface in the NT, except for areas in the western part 
of the basin, where the formation or a probably e uivalent 
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unit is exposed as mesas, buttes or low rounded duricrusted 
hills (Wells 1969, Edgoose et al 2002). The formation is 200 
to 350 m thic  in the Eromanga Basin in Qld and up to 
maximum of 375 m thic  in a depocentre to the south, where 
it overlies ermian roc s of the Cooper Basin (Gray et al 
2002, Figure 41.7). In the Northern Territory, the formation 

thins to the north and northwest from ca 237 m thic  in 
Thomas-1 (Wiltshire 1982) and 220 m in Colson-1 (‘ oma 
Formation’: Beach etroleum 1979) to 143 m in Simpson-1 
(Central etroleum 2009a) and 125 m in Blamore-1 in the 
Madigan Trough area (Central etroleum 2008). To the west 
of the Eringa Trough, a thinner succession described as 
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‘Mackunda Formation/Bulldog Shale’ is about 93 m thick 
in CBM 93-002 (Central Petroleum 2011a). A thickness of 
ca 275 m has been estimated for the ‘Rumbalara Shale’ in 
southern FINKE (Wells 1969).

A number of members are recognised within the 
Wallumbilla Formation in the east and north of the basin 
in Qld (Doncaster, Coreena, Jones Valley and Ranmoor 
members), and a thin coarse-grained interval occurs at the 
base of the equivalent Bulldog Shale in the south of the 
basin in SA. However, none of these units is recognised in 
the central portions of the basin, where Gray et al (2002) 
divided the Wallumbilla Formation into informal lower and 
upper units. The lower unit typically consists of a 30 m-thick 
interval of mudstone and limestone overlain by interbedded 
and laminated mudstone, sandstone and sandy mudstone. 
The very ne-grained sandstone increases up-section 
and carbonaceous material and shell fragments occur 
throughout. The upper unit typically consists of a lower 
interval of laminated and thinly bedded mudstone, siltstone 
and sandy mudstone, and subordinate sandstone, that is 
overlain by an interval of sandstone with some interbedded 
siltstone and mudstone. Carbonaceous material occurs 
throughout, but shell fragments and marine macrofossils are 
restricted to the lower ner-grained part of the upper unit 
(Gray et al 2002). In the NT, this informal subdivision is not 
recognised and the formation has typically been described 
as a relatively homogenous unit of mudstone and siltstone 
(Questa 1990), with minor thin interbeds of ne sandstone 
and limestone. In these areas, the formation is calcareous in 
part, may contain glauconite, and shell fragments that are 
common in places. In southern FINKE, the ner lithologies 
of the probably equivalent unit in this area have been 
silici ed to porcellanite in places (Wells 1969, Edgoose 
et al 2002). The Wallumbilla Formation and correlative 
Bulldog Shale both contain diverse fossil assemblages, 
including bivalve molluscs, gastropods, ammonites, 
belemnites, scaphopods, brachiopods, crinoids, bryozoans, 
a poriferan, foraminifera, radiolarians, ostracods, diatoms, 

sh fragments, insects, marine reptiles, plant fragments, 
including large pieces of fossil wood, dino agellates, 
acritarchs, and spores and pollen (Moore and Pitt 1985 and 
references therein, Krieg et al 1995 and references therein, 
McKenzie 1999, Gray et al 2002, Kear 2003, Oosting 2004, 
Jell 2004, Jell et al 2011). Palyno oras have been assigned 
to the APK31–APK5 Early Cretaceous palynostratigraphic 
zones (early Aptian–late Albian; Price et al 1985, Filatoff 
and Price 1988, Price 1997, Figure 41.2). The environment 
of deposition is interpreted to have included marine, 
nearshore to marginal marine, and occasionally terrestrial 
settings (Gray et al 2002). Krieg et al (1995) noted the 
presence of glendonite nodules and dropstones in the 
Bulldog Shale, particularly towards the base of this unit and 
towards the margins of the basin in SA; these are indicative 
of a seasonal, relatively cold climate, at least during the 
earlier stages of deposition of this unit.

Toolebuc Formation
The sheet-like Toolebuc Formation (Casey 1959) is 
widespread across the central, eastern and northern 
Eromanga Basin, in Qld, northeastern SA, northwestern 
NSW and the southeastern NT, and also extends into the 

contiguous Carpentaria Basin in northern Australia. In 
the NT, it was previously considered to be restricted to the 
subsurface in the far southeast, but has since been shown 
to be widespread in drillholes across the NT portion of the 
basin (Ambrose and Heugh 2011, Figure 41.6). In SA, the 
unit extends no further south than the Moomba–Oodnadatta 
area (Krieg et al 1995). The thickness of the formation is 
generally in the range 20–45 m, with a maximum thickness 
of 65 m recorded in drillholes Poeppels Corner-1 in the 
southeastern NT and Teedeeldee-1 in southwestern Qld (Arco 
Australia 1985, Gray et al 2002). In the NT, the formation 
thins to the north and northwest towards the margins of the 
basin, to less than 15 m in drillhole CBM 107-001 (Ambrose 
and Heugh 2011). The Toolebuc Formation is conformable 
between the Wallumbilla Formation and Allaru Mudstone, 
and has a very distinct and strong gamma signature that 
enables it to be readily distinguished from these formations 
in wireline logs (Senior et al 1975, Ozimic 1986, Gray 
et al 2002).

The Toolebuc Formation is a ne-grained unit consisting 
predominantly of mudstone with thin layers of siltstone 
and subordinate labile sandstone, limestone, marl and 
conglomerate (Moore et al 1986, Questa 1990, Krieg et al 
1995, Gray et al 2002). The mudstone is dark grey to black, 
poorly to well laminated, commonly clayey or silty, and 
may be carbonaceous, calcareous and/or pyritic. It typically 
has a high total organic content (TOC) generally in the 
range 9–20 , although ranging up to 35  in some areas 
(Henderson 2004, Ambrose and Heugh 2011), making this 
unit an attractive oil shale exploration target. The organic 
matter has been derived mainly from planktonic algae and 
cyanobacterial mats (Sherwood and Cook 1986, Glikson and 
Taylor 1986). Limestone is more common in northerly parts 
of the basin (Senior et al 1975) and is nodular or coquinitic, 
or occurs as calcitic laminae interbedded in mudstone. 
Where limestone is absent, the formation can be dif cult 
to distinguish from under- and overlying ne-grained units 
(Questa 1990). The Toolebuc Formation contains a diverse 
Early Cretaceous fossil assemblage of bivalves, ammonites, 
belemnites and vertebrates, including numerous species 
of sharks, bony sh, rare pterosaurs, pterodactyloids and 
marine reptiles, less common plant remains, including rare 
coali ed wood in some areas, and spore-pollen assemblages 
(Haig 1979, Sha k 1985, Moore and Pitt 1985 and references 
therein, Krieg et al 1995 and references therein, Henderson 
and Kennedy 2002, Gray et al 2002 and references therein, 
Kear 2003, Henderson 2004, Oosting 2004, Kellner et al 
2010, Rich et al 2010). Palynomorphs are indicative of the 
late Albian APK5.2 and APK6 palynostratigraphic zones 
(of Price et al 1985, Filatoff and Price 1988, Price 1997, 
Figure 41.2). The formation was deposited under wholly 
marine conditions in an epeiric sea at the peak of an Early 
Cretaceous transgression. The abundance of organic matter, 
lack of bioturbation and general absence of diverse benthic 
faunas indicates dysoxic to anoxic benthic conditions, and 
the regular lamination of mudstone indicates deposition in 
relatively quiet, strati ed water, probably with a permanent 
halocline below a layer of fresher water (Krieg et al 1995, 
Gray et al 2002). The coquinitic limestone layers commonly 
consist of the bivalves Inoceramus and Aucellina, which 
are interpreted to have been relatively tolerant of low 
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oxygen levels (Ozimic 1986, Henderson 2004). Henderson 
interpreted the interlayering of coquina and organic-rich 
shale to be due to the alternation of suitable and unsuitable 
conditions for bivalve communities. This was attributed to 
an autocyclic process, whereby the sea- oor accumulation 
of shelly debris progressively isolated bivalve communities 
from trophic support, causing their periodic demise.

Allaru Mudstone
The Allaru Mudstone (Vine and Day 1965, Vine et al 1967) 
is widely distributed in Qld, northeastern SA, northwestern 
NSW and southeastern NT, in the central, eastern and 
northern Eromanga Basin, and also extends into the 
Carpentaria Basin in northern Australia. It is laterally 
equivalent to the middle and upper parts of the Oodnadatta 
Formation in the southern and southwestern Eromanga 
Basin in SA, and these ne-grained units are virtually 
indistinguishable lithologically (Moore and Pitt 1985). The 
name ‘Oodnadatta Formation’ has been previously used to 
describe the formation in the NT (eg Questa 1990, Ambrose 
and Heugh 2010), but this name is inappropriate due to the 
widespread occurrence in drillholes across the NT portion 
of the basin (Ambrose and Heugh 2011, Figure 41.6) of the 
Toolebuc Formation, which de nes the base of the Allaru 
Mudstone in Qld and NSW. The Allaru Mudstone, along 
with the underlying Toolebuc Formation and overlying 
Mackunda Formation, are also equivalent to the upper part 
of the former ‘Tambo Formation’ of Whitehouse (1955) of 
the northern Surat Basin, and the name ‘Tambo Formation’ 
has sometimes also been used for the Allaru Mudstone 
in the NT (eg Beach Petroleum 1979). The name ‘Tambo 
Formation’ was abandoned following a revision by Vine et al 
(1967), which adopted the current Surat Basin nomenclature. 
The Allaru Mudstone conformably overlies the Toolebuc 
Formation or, where it is absent, the Wallumbilla Formation, 
and is conformably overlain by the Mackunda Formation 
(Gray et al 2002). However, Questa (1990) noted that the 
succession between the Toolebuc and Winton formations 
is not easily differentiated into distinct formations in the 
Northern Territory part of the Eromanga Basin, as the 
lithologies of the Oodnadatta Formation/Allaru Mudstone 
and Mackunda Formation are very similar. The boundaries 
between these units are therefore often determined from 
their gamma signatures in wireline logs (Senior et al 1975, 
Ozimic 1986, Gray et al 2002), rather than from a distinctive 
lithological change. The Allaru Mudstone is generally 
200–300 m thick over most of its area of distribution, but it 
reaches a maximum thickness of 350–400 m in a northeast-
trending depocentre, up to 100 km wide, to the north of the 
northern Permian zero edge of the underlying Cooper Basin 
(Gray et al 2002). This depocentre is further to the north 
than that of the underlying Wallumbilla Formation, which 
generally overlies the Permian succession of this basin. 
The Allaru Mudstone is an entirely subsurface unit in the 
NT, where signi cant thicknesses in the range 200–300 m 
have been recorded in a number of drillholes; this includes 
303 m in Poeppels Corner-1 (Arco Australia 1985), 306 m 
in Simpson-1 (Central Petroleum 2009a) and 200 m in 
Blamore-1 (Central Petroleum 2008). 

The Allaru Mudstone consists mostly of blue-grey 
mudstone, in part pyritic, with thin interbeds of calcareous 

siltstone, cone-in-cone limestone and minor very ne-
grained sandstone and concretionary limestone (Moore and 
Pitt 1985, Questa 1990, Gray et al 2002). The correlative 
Oodnadatta Formation in SA was described by Krieg 
et al (1995) as consisting of claystone and siltstone with 
interbeds of ne-grained sandstone, calcareous and 
ferruginous concretions, and cone-in-cone limestone. 
The two formations contain a rich late Early Cretaceous 
fossil assemblage of ammonites, bivalves, dominated by 
Inoceramus and Aucellina, a scleractinian coral, teuthid 
squids, vertebrates, including turtles, sh, dinosaurs, and 
marine and terrestrial reptiles, and microfossils, including 
spore-pollen assemblages, dinocysts- and spinose-acritarch 
assemblages (Moore and Pitt 1985 and references therein, 
Wade 1993, Krieg et al 1995 and references therein, Molnar 
1996, Henderson and Kennedy 2002, Gray et al 2002 and 
references therein, Thulborn and Turner 2003, Kear 2003, 
Jell et al 2011, Molnar 2011). Palyno oras are indicative 
of the APK6 palynostratigraphic zone (of Price et al 1985, 
Filatoff and Price 1988, Price 1997, Figure 41.2), although 
the basal part of unit APK7 may be represented in some 
areas and it is possible that the base of the formation may 
extend into unit APK52 (Gray et al 2002). These zones 
indicate a late Albian– early Cenomanian age for the 
formation. The depositional environment is interpreted to 
have been quiet-water shallow marine from the abundant 
marine fauna, including well preserved whole shells, and 
from the uniform, mudstone-dominated lithology (Gray 
et al 2002).

Manuka Subgroup

Mackunda Formation
The Mackunda Formation (Vine and Day 1965) is widely 
distributed across the central and southern Eromanga 
Basin in Qld, SA and the NT, but is recognised neither 
in the southeastern parts of the basin in NSW, nor 
in the northernmost parts of the basin in Qld. The 
formation conformably overlies the Allaru Mudstone and 
Oodnadatta Formation, and is conformably overlain by 
the Winton Formation (Krieg et al 1995, Gray et al 2002). 
It is distinguished from these units by having a higher 
proportion of sandstone and by its distinctive signature 
in wireline logs, being also further differentiated 
from the Winton Formation by its marine depositional 
environment and lack of coal (Moore and Pitt 1985, 
Gray et al 2002). In southwestern Qld, the formation 
averages 74 to >100 m in thickness, with a maximum 
of 120 to >150 m in areas overlying Permian–Triassic 
rocks of the northern Cooper Basin (Gray et al 2002). 
In the southwestern Eromanga Basin in SA, the average 
thickness of the formation is about 100 m (Moore and 
Pitt 1985). The formation is not well described from 
the NT, where it occurs entirely in the subsurface, and 
it has not been clearly differentiated from underlying 
units in many drillholes. However, it reaches thicknesses 
of 144 m in Simpson-1 (Central Petroleum 2009a) and 
120 m in Blamore-1 (Central Petroleum 2008), where it 
overlies Permian–Triassic rocks of the Pedirka Basin.

In most areas of the basin, the Mackunda Formation 
consists of thinly interbedded labile lithic sandstone, siltstone 
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and mudstone, and lesser mud-clast intraformational 
conglomerate (Moore and Pitt 1985, Gray et al 2002). The 
sandstone is laminated and very ne- to ne-grained, and 
has an argillaceous and calcareous matrix. Carbonaceous 
partings are common. Siltstone and mudstone are 
laminated, calcite-cemented in part, and contain numerous 
plant remains. Fragments of marine shells, including the 
bivalve Inoceramus, and cone-in-cone limestone occur 
throughout the unit, and lode casts, calcite- lled fractures, 
disturbed bedding and minor nodular pyrite have also been 
reported (Gray et al 2002). The formation contains a diverse 
fossil assemblage of bivalves, belemnites, scaphopods, 
gastropods, rare ammonites and vertebrates, including 
common marine turtles, sh, shark teeth, a dinosaur, rare 
pterosaurs and marine reptiles, and microfossils, including 
benthonic foraminifera, and spore-pollen, spinose-acritarch 
and dinocyst assemblages (Bartholomai and Molnar 1981, 
Moore and Pitt 1985 and references therein, Krieg et al 1995 
and references therein, Henderson and Kennedy 2002, Gray 
et al 2002 and references therein, Kear 2003). Occasional 

uviatile/lacustrine algae have also been noted (Dettmann 
and Jones 1985). Spore-pollen assemblages are consistent 
with (Gray et al 2002) the late Albian–early Cenomanian 
APK6 and APK7 palynostratigraphic zones (of Price et al 
1985, Filatoff and Price 1988, Price 1997, Figure 41.2). In 
the NT, the Mackunda Formation appears to be dominated 
by shale with lesser interbedded sandstone, and it is more 
dif cult to distinguish the unit from the underlying Allaru 
Mudstone than it is in other parts of the basin. The succession 
between the Toolebuc and Winton formations occurring in 
drillholes in this region was described by Questa (1990) as 
comprising carbonaceous, pyritic, silty shale with traces of 
fossil fragments and Inoceramus prisms, common siltstone 
beds, minor sandstone, rare argillaceous limestone and 
occasional calcareous stringers. 

The abundance of sandstone and presence of marine 
macrofossils and benthonic foraminifera indicate that 
the Mackunda Formation was probably deposited in 
shallow marine and paralic environments. The presence of 
intraformational mud-clast conglomerate and the paucity of 
planktonic organisms suggest shallowing and restriction of 
the sea (Exon and Senior 1976, Krieg et al 1995, Gray et al 
2002), and very ne to medium-grained sandstones near 
the margins of the basin in SA are interpreted as probable 
shoreface sand bodies (Krieg et al 1995). Alternating 
shoreface sand, subtidal sand and mud, and marine 
mudstone in this part of the basin reveal that several cycles 
of regression and transgression occurred during deposition 
of the unit. These regressive-transgressive cycles are 
superimposed on a general falling trend in sea level at the 
time of deposition, and the formation therefore represents 
a transition from the underlying fully marine succession 
(Oodnadatta Formation/Allaru Mudstone) to the overlying 
freshwater Winton Formation (Krieg et al 1995). 

Winton Formation
The Winton Formation (Whitehouse 1955) forms the upper 
part of the Rolling Downs Group and is the uppermost 
unit of the Eromanga Basin. The formation is widespread 
throughout much of the basin in SA, NT, NSW and Qld, and 
it forms thick sections in two major depocentres (Krieg et al 

1995, Gray et al 2002, Figure 41.7). An elongate northeast-
trending depocentre overlies the Permian–Triassic Cooper 
Basin and extends for about 500 km from northeastern SA 
into Qld. The formation is generally 400–1000 m thick in 
this region and it attains its maximum thickness of about 
1200 m in the centre of the Patchawarra Trough in the 
southwest of this depocentre in SA. A smaller depocentre, 
where the formation is >900 m thick, is in the southern 
Poolowanna Trough in northern SA, just south of the 
NT–Qld border. The formation thins markedly away from 
these principal areas of deposition. In the NT, the Winton 
Formation reaches a maximum thickness of ca 620 m in 
drillholes Poeppels Corner-1 and Thomas-1 (Wiltshire 
1982, Arco Australia 1985), but it thins to the north and 
northwest to be 444 m thick in Simpson-1, 370 m thick in 
Blamore-1 (Central Petroleum 2008, 2009a) and 178 m thick 
in CBM 93-02, near the western margins of the basin. The 
formation is widespread in outcrop and shallow subcrop 
throughout much of southwestern Qld, but mostly occurs 
in the subsurface elsewhere. In the NT, the formation is 
poorly exposed in western SIMPSON DESERT NORTH as 
highly weathered outcrops around dry lakes (Mond 1974), 
and in southwestern MCDILLS (Figure 41.3). The Winton 
Formation is conformable and transitional on the Mackunda 
Formation and the boundary between these lithologically 
similar units is often dif cult to distinguish. However, it 
can usually be picked from wireline logs and the Winton 
Formation can also be distinguished by the presence of 
coal seams, which are absent in the Mackunda Formation 
(Gray et al 2002). In some successions where coal seams 
are lacking and these two formations are therefore more 
dif cult to differentiate, the superseded name Blanchewater 
Formation (Forbes 1966) was used in the past for the 
combined undifferentiated interval (Moore and Pitt 1985). 
The Winton Formation is unconformably overlain by 
Cenozoic sediments, including those of the Lake Eyre Basin 
(see Cenozoic geology and regolith). 

In the Queensland portion of the Eromanga Basin, 
the Winton Formation consists of interbedded sandstone, 
sandy siltstone, siltstone, mudstone and coal with minor 
intraformational conglomerate (Gray et al 2002). The well 
sorted, very ne- to ne-grained labile lithic sandstone is 
laminated to thinly bedded and has an argillaceous, partly 
calcareous matrix. It contains common plant fragments, 

nely disseminated carbonaceous material and coali ed 
wood fragments. Finer lithologies are carbonaceous and 
contain interlaminated coaly material and rootlets. Coal is 
generally interbedded with carbonaceous mudstone. In the 
central and southern portions of the basin in SA and the 
NT, the formation is apparently ner grained and consists 
of claystone, siltstone and mudstone, with interbedded very 

ne- to ne- to occasionally medium-grained sandstone and 
minor coal seams (Moore and Pitt 1985, Questa 1990, Krieg 
et al 1995). Plant fragments and fossil wood are present 
within the succession. Finer lithologies were described 
as being massive in the NT (Questa 1990) and laminated 
to medium bedded in SA (Krieg et al 1995). Sandstone is 
quartzic and lithic, with a silica and calcite cement (Questa 
1990), and has varying amounts of carbonaceous material 
and clay intraclasts. It contains a signi cant proportion 
of feldspar and ferromagnesian minerals, indicating 
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derivation from a volcanic source. Sedimentary structures 
listed by Krieg et al (1995) include small-scale (ripple) 
cross-beds, lamination, penecontemporaneous slump 
structures, microfaults and bioturbation. The Winton 
Formation contains an abundant micro- and macro ora 
(Gray et al 2002 and references therein, Dettmann et al 
2009 and references therein, McLoughlin et al 2010), 
and a macrofauna that includes freshwater bivalves, sh, 
lung sh, reptiles, insects, dinosaurs and dinosaur ichnites 
(Moore and Pitt 1985 and references therein, Krieg et al 
1995 and references therein, Coombs and Molnar 1981, 
Dettmann et al 1992, Hocknull 1997, Kemp 1997, Jell 2004, 
Hocknull et al 2009, Salisbury et al 2007, Romilio and 
Salisbury 2011, Molnar 2011). Palyno oras are indicative 
(Gray et al 2002) of the late Albian–early Cenomanian 
APK6 and APK7 palynostratigraphic zones (of Price et al 
1985, Filatoff and Price 1988, Price 1997, Figure 41.2). 
The fossil assemblages indicate a mostly low-energy, non-
marine setting for the bulk of the Winton Formation, and 
the various rock types, including coal, and sedimentary 
structures indicate an environment of deposition ranging 
from uviatile to paludal to lacustrine (Moore and Pitt 
1985, Gray et al 2002). Towards the base of the formation, 
a more heterogeneous environment of deposition has been 
interpreted, ranging from paralic, estuarine and deltaic to 

uviatile (Questa 1990, Fielding 1992).

STRUCTURE AND TECTONIC HISTORY

The structural fabric of the Eromanga Basin was largely 
inherited from pre-existing terranes and the basin has an 
overall broad synclinal structure that mirrors the underlying 
Permian–Triassic basins. The overall structural grain trends 
north-northeast, although some signi cant northwesterly 
structures are also present throughout the basin (Krieg 
et al 1995, Gray et al 2002). In the central and western 
Eromanga Basin, the main depocentres broadly coincide 
with underlying Triassic depocentres of the Pedirka and 
Cooper basins (Figure 41.7), which in the NT, are separated 
or segmented by a number of northeast- to north-trending, 
anticlinal basement ridges (trends), including the prominent 
Birdsville Track Ridge between the Cooper and Pedirka 
basins. These and other basement features are shown in 

 and are described in more detail 
in that chapter. The principal depocentre in the NT, which 
extends into northernmost SA, is the Poolowanna Trough 
(Figure 41.4); it accumulated a thick Early Jurassic to early 
Late Cretaceous succession. A regional basin tilt to the 
southeast was maintained during deposition of Eromanga 
Basin strata (Ambrose et al 2002).

Models to explain the origin and subsidence history 
of the Eromanga and Surat basins were summarised in 
Krieg et al (1995) and Waschbusch et al (2009). Both 
basins formed on a generally stable craton and were 
generally uviatile in nature until the Early Cretaceous. 
Middleton (1980) considered that the initial subsidence 
and subsequent development of the Eromanga Basin 
resulted from deep crustal metamorphism, followed by 
increased subsidence in the mid-Cretaceous due to thermal 
contraction of the lithosphere. Initial subsidence may have 
been accompanied by igneous underplating and coeval 

compression ( hou 1993). Gallagher and Lambeck (1989) 
suggested that subsidence was driven by thermal decay 
of the lithosphere and that an increase in the subsidence 
rate in the Early Cretaceous was due to sediment in ux 
greater than that predicted to ll the accommodation 
space produced by thermal decay. This sediment in ux 
was largely volcanigenic and has been related to increased 
volcanic activity associated with the development of a 
contemporaneous volcanic arc (Whitsunday Volcanic 
Province) to the east of the present-day Qld coastline 
(Veevers 1984, Moore et al 1986, Bryan et al 1997, Korsch 
et al 1998). The easternmost parts of Australia experienced 
continental extension in a backarc setting from this 
time until the Late Cretaceous, when sea oor spreading 
commenced in the southern Tasman Sea. Waschbusch et al 
(2009) proposed that tectonic subsidence in the Eromanga 
and Surat basins had at least three components: (1) sea-level 
changes; (2) long-wavelength tilting due to subduction-
related corner- ow in the mantle (as per Mitrovica et al 
1989); and (3) ‘intracratonic’ subsidence, possibly due to 
mantle downwelling, or avalanche, events (as per Pysklywec 
and Mitrovica 1997), which is a more passive mechanism 
that occurs when a continent passes over sinking detached 
lithospheric slabs in the mantle (Russell and Gurnis 1994), 
or the dynamic topography of a mantle plume is removed. In 
the western Eromanga Basin in the NT and SA, Waschbusch 
et al (2009) suggested that intracratonic subsidence might be 
due to remnant thermal subsidence over the Cooper Basin, 
or to a mantle-downwelling event beneath the continental 
interior, or possibly to the removal of a mantle plume. In 
the Late Cretaceous, subsidence ceased in the Surat and 
Eromanga basins as a result of tectonic-plate realignment 
and cessation of subduction, or a jump in the subduction 
zone well to the east of Australia (Waschbusch et al 2009). 
Rebound of the lithosphere after the cessation of subduction 
resulted in both basins becoming inverted, with subsequent 
denudation of about 1–2 km (Raza et al 2009). 

Questa (1990) noted that the inception and subsequent 
growth of structural features in the western Eromanga 
Basin have been in response to plate-margin behaviour, 
but because of the large distances from plate margins, the 
transmitted stresses were relatively weak. Post-Triassic 
deformation, except for that of the Cenozoic, has therefore 
been relatively small scale. Most structures in the region 
are related to episodes of basement fault reactivation in 
the Late Cretaceous and Cenozoic (Carne and Alexander 
1997, Gray et al 2002, Ambrose and Heugh 2010), although 
some new features were also formed at these times. Several 
signi cant episodes of Cenozoic structuring were the 
result of east–west compressional tectonism in response to 
the rotational stress applied to the Australian Plate by its 
oblique convergence with the Paci c Plate (Questa 1990). 
This included Oligocene uplift and folding, post-Miocene 
tilting and folding, and further structural rejuvenation 
during the Pleistocene to Recent (Ambrose et al 2002).

MINERAL RESOURCES

The few known mineral occurrences in the NT portion 
of the Eromanga Basin are shown in Figure 41.3. The 
mineral prospectivity of this part of the basin is yet to 
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be assessed in any detail. The basin has attracted some 
exploration interest for its sandstone-hosted uranium 
potential, particularly in SA, although no systematic 
exploration for uranium has been undertaken in the NT 
portion of the basin. Ochre was mined at the Rumbalara 
Ochre Mine in northeastern FINKE in the mid-1900s 
and minor coal, manganese and opal occurrences have 
also been recorded. The petroleum potential of the basin 
is better studied and the southwestern part of the basin 
in southwestern Qld and northeastern SA, along with the 
underlying Cooper Basin, forms the best known and most 
signi cant onshore petroleum province in Australia. The 
Eromanga Basin is predominantly oil bearing with minor 
gas, whereas the Cooper Basin is mostly gas prone with 
a substantial light liquid component (Gray and Draper 
2002).

Ochre

Yellow ochre was mined for use as a paint pigment between 
1939 and 1951 at the Rumbalara Ochre Mine (includes 
the Yellow Queen and Yellow King mines) near Mount De 
Souza in northeastern FINKE on the western margins of 
the Eromanga Basin (Sullivan and Öpik 1951, Figures 41.3, 
41.8). The ochre forms a tabular stratiform ore body at the 
base of the ‘Rumbalara Shale’ (Bulldog Shale/Wallumbilla 
Formation), which unconformably overlies the ‘De Souza 
Sandstone’ (Algebuckina Sandstone). Ochre deposits are 
exposed on the anks of isolated mesas and chains of 
mesas of ‘Rumbalara Shale’ that are capped by Cenozoic 
silcrete. At the Rumbalara mines, the ochre forms a tabular 
stratiform bed from ca 0.5 to 1.2 m thick (average 0.75 m) 
that contains pebbles and boulders of sandstone similar to the 
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underlying Algebuckina Sandstone. It is underlain by a thin 
(30–45 cm-thick) layer of limonite and is overlain by a much 
thicker (ca 11.5 m-thick) layer of soft white kaolinitic rock, 
apparently formed by leaching, that contains hard bands of 
porcellanite and poorly preserved pelecypods and radiolaria. 
Sullivan and Öpik (1951) considered the ochre to have been 
formed as a sedimentary iron ore, probably as a bacterial 
sediment. High-quality ochre is porous, bright golden-
yellow and consists of 45–55  Fe2O3, kaolin and minor 
amounts of quartz and muscovite. Total recorded production 
from the Rumbalara mines was 7875 tons (ca 8000 t) and 
Sullivan and Öpik estimated possible remaining reserves 
to be 25 000–30 000 tons (ca 25 400–30 500 t) if the ochre 
layer maintains its thickness through the mesa hosting the 
mines. A chain of ochre-bearing mesas extends for over 
30 km in the Rumbalara area, suggesting that total reserves 
could be considerably greater, but the quality of the ochre in 
these other deposits is not known.

Coal

Minor thin uneconomic coal seams have been reported from 
the Jurassic Poolowanna and Cretaceous Winton formations 
in the western and southwestern parts of the basin (Moore 
and Pitt 1985, Questa 1990, Krieg et al 1995, Ambrose et al 
2007, Ambrose and Heugh 2010). Poolowanna Formation 
coal seams are rarely more than 0.5 m thick and are often 
discontinuous. The coal is black, dull and shaly (Questa 
1990). Winton Formation coal is poorly described in the NT 
portion of the basin, but was described by Gray et al (2002) 
as being brown to black and interbedded with carbonaceous 
mudstone in the central and northern parts of the basin in 
Qld. Thin coal seams are more common in the lower part of 
the formation in these areas. 

Manganese

A zone of manganese enrichment occurs within the 
Algebuckina Sandstone at Umbeara in southwestern FINKE 
(Edgoose et al 2002, Figure 41.3). It forms a brecciated 
vein, 800 m long and 100 m wide, that has a pyrolusite 
cement. There is no de nitive evidence to indicate whether 
this occurrence is due to surface enrichment, but it seems 
most likely to be secondary, perhaps a fault in lling.

Opal

An area in the vicinity of and to the north of Mount 
Etingambra in southern McDILLS (Figure 41.3) was brie y 
prospected for opal in the early 1990s (Ward 1992a, b), after 
precious opal was rumoured to have been recovered from a 
borrow pit in the area. Samples of Cretaceous ‘Rumbalara 
Shale’ (Bulldog Shale/Wallumbilla Formation), described 
by Ward (1992a, b) as consisting of deeply weathered 
labile sandstone and claystone, were considered to be 
similar to lithologies encountered in opal-bearing areas of 
Queensland and New South Wales. Samples of ironstone 
also found in the area resembled the “Ironstone Boulders of 
southwest Queensland”. These contained ‘patch’ opal, but 
no traces of precious or noble opal. Ward considered the 
area to be “quite favourable for the occurrence of ‘Boulder’ 

or ‘Sandstone’ precious opal deposits”, but no further 
exploration was undertaken.

Petroleum

Stacked basins in the southeastern corner of the NT and 
adjacent areas are prospective for both conventional and 
unconventional petroleum at a number of stratigraphic 
levels. Possible plays in this region are associated with 
fractured basement rocks (Central Petroleum 2011b), early 
and mid Palaeozoic rocks of the Warburton Basin, Permian 
and Triassic rocks of the Pedirka Basin, and Mesozoic rocks 
of the Eromanga Basin. These basins have structures and 
depocentres in common and petroleum systems are not 
necessarily con ned to any one basin succession. 

The Eromanga Basin contains elements of the Murta 
petroleum supersystem of Bradshaw (1993) and Draper 
(2000) and is a signi cant oil/gas producer in both Qld and 
SA. Hydrocarbons reservoired in the basin have also been 
derived from source rocks associated with the underlying 
Permian–Triassic Gondwanan supersystem. 

The petroleum prospectivity of the Eromanga Basin 
has been discussed in numerous publications, the more 
signi cant of which include Moore (1986a, b), Pitt 1986, 
Questa (1990), Alexander et al (1996), Michaelsen and 
McKirdy (1996a, b), Carne and Alexander (1997), Gray and 
Draper (2002), Ambrose et al (2002, 2007), Cotton et al 
(2006), Ambrose (2006), Central Petroleum (2009b), Radke 
(2009) and Ambrose and Heugh (2010, 2011). 

Conventional petroleum

The NT potion of the Eromanga Basin has only been sparsely 
explored for conventional petroleum, although there is good 
potential for commercial accumulations. The succession 
has been penetrated by 18 drillholes (Figure 41.5) and 
there is about 3500 line km of modern seismic data over a 
relatively large prospective area of 70 000 km2 (Ambrose 
et al 2002). So far, only non-commercial conventional 
hydrocarbon accumulations have been found in this area, 
in basal Jurassic sandstones of the basin. Of particular 
signi cance is a breached oil pool in a subtle Jurassic 
structure probably formed by drape and compaction that 
was intersected in drillhole Poolowanna-1 in SA, and the 
presence of residual oil columns in drillholes Colson-1 and 
Blamore-1 (Ambrose et al 2002, 2007, Ambrose and Heugh 
2010). These are indicative of hydrocarbon migration to 
pre-Cenozoic structures in the region.

Source rocks
Source rocks of the western Eromanga Basin have been 
discussed in a number of publications including Moore 
(1986), Questa (1990), Carne and Alexander (1997), Ambrose 
et al (2002, 2007), Radke (2009) and Ambrose and Heugh 
(2011). The two best source rocks in this part of the basin are 
the Poolowanna and Toolebuc formations. The Poolowanna 
Formation has con rmed oil source rocks, particularly 
exinite-rich (sporinite, cutinite) shaly coal facies near the 
top of cycle 1 and to a lesser extent, cycle 2 (Ambrose 
et al 2007). TOCs are up to 15  and re ect common coal 
seams and abundant dispersed organic matter present 
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in intraformational shale (Ambrose et al 2002). Questa 
(1990) noted that Mid-Poolowanna Formation sandstone 
in Poolowanna-1 was oil saturated, the source most likely 
being intraformational coal and dispersed organic matter 
in ne-grained clastic rocks. The Toolebuc Formation is a 
rich oil/gas source rock that in the western Eromanga Basin 
sometimes has minor, probably biogenic gas shows, with a 
minor component of heavy hydrocarbon molecules. In the 
eastern Eromanga Basin, TOCs in the range 9–20  have 
been recorded from this formation (Ambrose and Heugh 
2011) and the unit has been described as an oil shale in the 
northern basin (Gray and Draper 2002). However, Boreham 
and Powell (1987) indicated that in a general sense, the unit 
probably should be regarded as an immature petroleum 
source rock.

Other Eromanga Basin rocks have subordinate source-
rock potential, as discussed in Questa (1990). Although 
it is predominantly a coarse-grained interval, Questa 
considered the Algebuckina Sandstone to have signi cant 
source potential. Total Organic Carbon (TOC) values as 
high as 10  have been reported from samples of the unit, 
with vitrinite the dominant maceral and exinite comprising 
up to 30  of organic content. The Wallumbilla Formation/
Bulldog Shale interval was not considered by Questa to be 
a signi cant hydrocarbon source in the western Eromanga 
Basin, but elsewhere in the basin, the formation has fair to 
occasionally excellent source intervals with mixed marine 
and terrigenous exinitic and vitrinitic organic matter 
(Kantsler et al 1986). Similarly, the Cadna-owie Formation 
was assessed by Questa as having some source potential for 
both oil and gas, with a locally high exinite content (eg up 
to 35  of organic content in Colson-1). Ambrose and Heugh 
(2010) reported that thin silty shale of the basal Cadna-owie 
Formation (commonly referred to by petroleum geologists 
as ‘Murta Member’) may be the source rock for residual 
oil recorded in the underlying Algebuckina Sandstone. 
However, Questa (1990) commented that the Cadna-owie 
Formation generally appears to contain predominantly 
poor-quality, gas-prone type III (vitrinite) kerogen. Low 
Hydrogen Indices suggest the presence of inertinite-rich 
and/or oxidised organic matter.

See Pedirka Basin for a brief discussion of underlying, 
fair to good Permian–Triassic source rocks (Purni 
Formation, Peera Peera Formation) that might have supplied 
hydrocarbons to reservoirs in the western Eromanga Basin 
succession.

Reservoirs and seals
Potential reservoirs in the Eromanga Basin are mainly 
in the lower part of the succession below thick Early 
Cretaceous marine strata, which constitute a widespread 
regional seal, commencing with the Wallumbilla 
Formation. The Eromanga Basin typically has vertically 
stacked hydrocarbon pools, and about 50  of the known 

elds in Qld and SA contain more than one pool (Gray and 
Draper 2002). This indicates that seals in the lower half of 
the succession are not wholly effective due to limited areal 
extent and variations in thickness and shale mineralogy 
(Carne and Alexander 1997). In the western part of the 
basin in the NT, where the succession overlies the Pedirka 
Basin, the best potential reservoir/seal couplets occur in: 

(a) the Poolowanna Formation, where lacustrine shale at 
the top of cycle 1 might form a regional seal to underlying 
braided uviatile sandstone reservoirs; (b) the Algebuckina 
Sandstone, where reservoirs in the uppermost sandstone 
units might be sealed by thin silty shale of the basal 
Cadna-owie Formation (‘Murta Member’); and (c) Cadna-
owie Formation shoreline sandstone reservoirs sealed by 
ubiquitous shale of the Wallumbilla Formation (Ambrose 
and Heugh 2010); these shoreline sandstone reservoirs form 
more signi cant regional targets where the basal Cadna-
owie Formation shale is thin or absent. Ambrose and Heugh 
noted that all three seals have regional extent in the western 
Eromanga Basin and that the latter two reservoir/seal 
con gurations are common to both the Pedirka Basin and 
Cooper Basin areas. 

The Poolowanna Formation contains the deepest 
reservoir units in the Eromanga Basin succession, up to 
2226 m in the Poolowanna Trough. Porosity averages 
13 , with deeper samples showing the lowest average 
porosities due to the formation of quartz overgrowths, 
whereas permeability is in the range 0.001–3674 md (Carne 
and Alexander 1997). The Algebuckina Sandstone has 
good to excellent porosity and permeability, and forms 
a major artesian aquifer (Krieg 1985). In Blamore-1, 
the Algebuckina Sandstone contained a 15 m residual 
oil column beneath a basal Cadna-owie Formation seal 
(Ambrose and Heugh 2010). The Cadna-owie Formation 
forms the uppermost potential reservoir in the basin, below 
the regional seal of the Early Cretaceous marine succession. 
Carne and Alexander (1997) commented that the formation 
is generally poorly permeable in SA and not considered 
to be a potential reservoir unit, but Questa (1990) and 
Ambrose and Heugh (2010) noted that excellent porosities 
and permeabilities are present within the uppermost part of 
the unit in the NT. 

Thermal maturity
Based on vitrinite re ectance values and spore colouration 
(Thermal Alteration Indices), Questa (1990) reported that 
Middle–Late Jurassic and Cretaceous successions of the 
western Eromanga Basin in the NT are predominantly 
immature to marginally mature for effective oil generation 
and expulsion (Ro <0.7 ). However, the Early Jurassic 
Poolowanna Formation has reached the main oil generative 
window, with a peak maturity of 0.9  Ro in the Poolowanna 
Trough. Elsewhere in the region, the Poolowanna Formation 
is marginally mature (Michaelsen and McKirdy, 1996a, b). 
The Toolebuc Formation is not known to be thermally 
mature for oil/gas generation anywhere in the NT and 
hence sparse weak gas shows reported from the formation 
are probably biogenic in origin (Ambrose and Heugh 2011). 

The thermal maturity of underlying Permian–Triassic 
source rocks that may have supplied hydrocarbons to 
Eromanga Basin reservoirs in the NT is discussed in 
Pedirka Basin. 

Prospectivity
The stacked Warburton, Pedirka and Eromanga basins 
in the southeastern NT have an abundance of organically 
rich source rocks, porous and permeable reservoirs with 
effective vertical seals at a number of levels, and closed 
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anticlinal structures. Late Palaeozoic Pedirka Basin and 
Mesozoic Eromanga Basin rocks remain the primary 
exploration targets. At least one unnamed petroleum system 
is present in the Eromanga Basin, which incorporates rocks 
of the Early Jurassic Poolowanna Formation, and there are a 
number of possible reservoir/seal con gurations. 

Most exploration activity in the Eromanga Basin has 
targeted strata overlying the Cooper Basin, on the basis that 
Eromanga reservoirs may have been charged as a result of 
vertical migration from Permian source rocks (Heath et al 
1989). However, Michaelsen and McKirdy (1989, 1996a, b) 
concluded that there has been little appreciable migration 
from Permian source rocks into Eromanga Basin reservoirs 
in the southern Cooper Basin region and that many of the 
oils reservoired in the Eromanga Basin in that area were 
generated in situ. Long-distance lateral migration towards 
the basin margin has also been proposed in the southwestern 
Eromanga Basin in SA (McKirdy and Willink 1988), but 
in the western portion of the basin in the NT, relatively 
short migration pathways are more likely in the absence 
of gas displacement of early-reservoired oil (Ambrose and 
Heugh 2010, Figure 41.9). Most hydrocarbon generation 
is believed to have occurred as a result of sediment loading 
by the Winton Formation, either at the time of deposition 
of this unit in the Late Cretaceous (Ambrose and Heugh 
2010), or afterwards in the Cenozoic (Questa 1990). In 
both cases, pre-Cenozoic structural and stratigraphic 
traps in the basin might have been effective trapping 
mechanisms prior to any signi cant oil migration, and 
structures that formed during the Cenozoic are therefore 
less favourable prospects (Carne and Alexander 1997, 
Ambrose and Heugh 2010). It is also possible that some oil 
may have been generated in major depocentres during the 

Early Cretaceous or earlier times from the Permian Purni 
Formation and older source rocks (Questa 1990, Ambrose 
and Heugh 2010, see Pedirka Basin). 

Figure 41.9 shows the known distribution of Jurassic 
prospects and leads and Poolowanna Formation source 
kitchens in the Eromanga Basin in the NT. Possible traps 
include numerous four-way dip closures, combination 
structural-stratigraphic plays on the anks of reactivated 
basement highs involving onlap of sandstone reservoirs, 
hangingwall fault plays, eg on the southern, fault-bounded 
margin of the Hale River High, and pinchout plays towards 
the basin margins (Ambrose et al 2002, Ambrose and 
Heugh 2010). Many of the more signi cant prospects and 
leads mirror those of the underlying Pedirka Basin and 
these and are discussed in that chapter. 

The major risk for the preservation of early-formed oil 
pools is the breaching of traps by the reactivation of faults 
in the Cenozoic. Oil-bearing structures may survive mild 
reactivation, but those displaying catastrophic Cenozoic 
faulting are largely non-prospective (Ambrose and Heugh 
2010).

Unconventional petroleum

Ambrose and Heugh (2011) reported on the unconventional 
potential of Mesozoic rocks in the western Eromanga 
Basin. The two most prospective intervals are the Toolebuc 
Formation and overlying basal Allaru Mudstone (referred to 
as Oodnadatta Formation by Ambrose and Heugh). Boreham 
and Powell (1987) indicated that the Toolebuc Formation 
should generally be regarded as an immature petroleum 
source rock, but the unit is considered to be an oil shale in 
the northeastern part of the basin in Qld, with “excellent 
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potential” to generate hydrocarbon liquids and a source rock 
component that has generated gas (Exoma Energy Ltd, ASX 
Announcement 27 February 2012). Exoma is investigating 
the unconventional petroleum potential of the formation 
in this part of the basin, with an exploration program that 
may include laboratory studies, lateral drilling and staged 
fracture stimulation. In the western part of the basin in the 
NT, the Toolebuc Formation has yielded probably biogenic 
gas and is also prospective for unconventional petroleum 
(Ambrose and Heugh 2011), although it has yet to be 
investigated in detail. The overlying basal Allaru Mudstone 
contains a 40 m-thick gross interval of tight, very ne- to 

ne-grained glauconitic sandstone that appear to be gas 
charged, probably from underlying Toolebuc Formation 
source rocks. This gas play appears to be structural formed 
in a four-way dip closure with thick shale providing vertical 
seal and also has untested unconventional petroleum 
potential (Ambrose and Heugh 2011).
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Chapter 42: CENOZOIC GEOLOGY AND REGOLITH CJ Edgoose and M Ahmad

Current as of March 2013

INTRODUCTION

The Cenozoic geology of the NT has received little attention 
and its geological characteristics are comparatively poorly 
documented. Most studies are related to groundwater 
investigations (eg Woolley 1965a, b, 1966, Morton 1965, 
O’Sullivan 1973, Jacobson et al 1989, McDonald et al 
1988a, b, Harrington et al 2001, NT Government 2002), 
or geomorphology and landscape history (eg Hays 1967, 
Mabbutt 1962, 1967, Senior et al (1994, 1995), Magee 
(2009), Nott (1994, 1995, 2005). The distribution of sur cial 
deposits of Cenozoic age are shown on the 1:250 000- and 
1:100 000-scale surface geology maps of the Northern 
Territory, as well as on broader-scale thematic maps such as 
the 1:2.5M-scale Cenozoic geological map of the Northern 
Territory (BMR 1975), and a 1:5M-scale Regolith-landform 
map of Australia (1984). More recently, NTGS and the 
Cooperative Research Centre for Landscape Environments 
and Mineral Exploration (CRC-LEME) completed a 
1:2.5M-scale regolith map (Craig 2006) and an atlas of the 
regolith materials of the Northern Territory (Robertson 
et al 2006).

Langford et al (1995) divided the Cenozoic of onshore 
Australia into eight time slices:

1. Paleocene–Early Eocene (66.4–52 Ma). This time 
slice represents a period of mechanical erosion over 
much of the Australian continent. In central Australia, 
eroded sediments accumulated in parts of wider valleys 
traversing this region (eg Lake Amadeus). Climate was 
generally wet and warm over much of the Australian 
continent. Pollen evidence from Lake Eyre indicates 
that central Australia was covered by rainforest during 
the Paleocene (Langford et al 1995). 

2. Middle–late Eocene (52–36.6 Ma). This time slice 
witnessed widespread deposition of uvial siltstone, 
mudstone and sandstone in central Australian 
basins. Lignite-bearing sediments also occur locally. 
Temperatures were cooler and much of central Australia 
was covered by rainforests. 

3. Early Oligocene (36.6–30 Ma). This is essentially 
a period of non-deposition and erosion. In central 
Australian basins, silcrete and ferricrete are commonly 
recorded at this stratigraphic level. The time slice 
corresponds to a period of marked cooling and in 
general, an overall drier climate in central Australia. 

4. Late Oligocene–middle Miocene (30–10.4 Ma). This 
time slice is represented by uvial and lacustrine 
deposits, comprising coarse clastic sediments grading 
up into green-grey siltstone and chalcedonic limestone. 
The climate was warm and temperate, with periods of 
humidity and high rainfall. 

5. Late Miocene (10.4–5.3 Ma). As for time slice 3, the 
late Miocene represents a period of non-deposition and 
the redistribution of ferricrete derived from a deeply 
weathered pro le. Movement along some faults resulted 
in the deposition of fanglomerates. The climate was 

cool and there was a widespread aridity over much of 
Australia that resulted in the development of silcrete and 
ferricrete. 

6. Pliocene (5.3–1.6 Ma). This represents a period of mostly 
mechanical erosion and the formation of calcrete. The 
climate was dry and arid over much of the Australian 
continent. 

7. Pleistocene (1.6 Ma–10 000 yr BP). At this time, 
silici ed calcrete formed along Cenozoic palaeodrainage 
channels and gypsum was precipitated in playa lakes. 
Thermoluminescence (TL) dating of gypsum dunes from 
Lake Amadeus and Lake Lewis indicates two episodes 
of formation at 70 000 80 000 and 33 000 46000 yr BP 
(Chen et al 1995). The climate was dry, similar to the 
conditions prevailing at the present-day.

8. Holocene (10 000 yr BP–present). Gypsum and halite 
continued to be precipitated in playa lakes.

The spatial distribution of sediments deposited during 
these time slices in the NT is shown in Figure 42.1. The 
tectonic and palaeogeographic setting for the Cenozoic 
sedimentary successions in the southern NT is shown in 
Table 42.1.

The Cenozoic of the NT is well endowed with mineral 
deposits of bauxite, lignite, gypsum, HMS, alluvial/elluvial 
concentration of gold, tin and tantalum, and uranium.

For the purpose of this discussion, the Cenozoic geology 
of the NT, including sedimentary and erosional processes, 
and formation of the regolith, is subdivided into the 
following four broad groups:

Palaeogene–Neogene basin and palaeovalley deposits. 
These include thick successions of sediments deposited 
in elongate intermontane basins, or in buried to shallow 
subsurface palaeovalleys.
Cenozoic deposits not associated with recognised 
basins.
Regolith.
Land surfaces.

Most studies of Cenozoic geology in the NT have focused 
on southern areas, in particular where drilling and other 
work has been related to groundwater investigations. As a 
consequence, this chapter carries a similar bias.

PALAEOGENE–NEOGENE BASIN AND 
PALAEOVALLEY DEPOSITS OF SOUTHERN AND 
CENTRAL NT

The spatial distribution of the Palaeogene–Neogene basins 
and palaeovalleys in the southern to central NT is shown in 
Figure 42.2. The basins within and around the main central 
ranges of central Australia, which largely coincide with the 
southeastern part of the Arunta Region, appear to have a 
largely tectonic origin, and basins in the northern part of 
the Arunta Region and in the Tanami area are more distal 
from these movements and largely represent palaeovalley 
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Cenozoic time slice 4
late Oligocene to middle Miocene interpretation
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Table 42.1. Tentative interpretation of tectonic and palaeogeographic setting of Cenozoic sedimentary successions in southern NT (slightly 
modi ed from Senior et al 1994). Sea oor spreading patterns for Australia for selected Cenozoic time slices are shown in Geological 

.

Period Age 
(Ma) 
base

Plate-wide 
tectonism

Central Australian 
tectonism

Plate-wide palaeo- 
geography

Suggested central 
Australian depositional 
environment

Tentative central 
Australian climate

Holocene 0.01 Craton stable Stable. Present-day 
conditions

Present-day drainage and 
deposition

Present-day dry 
conditions

Pleistocene–
latest Pliocene 

2 Craton stable Stable Waxing and waning 
of ice caps

Sand plains, minor dune 
elds

Dry sporadic pluvial 
period

late Pliocene 3 Localised uplift, 
?compressional 
tectonism

Upward doming of 
ranges, drainage 
reversal of Sandover 
River

Rejuvenation of 
drainage

Oxidised soil 
development, sheet sand

Wetter conditions, 
followed by 
increasing aridity

early Pliocene–
late Miocene

3–20 Craton stable Switch in sites of 
sedimentation

Lowering of sea level 
and expansion of 
ice cap

Restricted drainage, lakes, 
including salt lakes

Moderate 
temperatures, 
seasonal rain

early Miocene 
to Oligocene

20–35 Beginning of north 
Australian collision

Widespread uplift Sea level rise at 
20 Ma after episode 
of widespread 
weathering

Widespread hiatus ?Drier

late Eocene 35–45 Plate rearrangement. 
Inversion and 
wrenching of early 
structures at plate 
margins. Uplift of 
parts of continent

Reduced rates of 
subsidence, break 
in sedimentation in 
Claraville Sub-basin 
(eastern Hale Basin)

Beginning of 
expansion of 
Antarctic ice cap and 
sea level fall

End of widespread deep 
weathering, especially 
east of ranges

Uncertain.

late to mid-
Eocene

45 Paci c plate 
rearrangement

Limited upward 
doming of ranges, 
minor tilting east of 
ranges

Humid temperate 
climate over much of 
continent

River sediments, sheet 
outwash, coalescing 
piedmonts

Warm, moist

mid-Eocene 50 Start of rapid 
spreading away 
from Antarctica, 
end of Tasman Sea 
spreading, start of 
spreading Coral 
Sea, subsidence in 
Murray Basin and 
in Eromanga Basin 
after break

Renewed localised 
subsidence after 
local break

Moist, increased 
circulation of 
warmer seas, 
presence of lakes, 
peat swamps and 
forest

Localised lakes and peat 
swamps, forest on slopes

Warm, moist, 
possibly with dry 
phases

early Eocene–
Paleocene

55–65 Continued spreading 
between Australia 
and Antarctica, 
subsidence in 
Eromanga Basin

Narrow intermontane 
basins, rapid local 
subsidence

Main present-
day river systems 
established, major 
disturbance of ocean 
currents, negligible 
ice cap

Coarse river deposits, 
forest and peat swamps 
very locally

Warm, moist, 
possibly with some 
dry episodes

earliest (?) 
Paleocene–
Late 
Cretaceous

70–90 Start of Tasman 
Sea rifting, and 
continued spreading 
between Australia 
and Antarctica

Broad uplift over 
much of continent, 
more marked in 
eastern highlands

Subaerial erosion of 
much of Australia 
and Antarctica

Widespread deep 
weathering (age 
uncertain)

Warm, moist, 
possibly seasonal 
rain

systems created by uvial erosion. In the southeast of the 
NT is the northwestern portion of the Lake Eyre Basin 
(Callen et al 1995), a very large closed drainage basin that 
covers an extensive area of inland Australia.

The basins of central Australia with a tectonic origin 
occur in a basin-and-range setting with a relief of alternating 
strike ridges and broad, at valleys (Senior et al 1994, 
1995). Figure 42.3 is a diagrammatic north–south cross-
section from Todd River to the Ti-Tree Basin, and shows 
the inter-relationship between Cenozoic geological units 
and the landscape. Subsidence north of a major regional 
fault system probably initiated development of these 
basins (Woodgate et al 2012). Signi cant accommodation 

space was created and large lake systems formed in the 
topographically depressed areas near the active fault zone, 
resulting in the deposition of extensive uvial and lacustrine 
sediments. In places, these basins accumulated sediments 
nearly 500 m thick, eg, in the central Mount Wedge Basin 
(Woodgate et al 2012). As the basins subsided and were 
gradually in lled, the overall thicknesses of the sediment 
packages increased near to the sediment source area, and 
the main depocentres shifted northwards. This led to the 
accumulation of alluvial fan and uvial plain sediments 
above the lacustrine successions. Increasing aridity in the 
late Pliocene and Quaternary has resulted in groundwater 
processes becoming increasingly important in shaping 
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the geomorphology of the basins, resulting, for example, 
in the development of extensive playas in some instances. 
Strong weathering and oxidation during this time has also 
overprinted the in ll sediments and destroyed much of the 
primary sedimentary fabric and structure, making facies 
analysis very dif cult. Macphail (1997) suggested that 
the tectonic development of Palaeogene–Neogene basins 

overlying the Arunta Region probably occurred during 
the Palaeocene or earliest Eocene. Apart from isolated 
Late Cretaceous deposition, these basins consistently 
contain sediments of early Eocene, middle to late Eocene 
and Oligocene–Miocene age. The youngest organic facies 
reported by Macphail (1997) are late Pliocene lignite beds 
not associated with a recognised basin (HENBURY).
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The palaeovalleys of the northern Arunta and Tanami 
regions were initially incised into the basement rock units 
by ancient rivers which most likely developed during the 
late Mesozoic (Woodgate et al 2012). The palaeovalleys are 
much shallower than the structural basins (Woodgate et al 
2012). For example, in the Arunta Region, the Kintore and 
Wilkinkarra valleys have a maximum sediment thickness of 
130 m and an average thickness of 55 m, and in the Tanami 
Region, the maximum thickness is about 90 m. They also 
formed relatively broad valley features; for example, the 
Wilkinkarra Palaeovalley is at least 20 km wide. Similar 
to the deep basins, in ll sediments have been strongly 
overprinted by weathering that obscures the original fabric 
and nature of the sediments.

Central Australian basins (Figure 42.2) received 
the bulk of their sediments during time slices 2, and 4 
(Figure 42.1), and this timing was also recognised by Senior 
et al (1994, 1995). Other time slices essentially represent 
periods of non-deposition and the formation of silcrete 
and ferricrete, and gypsum in playa lakes. Sedimentation 
during time slice 2 partly lled narrow depressions within 
mountain ranges in the region. These deposits are included 
in the Hale, Burt, Mount Wedge and Whitcherry basins. 
Deposition during time slice 4 was in palaeodrainage 
depressions on the northern and eastern anks of these 
uplands, and includes sediments of the Aremra, Bundey, 
Ti-Tree, Willowra, Ngalabaldjiri and Yaloogarrie basins 
(Senior et al 1994, 1995), and other palaeovalleys systems 
(eg Wilkinkarra, Kintore and others). Along the southern 

anks of the uplands, including areas overlying the 
Amadeus Basin, the depositional history was very different. 
In these areas, the Palaeogene–Neogene is represented by a 

series of mesas created by the dissection of piedmont fans, 
formed at an earlier stage along the steepening slopes of the 
upland ranges (Figures 42.2, 42.4). The most active period 
of dissection started probably in the late Pliocene with the 
uplift of the McDonnell Ranges (Senior et al 1994, 1995). 

The Palaeogene–Neogene sedimentary succession 
in central Australia mostly overlies rocks of the Arunta 
Region, Eromanga Basin and parts of the Georgina and 
Amadeus basins. The sedimentary ll of tectonic basins 
and palaeovalleys is mostly sourced from the northwestern, 
central and southeastern parts of the Amadeus Basin. That 
of the extensive Lake Eyre Basin is sourced from a much 
wider area that includes the Amadeus and Georgina basins, 
and Arunta Province. Only the major basins that have been 
studied in some detail are described in the following text. 
Figure 42.5 shows a correlation model for four basins of 
the southern NT.

Substantial Palaeogene–Neogene successions also 
occur within the Bonaparte Basin (Woodbine Group) and 
Money Shoal Basin ( an Diemen Sandstone and Woodbine 
Group equivalent), and these are described therein. All 
occur offshore, except for the an Diemen Sandstone, 
which extends onshore onto Bathurst and Melville islands. 

Hale Basin

This is a small basin covering about 400 km2 situated about 
80 km northeast of Alice Springs within the metamorphic 
basement of the Arunta Region, close to its boundary 
with the Amadeus Basin (Figure 42.2). The geology has 
been discussed by Senior et al (1994, 1995) and Magee 
(2009), and the following sections rely heavily on these 
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publications. The basin forms an arcuate depression about 
45 km long and up to 13 km wide. Its southern margin 
may be a fault, which controlled initial subsidence in the 

Late Cretaceous or Early Pliocene. A small basin (area 
about 75 km2) named Paddys Basin lies to the south of this 
structure. In the Hale Basin, a full succession is present 
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in the western part, whereas in the eastern part (also 
termed the Claraville Sub-basin), only a thin succession 
is preserved. The Hale Formation appears to have been 
deposited in a progressively ooding and slowly subsiding 
basinal setting.

The Palaeogene–Neogene sediments overlie a trizonal 
weathering pro le, with ferruginous, mottled and 
leached zones, developed in the basement rocks. This has 
been termed Weathering event A and is probably Late 
Cretaceous to Paleocene in age (Senior et al 1994, 1995). 
The overlying sedimentary rocks comprise a succession of 
sandstone, siltstone, mudstone and lignite, included in the 
Hale Formation, which has been divided into four members 
(Figure 42.5). The lowermost Ambalindum Sandstone 
Member is represented by shaly, poorly sorted sandstone 
with intercalations of granule and pebble conglomerate, 
deposited in a high-energy uvial environment. This 
member is about 55 m thick in diamond drillhole 
BMR DDH Alice Springs-SH2. It is conformably overlain 
by the Ulgnamba Lignite Member, which comprises 
lignite and carbonaceous shale, and locally, oil shale. This 
succession was deposited in a paludal environment. It is 
about 4 m thick in drillhole Alice Springs-SH2, which is 
also designated as its type section (Stewart et al 1980). 
The lateral stratigraphic equivalent of this member in the 
eastern part of the basin (Claraville Sub-basin) is termed 
the Delaney Mudstone Member, which comprises olive-
green mudstone and siltstone. This unit overlies weathered 
yellow sandstone presumed to be Ambalindum Sandstone 
Member, with the weathering event described as Weathering 
event B (Figure 42.5). Palynomorphs from the Ulgnamba 
Lignite Member have yielded a probable middle to late 
Eocene age (Truswell and Marchant 1986, Macphail 1996, 
Magee 2009). The uppermost unit of the Hale Formation 
is named the Tug Sandstone Member (also informally 
referred to as the Arltunga member). This unit comprises 

poorly consolidated, ne-grained, brown silty sandstone, 
with minor sandy siltstone and claystone interbeds, and was 
deposited in low-energy uvial-lacustrine environments. 
Silcrete formed after deposition of the Tug Sandstone 
Member and this event is termed Weathering Event C. The 
overlying succession comprises green-grey siltstone and 
chalcedonic limestone, and is considered to be equivalent to 
the Waite Formation (see Waite Basin below). 

The Arltunga beds comprise arenaceous limestone, 
silici ed limestone and pebbly sandstone, and is associated 
with Paddys Basin, to the south of the main Hale Basin 
(Shaw et al 1984). Senior et al (1994, 1995) suggested that 
the calcarenitic limestones could be associated with either 
the Hale Formation or with the overlying Waite Formation 
equivalents described above.

Santa Teresa Basin

The Santa Teresa Basin south of Alice Springs (Figure 42.2) 
covers an area of approximately 100 km2 and has an 
elliptical shape (Salas 1989). Its longest axis extends for a 
distance of some 18 km in a northwest–southeast direction, 
approximately parallel to the main trend of structural features 
(faults and folds) affecting the surrounding Cambrian and 
older sedimentary rocks of the Amadeus Basin. A number 
of north- to northwest-trending faults cut through the pre-
Cenozoic rocks to the north, east and southwest of the Santa 
Teresa Basin ( ). Some of these faults possibly 
continue underneath the basin and might have controlled the 
development of its shape (Wyche 1983). In the southeastern 
half of the basin, Palaeogene–Neogene strata are contained 
within the limbs of a syncline de ned by outcrops of 
Cambrian and older sedimentary rocks. The Santa Teresa 
Basin succession comprises interbedded clayey sand, sand, 
silt and clay, interpreted to have been deposited under the 
in uence of alternating uvial and lacustrine environments 
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within a physiographic basin formed by the erosion of pre-
Cenozoic rocks. However, Macphail (1996) reported that 
algal cysts indicate that fully saline conditions may have 
been possibly present in the basin. Diamond drilling in 
the basin has intersected lignite with some carbonaceous 
material up to 6 m thick (Wyche 1983). Palynological dating 
of core from several drillholes in the Santa Teresa Basin 
gave con dent early Eocene ages (McPhail 1996). 

Farm Basin

The Farm Basin is located immediately to the south of Alice 
Springs, along the Todd River (Figure 42.2), and has been 
divided into an inner basin and an outer basin. The inner Farm 
basin is bound by strike ridges of the MacDonnell Ranges 
to the north and south. It contains a maximum thickness of 
about 50 m of presumed Cenozoic sediments (Quinlan and 
Woolley 1969, anderzalm et al 2011). The mud and lignite 
sediment in the inner Farm Basin is believed to be lacustrine 
in origin (Magee 2009). White to pale grey, ne sandy clay, 
commonly mottled red-brown and yellow, is the dominant 
sediment type. In places where the sediments outcrop, well-
developed weathering pro les, which include a silcrete cap, 
occur. Berry (1991) reported that older Cenozoic sediments 
are absent from the western portion of the Inner Farm Basin.

The much larger and deeper outer Farm basin lies to the 
south of the inner basin, separated by the south-bounding 
ridge of the inner basin. In the outer basin, up to 300 m 
of sand and clay has been encountered by drilling, with 
minor carbonaceous layers intersected at about 280 m 
(Clarke 1978). The sediments in this drillhole are probably 
Eocene–Miocene in age, based on palynological evidence 
(Wells et al 1967). The upper 25 m of sediments are 
interpreted to be Quaternary in age (Knapton et al 2004). 
A shallower drillhole to the south encountered dark blebs 
originally described as carbonaceous matter, but these 
features were later found to be pyrolusite in calcimudstone 
of basement Palaeozoic sediments (Clarke 1975). The clays 
encountered above the calcimudstone were interpreted to be 
Palaeogene–Neogene in age. Wells et al (1967) correlated 
the fossiliferous sedimentary rocks of the Farm Basin with 
unfossiliferous at-lying claystone, siltstone, sandstone and 
conglomerate that outcrop in low silcrete-capped mesas to 
the east, southeast and south of Alice Springs.

Ti-Tree Basin

The Ti-Tree Basin is located about 130 km north of Alice 
Springs, mainly in western ALCOOTA1 (Figure 42.2). The 
basin covers an area of about 7000 km2 of low sandy soil-
mantled rises (Figure 42.7) and most of the stratigraphic 
succession is known only from drillholes. The basin 
succession is thickest in the east. The Ti-Tree basin is an 
important groundwater source for town and community 
use, irrigation, and pastoral homestead and stock needs. 
Many studies are available on the hydrogeology of the 
basin (Edworthy 1966, McDonald 1988a, b, Calf et al 
1991, Harrington et al 2001, Wischusen et al 2012). In 

1 Names of 1:250 000 mapsheets are shown in large capital letters, 
eg ALCOOTA.

2002, the NT Department of Infrastructure, Planning and 
Environment completed a detailed report on the Ti-Tree 
Region Water Resource Strategy (DIPE 2002). 

Senior et al (1994, 1995) described the stratigraphic 
succession of three areas of the Ti-Tree Basin. In the 
northeastern part of the basin (Hanson River region, 
Figure 42.7), depth to basement is in the range 146–319 m. 
In this area, the lowermost succession comprises an up to 
130 m-thick unit of white siltstone and claystone, and this 
is overlain by lenticular units of lignite and carbonaceous 
claystone. The uppermost ca 60 m is dominated by red-
brown sandy siltstone. In the southeastern part of the Ti-Tree 
Basin (Bushy Park region, Figure 42.7), the succession is 
more than 194 m thick, as recorded in drillhole BMR SH2. 
The basal 25 m of the succession in BMR Alcoota-20 
comprises calcareous siltstone, green claystone, minor 
granule conglomerate and rare limestone. The overlying 
70 m-thick unit of olive-green or white mudstone includes 
a 12 m interval of grey, green and brown sandstone 
and siltstone in the upper part and is correlated with the 
Claraville Mudstone Member of the Hale Formation of 
the Hale Basin (Figure 42.5). The remaining upper 87 m 
comprises variously oxidised red and brown silty sandstone, 
minor siltstone and pebbly silty sandstone. This upper 
succession is correlated partly with the Waite Formation, 
but the topmost part possibly postdates this unit. In the 
central part of the Ti-Tree Basin (Allungra Creek region, 
Figure 42.7), drilling has intersected an 80 m-thick unit 
composed of poorly consolidated, oxidised silty sandstone. 
In the deeper part of the basin, this grades downwards into 
grey-green mudstone, possibly of lacustrine origin.

Drilling and hydrogeological data, assessed for a recent 
study on the Ti-Tree Basin (Wischusen et al 2012), has 
resulted in the recognition of four depositional facies  and 
the development of a three-layer, integrated lithological/
aquifer model for the basin. This comprises, in ascending 
stratigraphic order: a lower aquifer system of deep Eocene 
sands and silts (Facies 1); an aquitard system, consisting of 
a thick succession of lacustrine clay and low-energy ne-
grained sediments (Facies 2 and 3); and. an upper aquifer 
system (Facies 4). The model is based on drill data, and 
a preliminary appraisal of the distribution of these three 
layers across the basin has been made through interpretation 
of AEM data (Figure 42.8). 

The lower aquifer layer (Facies 1) seems to exist in 
southern and northern basement troughs, whereas the other 
two layers seem to be present over the most of the basin 
(Figure 42.8). There is insuf cient data to determine if and 
where these two troughs are interconnected. Langford et al 
(1995) speculated that during the middle to late Eocene, 
the Ti-Tree Basin area formed part of a uvial system that 
drained northwards to the sea via the ictoria River. They 
also proposed that during the late Oligocene to Miocene, 
the Ti-Tree Basin was part of a uvial system that drained 
southwards to Lake Eyre via the Plenty River drainage 
line. Such a reversal of drainage direction indicates that 
tectonism was signi cant after the deposition of the Eocene 
basal sand. Block faulting and subsequent erosion appears 
to have separated the northern and southern troughs in the 
basin and there may therefore be no connection between the 
basal sands in each trough. 
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Figure 42.7. Digital Surface Model of part of central Australia centred on Ti-Tree Basin, from Alice Springs (just south of map area) to 
north of Barrow Creek, showing lateral extent of Cenozoic strata. Image is based on SRTM (Shuttle Radar Topography Mission) dataset 
and shows major landscape features in Ti-Tree region, including drainage, surrounding uplands and vegetated sand plain of central part of 
basin (basin linework after Wischusen et al 2012: gure 1.6). Yellow box shows location of Figure 42.42.

Figure 42.8. Schematic cross-section 
A–B of Ti-Tree Basin (redrawn after 
Wischusen et al 2012: gure 5.2). 
Facies 3 is equivalent to Hale Formation 
and Facies 4 is equivalent to Waite Fm 
(correlations after Bell et al 2012).
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Palynological studies in the Ti-Tree Basin show that 
sediments were deposited during either the Eocene or the 
Oligocene–Miocene (O’Sullivan 1973, Macphail 1997). 
Analyses were mainly undertaken on cored samples from 
various drillholes within the western part of the basin, 
where middle Eocene ages have been obtained (Macphail 
1997, 2010a). Senior et al (1994, 1995) noted that a middle 
Eocene age was preferred for deeper sediments in the Ti-
Tree Basin, based on likely correlations with palynological 
data from similar units in the nearby Whitcherry and Hale 
basins. In the south of the basin, Macphail (1997) reported 
Oligocene to Miocene above middle to late Eocene ages 
from clays in a drillhole, and early Miocene above middle 
to late Eocene ages in a nearby hole. He considered that 
the deeper clays correlate with the middle to late Eocene 
Ulgnamba Lignite of the Hale Basin (see Figure 42.5). 
Stratigraphic correlation of the Ti-Tree Basin with other 
palaeovalley systems in central Australia is dif cult, due 
to extensive deep chemical weathering, relatively poor 
preservation of microfossils, and the geographic isolation 
of many sites of deposition (Wischusen et al 2012). 
Nevertheless, new palynological data (Macphail 2010) 
suggest that the lower facies sequences in the Ti-Tree 
Basin may be tentatively regarded as equivalents of the 
Hale Formation (Figure 42.5), whereas the upper aquifer 
sequence probably correlates with the Waite Formation. 

Waite Basin

The Waite Basin (sometimes previously referred to as the 
Plenty River Basin) extends over an area of about 1200 km2 
and is located about 140 km northeast of Alice Springs, in an 
east–west depression north of the Harts Range (ALCOOTA, 
Figure 42.2). It is partly contiguous with the smaller Bundey 
Basin to the east and has an interpreted northerly extension. 
The basin contains about 250 m of Palaeogene–Neogene 
lacustrine and uvial sedimentary rocks, informally referred 
to as the Alcoota beds (Senior et al 1994, 1995). The basal 
succession comprises mudstone and siltstone, deposited 
in a dominantly quiet-water lacustrine environment, and 
is correlated with the Hale Formation of the Hale Basin 
(Figure 42.5). Recent drilling in the eastern part of the 
basin encountered coal and lignite intervals at 103–128 m, 
beneath lacustrine clays of the Alcoota beds (Till 2008). The 
typical basal succession  is followed up-section by the Waite 
Formation, which is a subunit of the Alcoota beds. Beds of 
cream or white, chalcedonic calcarenitic limestone of the Waite 
Formation form the hard resistant summit caps of many low 
plateau and mesas (Senior et al 1994, 1995), peripheral to the 
margins of the basin (Figure 42.9), where it unconformably 
overlies a partly truncated weathered pro le of the crystalline 
basement. The Waite Formation comprises a lower interval 
of lacustrine green siltstone, followed by an upper interval of 

uvial red siltstone, sandstone and conglomeratic sandstone, 
capped by pedogenic chalcedonic limestone (Figure 42.10, 
Dunster et al 2007). The grain size of the clastic sediments 
increases upwards and this is attributed to a change from 
a lacustrine to a uvial environment (Woodburne 1967). 

ery thin, discontinuous  carbonaceous intervals have been 
reported from a drillhole at less than 30 m depth (Wyche 
1983). ertebrate fossils at the Alcoota fossil site in the Waite 

Formation include crocodiles, kangaroos, Diprotodontiae, 
thylacines, Dromomorthis, snakes and birds (see Vertebrate 
fossil locations below). 

Bundey Basin

The Bundey Basin represents a small area in eastward 
continuity with the Waite Basin along the Bundey River 
in HUCKITTA (Figure 42.2). The succession consists of 
siltstone and claystone with interbedded sandstone and 
conglomerate. Drillholes have intersected chalcedonic 
limestone at shallow depths. The entire succession is 
considered to be equivalent to the Waite Formation 
(Senior et al 1994, 1995). Cored drillhole NTGS HUCK-
11 intersected a succession of carbonaceous siltstone, 
overlying siltstone and sandstone down to a depth of 127 m, 
much thicker than the estimated 40 m of ll elsewhere in the 
basin This succession was considered by Freeman (1986) 
and Truswell (1987) to be Paleocene in age. However, it 
contains many pollen types that are morphologically similar 
to species from lignitic rocks in the Ayers Rock Basin that 
Harris and Twidale (1991) considered to be Late Cretaceous 
in age. Macphail (1997) has dated the basal organic 
sediments as Cretaceous (Maastrichtian), con rming the 
older age, and also considered the overlying sediments to be 
possibly early Eocene. 

Aremra Basin

The Aremra Basin (Figure 42.2) is a narrow northwest-
trending basin about 80 km long, located about 200 km east 

Figure 42.9. Low mesas of chalcedonic limestone of Waite 
Formation, Waite Basin, northeast of Alice Springs (image from 
May et al 2010).

Figure 42.10. Massive vuggy silcrete due to dissolution of 
extensively silici ed chalcedonic limestone, Waite Formation 
(ALCOOTA, 53K 444719mE 7524877mN, after Dunster et al 
2007: gure 57).
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of Alice Springs. Its stratigraphic succession is similar to that 
of the Ti-Tree and Waite basins (Figure 42.5). The basal part 
is composed of claystone and interbedded sandstone, with a 
lack of clastic detritus from the surrounding ranges, deposited 
in a quiet-water environment. This succession is abruptly 
overlain by poorly sorted clastic sediments deposited as a 
series of coalescing piedmont fans. Carbonaceous sediments, 
gypsum and ironstone are present locally, and calcareous 
lenses and pedoliths occur at shallow depths. This succession 
is up to 250 m thick and is correlated with the Hale Formation 
(Figure 42.5) of the Hale Basin. It is unconformably overlain 
by strata equivalent to the Waite Formation, which comprises 
silty sandstone with irregular calcareous nodules, travertine, 
calcarenite, some pelletoidal limestone and massive 
chalcedony. A trizonal weathering pro le up to 30 m thick 
separates the Cenozoic strata from underlying basement 
rocks; these consist of gneiss and schist of the Arunta Region 
in the northwest, and Late Jurassic to Early Cretaceous 
sedimentary rocks of the Eromanga Basin in the southeast. 
The Aremra Basin was traversed by the north-south deep 
seismic re ection traverse 09GA-GA1 (Georgina–Arunta 
seismic line; Carr et al 2011), which imaged an asymmetric 
basin about 30 km wide and up to 200 m deep, thinning to the 
north (see ). 

Lake Lewis, Burt and Mount Wedge basins

The Lake Lewis, Mount Wedge and Burt basins are 
contiguous basins located south of the Stuart Bluff Range, 

about 230 km west-northwest of Alice Springs (Figure 42.2). 
Senior et al (1994, 1995) considered the depositional area as 
a single basin, but English (2001) divided it into separate 
basins, with Lake Lewis Basin in the central area surrounding 
Lake Lewis, and the Mount Wedge and Burt basins lying to 
the west and east respectively (Figure 42.11). The basement 
to these basins is formed by igneous and metamorphic rocks 
of the Arunta Region. English (2002) provided a detailed 
description of the evolution and sedimentation history of 
the contiguous basin-and-range province of the Burt–Lake 
Lewis–Mount Wedge basins. An early phase of Palaeogene 
sedimentation comprised lacustrine clays that in lled east-
striking depositional troughs north of the West MacDonnell 
Ranges. A second major phase of deposition occurred in 
the Neogene, with depocentres migrating northwards 
and becoming more isolated from one another due to 
intervening basement highs; sediments were deposited in 
alluvial fan, palaeochannel and overbank environments 
during the Miocene and Pleistocene. 

In the Lake Lewis Basin, the in ll comprises up 
to 170 m of terrestrial sediments overlying weathered 
basement rocks (English 2001). The lower succession, 
which is about 75 m thick, consists of lacustrine clay. 
This may be equivalent to the Hale Formation of the 
Hale Basin. The clay is overlain by an up to 80 m-thick 
succession of late Palaeogene–Neogene to Holocene 
lacustrine sediments. English (2001, 2005) divided the 
lacustrine plain succession at Lake Lewis into two units: 
the lower Anmatyerre Clay, comprised of continuous 
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uniform red-brown clay; and the overlying Tilmouth 
beds comprising olive-grey lacustrine clay with gypsum 
laminae. English interpreted the Anmatyerre Clay to be 
Miocene to Pleistocene in age, and the underlying basal 
lacustrine clay to be Eocene). The overlying Tilmouth beds 
were tentatively assigned to the last interglacial period at 
around 130–110 ka.

Drillholes in the Burt Basin to the east have intersected 
an up 190 m-thick succession of grey-green, pale green 
and yellow-green claystone with rare carbonaceous and 
calcareous beds. The sediments coarsen up-section, and 
comprise unconsolidated sand, silty sandstone and siltstone. 
A palyno ora from the carbonaceous beds is similar to that 
of the Ulgnamba Lignite Member of the Hale Formation and 
indicates an Oligocene–Miocene age (Macphail 1996).

The Mount Wedge Basin was created by neotectonic 
activity, the basin being generated on the downwarped 
side of a major east–west mountain front fault zone. It was 
drilled to basement for the rst time in 2010 (Woodgate 
et al 2012), which gave a basin depth of about 474 m. This is 
one of the thickest deposits of Cenozoic material intersected 
in central Australia to date and is potentially the most 
signi cant accumulation of palaeovalley sediments within 
the entire Australian arid zone. The stratigraphic succession 
of the basin comprises the Mount Wedge Clay, a thick 
(ca 350 m) and laterally extensive lacustrine, grey-green 
clay and sandy clay unit of probable Eocene age, overlain 
by a coarser-grained, and strongly oxidised alluvial unit, 
the Currinya Clay (Woodgate et al 2012, Figure 42.12). 
The primary structures and sediment composition, are 
strongly overprinted by deep chemical weathering which 
hampers detailed facies analysis. The succession of the 
Mount Wedge Basin can be broadly correlated with that 
of the adjacent Lake Lewis Basin, and it is also tenuously 
correlated with the Hale and overlying Waite formations 
and their equivalents. 

Whitcherry Basin

The Whitcherry Basin is a poorly known and de ned 
basin that overlies a large area of the Palaeozoic Ngalia 

Basin (Figure 42.2, Figure 42.11). It has sometimes been 
informally referred to as the Currinya Basin (eg Wyche 
1983). Sedimentation in the basin was contemporaneous 
with deposition in the Mount Wedge, Lake Lewis and Burt 
basins to the south, but was in a separate unconnected 
depocentre (Magee 2009). The basin has no surface 
exposure, and is only known from water bores and a few 
stratigraphic holes. The succession mostly consists of 
sandstone, claystone, silty and clayey sands, ferricrete 
and calcrete, with minor gravel and pebbly conglomerate 
(Thundelarra Exploration Ltd pers comm 2012). 
Carbonaceous matter has been found to be reasonably 
common in the eastern and southern parts of the Basin 
(Wyche 1983). Lignite from drillhole BMR Napperby-1 in 
the central east of the basin yielded a pollen assemblage, 
derived from plants that lived in marshy environments and 
were preserved in lakes, that was interpreted as middle 
Miocene (Kemp 1976, Macphail 2011). A recent re-
examination and assessment of the same interval of core, 
but focused on lacustrine clays rather than the lignitic and 
carbonaceous inclusions dated previously, has resulted in a 
revised broad age of Oligocene–Miocene, with a preferred 
age of Miocene (Macphail 2012). The Whitcherry Basin 
accumulated signi cant uvial deposits during this 
period, and drainage systems eventually owed through 
gaps in the Stuart Bluff Range to feed Lake Lewis to the 
south (English 2002).

Exploration for palaeovalley uranium in the southern 
part of the basin, where the succession reaches a 
thickness in excess of 220 m, has also intersected lignite 
intervals. However, attempts to ascertain an age for the 
sediments from palynology have so far been unsuccessful 
(Thundelarra Exploration Ltd, pers comm 2012). 
Carbonaceous material has been described in core from 
stratigraphic holes that encountered sediments to a depth 
of around 150 m without reaching basement (Evans and 
Nicholas 1970, Wyche 1983). 

Ayers Rock Basin

The Ayers Rock Basin (now also known as the Katiti 
palaeovalley) is the largest of the tectonic basins or 
palaeovalleys, and forms an elongate structure subsurface 
to Lake Amadeus and the surrounding region (Figure 42.2). 
Quaternary sand dunes cover a large part of this area, and 
drilling indicates they overlie up to 100 m of Cenozoic 
unconsolidated sediments, comprising sand, clay, gravel and 
calcrete with minor lignite (Jacobson et al 1989). Lignite 
at the base of the succession was dated as mid-Paleocene 
by Truswell (1987), but this has since been revised to Late 
Cretaceous (Harris and Twidale 1991). Macphail (1997) 
con rmed the revised age and assigned these basal sediments 
to the Maastrichtian (Late Cretaceous); therefore the lower 
part of the succession is older than in other central Australian 
basins or palaeovalleys. Lignite higher in the succession gives 
mid to late Eocene ages. The sediments ll a major palaeoriver 
system that owed southeast through Lake Amadeus via 
the Karinga palaeoriver (now de ned by a chain of playas) 
towards the Lake Eyre Basin ( an de Graaff et al 1977). 

In the Uluru–Kata Tjuta area, a palaeovalley system that 
is part of the Ayers Rock basin contains aquifers that host 
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the water supply for the Yulara resort. This palaeovalley 
formed during the Late Cretaceous on an irregular land 
surface created by differential weathering after fault 
movements (English 1998). Older sediments are largely 
lacustrine, whereas younger sediments are dominantly 

uvial. The palaeovalley persisted as a north- owing 
system into Lake Amadeus until possibly the late Pliocene, 
when surface ow ceased due to increasing aridity. 

Warrabri Basin

The Warrabri Basin (Figure 42.2) is a large, shallow basin 
represented by a succession of clay, silt, sand and calcrete 
overlying Palaeozoic sedimentary rocks of the Wiso Basin. 
The general geology, hydrogeology and groundwater 
chemistry was described by erhoeven and Read (1978). 
Haines et al (1991) described the Cenozoic succession from 
a series of stratigraphic holes in the southern part of the 
basin as comprising silty sand, sandy claystone, siltstone 
and clayey sandstone with a maximum depth of 90 m. No 
age determinations have been made.

Willowra, Ngalabaldjiri and Yaloogarrie basins

Little information is published on these basins, which are 
represented by accumulations of silt, clay, sand and gravel. 
Morton (1965) described the hydrogeology, geology and 
the results of shallow drilling in the Willowra Basin, where 
the Cenozoic succession is up to 35 m thick and overlies a 
trizonal weathering pro le developed on Palaeoproterozoic 
basement rocks of the Arunta Region (Figure 42.13). 
The sediments are mostly brown clay and silt, but brown, 
cream and white sand and gravel deposits occur in elongate 
lenses that are parallel to the north-trending palaeovalley. 
Calcrete and ferricrete are developed towards the top. The 
composition of the succession indicates that it formed in 
a uvial environment. Elongate sand and gravel lenses 
are interpreted as channel deposits, whereas the clay 
and silty-clay sediments are typical oodplain overbank 
deposits (Magee 2009). Two distinct periods of channel 
sand deposition are separated by the clay and silt intervals. 
Morton (1965) considered that the sediments of the Willowra 
Basin were locally derived from deeply weathered basement 
rocks and correlated the succession with the Alcoota beds 
of the Waite Basin, on the basis of their similar stratigraphic 

setting. There are no detailed studies on the Ngalabaldjiri 
and Yaloogarrie basins. The age of the sediments in these 
basins is likely to be Miocene–Pliocene, and they are 
interpreted to represent large uvial palaeovalleys, rather 
than tectonic intermontane basins.

Wilkinkarra and Kintore palaeovalleys

Drilling in 2010 and 2011 has revealed that the Wilkinkarra 
and Kintore palaeovalleys (Figures 42.2, 42.14) are broad 
and relatively shallow relict uvial systems, with in ll 
sediments deposited on undulating and partly weathered 
basement rocks, deepening to approximately 130 m below 
ground level, and with an average depth to basement of 55 m 
(Woodgate et al 2012, Figure 42.15). The alluvial in ll in 
these systems is dominated by weathered and oxidised sandy 
alluvial facies, interbedded with ne-grained sediments, such 
as clay and silt. Fining-upward successions are typical of 

uvial channel deposits. Black silty clay containing organic 
matter has been encountered at about 80 m depth below the 
surface in some water bores in the Kintore Palaeovalley. 
Calcrete is widespread and is generally at, or close to the 
surface. Analysis of in situ fossil pollen spores has indicated 
that deposition likely occurred in the middle to late Eocene. 
Both the Kintore and Wilkinkarra palaeovalleys represent 
the incision of major broad river systems in pre-Cenozoic 
time, when the landscape had considerably greater relief than 
the modern subdued landscape.

Tanami Region palaeovalleys

The Tanami Region has a known palaeovalley system, 
resulting from incision of an extensive perennial river 
network during previous wetter climates, which formed 
on a pre- to early Cenozoic landscape with considerably 
greater relief than at present (Wilford 2000, Magee 2009). 
The palaeovalleys comprise a network of broad trunk 
palaeovalleys and narrow higher-order palaeovalleys, with 
evidence for signi cant taectonic disruption and diversion, 
and are incised into ferricrete-capped and deeply weathered 
bedrock (Magee 2009). Silici cation of the palaeovalley 
sediments and the weathered bedrock is common and may 
overprint ferricrete (Wilford 2000). Trunk palaeovalleys 
contain unconsolidated alluvial clay and silt with common, 
intercalated ne- to coarse-grained sand and gravel, and 
various chemical precipitate deposits such as calcrete and 
silcrete ( ). Extensive drilling has shown that 
they contain up to 90 m of in ll sediment. Their surface 
expression is generally sporadic, mostly rounded salt and clay 
pans, which contain thin crusts of gypsum and other salts. 
The narrower higher-order palaeovalleys consist mostly of 
alluvial and colluvial material, and are covered by sheet ood 
fan colluvium with little surface expression (Wilford 2000).

The exact age of the palaeovalley sediments is not 
known, although Wilford (2000) summarised the regolith 
and landform history of the region and suggested that deep 
weathering (and presumably channel incision) occurred 
in the relatively wet climate regime of the Paleocene and 
Eocene. This was followed by the deposition of palaeovalley 
in ll sediments from the middle Miocene, as the climate 
gradually became drier. Secondary chemical precipitate 
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Figure 42.13. Diagrammatic cross-section through northern part 
of Willowra Basin showing typical distribution of main channel-

ll facies above deeply weathered bedrock (modi ed from Morton 
1965, after Magee 2009: gure 4.15).
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and playa lacustrine deposits are related to the cessation of 
surface ow and a dominance of groundwater processes. 
Massive and tabular calcrete is common throughout the 
region and is preferentially developed near the mid-point of 
most palaeovalley systems. Partial or complete replacement 
of basal calcrete by silcrete (opaline and chalcedonic silica) 
is also common (Domahidy 1990, Wilford 2000).

Cabbage Gum Basin/Kelly Well area

The Cabbage Gum Basin and Kelly Well area to the south 
of Tennant Creek, are palaeovalleys that form an important 
aquifer in the region (Figure 42.2). The Cabbage Gum 
Basin consists of about 30 m of clay, siltstone, sandstone 
and grit that ranges from unconsolidated to well cemented 
(Crohn 1961). It is often strongly lateritised, and the base 
of the succession is often marked by a layer of material, 
reworked from the immediately underlying bedrock of the 
Palaeoproterozoic Warramunga Formation, or granite (both 
Tennant Region). The Kelly Well area contains up to 60 m of 
sediments overlying granitic bedrock ( erhoeven and Knott 
1980). The sediments of both palaeovalleys are generally 
obscured by present-day soil and aeolian sand, and do not 
outcrop, but they have been intersected in many water bores 
drilled in the area. The age of the sediments has not been 
determined, but they are most likely to be Palaeogene–
Neogene, as they postdate the major ferruginous weathering 
event in the region.
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Lake Eyre Basin

The Lake Eyre Basin (Callen et al 1995) extends over 
large parts of northeastern South Australia, southeastern 
Northern Territory, southwestern Queensland and a small 
part of northwestern New South Wales (Figure 42.17), 
where it substantially overlies the Mesozoic Eromanga 
Basin. In its present-day form, it is a very large endorheic 
(closed drainage) basin that covers an area of about 
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1.2 million km2, which is almost one-sixth of Australia, 
but during the Paleogene–Neogene the basin comprised a 
large central basin and palaeovalley system, and numerous 
outlying basins and palaeovalleys (Figure 42.17).

The Lake Eyre Basin is relatively well studied in South 
Australia. It contains abundant and widespread uvial, 
lacustrine and aeolian sediments of Eocene, Oligocene–
Miocene, Pliocene and Quaternary age, including palaeovalley 
deposits (Magee 2009). The basin is the site of prolonged mid-
continental subsidence extending to Mesozoic and earlier-
formed basins. The sedimentary succession of the Lake 
Eyre Basin contains extensive uvial deposits of the latest 
Paleocene to middle Eocene Eyre Formation and lacustrine 
deposits of the late Oligocene to Miocene Etadunna and 
equivalent Namba formations. These sediments form sheet 
or blanket cover successions and palaeovalley in lls, and 
are overlain by unnamed Pliocene–Quaternary sediments. 
Palaeovalleys contain relatively abundant and well preserved 
plant macrofossils (which have greatly elucidated the Eocene 

ora of central Australia). 
The Eyre Formation consists of coarse-grained 

sandstone deposited in a broad, shallow, braided stream 
system (Wopfner et al 1974, Gravestock et al 1995, 
Callen et al 1995). A typical succession consists of basal 
conglomerate with highly polished, resistant pebble clasts 
overlain by cross-bedded, mature pyritic and carbonaceous 
sands. Lignite and clay units, containing plant fossils, also 
occur, probably representing swamp and lake settings 
in the wider, braided stream palaeo-environment. The 

Namba and Etadunna formations consist of interbedded 
sandstone, siltstone, shale and locally developed dolostone, 
deposited in broad, shallow, alkaline lacustrine to uvial 
environments (Gravestock et al 1995, Callen et al 1995). 
The Pliocene–Quaternary sediments comprise sand, silt 
and clay, deposited in uvial channel, saline lake and 
aeolian environments (Callen 1992, Callen et al 1995).

In the Northern Territory, Cenozoic sedimentary rocks 
of the Lake Eyre Basin have been mapped in McDILLS, 
SIMPSON DESERT NORTH and HAY RI ER. In 
SIMPSON DESERT NORTH, three unconformable units 
were described by Mond (1974). The lowermost, designated as 
Unit Ts, consists of coarse sandstone up to 5 m thick. Unit Ts is 
unconformably overlain by a ca 10 m-thick succession of ne 
green sandstone, green and yellow mudstone, and siltstone, 
gypsum, silcrete and ironstone (Unit T). This is succeeded by 
Quaternary alluvial and aeolian sand, gravel and clay. 

The Etingambra Formation (Wells et al 1967) 
unconformably overlies Wilgunya Subgroup rocks 
(mapped as ‘Rumbalara Shale’) of the Eromanga Basin 
in the southeast of the NT (HALE RI ER, McDILLS, 
Figure 42.2). The formation is generally exposed as 
caps on low mesas, with Quaternary alluvial and aeolian 
sand obscuring a large part of the remaining basin 
surface in this area. In HALE RI ER, the Etingambra 
Formation comprises a ca 5 m-thick unit of sandstone 
with conglomerate lenses. This is overlain by an up to 
30 m-thick succession of unnamed sediments that includes 
sandstone, siltstone and conglomerate, capped by silcrete 
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. Multiple stratigraphic 
pro les through Cenozoic palaeovalley 
deposits and deeply weathered bedrock 
between the Granites and Tanami gold 
mines in the Tanami Region. These 
pro les show the typical variation in 
palaeovalley sediment deposits and 
weathered bedrock across the region. 
The stratigraphic columns and cross-
section are based on drilling undertaken 
by the Bureau of Mineral Resources in 
1974. Figure is modi ed from Blake 
(1974). After Magee (2009), Figure 4.18.
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(Shaw 1968). In McDILLS, the Etingambra Formation is up 
to 12 m thick (Stewart 1968). It is composed of sandstone, 
with subordinate siltstone and irregular beds and lenses of 

ne conglomerate containing poorly to moderately rounded 
clasts. The sandstone is medium to coarse grained, poorly 
bedded and often friable. Wells et al (1967) described the 
succession as a uvial deposit.

The Etingambra Formation is equivalent to the Eyre 
Formation, and therefore it appears that the stratigraphic 

succession established in the Lake Eyre Basin in South 
Australia extends well into the Northern Territory. 

NORTHERN NT

South Alligator Valley

In the South Alligator alley in the north of the NT, 
Urangesellschaft Australia Ltd (Urangesellschaft) has 
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identi ed a fault-bounded Palaeogene basin about 
21 km2 in area (Mackinnon-Love 1982, Figure 42.18). 
Stuart-Smith et al (1988) mapped these rocks and 
subdivided the succession into a lower unit comprising 
white sandstone and an upper unit of brown ferruginous 
sandstone, each about 250 m thick. Urangesellschaft 
drilled a cored diamond drillhole 829-D4 near the centre 
of the basin. This intersected a succession of interbedded 
pale grey and green, nodular, carbonaceous, siliceous 
and lignitic claystone to a depth of 190 m (Figure 42.19). 
Carbonaceous claystone beds up to 20 m thick, intersected 
at depths of 30 m and 70 m, yielded Eocene pollen, spores 
and algal cysts (Truswell 1982, Mackinnon-Love 1982). 
A 35 m-thick brown, friable, clayey, ne to medium 
sandstone was intersected below the claystone. Sandy 
claystone (7 m) and grey-green siltstone (8 m) were then 
encountered below the sandstone unit (Mackinnon-Love 
1982). Macphail (2011) dated the fossil assemblage in four 
samples from 829-D4 (44.25–76.86 m) and concluded 
that the pollen and spores preserved in carbonaceous 
intervals were middle to late Eocene in age. A “preferred 
late Eocene” age was inferred by Macphail (2011) for 
core chips from 50–77 m depth in this drillhole, based 
on the occurrence of the fossil pollen Nuxpollenites sp 
(Diplopeltis-type; M Macphail, Australian National 
University pers comm 2012), which was rst described 
from a key cored hole in central Australia, Napperby-1, 
(Whitcherry Basin) as late Eocene. A revised assessment 
of Napperby-1 however, shows that this species rst 
occurs in the Oligocene–Miocene, not the late Eocene 

(Macphail 2012). This implies the South Alligator River 
succession is also more likely to be late Palaeogene or 
?early Neogene than Eocene.

The microfossil assemblage, ne-grained lithology 
and limited areal extent of the basin indicate that the 
sediments were probably deposited in a freshwater 
lacustrine environment, with some evidence of slight 
saline in uence shown by some palynological samples 
(Macphail 2011). The small size and isolated occurrences 
of such a thick succession indicate a restricted basin, 
possibly an ancient swamp or lake (Stuart–Smith et al 
(1988).

The South Alligator River deposit appears to have 
no correlative in Palaeogene–Neogene carbonate rocks 
(Woodbine Group equivalent) in the offshore Money 
Shoal Basin to the north. Unlike the modern ora, the 
parent plants of most fossil taxa had close relatives 
growing in the middle–late Eocene oras of central 
and southern Australia (Macphail 2011). The rainforest 
component consisted of gymnosperms (Agathis/Wollemia, 
Dacrydium, Phyllocladus, Podocarpus) and angiosperms 
(Nothofagus spp) that are today con ned either to temperate 
rainforest in Tasmania and New Zealand and/or analogous 
montane rainforests in New Guinea and New Caledonia. 
The lithological similarity of the carbonaceous sediments 
in the South Alligator alley to Early Cretaceous (marine) 
facies in the Pine Creek Geosyncline raises the possibility 
that further Cenozoic deposits probably exist in the 
Alligator Rivers region and elsewhere in the northern part 
of the Northern Territory (Macphail 2011).
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Figure 42.18. Location of South Alligator alley basin on SRTM (Shuttle Radar Topography Mission)-derived Digital Surface Model.



42:19

Cenozoic geology and regolith

PALAEOGENE–NEOGENE DEPOSITS NOT 
ASSOCIATED WITH RECOGNISED BASINS

Widespread, but scattered and thin Palaeogene–Neogene 
deposits occur outside of the known basins across much of the 
NT. Many named units occur across the area, and most are 
locally named correlatives of largely Miocene age deposition 
in restricted lacustrine environments, with a possible brief 
marine incursion interpreted for parts of the Barkly Tableland 
and possibly coastal areas during this period. 

Well known and studied Miocene Local Faunas of mega-
vertebrates are found in four areas in the NT; these include 
the Bullock Creek fauna in the central NT, and the Alcoota, 
Kangaroo Well and the relatively newly discovered Pwerte 
Marnte Marnte faunas in the southern NT (Figure 42.2).

Units of the southern and central NT

Ulta Limestone
The Ulta Limestone was rst named and described by 
Megirian et al (2004). It forms low mesas with local relief 
up to 30 m, or rubbly exposures, and occurs as a sinuous 
line of discontinuous outcrops for about 50 km across the 
western part of the Ooraminna Anticline and eastern part 
of the Orange Creek Syncline of the eastern Amadeus 
Basin, just west of the Santa Teresa Basin (Figures 42.2, 
42.6). The formation has vertebrate assemblages that 
correlate it to the Etadunna and Namba formations of 
the central Lake Eyre Basin. The limestone sits with 
an angular unconformity on sedimentary rocks of the 
Amadeus Basin, and it is interpreted to have a maximum 
thickness of about 40 m.

The Ulta Limestone is an alluvial calclithite composed 
primarily of caliche fabrics, and its correlatives were 
deposited during the Miocene oscillation climatic event. It 
is comprised of yellow-orange limestone facies, deposited in 
palaeochannels, and contains varieties of caliche, chalcedonic 
limestone and chalcedony. Macro- and microfossils include 

terrestrial and freshwater gastropods, ostracodes and oogonia. 
Vertebrate remains are rare and localised, and include 
crocodilians, turtles, birds and a single kangaroo jaw (Lloyd 
1968a, Rich 1991); these are referred to as the Kangaroo Well 
Local Fauna (see Vertebrate fossil localities). 

Brunette Limestone
Massive, nodular to brecciated or tufaceous, pale grey 
terrestrial carbonate rocks, which are centred on lakes on the 
Barkly Tableland to the east of Tennant Creek (BRUNETTE 
DOWNS, ALROY, Figure 42.2), are referred to as the 
Brunette Limestone (Noakes and Traves 1954). These 
carbonate rocks have been selectively silici ed to white, 
purple-brown and/or red-brown nodular chert, megaquartz 
and chalcedony (Kruse et al 2010). The greatest recorded 
thickness of the formation is 18 m (Randal and Nichols 
1963). About 5 m thickness was intersected in cored drillhole 
BN04DD01 (BRUNETTE DOWNS) (Kruse 2008). Outcrop 
is generally scattered and rubbly (up to boulder size) on grey-
black clay-rich soil, with prominent outcrops of strongly 
silici ed limestone occurring in places (Figure 42.20a). 
An extensive, although discontinuously outcropping tract 
south of Lake De Burgh in part rests unconformably on 
the Cambrian Anthony Lagoon Formation of the Georgina 
Basin. Petrographically, the rocks are dolomicrosparstone 
or mixed calci/dolomicrosparstone, generally displaying a 
palaeopedogenic imprint (Whitehouse 1940). Rhizoliths, 
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Figure 42.19. Core sample from drillhole 829-D4: 76.83–76.85 m 
depth, South Alligator Valley basin, showing massive (hackly 
structure) lignite or lignitic claystone (image courtesy of Mike 
Macphail, after Macphail 2011: plate 1).

Figure 42.20. Brunette Limestone. (a) Prominent ridge outcrop 
of strongly silici ed limestone (BRUNETTE DOWNS, 53K 
526507mE 7934337mN, after Kruse et al 2010: gure 34). 
(b) Gastropod rudstone with carbonate at pebbles. Width of 

eld of view about 1 dm (BRUNETTE DOWNS, 53K 595489mE 
7922179mN, after Kruse et al 2010: gure 35).
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petri ed plant roots, minor alveolar texture, clay cutans 
and rare Microcodium have been reported (Hussey et al 
2001, Kruse and Radke 2008). Collectively, these indicate a 
subaerial calcrete origin (Esteban and Klappa 1983). Noakes 
and Traves (1954) inferred an internally drained lacustrine 
origin for these calcareous deposits. Lloyd (1963, 1968a, b) 
proposed a shallow marine, lagoonal or brackish depositional 
environment, whereas Paten (1964) suggested brackish 
lacustrine conditions and subaerial spring deposition. 
These deductions were based in part on a reported biota 
of gastropods (Figure 42.20b), pelecypods (McMichael 
1968), ostracodes, rare charophyte and other algal remains, 
plant tissue and the foraminifer Ammonia beccarii, this last 
indicative of a Miocene or younger age (Lloyd 1968b). The 
Brunette Limestone is correlated with the Austral Downs 
Limestone, which overlies the Georgina Basin succession to 
the south.

Austral Downs Limestone
Terrestrial lacustrine limestone within the Georgina River 
catchment (HAY RIVER, TOBERMOREY, SANDOVER 
RIVER, AVON DOWNS (Figure 42.2), and adjacent areas 
of Queensland is assigned to the Austral Downs Limestone 
(Noakes and Traves 1954). This limestone is pale grey, 
but especially toward the top, is silici ed to resistant, red-
brown and white chert and chalcedony (Kruse et al 2002, 
Figure 42.21). Whitehouse (1940) recognised pedogenic 
limestone within the unit, whereas rare charophyte 
and other algal remains, plant tissue, ostracodes and 
foraminifers indicate brackish lacustrine conditions (Paten 
1964). Lloyd (1968a) reported the foraminifer Ammonia 
beccarii from the Austral Downs Limestone, for which 
Lloyd (1968b) deduced a Miocene age. Grimes (1980) 
viewed the formation as having resulted from the damming 
of an ancestral Georgina River, regionally generating up to 
35 m thickness of sediment. In places, the Austral Downs 
Limestone forms prominent extensive plateaux, with 
cliffs up to 7 m high, overlying the Ninmaroo Formation. 
Palaeopedogenic features are common in the formation. 
These include rhizoliths, alveolar texture, and soil glaebules 
with circum- and intragranular cracks (see Esteban and 
Klappa 1983), collectively indicative of a subaerial calcrete 
origin. The Austral Downs Limestone is a correlative of the 
Brunette Limestone to the north (see above).

Poodyea Formation
Sinuous outcrops of cobble and boulder conglomerate, 
cross-strati ed conglomerate and pebbly sandstone, 
overlying the southeastern part of the Georgina Basin 
in TOBERMOREY (Kruse et al 2002, Figure 42.2) 
and adjacent areas of Queensland, are referred to as the 
Poodyea Formation (Radke et al 1983). This unit outcrops 
within existing valleys, or as low ridges, and is restricted to 
the central Toko Syncline, where it rests unconformably on 
the Nora Formation, Carlo Sandstone, Mithaka Formation, 
Ethabuka Sandstone and Cravens Peak beds of the Georgina 
Basin. Component clasts in the conglomerate include 
quartzic sandstone derived from the Carlo Sandstone, vein 
quartz and quartzite. Trough cross-strata occur in medium- 
to large-scale sets. The Poodyea Formation is considered 
to represent uvial channel deposits, and is generally only 
about 10 m thick. A Palaeogene–Neogene pre-Quaternary 
Cenozoic age is likely, as the formation is post-Devonian, is 
undisturbed by structures which have in uenced erosional 
patterns of Mesozoic rocks, and is locally overlain by 
Quaternary cover.

The informally named Cam eld beds (Plane and 
Gatehouse 1968) unconformably overlies the late early 
Cambrian Antrim Plateau Volcanics (Kalkarindji 
Province), and the overlying middle Cambrian Montejinni 
Limestone of the Wiso Basin in WAVE HILL and 
WATERLOO in the northwestern NT (Figure 42.2). It 
has a maximum thickness of about 21 m in the Bullock 
Creek area (Bultitude 1973), and comprises at-lying, 
dark grey, thickly bedded limestone, soft buff limestone, 
poorly bedded cherty limestone, gypsiferous siltstone, 
opaline limestone, and red and grey calcareous sandy 
siltstone. A coarse carbonate-cemented conglomerate, 
containing clasts of basalt, agate, chert and pisolitic 
ironstone, occurs at the base where it overlies the Antrim 
Plateau Volcanics. Randal and Brown (1967) measured a 
detailed composite section that consists of basalt at the 
base, then in ascending stratigraphic order: 7 m of red 
calcareous siltstone; 5 m of calcareous sandy siltstone 
or silty sandstone; 1.2 m of fossiliferous white to buff 
limestone, containing gastropods and bone; 2 m of red-
grey gypsiferous siltstone containing bone; 1 m of cherty 
limestone with mesoscale bedding and gastropods; 3 m 
of massive unfossiliferous cherty limestone; 10 m of non-
outcropping strata; 2.5 m of limestone with preserved 
burrows; and 0.7 m of thickly bedded dark grey limestone 
(top). At Bullock Creek, a vertebrate fossil assemblage 
(Bullock Creek Local Fauna) has been described from the 
upper half of the unit (see Vertebrate fossil localities). 

Depositional environments were interpreted as shallow 
marine and nearshore by Randal and Brown (1967), with the 
presence of gastropods indicating fresh water ooding into 
lacustrine, or possibly lagoonal and estuarine environments. 
The presence of gypsum may indicate the presence of 
normally saline water at times (Kennewell and Huleatt 
1980). However, Murray and Megirian (1992) interpreted 
the carbonate deposits to be non-marine, from the presence 
of freshwater gastropods and sh, and indicative of fairly 
dry climatic conditions. 

Figure 42.21. Cliffs of silici ed Austral Downs Limestone 
(TOBERMOREY, 53K 729200mE 7512000mN, after Kruse et al 
2002: gure 42).
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Birdum Creek beds
The informally named Birdum Creek beds (Randal 1969) 
occur to the north of the northern margin of the Wiso 
Basin (see ). The unit comprises 
hard, white, nodular fossiliferous limestone, at least 15 m 
thick, and is mainly exposed as low scattered boulders on 
grassy plains (Kennewell and Huleatt 1980). Drilling has 
intersected soft chalky limestone, with locally developed 
opaline nodules, intervals of chalcedony and layers with 
abundant quartz sand (Randal and Brown 1967). The unit 
contains at least two genera of freshwater gastropods, and 
is considered a probable equivalent of the Cam eld beds.

Unnamed units

Palaeogene–Neogene sediments not assigned to a named 
unit are scattered across the southern part of the NT. These 
most commonly comprise limestone (often chalcedonic), 
with lesser sandstone and siltstone, and they form thin 
(usually less than 30 m thick) and discontinuous outcrops 
in ALICE SPRINGS, HERMANNSBURG, HUCKITTA, 
ALCOOTA, ILLOGWA CREEK, RODINGA, KULGERA 
and FINKE (Lloyd 1968). Many contain freshwater 
gastropods, ostracodes and oogonia of Chara, and are 
interpreted to have a lacustrine origin. These units are also 
described in the accompanying explanatory notes for each 
mapsheet area. 

Low mesas composed of conglomerate, sandstone and 
siltstone ank many of the ranges of the southern NT, most 
representing deposits formed on prior scree slopes and 
colluvial fans of the ranges (see Figure 42.3).

Units of the northern and coastal areas

‘Annie Creek Limestone’
The ‘Annie Creek Limestone’ (Roberts and Plumb 1965) 
is exposed in small areas along the northeastern part 
of MOUNT MARUMBA in the northeastern NT (see 

) where it unconformably overlies 
the Mainoru Formation (Roper Group) of the McArthur 
Basin. It appears to postdate Early Cretaceous sedimentary 
rocks in the area and is tentatively correlated with similar 
deposits of Cenozoic age in the region. The unit consists 
of unfossiliferous massive buff to grey limestone with a 
characteristic uted weathering habit (Lloyd 1968b). More 
recently, Sweet et al (1999) considered the unit to be of very 
restricted extent and not mappable, and therefore abandoned 
the name.

Golliger beds
The informally named Golliger beds comprises low 
outcrops of massive white to yellow limestone in 
the northern Barkly Tableland and southern Gulf of 
Carpentaria regions in the northeastern NT [BAUHINIA 
DOWNS, TANUMBIRINI, (see Introduction: 

), Smith 1964, Pietsch et al 1991, Paine 1963]. 
Smith (1964, 1972) reported gastropods within the unit and 
inferred a lacustrine origin. It has a maximum thickness 
of about 15 m and is interpreted to underlie the Brunette 
Limestone, which suggests it is early to middle Miocene 
in age (Langford et al 1995). Paine (1963) described small 

outcrops of grey sandy limestone thought to be equivalent 
to the Golliger Beds in TANUMBIRINI. The limestone 
is about 3 m thick and contains abundant gastropods and 
plant remains. 

Kulampirri beds

The informally named Kulampirri beds comprise patches 
of low-lying, massive travertine and calcrete overlying 
sedimentary rocks of the McArthur Basin succession in 
central-southern MOUNT YOUNG in the northeastern NT 
(Rawlings et al 1993, see ). The 
beds are interpreted to have been formed by evaporation 
of groundwater and subsequent precipitation of carbonates 
within the soil pro le, although some may also have 
formed as a result of lacustrine inundation (Lloyd 1968b), 
similar to the Brunette and Austral Downs limestones 
to the south. They are undated, but are presumed to be 
Palaeogene–Neogene in age.

Beatrice Island Limestone

The Beatrice Island Limestone was named by Plumb 
and Paine (1964) after the island to which it is restricted 
(MOUNT YOUNG, see ). It 
comprises about 10 m of marine, buff-coloured ooid 
limestone, deposited as ooid shoals during a high stand 
of sea level in Neogene or Pleistocene times (Haines et al 
1993). The unit contains gastropods and pelecypods (Lloyd 
1968b), and is correlated with the Vanderlin Limestone of 
the Sir Edward Pellew Islands.

Vanderlin Limestone

The Vanderlin Limestone (Smith (1962) occurs on the Sir 
Edward Pellew Islands in the southern Gulf of Carpentaria 
in the northeastern NT (PELLEW, see Introduction: 

). It is correlated with the Beatrice Island 
Limestone and comprises coarsely cross-bedded light 
yellow to white, coarsely cross-bedded limestone, rich in 
gastropods and foraminifera, with ne oolitic layers in 
foreset beds. Tabular cross-beds may be up to 5 m thick, 
with a few thin bands of quartz sandstone in the foresets 
(Lloyd 1968b). These rocks are presently approximately 
40 m above sea level, which Smith (1962) attributed at 
least in part to tectonism; however, Coventry et al (1980) 
suggested that this elevation is the result of a build up by 
wind deposition, as is indicated by the coarse cross-bedding.

Cleanskin beds
The informally named Cleanskin beds (Smith and 
Roberts 1963) comprise loose scattered blocks of white, 
porous unfossiliferous limestone and saprolitic limestone 
along narrow vertosol (‘blacksoil’) plains, in MOUNT 
DRUMMOND in the eastern NT (Rawlings et al 2008, 
Figure 42.2). Pores and ?vugs in the limestone are commonly 
in lled by banded chalcedony. This unit was originally 
widely mapped by Smith and Roberts (1963), but Rawlings 
et al (2008) suggested that it is more limited in extent. The 
Cleanskin beds may be synonymous with very similar 
Palaeogene–Neogene limestone occurring in adjacent 
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areas (Noakes and Traves 1954), including the Brunette 
Limestone and the Austral Downs Limestone, which overlie 
the Georgina Basin to the south (Kruse and Radke 2008). 
The unit may also correlate with Cenozoic limestone further 
a eld (eg Golliger beds; Pietsch et al 1991).

VERTEBRATE FOSSIL LOCALITIES

Vertebrate local fauna sites of Palaeogene–Neogene age occur 
at four locations in the Northern Territory: Alcoota, Kangaroo 
Well and Pwerte Marnte Marnte in the southern NT and 
Bullock Creek in the central north (Figure 42.2). 

Alcoota

The Alcoota site (ALCOOTA) was rst described by 
Woodburne (1967), and was dated by him as being 
late Miocene to early Pliocene in age. Subsequently, 
Woodburne et al (1985), tentatively assigned the fauna 
a late Miocene age, based on evolutionary relationships 
equating it with a fauna of the Cheltenhamian Stage in 
southeastern Australia. The site has been extensively 
studied, and comprises a diverse fauna (Figure 42.22a). 
More recently it has been recognised as consisting 
of two local fauna: the Alcoota Local Fauna, and a 
stratigraphically superimposed Ongeva Local Fauna 
(Megirian et al 1996, Murray et al 1993). The Alcoota 
Local fauna comprises a varied fauna of turtles, a crocodile 
(Figure 42.22b), a lizard, and ve orders of birds, including 
the Dromornids (Figure 42.22c, d). Marsupials present 
include Thylacinidae, Diprotodontidae, Palorchestidae, 
Thylacoleonidae, Macropodidae, Pseudocheriridae and 
possibly Vombatidae (Rich et al 1991). The Ongeva 
Local Fauna contains many of the same families but 
the forms are generally more derived than those of the 
Alcoota fauna (Murray 1997). Overall, the Alcoota site is 
considered to be slightly younger than the Bullock Creek 
site (see below).

Kangaroo Well

The Kangaroo Well Local Fauna (Stirton et al 1968) occurs 
in the Ulta Limestone (see above), which is unconformable 
on rocks of the Amadeus Basin, to the west of the Santa 
Teresa Basin (Figures 42.2, ). Sparse vertebrate 
fossils and gastropods were rst discovered in 1963, and 
described in 1968 (McMichael 1968, Lloyd 1968a).

The fossil assemblage comprises gastropods, 
ostracods, sh, frogs, crocodiles, turtles, lizards, snakes, 
birds and marsupials of late Oligocene age (Megirian 
et al 2004). It correlates with assemblages from the Lake 
Eyre Basin. 

Pwerte Marnte Marnte

This fauna is the most recently recognised, having been 
discovered in an excavated pit along the Ghan Railway, 
about 75 km south of Alice Springs (Figures 42.2, , 
Murray and Megirian 2006). It contains representatives of 
Agamidae, Crocodylia, Dromornithidae and a diversity 
of marsupials, including Thylacinidae, Diprotodontidae, 

Vombatimorphia and others. None of the material belongs 
to previously described species; it is interpreted to have 
af nities with late Oligocene vertebrate assemblages from 
the lower parts of the Etadunna and Namba formations 
of the Lake Eyre Basin, but probably represents an older 
biochron. The fossils are hosted in at-lying sediments, 
deposited in a palaeochannel incised into the James 
Range, and the depositional and stratigraphic setting 
is similar to that of Kangaroo Well to the northeast. 
However, the host sediments are lithologically dissimilar 
to those at Kangaroo Well and the site is probably older. 
The 3 m-thick exposed section comprises carbonate-
cemented sandstone at the base, fossiliferous calcareous 
conglomerate, and weathered calcareous sandstone. It is 
only exposed in the excavation, and elsewhere is obscured 
by Quaternary alluvium and colluvium.

Bullock Creek

At Bullock Creek, a vertebrate fossil assemblage (Bullock 
Creek Local Fauna), comprising sh, including lung sh, 
turtles, crocodiles, Diprotodontidae, Thylacoleonidae 
and Dromornothidae has been described from the upper 
half of the exposed Cam eld beds (see above, Plane and 
Gatehouse 1968, Bultitude 1973, Kennewell and Huleatt 
1980) (Figure 42.2). The site is the most northerly 
Oligocene–Miocene vertebrate locality in Australia 
(Schwartz 2004). A general account of the fauna can be 
found in Megirian and Murray (1992), with more recent 
studies by Tyler (1994), Hand et al (1998), Megirian and 
Murray (1999), Murray and Megirian (2000), and Murray 
et al (2000). Vertebrates at this locality include three 
species of lung sh, two families of turtles, snakes, three 
species of crocodiles, two orders of birds, bats, three 
species of frogs and marsupials including thylacines, 
diprotodons and macropods. Schwartz (2004) also 
described microvertebrates from the Bullock Creek 
location. More recently, Schwartz and Megirian (2004) 
have identi ed a new species of macropod and Gaff and 
Boles (2010) described a fragment from an eagle belonging 
to the Aquila genus, the oldest found in Australia and 
possibly the world. Freshwater gastropods have also been 
found at several locations within the unit and commonly 
form rich coquinite beds (Kennewell and Huleatt 1980). 
Plane and Gatehouse (1968) reported the beds to be middle 
to late Miocene in age, slightly older than the Alcoota 
Local Fauna of the Waite Basin in central Australia, both 
of which are amongst only a few sites in Australia with a 
Miocene fauna. 

QUATERNARY

Much of the surface of the NT is covered with 
unconsolidated Quaternary deposits, comprising 
colluvium, alluvium, talus and scree, calcrete, eluvial 
soils, aeolian sand, lake and playa deposits. Some of 
these deposit types are described in more detail in the 
Regolith section below. The distribution of Quaternary 
deposits is shown in the relevant rst and second edition 
1:250 000-scale surface geology maps, and descriptions 
are given in the accompanying explanatory notes. 
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The Quaternary is marked by increasing aridity in 
southern to central NT. Repeated cycles of cool-arid and 
warm, less arid intervals related to glacial and interglacial 
cycles in the northern hemisphere (eg Fujioka and 
Chappell 2010, Chen et al 1988), acted as second order 
cycles superimposed on the long-term Cenozoic trend 
of increasing aridity. The last and most severe arid cycle 
occurred about 18 000–20 000 years ago (maxima of the 
last glacial period). Increasing aridity saw the transition of 
many of the Palaeogene–Neogene basins and palaeovalleys 
from dominantly fresh surface water lake and uvial 
systems, to systems dominated by groundwater processes, 
with precipitation of gypsum and other halites on playa 
lakes, and silici ed calcrete forming along palaeodrainage 
channels. The encroachment of sand plains and dune elds 
across extensive areas of southern to central NT also took 
place during this period. In the northern NT, the Quaternary 
is marked by uctuating sea levels, corresponding broadly 
to glacial and interglacial cycles. 

Playa and lake deposits

There are several large lakes or playas in the central and 
southern NT. These include Lake Woods, Tarabool Lake 
and Lake Sylvester in the central NT, and the large playas 
of Lake Amadeus, eastern Lake MacKay, Lake Lewis, Lake 
Bennett and eastern Lake MacDonald in the southern NT 
(Figure 42.2).

Lake Woods is a an ephemeral lake located to the north 
of Tennant Creek (BEETALOO, NEWCASTLE WATERS, 
SOUTH LAKE WOODS, HELEN SPRINGS, Figure 42.2). 
It rarely exceeds 500 km2 in the present day, but during 
earlier wetter climates, it may have had an area greater than 
5000 km2. Lake basin sediments comprise late Pleistocene 
ostracod sands and limestones that grade shorewards to red 
quartz sands (Bowler et al 1998). To the west of the present-
day lake limits are preserved three palaeoshoreline ridges, 
the oldest two of which are dated at 180 Ka and 96 Ka, with 
nearshore sands dated at 30 Ka–53 Ka (Bowler et al 1998). 

Figure 42.22. Alcoota site Fauna (a) Artist’s interpretation of vertebrate fossil fauna (drawing by P Murray, courtesy Museum and Art 
Gallery of the Northern Territory). (b) Crocodile skull Baru sp (courtesy Adam Yates, Museum and Art Gallery of the Northern Territory). 
(c) Unidenti ed mammal long bone (foreground) and tibiotarsis (shin bone, background) of Dromornis stirtoni Rich 1979 (image Caddie 
Brain, ABC News:  (accessed 
March 2013). (d) Skeleton of Dromornis (courtesy of Adam Yates, Museum and Art Gallery of the Northern Territory).
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The Lake Woods basin is interpreted to have formed in 
response to tectonic factors during late Paleogene–Neogene 
to early Quaternary time.

Lake Amadeus is a large playa system in the southern 
NT with an area of about 800 km2, being about 120 km long 
and 4–10 km wide (Figure 42.23). Chen et al (1993) divided 
the succession of the playa into two units. The lower of these 
comprises uniform clays (Uluru Clay), with a thickness of 
up to 60 m and an estimated age of greater than 5 Ma. It 
was deposited under shallow water lacustrine conditions 
with frequent dry periods. The overlying informally named 
Winmatti beds comprises 2–3 m of interlayered red quartz 
aeolian sand and gypsum. The transition from Uluru Clay to 
Winmatti beds occurred at about 1 Ma, and marks the change 
from a surface-water-dominated system to a groundwater-
controlled playa, as a result of increasing climatic aridity. 
Thermoluminescent (TL) dating of gypsiferous dunes around 
the lake margin showed that they formed at about 45–60 Ka 
(Chen et al 1990). Gypcrete deposits at 4 m depth in a playa 
lake in the Lake Amadeus region gave an Electron Spin 
Resonance (ESR) age in the range 12–17 Ka, which is related 
to the most extreme arid phase in this region (Chen et al 1988). 

At Lake Lewis, the change from fresh surface water to 
saline playa conditions occurred later, possibly between 300–
400 Ka (English 2001). Up to 80 m of red-brown lacustrine 
Anmatyerre Clay was deposited in Lake Lewis, in freshwater 
high lake conditions during the early to middle Pleistocene 
(English 2001, 2005). It is overlain by the Tilmouth beds, 

comprising grey clay with gypsum, which represents the 
onset of uctuating lake conditions and high levels of 
salinity in a closed palaeolake system, signi cantly smaller 
than the Anmatyerre Clay palaeolake. The Tilmouth beds 
is tentatively assigned to the last interglacial period around 
110–130 Ka (English 2005). Optically Luminescence (OSL) 
dating reveals that dune elds formed on the basin before 
95 Ka, and that gypsum-rich aeolian deposits accumulated 
between 17–80 Ka (English 2001, English 2005, Chen et al 
1995). Wetter conditions ensued, characterised by oodplain 
deposition and episodic shallow inundation of the lake during 
the past 20 000 years (English et al 2001).

Calcrete deposits of both vadose and phreatic zones have 
developed within the palaeodrainage systems represented by 
the present-day playas in central Australia. Sheet-like calcrete 
layers up to 11 m thick, beneath and adjacent to sand dunes, 
from playas near Curtin Springs (AYERS ROCK) gave 14C 
and ESR age results of 20–60 Ka (Chen et al 1988). Arakel 
and Wakelin-King (1991) obtained ESR ages of 22–27 Ka 
for vadose calcrete bordering playas in the same area, and a 
range of 34–75 Ka for phreatic calcrete.

Gypsum, halite and other minerals are precipitating in the 
present-day playas, and the playa surfaces are typically brown 
gypsum elds. A narrow tract of gypsum sand surrounds 
most playas and in places, gypsum sand has been blown to 
the surrounding dunes and has been indurated to form thin 
gypcrete crusts. Thermoluminescence dating of gypsum 
dunes from Lake Amadeus and Lake Lewis indicates two 
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Figure 42.23. Google images of Lake Amadeus, an endorheic (closed drainage) playa system in southwestern NT.
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main episodes of formation at 70–80 Ka and 33–46 Ka (Chen 
et al 1995), with a younger episode at 17 Ka recognised at 
Lake Lewis.

The informally named Karinga beds outcrops along 
Karinga Creek (KULGERA), which forms part of the Lake 
Amadeus discharge zone (Edgoose et al 1993, Figure 42.2). 
This unit comprises pebble to cobble conglomerate and 
coarse sandstone, and has a predominantly calcareous 
matrix. Clasts of calcrete in the conglomerate indicate 
that the unit was deposited after the formation of the 
older calcrete in the area, dated at 34–77 Ka, indicating a 
probable age for the unit of 22–43 Ka (Edgoose et al 1993). 
The succession is interpreted to have been deposited along 
the ancestral Karinga Creek and an associated playa chain, 
when these were connected by a freshwater, free- owing 
drainage system, possibly during a warm, less arid period 
that was associated with an interglacial phase.

Aeolian sand extends over a large part of the southern and 
central NT (Figure 42.24). Longitudinal and parabolic sand 

dunes form local and extensive inland dune elds, such as 
the Simpson Desert (southeastern NT), and the Tanami 
Desert (central-west NT). In the main part of the Simpson 
Desert, the dunes are long, straight, parallel and evenly 
spaced at about 400 m apart (Figure 42.25a, b). They 
range up to 35 m high, although most are less than 25 m 
(Buckley 1981). Pell et al (2000) studied the provenance 
of the sand and concluded that the sands in the northern 
and western Simpson Desert (NT) were essentially derived 
from the Arunta Region, Musgrave Province, Mount Isa 
Inlier and Tennant Region. Sediment transport from these 
proto-sources to the sur cial sedimentary basins was over 
distances of several hundred kilometres and was dominantly 
by uvial, not aeolian means. Quaternary aeolian transport 
has been minimal, serving only to form dunes via the 
vertical corrosion of underlying sedimentary rocks, or from 
the residual products of local basement weathering (Pell 
et al 2000). 

Recent cosmogenic dating (paired 10Be-26Al analysis) 
of drill core samples in the western Simpson Desert (NT) 
showed that the rst dunes in this area formed at about 
1 Ma (Fujioka et al 2009, Fujioka and Chappell 2010). 
Recent investigations of the dune succession have shown 
that up to four stratigraphic intervals of aeolian sands 
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Figure 42.25. (a) Google Earth image of parallel dunes in Simpson 
Desert, southeast Northern Territory (SIMPSON DESERT 
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marked crest of parallel dune, Simpson Desert, southeastern 
Northern Territory (precise location unknown).
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bounded by palaeosols have been preserved, representing 
periods of reactivation separated by periods of greater 
stability (Fujioka et al 2009, Fujioka and Chappell 2010, 
Fitzsimmons 2011).

Dune elds and sand plains are interpreted to have 
reached their current (and maximum) expansion during the 
last glacial maxima at about 18–20 Ka, following numerous 
cycles of expansion during earlier glacial maxima. In the 
current, slightly wetter climatic conditions, the dunes and 
plains are largely stabilised by vegetation, and in many 
areas, they have been locally breached by modern drainage 
as a result of ood events.

Coastal areas

The coastal lowlands include wide littoral plains with 
isolated chenier ridges, and estuarine oodplains. The plains 
occur at intervals across the coast of the NT, and beyond. 
Much of the littoral plain is up to 5 m above sea level, and 
had been interpreted as evidence of emergence following a 
regression in recent times (eg Christian and Stewart, 1953). 
Clarke et al (1979) dated cheniers at Point Stuart, and this 
work indicated that the postglacial transgression had ceased 
by about 6000–7000 ybp, with little sea level uctuation 
since that time.

Quaternary lithostratigraphic units in coastal dunes 
have been dated using coarse-fraction thermoluminescence 
at two locations in the dune elds near Cape Arnhem 
in the northern NT (Lees et al 1995). Five main 
chronostratigraphic units were identi ed; these include 
a late Pleistocene unit (ca 19 Ka), an early Holocene unit 
(ca 65-90 Ka), a mid-Holocene unit (ca 4 Ka) and two late 
Holocene units (ca 2.1 Ka and 1 Ka). These units were 
respectively associated with the de ation of exposed shelf 
sediments during the last glacial period, the disturbance of 
this material by rising sea level, and climatic variations in 
the late Holocene.

Woodroffe et al (1993) attributed the coastal landforms 
of the Cobourg Peninsula to a series of phases of planation, 
iron mobilisation, and sand deposition during the late 
Quaternary. The present coastline reoccupies features 
initially formed in previous interglacial events and the 
postglacial marine transgression.

Nott (1996) reported that late Pleistocene and Holocene 
sea levels on sections of the NT coast were signi cantly 
higher than at present, with a raised coral reef giving 14C 
ages of between 26–30 Ka.

REGOLITH 

Regolith is de ned as “The entire unconsolidated or 
secondarily recemented cover that overlies coherent 
bedrock, that has been formed by weathering, erosion, 
transport and/or deposition of older material. The regolith 
thus includes fractured and weathered basement rocks, 
saprolites, soils, organic accumulations, volcanic material, 
glacial deposits, colluvium, alluvium, evaporitic sediments, 
aeolian deposits and groundwater” (Eggleton 2001).

The major types of regolith deposits of the NT are 
described in this section, with no subdivision by age. The 
majority of the deposits are Quaternary; however, the 

development of weathering pro les and some materials 
related to landscape development extends back to the 
Palaeogene–Neogene, or are even older. 

The detailed distribution of sur cial deposits in the NT 
is shown in the rst and second edition 1:250 000-scale 
surface geology maps, and descriptions are given in 
the accompanying explanatory notes. In 1975, BMR 
produced a 1:2.5M-scale Cenozoic geological map of the 
Northern Territory, based on sur cial units as represented 
in First Edition 1:250 000-scale geological maps. In 
1984, a regolith-landform map of Australia (1:5M) 
was also released. These two maps showed some of the 
major alluvial-colluvial systems, and some major areas 
of ferruginous duricrust. Since then, there have been 
considerable advances in the understanding of regolith 
processes, and a wealth of new data has been provided by 
Landsat 7, DTM and radiometric data from high-resolution 
airborne surveys, second edition geological mapping, and 
drill data from mineral exploration. 

Because of its importance in mineral exploration, 
NTGS co-funded a project to study the NT regolith 
with the Co-operative Research Centre for Landscape 
Environments and Mineral Exploration (CRC-LEME) 
in 2004. Expertise for the project was provided by 
Geoscience Australia and CSIRO, as well as NTGS. The 
objective of this project was to provide a regional regolith-
landform framework of the Territory as a basis for guiding 
mineral exploration and other land-use issues. Three main 
products were released after the culmination of the project: 
Craig (2006) compiled a 1:1M-scale regolith map of the 
NT ( ); Robertson et al (2006) described the 
characteristics of the regolith and compiled a pictorial 
atlas of a variety of regolith forms from various geological 
regions of the NT; and NTGS released both these products 
as well as additional site data in a GIS format (May et al 
2010). The following summary is largely based on these 
recent studies.

Craig (2006) divided the regolith landforms of the 
NT into three broad classes – in situ, transported, and 
modi ed. The estimated proportions of these are shown 
in Figure 42.27a and an estimation of the main regolith 
types by % area is illustrated in Figure 42.27b. The major 
regolith types of the NT are here described under these 
classes, with an additional section related to indurated 
regolith.

In situ regolith

Pedolith
Residual ferruginous material, clay and sand cover about 
10% of the surface of the NT ( , 42.27b). 
The type of residual material is related to the nature of the 
substrate from which it is derived, with wide variations in 
grain size, composition, and chemistry across the NT. For 
example, in the Barkly Tableland of the central and northern 
Georgina Basin the pedolith is formed on carbonate 
sedimentary rocks, is rich in both kaolinite and smectite, and 
generally forms plains of cracked soil (vertosol, colloquially 
known as ‘black soil’) pitted with holes (Robertson et al 
1996, Figure 42.28). The pedolith formed on granitoids in 
the Arunta Region is generally rich in feldspar, quartz and 
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mica, and may be very coarse (derived from grus). It may 
contain compound (lithic) grains of granitoid mineralogy.

Saprock, saprolite and mottled zone
Almost 40% of the NT is covered by saprock, saprolite and 
mottled zones (Figure 42.27b), including large parts of 

the Pine Creek Orogen, the Tennant and Arunta regions, 
and the McArthur, Victoria and South Nicholson basins. 
These zones are generally developed on hilly terrains where 
erosion is relatively more active. Weathered mantle has 
been stripped away, leaving fresh rock and saprock. Where 
dissection is slight, as on alluvial plains in the Wiso and 
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Georgina basins, and where a crust protects the weathered 
pro le, very deeply weathered saprolites, mottled rocks, 
ferruginous saprolites and plasmic zones may be preserved 
(Figure 42.29). In many areas where the mottled zone is 
developed, saprolitic microstructures have been destroyed, 
shardy quartz and clay dominate the rock fabric, and the 
saprolitic nature of the pro le has been preserved only by 
gross primary rock layering.

Ironstones and breccias
Silici ed, ferruginous and manganiferous regoliths have 
formed in the Amadeus Basin and on some ne-grained 
Palaeozoic sedimentary rocks of the Georgina Basin. They 
vary from spongy goethite developed in pedolithic clays, to 
brecciated and silici ed ferruginous saprolite developed on 
fossiliferous cherty carbonate rocks, to massive goethite-
quartz rocks with void llings of goethite, to siliceous 
agate-rich breccias with goethite, hollandite and pyrolusite 
in the breccia matrix.

Lateritic residuum
Almost 25% of the NT is covered by residual duricrust 
and lateritic gravel. Lateritic residuum is more common in 
the northern part of the NT, including the Georgina Basin, 
Tennant Region, Carpentaria and Victoria basins, Pine 
Creek Orogen and Money Shoal Basin. At numerous sites 
where mottled saprolites are developed, there are remnants 
of yellow-brown ferruginous argillans on mottles and 
blocks of saprolite that form loose lateritic gravel at the top 
of the pro le. This material may be cemented into a thin 
duricrust or fragmental duricrust and implies the erosion of 
former, more extensive lateritic pro les. A trizonal lateritic 
pro le is present below Miocene deposits in many of the 
Cenozoic basins of the NT and this provides an upper age 
limit to the intense period of weathering that formed this 
lateritic pro le.

Indurated regolith

Indurated regolith, or secondary duricrusts, are typical of 
palaeovalleys and the landscape in which they are incised. 

They chie y consist of ferricrete, silcrete and calcrete. 
Although there is a good understanding of the nature and 
expression of these duricrust deposits, widespread uncertainty 
and disagreement exists about their depositional processes, 
ages and genetic connotations, particularly for ferricrete and 
silcrete. It is likely that the onset of ferricrete formation is pre-
Cenozoic and precedes silcrete formation, which probably 
dominantly occurred in two distinct episodes. In most 
areas, calcrete formation likely represents the nal phase of 
secondary duricrust deposition, and is thought to be related 
to the onset of arid conditions in the Neogene. However, 
iron and silica mobilisation has continued, at variable 
rates, throughout much of the Cenozoic. The stratigraphic 
relationship between ferricrete, silcrete and calcrete is a 
complex combination of precipitation, overprinting and 
replacement processes and events.

Silcrete
Silcrete is common in the southern part of the NT, 
including the Amadeus and Georgina basins, where it 
has generally formed from Cretaceous to Palaeogene–
Neogene sandy or gritty uvial deposits that have been 
cemented by siliceous and minor banded aluminosilicate 
material. Many silcretes form mesas in the present-day 
landscape, some protecting underlying, unsilici ed uvial 
sedimentary rocks and thus representing an inverted 
topography (Figure 42.30). Geochemically, the silcrete 
consists mostly of silica (mean 95%) with much of the 
remainder being Al and Fe, and like chert, there is little 
else, except for some Ti (1000 ppm), Zr (500 ppm) and Ba 
(350 ppm). A few silcretes have formed by silici cation 
of adjoining basement rocks, with or without brecciation, 
where the original rock fabric has been maintained, but 
any pore spaces have been completely lled with silica, 
QAZ (quartz, anatase and zircon) cement or banded 
aluminosilicate material. The formation of silcrete is 
probably related to conditions where the solubility of Al 
is greater than Si near the top of the pro le, requiring a 
permanently high water table and a pH of about 3.5. Most 
Australian silcretes appear to be mid to late Cenozoic in 
age (Milnes and Twidale 1983).

Figure 42.27. (a) NT regolith classes by percentage, estimated from the Regolith Map of the NT (Craig 2006), after Craig and Robertson 
(2006). (b) NT regolith types by area estimated from the Regolith Map of the NT (Craig 2006a), after Craig and Robertson (2006).
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Ferricrete 
Ferricrete is more prevalent in the northern part of the NT, 
where it has formed from uvial sediments and colluvia that 
have been cemented by iron oxyhydroxides, chie y goethite. 
Ferricretes in the Pine Creek Orogen (Figure 42.31) and 
Money Shoal Basin consist of ferruginous granules, mostly 
with cutans abraded or chipped, that are cemented by delicately 
banded goethite, so as to form an open mesh. They form a 
veneer on lateritic residua and are overlain by a lag of black 
ferruginous granules. Granules of goethite-infused fossil 
wood are common and also contribute to the lag deposits. 
Ferricretes are commonly concentrated in and on the rims 
of karstic depressions developed on Cretaceous sedimentary 
rocks, where they form slabby outcrops of black granules.

Calcrete
Calcrete is common in the southern part of the NT. In the 
Amadeus Basin, calcrete deposits are formed within both 
the vadose and phreatic zones of palaeodrainage systems. 
Calcrete occurs as nodules in aeolian sands incorporating 
red-brown aeolian grains, and it also infuses and forms 
sheets in the underlying saprolite. The calcrete nodules 
show evidence of multicyclic dissolution and precipitation 

of carbonates. Calcrete also cements scree and colluvial 
fans of basinal carbonate rock fragments and coats chert 
blocks. Chen et al (1988) used 14C and ESR dating to show 
that calcrete deposits of the Curtin Springs area were formed 
within the period 20 to 60 Ka. Arakel and Wakelin-King 
(1991) obtained ESR ages of 22–27 Ka for vadose calcrete 
bordering playas in the same area, and a range of 34–75 Ka 
for phreatic calcrete.

Gypcrete
Gypcrete, or gypsum-cemented duricrust, is an indurated, 
or hardened, layer formed on, or in soil. It generally occurs 
in a hot, arid or semiarid climate in a basin that has internal 
drainage. The largest single development of gypcrete in 
the NT is in the south, in the Lake Amadeus–Karinga 
Creek playa lake system de ned as the ‘Central Australian 
Discharge Zone’ (Jacobson et al 1989, Arakel 1991). 
Gypsum precipitation is caused by saline groundwater 
evaporating on the surface of playa lakes.

Transported regolith

Transported regolith accounts for about 52% of the 
land surface of the NT (Craig and Robertson 2006, 
Figure 42.27a). It comprises sediments deposited in a wide 

Figure 42.28. Flat, featureless grass plain developed in vertosol, 
Barkly Tableland (image from May et al 2010).

Figure 42.29. Megamottles (MO) are developed in a horizontally 
bedded micaceous metasiltstone, Arunta Region (HUCKITTA, 
53K 516074mE 7479895mN). The vertical mottles exceed 2 m in 
length (image from Robertson et al 2006: gure 22E).

Figure 42.30. (a) Mesa of thin silcrete (SL), anked by scree 
aprons, on contorted and dipping, weathered, white, basinal 
sandstone saprolite (SP; ALICE SPRINGS, 53K 426084mE 
7382430mN, image from Robertson et al 2006: gure 9A). (b) 
Detail of massive silcrete capping a mesa. Water-worn pebbles 
(PS) indicate an original uvial depositional environment (ALICE 
SPRINGS, Ross River area, precise locality uncertain, image 
from Robertson et al 2006: gure 9C).

a
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range of environments, and in climatic zones that vary from 
sub-tropical in the north to semi-arid in the south. The 
distribution of these regolith landform elements is shown in 
Figures 42.26 and 42.27b.

Coastal sediments (1%) comprise beach and estuarine 
deposits on tidal ats, chenier and coastal plains, and some 
coastal dunes. Alluvial sediments (16%) comprise overbank 
and channel deposits on alluvial plains, oodplains, fans and 
swamps. Lacustrine sediments (0.4%) occur on depositional 
and playa plains. Paludal sediments (0.06%) are deposited in 
swamps. Colluvial sediments (7%) comprise sheet- ow and 
fan deposits on depositional plains, and colluvial and sheet-

ood fans on erosional rises and plains. Aeolian sediments 
(26%) comprise dominantly quartzic sands forming 
longitudinal and parabolic dunes on local or extensive dune 

elds and forming some coastal dunes. Evaporite sediments 
(1%) comprise halite, gypsum and calcrete (nodules/plates), 
calcareous earths and soil carbonate deposits formed on 
playa surfaces and plains.

Vertical pro les of transported sediments may show 
multiple layers of transported materials, deposited by 
varying mechanisms that represent different climatic 
regimes. For example, in the southern NT, aeolian 

sands have encroached over colluvial and alluvial plains 
(Figure 42.32), and on coastal oodplains in the northern 
NT, marine, estuarine and freshwater clays, and cheniers 
re ect rising and falling sea levels. 

Lag
Lag is a surface veneer of ferruginous saprolite and/or 
lateritic nodules and pisoliths, left after the removal of soil 

nes by wind and water (Figure 42.33a, b). On a sand 
dune substrate, a lag of quartz, feldspar and ferruginous 
granules, only very slightly coarser than the aeolian sand, 
is concentrated in dune swales by the removal of nes by 
the wind. Concentrations of black ferruginous pisoliths 
and granules occur on ferricretes, re ecting the substrate, 
after the underlying soil has been removed by sheetwash 
de ation. Concentrations of loose pisoliths and nodules 
occur on lateritic duricrusts, also re ecting their substrate. 
This type of lag is common in the northern part of the NT. 
Because it is rich in haematite, goethite and maghemite, 
which readily adsorb and incorporate indicator elements, 
it provides an excellent geochemical sampling medium 
for the detection of gold and base metals ore deposits 
(Robertson 1996).

Figure 42.31. Low ferricrete benches south of Darwin (image 
from Craig and Robertson 2006).

Figure 42.32. Red aeolian sand (SD; >7 m thick) overlying mottled 
alluvial soil (AV) on limestone bedrock (LS). Alluvium consists 
of angular quartz grains (<0.5 mm across) and minor grains of 
chert and microcline, loosely packed in variably goethite-stained 
kaolinite (Lucy Creek, HUCKITTA, 53K 645119mE 7541970mN, 
image from Robertson et al 2006: gure 43C).

Figure 42.33. (a) Ferruginous lag surface on plain, Georgina 
Basin (TOBERMOREY, 53K 793207mE 7501621mN, image 
from. May et al 2010). (b) Detail of lag surface in (a), showing 
shiny black nodules that lack cutans, and some with yellow-brown 
to red-brown cutans (image from May et al 2010).

a

b
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LAND SURFACES AND LANDSCAPES

Northern NT

The bulk of the Northern Territory landscape is relatively 
featureless, and large parts have been stable for long 
periods of time. The topography is largely generally 

at to undulating, and in these areas, erosion rates are 
typically less than 5 m/Ma (eg Belton et al 2004, Quigley 
et al 2010).

Earlier studies (Woolnough 1927, Christian and 
Stewart 1953, 1954, Owen 1954, Gardner 1957) 
considered that the landscape of the northern part of 
the NT resulted from warping and dissection of a single 
peneplain, formed during a cycle of erosion that started 
in the Late Cretaceous and ended in the mid-Cenozoic. 
Under this scheme, the duricrust-capped at-topped 
hills in this region were regarded as residual features 
of the peneplain surface. Subsequent studies challenged 

this simple peneplain model and showed the existence of 
multiple land surfaces.

Three erosion surfaces were described from the Daly 
Basin area by Wright (1963): the Bradshaw (oldest), 
Maranboy and Tipperary surfaces. Hays (1967) carried 
out a regional study of land surfaces and laterites of the 
Northern Territory in the area north of 22 S. He identi ed 
and described four land surfaces: the Ashburton, Tennant 
Creek, Wave Hill and Koolpinyah surfaces (Figure 42.34), 
all of which dip gently towards the coast. These range from 
pre-Cretaceous to Quaternary in age and were interpreted 
to decrease in age with height. They have been regarded 
as classic examples of cyclical erosion. The landscape 
model of Hays was based on the interpretation that laterite 
associated with deep weathering pro les of low-lying areas 
was detrital, and sourced from pre-existing weathering 
pro les. These detrital weathering pro les developed in 
response to successive waves of erosion through scarp 
retreat, brought about by changes in base-level associated 
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Figure 42.35. Ashburton and Tennant Creek surfaces near Tennant 
Creek. Flat tops of hills are remnants of Ashburton Surface 
developed on Warramunga Formation. Flat grassy plain is Tennant 
Creek Surface [image courtesy of Nigel Donnellan (NTGS). View 
approximately ENE from near Bill Allen lookout off Peko Road]. 

with periods of tectonic uplift. The oldest (and highest) 
land surface (Ashburton Surface) was carved across pre-
Mesozoic strata. Three episodes of uplift and erosion then 
followed. Initial weathering and deep ferruginous pro les 
occurred after the retreat of Cretaceous seas (Tennant Creek 
Surface). Minor uplift initiated erosion or pediplanation, 
accompanied by scarp retreat. Eroded sediments were 
then incorporated into newly developed pro les across a 
lower topographic level land surface (Wave Hill Surface). 
A further phase of uplift, erosion and pediplanation ensued, 
resulting in the development of the youngest Koolpinyah 
Surface. 

Further studies by Nott (1994, 1995, 2005) challenged 
aspects of the development of the four-land surface model, 
in particular the processes of cyclical uplift and erosion 
to explain the topography and weathering characteristics 
of the region. This work also questioned the absolute 
and relative ages of the land surfaces in some areas. Nott 
proposed that the Wave Hill and Koolpinyah surfaces in 
the Darwin Region appear to be structurally controlled, 
rather than representing planation surfaces that cut across 
structures. This was based on a reinterpretation of much 
of the purported detrital laterite, used by Hays (1967) as 
the main evidence to distinguish both of these surfaces 
and attribute their development to successive phases of 
pediplanation, as in situ weathered Cretaceous sedimentary 
rocks (Nott 1994, 1997, 2005). Nott proposed that the 
landscape relief has been increased by gradual etching and 
erosion after the regression of the Cretaceous seas, rather 
than as a result of cycles of uplift and erosion.

Erosion has been the dominant force shaping the 
landscape of the northern NT since the regression of 
Cretaceous marine sedimentation. The rates of denudation, 
measured by cosmogenic 26Al and 10Be, thermoluminescence, 
14C and 210Pb in the Kakadu region (Nott and Roberts 1996), 
show an order of magnitude increase in the late Quaternary, 
compared to the last 100 Ma or so: from <1 mm ky-1 to 
3.5 mm ky-1 on the Wave Hill Surface; and from 2–3 mm ky-1 
to 23–40 mm ky-1 on the Koolpinyah Surface.

Reconnaissance palaeomagnetic dating of ferruginous 
weathering on samples from a wide range of sites was 
conducted by Pillans and Craig (2005). The majority of 
sites yielded specimens with well de ned reverse polarity 
magnetisation. The preservation of reversed polarity 
remanences indicates acquisition prior to the Brunhes/
Matuyama polarity transition at 0.78 Ma. Several poles 
intersect or lie close to the late Cenozoic segment of the 
Apparent Polar Wander Path (APWP), and have estimated 
mean ages in the range 0–10 Ma. These include sites from 
the Darwin–Adelaide River region. The palaeomagnetic 
pole from Glen Helen west of Alice Springs (Site 1122) 
yielded an estimated mean age of 47 Ma, but with a large 
uncertainty (about ± 15 Ma). The oldest weathering ages 
appear to be from near Tennant Creek, where the reversed 
polarity of all specimens and one pole position, are most 
consistent with an earliest Permian age (ca 295 Ma). A 
second pole yielded a late Cretaceous age (ca 75 Ma). 
The Permian palaeomagnetic pole is similar to Late 
Carboniferous to Early Permian poles obtained from the 
Tanami area (eg Dead Bullock Soak) and the Lance eld 
mine at Laverton in the eastern Yilgarn. 

Ashburton Surface

This is the oldest and locally the highest land surface 
in the NT. It is best developed in the Ashburton and 
Murchison ranges and near Tennant Creek in the Tennant 
Region (Figures 42.34, 42.35), and is present in the 
Davenport Ranges and in isolated occurrences to the south 
(eg BARROW CREEK). The northern boundary of the 
Ashburton Surface coincides with the Cretaceous shoreline 
and it has been assumed that this surface is associated with 
the landmass from which the Cretaceous sediments were 
derived. The weathering pro le extends down to about 
60 m and comprises a pallid zone overlain by a mottled 
zone and capped by an up to 6 m-thick ferricrete layer. This 
weathering has been dated at about 295 Ma (see above). 
Field observations in the Davenport Province by Stewart 
et al (1986) led them to conclude that the Ashburton 
Surface may be Cambrian or older. In this area, Cambrian 

uvial sediments were deposited in palaeovalleys cut into 
the Ashburton surface, and intervening terrace remnants 
appear to have retained their original depositional tops and 
have probably existed as a subaerial landform since their 
inception. However, more recent work by Benton et al (2004), 
from combined apatite ssion track thermochronology and 
in situ cosmogenic radionuclide analyses using 10Be and 
26Al, show that, although average exhumation rates are low, 
the denudation history for this region is incompatible with 
extreme, sub-aerial longevity and long-term tectonic and 
geomorphic stability. Their revised model for the landscape 
evolution of the region entails maximum burial prior to and 
during the Mesozoic, followed by a phase of kilometre-scale 
exhumation that was largely complete by the beginning 
of the Cenozoic. This model is consistent with the Late 
Cretaceous to early Cenozoic ages interpreted for landscape 
formation in central Australia (see below).

Tennant Creek Surface

This surface lies at a lower elevation than the Ashburton 
Surface and is associated with a standard lateritic 
pro le (Figures 42.34, 42.35). It is best known from the 
Georgina, Wiso and Daly basins and Tennant Region, and 
is equated with the Bradshaw Surface, identi ed by Wright 
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(1963) in the Daly Basin. The bauxite pro le on the Gove 
Peninsula is considered to have developed on the Tennant 
Creek Surface. It developed across Cretaceous sediments 
during the northward regression of the Albian Sea, so that 
the age of this surface ranges from Late Cretaceous in the 
south to early to mid-Cenozoic in the north (Hays 1967). 
The younger of the two weathering events dated in the 
Tennant Creek Region (ca 75 Ma; Pillans and Craig 1995) 
may be related to the development of the Tennant Creek 
Surface.

Wave Hill Surface

This surface stands lower than and encroaches upon the 
Tennant Creek Surface and is characteristically developed in 
the dissected margins of this surface. It is in turn extensively 
dissected by the Koolpinyah Surface (Figures 42.34, ) 
and is equated with the Maranboy Surface, described by 
Wright (1963) in the Daly Basin. Nott (1994) interpreted 
the surface to be composed of in situ laterite. It is observed 
in the Victoria, Daly, Birrindudu and McArthur basins, 
and also in the Pine Creek Orogen. The age of the Wave 
Hill Surface is debatable. Hays (1967) considered it to be 
Miocene, but studies by Nott (1994, 1997) in the Darwin 
area, Arnhem Land Plateau and the southern McArthur 
Basin showed that valleys eroded into the surface contain 
Cretaceous terrestrial sediments, and that therefore, the 
surface predates the Cretaceous. 

Twidale (1984) studied the at limestone surface south 
of Katherine (termed the Tindall Plain), which was ascribed 
to the Wave Hill Surface by Hays (1967). It was concluded 
that the Tindal Plain is of the exhumed type and is the 
surface upon which Cretaceous strata was deposited; it is 
therefore pre-Cretaceous in age. However, this model was 
contested by Lauritzen et al (1994), who considered that the 
Tindall Plain may be the result of Quaternary stripping of 
the overlying sandstone beds.

Koolpinyah Surface

This surface is observed in coastal areas and in some 
inland river valleys in the Victoria Basin, McArthur 
Basin and Pine Creek Orogen. In coastal areas, truncated 

lateritic pro les are common, whereas in inland areas 
(Figures 42.34, ), the surface has been beveled 
across fresh rock in many places. Hays (1967, 1968) 
interpreted the surface to be Pliocene in age, younger 
than the Wave Hill Surface that it extensively dissects. 
However, recent work in the Arnhem Land Plateau region 
(Pine Creek Orogen) and McArthur Basin indicated that 
the Koolpinyah Surface may have originally developed 
during the Palaeoproterozoic, then was buried beneath 
Cretaceous seas and subsequently exhumed (Nott 2005). 
In this region, the Koolpinyah Surface is therefore 
probably older than the Wave Hill Surface, which has 
been modi ed during the Cretaceous. Hays (1967) 
considered that Koolpinyah Surface pro les are typi ed 
by a detrital laterite top overlying mottled and pallid 
zones, with the sediment derived from the laterite of the 
Tennant Creek Surface. However, Nott (1994) showed 
that the type section for the Koolpinyah Surface is 
composed of in situ weathered Cretaceous strata rather 
than detrital laterite.

Land surfaces in southern NT

In the MacDonnell Ranges and other ranges in the central 
Australian region, a noted bevelling or partial bevelling 
of the crests of ranges and outlying topographic highs is 
often apparent (Figure 42.37), This surface is interpreted 
to be a preservation of a Late Cretaceous to early Cenozoic 
upland surface in this region (Mabbutt 1962, 1966, 1967). 
Also partly preserved are dominantly lateritised plains to 
the north of the central ranges, and dominantly silcretised 
plains to the south. Wopfner (1997) included the silcretes 
of the southeastern NT in his oldest Cenozoic land surface 
(Cordillo Surface) of the Lake Eyre Basin. Rejuvenation of 
the landscape over the last 20 million years or so is possibly 
related to slow subsidence in the Lake Eyre Basin to the 
south, which lowered base level and promoted erosion 
(Thompson 1995). Evidence for this cycle of renewed 
erosion is the preservation of prior valley oors as low 
mesas in the strike valleys of the MacDonnell Ranges 
(Figure 42.38), and the presence of scree and talus slopes, 
related to the Late Cretaceous–early Cenozoic landscape 
described above, but now defunct and isolated from 

. Wave Hill and Koolpinyah surfaces. Wave Hill 
Surface is represented by at-topped range of Kombolgie 
Subgroup, whereas at areas extending from base of these hills 
represents Koolpinyah Surface, western Arnhem Land (image 
courtesy L Glass, formerly NTGS).

Figure 42.37. Bevelled crest on steeply dipping Pacoota Sandstone 
(Amadeus Basin), near Glen Helen, west MacDonnell Ranges.



Cenozoic geology and regolith

42:34

the upland surface they developed on by the incision of 
modern drainage (Figure 42.39). Recent work on erosion 
rates on rocky surfaces and soil-mantled slopes in the 
uplands of the southern NT using in situ cosmogenic 10Be 
method show overall very slow rates of erosion, 2 m Ma-1 
for rocky slopes and 7 m Ma-1 for soil-mantled slopes 
(Heimsath et al 2010). These authors suggested that the 
slow rates of erosion indicate that the present-day ridge-
valley landscape must have been shaped under different 
climatic conditions, and potentially date it back to the 
Miocene or early Pliocene. 

The modern drainage pattern in the main ranges in southern 
NT is predominantly transverse to the main strike of the ranges. 
The Finke River and its tributaries begin in the northernmost 
part of the MacDonnell Ranges and maintain predominantly 
southerly courses via spectacular gaps through the dominantly 
east-west strike ridges, through to the meandering gorges of 
the James Range. Mabbut (1967) interpreted this discordant 
pattern as inheritance from pre-Cenozoic drainage patterns 
and concluded that some of the major drainages in the west 
MacDonnell Ranges have followed the same general course 
for the past 100 million years or so, having established shallow 
valleys at the sites of the present-day gorges during the 
development of the old land surface. They then subsequently 

cut down through terraces of Cenozoic sediments deposited by 
ancestral tributaries (Figure 42.40).

MINERAL RESOURCES

The Cenozoic of the NT is endowed with a variety of 
mineral deposits, including the world-class bauxite mine 
at Gove, numerous alluvial gold and tin deposits, heavy 
mineral sands in the Tiwi Islands, calcrete-hosted uranium 
and rare earth elements (REE) in the southern part of the 
Territory, minor iron ore occurrences in the northern NT, 
and various construction materials and gypsum in playa 
lakes. Most of these occurrences are discussed in the 
individual chapters on various geological regions of the 
NT. Bauxite at Gove Peninsula is discussed in Carpentaria 
Basin and heavy mineral sands occurrences are described 
in Money Shoal Basin. Weathering and oxidation, and 
supergene enrichment of many of the hard-rock deposits 
of iron and manganese probably took place during the 
Cenozoic. Oxidation of sul de-bearing auriferous reefs and 
the consequent release of free gold may also be attributed to 
Cenozoic processes. The middle to late Eocene Ulgnamba 
Lignite Member and equivalent strata in other Palaeogene–
Neogene basins contains lignite and locally, oil shale lignite 
beds. These need evaluation not only for hydrocarbons, but 
also for uranium (see below). 

The main mineral occurrences hosted within the 
Cenozoic of the NT are shown in . Brief 
discussions of some signi cant occurrences are included 
below.

Alluvial gold and tin

Alluvial gold occurrences are associated with hard rock 
gold in both the Pine Creek gold eld of the Pine Creek 
Orogen, and  the Arltunga and Winnecke gold elds in the 
Aileron Province of the Arunta Region ( ). A 
few have been subject to minor historical working. Alluvial 
tin occurs at  Collia, and at Emerald Creek, Wandie Creek, 
Mary River Camp and Morris in the Cullen Mineral Field  
of the Pine Creek Orogen, where minor eluvial workings 
have historically occurred. 

Uranium

Many of the Cenozoic basins and palaeodrainages in the 
central and southern parts of the Territory are currently 
being explored for uranium. There are several occurrences 
of calcrete-hosted uranium, within and to the south of the 
Ngalia Basin, including Napperby, Currinya, Cappers, 
Wilora, and Afghan Swan.

Napperby

The most signi cant deposit, Napperby (also called New 
Well) is 160 km northwest of Alice Springs near the Tanami 
Road ( ). It was discovered in 1977 by Uranerz 
Australia Ltd, during a regional airborne radiometric 
survey and follow-up auger drilling program that de ned 
an inferred resource of 6200 t of U3O8 at a grade of 0.0356% 
U3O8, using a cut-off of 200 ppm U3O8 (Taylor 1984). Uranerz 

Figure 42.38. View south from lookout, west MacDonnell 
Ranges, west of Alice Springs, showing rounded upland surface, 
and preserved Cenozoic valley oor in at-topped low hills.

Figure 42.39. Defunct scree slopes just east of Alice Springs, 
showing former scree slope of upland ranges now isolated by 
modern drainage.
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abandoned the project in 1984 after determining that it was 
uneconomic. The deposit was subsequently acquired by 
Deep Yellow Ltd, who re-evaluated the prospect by drilling 
(Deep Yellow 2005) Deep Yellow concluded that the 
average grade of samples was much lower (89 ppm U3O8) 
than originally indicated by Uranerz. In 2006, the project 
was optioned to Toro Energy Ltd. Toro conducted extensive 
exploration, leading to the estimation of JORC-compliant 
Resource of 4.6 Mt at 0.031% U3O8 (Toro Energy 2008a). 
The current Resource at this deposit is given as 9.3 Mt at 
359 ppm U3O8 (Deep Yellow 2012). Anomalous uranium 
occurs within a north- to northeast-trending palaeochannel, 
about 15 km long and 1–3 km wide. Mineralisation is 
hosted by 2–3 m of green calcareous sand beneath a surface 
calcrete layer, 1–3 m thick (Figure 42.41). Carnotite is the 
principal uranium mineral and occurs in grain interstices 
with minor tyuyamunite (Lally and Bajwah 2006). 

Currinya

The Currinya prospect is located near the southern margin 
of the Ngalia Basin in an area of widespread calcrete and 
alluvial mud salt pans ( ). Mineralisation 
was discovered by Central Paci c Minerals NL, during 
investigations of two weak radiometric anomalies in 
1974–1975. Carnotite occurs as thin lms on irregular 
surfaces in calcrete, and as pea-sized fragments and minor 
irregularly shaped gains at shallow depths. Grades are 
patchy and discontinuous, and the highest-grade drillhole 
intersection is 0.064% U3O8 over 2 m, at between 4 and 
6 m in depth (Wells and Moss 1983). In 2011, Eclipse 
Uranium Ltd completed 1610 line km of Tempest AEM 
over the prospect at a spacing of 1000 m. The program 
was co-funded by NTGS in conjunction with its Bringing 
Forward Discovery Initiative. Targets identi ed during this 
survey are still to be drilled (Eclipse 2011). 

Cappers

Interpretation of data from a detailed airborne geophysical 
survey own by Energy Metals Ltd in late 2007 identi ed a 
strong uranium channel anomaly, located in the southeastern 
part of the Ngalia Basin ( ). This prospect was 
subsequently named Cappers. Drilling of the anomaly in 
2008 and 2009 encountered anomalous uranium values 

at shallow levels over 10 km of strike. An inferred JORC-
compliant Resource of 22 Mt at 145 ppm U3O8 at a cut-off 
grade of 100 ppm U3O8 has been outlined at the prospect. All 
mineralisation is hosted in shallow calcrete, sand and clay 
layers at depths of less than 10 m below surface (Energy 
Metals 2010).

Afghan Swan

Exploration conducted by Thundelarra Exploration 
Ltd (Thundelarra), involving ground gravity, airborne 
electromagnetic surveying (Tempest) co-funded by NTGS 
Bringing Forward Discovery initiative, and drilling, has 
identi ed over 400 km of palaeovalley systems within the 
Cenozoic succession of the southern Whitcherry Basin 

Figure 42.40. Heavitree Gap, Alice Springs, looking north. Note gradual slope towards gap, indicative of preserved older landscape 
surface and ancestral gap, with steeper slopes at gap indicative of rejuvenated erosion.
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Figure 42.41. Vertical pro le at Napperby uranium prospect 
(modi ed from Toro Energy 2008b).
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(Figure 42.2). These systems are highly prospective, as is 
shown by Thundelarra’s discovery of signi cant uranium 
mineralisation within basal channel sands at the Afghan 
Swan prospect ( ). Drillhole TNG061RC 
intersected 7.08 m of palaeochannel mineralisation grading 
1405 ppm eU3O8 at a depth of 135 m below surface. The 
intercept included 0.85 m at 5179 ppm eU3O8 (Thundelarra 
2011). Drillhole TNG095RC, located approximately 8 km 
northwest of TNG061RC, returned an intercept of 1.6 m at 
1174 ppm eU3O8, indicating that the mineralisation within 
the Afghan Swan prospect is widespread. Drilling has now 
identified significant uranium mineralisation (greater 
than 100 ppm eU3O8) over a 15 km strike extent within 
the one palaeovalley system tested to date. 

Wilora

In the Wilora area, approximately 180 km north of Alice 
Springs ( ), exploration by Uramet Minerals 
Ltd (now Intercept Minerals Ltd) is targeting Yeelirrie-
style palaeochannel uranium deposits in calcrete, sandstone 
and lignite, associated with the Wilora palaeochannel 
(Figure 42.42). The probable source of the uranium is 
radiogenic granitoids and arkose to the west, south and 
east of the prospect. In 2007, Uramet undertook extensive 
aircore drilling of the Wilora palaeochannel, which is 55 km 
long by 3 km wide and largely lled with calcrete. Analyses 
of drill samples have con rmed the presence of widespread 
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Figure 42.42. Wilora uranium prospect, showing interpreted calcrete-hosted uranium in palaeochannels and Uramet’s tenement boundaries 
as of December 2008 (redrawn from Intercept Minerals Ltd website: http://www.uramet.com.au/?page=projects&section=37; accessed 
January 2013). Location shown on Figure 42.7.

uranium mineralisation (Figure 42.42). A 252 line-km 
VTEM survey was own over the northwest part of the 
Wilora palaeochannel in 2007 by Uramet to help de ne 
lignite-hosted uranium targets deeper in the palaeochannel 
(Uramet Minerals 2008).

Rare earth elements

The Charley Creek REE deposit is located within 
unconsolidated alluvial outwash on extensive plains 

anking the north side of the MacDonnell Ranges, about 
120 km west of Alice Springs ( , 42.43a). 
The resource was identi ed by Crossland Uranium Mines 
Ltd (Crossland) in 2010. The REE-bearing alluvium has 
been largely sourced from the Teapot Granite Complex 
of the Warumpi Province, which is extensively exposed 
in the ranges. The deposit currently comprises two main 
resources, Western Dam and Cattle Creek (Figure 42.43b). 
Combined, these have a JORC-compliant Indicated 
Resource of 387 Mt, containing 114 000 t of TREO, and 
an Inferred Resource of 418 Mt containing 121 000 t of 
TREO (Eupene 2013). However, Crossland estimates that 
this comprises less than 5% of the potentially mineralised 
outwash. The combined resource includes 57 965 t 
xenotime and 328 135 t monazite, with 415 560 t zircon 
as a potential by-product. Because of the high xenotime 
content, the proportion of heavy REE is high, so that the 
deposit contains 17% weight (50% value) HREE (Dy, Tb, 
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Y, Nd, Eu) and 77.6% LREE. The average resource grade 
is 0.03% TREO and the deposit has an average thickness 
of 15 m, commencing from the surface. Crossland are 
targeting production commencing in late 2015.

Lignite

Wyche (1983) described lignite occurrences in the 
Cenozoic basins of central Australia, some of which are 
shown in . Carbonaceous (lignite) material 
was rst reported in Cenozoic sediments by Brown (1903) 
in a water bore drilled in the Hale Plain (Hale Basin). It was 
thought that the lignite (Ulgnamba Lignite Member) could 
be used as a fuel source for the nearby Arltunga gold eld, 
but tests of the material showed it to have a high ash and 

sulfur content, and the idea was therefore abandoned. In 
1941, lignite from a drillhole in the same area was tested by 
Mount Isa Mines Ltd, but the ash contents were also shown 
to be high (Bell 1941). In 1981, NTGS drilled 11 cored 
diamond holes in ve Cenozoic basins. Samples from all 
the signi cant carbonaceous intersections were analysed 
by the Australian Coal Research Laboratories in Sydney 
and the results were discussed and tabulated in Wyche 
(1983). Wyche also described carbonaceous material or 
lignite encountered by drilling  from 12 locations across 
the southern NT. It was concluded that the Ulgnamba 
Lignite Member has a large aerial extent, but the quality 
of the lignite is poor. However, it has been suggested that 
the carbonaceous sediments may have more potential as 
an oil shale, rather than a low-grade coal deposit. Truswell 
(pers comm 1981 in Wyche 1983) pointed out that the oil 
yield from two lignite samples (103 l/t and 74 l/t at zero 
moisture content) are comparable to Cenozoic oil shale 
prospects in Queensland. The oil shale potential of the 
deposit has not been investigated in any detail so far. More 
recently,  drilling in the eastern part of the Waite Basin 
has encountered coal and lignite intervals at 103–128 m 
(Till 2008).

Salt

Many of the playa lakes of central Australia have surface 
accumulations of salt. A number of investigations have been 
conducted to test the potential of potassium-, magnesium- 
and sulfate-salts in these lakes. Between the late 1980s 

Figure 42.43. Charley Creek alluvial REE deposit (images from Eupene 2013). (a) Typical alluvial plain and shallow channel. 
(b) Location and extent of Western Dam and Cattle Creek resources, with indication of target area for resource expansion. 
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and early 1990s, NT Evaporites Pty Ltd investigated the 
possibilities of harvesting evaporite minerals and other 
useful products from playa salt lake sediments, or from 
the evaporation of the brines, in an area extending from 
Karinga Creek to Curtin Springs, along the Lasseters 
Highway, approximately 200–300 km southwest of Alice 
Springs (Arakel 1989, Figure 42.26). The work involved 

eld mapping, surface sampling, coring and water sampling. 
Coring along transects was conducted by tapping PVC 
tubes into the playa beds. Cores were split and analysed 
by XRD and microscopy. Twenty-one evaporitic minerals 
ware recorded (Table 42.2), with gypsum being the most 
common mineral. Other industrial minerals include 
magnesite, zeolites and clays. Brines in the area range from 
190 g/l to 478 g/l total dissolve salts (Arakel 1989).

Due to rises in the price of potash through the 2000s 
(US$900/MT in 2009), there has been renewed interest in 
exploring the playa lakes of central Australia for this important 
component of many fertilizers. A joint venture between Rum 
Jungle Resources Ltd and Reward Minerals Ltd is currently 
exploring the playa lakes in the Karinga Creek–Curtin Springs 
area, known as the Karinga Creek project (Figure 42.26). 
The joint venture is considering the production of potassium 
sulfate (K2SO4) or schoenite [K2Mg(SO4)2.6(H2O)] via solar 
evaporation ponds from water pumped out of the salt lake 
sediments, or from the shallow underlying aquifers. Studies 
completed to date show that the brines are primarily composed 
of sodium chloride, minor sodium sulfate and sulfate salts of 
potassium and magnesium. They appear to have potential as 
a source of schoenite/leonite (K2SO4 MgSO4 6H2O/4H2O), 
from which potassium sulfate can be recovered (Rum Jungle 
Resources 2011). The Joint Venture has announced a JORC-

compliant Inferred Brine Resource of 5 5 Mt of sulfate of 
potash at an average thickness of 15 m and an average depth 
to the water table of 1 m, equating to a maximum schoenite 
resource of 13 Mt (Rum Jungle Resources 2012).

Garnet sand

Resources of abrasive-quality garnet have been identi ed 
within alluvial sand in watercourses and sand dunes in the 
Harts Range area in the southern NT (Figure 42.26). The 
garnets have been shed from garnetiferous metamorphic 
rocks of the Harts Range Metamorphic Complex (Irindina 
Province). Resources of industrial garnet and alumino 
magnesio hornblende (AMH) occur in sand dunes and buried 
alluvial river sands of the Plenty River oodplain, and in the 
Aturga, Plenty and Ongeva Creek channels. The proven and 
probable reserves at Harts Range are approximately 2.3 Mt of 
recoverable garnet and approximately 6.2 Mt of recoverable 
AMH (Olympia Resources 2009).

Ilmenite sand

In the Roper River area in the northeastern NT, Australian 
Ilmenite Resources Ltd have been given approval to 
commence production of ilmenite from the top 3 m of regolith 
derived from the weathering of the Proterozoic Derim Derim 
Dolerite, which intrudes sedimentary rocks of the Roper 
Group (McArthur Basin, Figure 42.26). Sur cial material 
within the Sill 80 project (ML 27422) contains an estimated 
non-JORC-compliant ilmenite resource of approximately 
4.5 Mt (VDM Consulting 2010). More recently the project 
owner estimated at least 27 Mt of the highest-grade ilmenite 
is contained in the resource (NT News, March 6 2013). 
Onsite processing will be conducted through a wet gravity 
separation plant (VDM Consulting 2010).

Gypsum

During late 1980s, Northern Cement Ltd investigated the 
Cenozoic sediments over a large area of the Georgina Basin 
and located two gypsum prospects at 18 Mile Waterhole and 
6 Mile Waterhole (Figure 42.26). These were described by 
Nixon (1988, 1989). Gypsum occurs as large twinned crystals, 
or as clusters of crystals, and more importantly, as a rock 
layer up to 3 m thick immediately beneath the vertosol, which 
ranges up to 2 m thick (Nixon 1988). Considerable work has 
been undertaken, focusing on 6 Mile Waterhole. A shallow 
drilling campaign of 40 holes for 162.3 m has con rmed the 
extent and thickness of the gypsum resource, which extends 
for 2.4 km along a northeasterly trend, and varies in width in 
the range 0.5–1.5 km. The maximum thickness of the deposit 
is 3.5 m, but the average is probably about 1.75 m (Nixon 1989).

At Titra Well, 160 km to the south of Alice Springs, a 
deposit of gypsum, about 10 m thick, forms a large dune 
about 2400 m long. This prospect was drilled by the Mines 
Branch, Northern Territory Administration, but because of 
the soft incoherent nature of the gypsum, recovery was very 
poor (Fruzzetti 1970). 

Gypsum is also known to be present at Erldunda 
gypsum, about 3 km south of the old Erldunda homestead 
(NT Evaporites 2000).

Table 42.2. List of evaporate minerals in playas in Karinga Creek 
area (after Arakel 1989).

Name Chemical composition Occurrence in 
sediment

Anhydrite CaSO4 minor

Aragonite CaCO3 minor

Bassanite CaSO4.0.5H2O major

Bloedite Na2SO4.MgSO4.4H2O minor

Calcite CaCO3 major

Carnallite KCl.MgCl2 minor

Celestite SrSO4 minor

Dolomite CaMg(CO3)2 minor

Epsomite MgSO4.7H2O major

Glauberite Na2Ca(SO4)2 major

Gypsum CaSO4.2H2O major

Halite NaCl major

Hexahydrite MgSO4.6H2O major

Kainite KCl.K2SO4.3H2O minor

Langbeinite K2Mg2(SO4)3 minor

Polyhalite K2Ca2Mg(SO4)4.2H2O major

Starkeyite MgSO4.4H2O major

Sylvite KCl minor

Syngenite K2Ca(SO4)2.2H2O minor

Tachyhydrite CaMg2Cl6.12H2O major

Thenardite Na2SO4 major
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12:14–18, 14
uranium  12:63
vanadium  3:29, 12:64
vermiculite  12:64
Yambah Event  12:27–9

airborne magnetic and radiometric surveys  1:5, 
12–13, 12

Airstrip  5:79, 11:28
Alalgara  23:48, 53
Albarta  12:50, 63
Albarta Metamorphics  12:30, 30, 33, 35–6, 35, 

36, 37, 39, 41
Albert Edward Group  30:4
Alberta  12:41
Albinia Formation  22:4, 5, 6, 16, 24:2, 3, 4, 6–7, 

6, 7, 8, 13, 15, 18, 20–1, 21, 28:5
Alcoota  12:59–60
Alcoota beds  42:11, 14
Alcoota vertebrate fossil locality  42:5, 11, 19, 

22, 23
Alcurra Dolerite  12:46, 13:16, 21:4, 11, 12, 12, 

13, 14, 20, 22:12
Alexandria  3:31, 28:41, 42–3, 32:8
Algamba Dolomite Member  12:25
Algamba Dolostone Member  12:25, 26, 64
Algebuckina Sandstone  38:7, 14, 15, 41:2, 3, 

4–6, 4, 5, 7, 8, 14, 15, 16
Ali Curung Granite  12:20, 22
Alice Springs Granite  12:3, 14, 15, 30, 36
Alice Springs Orogeny  2:11, 12:46–7, 48, 49, 

49, 13:16–17, 21:20, 22:13–14, 13, 15, 23:2, 
38, 44, 45–8, 24:1, 2, 11, 12, 15, 16–17, 22, 
28:30–4, 46, 29:2, 6–8, 32:6–7, 34:1, 5, 6, 
35:11, 38:9

Eclipse Event  12:48, 49
Pertnjara-Brewer events  12:47–9, 48
Rodingan Event  12:47, 48

Alinjabon Sandstone  10:3, 10, 12, 19, 20, 16:5, 22
alkaline magmatism

Murphy Province  8:4
Alkipi Metamorphics  13:7, 8–9, 19
Allamber Springs Granite  5:17, 18, 20, 23, 112
Allamber Springs Suite  5:17, 20
Allanah Gneiss  21:5–6, 6
Allaru Mudstone  41:2, 3, 5, 6, 10, 11, 17
Allaru Mudstone equivalent  39:4
Allia Creek Granite  5:18, 19, 28
Allia Creek Suite  2:5, 4:2, 5:2, 18, 19, 21, 27–8, 

33, 34, 66, 85, 115
Alligator (Bonaparte Basin)  36:24
Alligator Fault  5:79
Alligator (Pine Creek Orogen)  5:36, 38, 39
Allitra  41:17
alloying metals  3:19–29
Alooarjara Metamorphics  12:30, 33, 35, 35, 39, 

47, 29:3
Aloolya Gneiss  12:6, 20, 21, 26
Alpha Hill  36:24
Alroy  3:31, 28:41, 42–3, 32:8
Alyangula Subgroup  15:5–6
Alyinga Sandstone  15:5, 39:10
Amadeus Basin  12:1, 58, 21:1, 1, 2, 4, 15, 19, 

20, 22:1, 1, 3, 4–5, 6, 6, 7, 8, 8, 9, 10, 11, 12, 
12, 13, 14, 15, 23:1–61, 1, 4, 5, 6, 8, 42–8, 45, 
24:1, 1, 3, 9, 10, 12, 13, 16, 28:1, 3, 4, 6, 8, 31, 
29:3, 34:1, 2, 4, 6, 7, 38:1, 1, 2, 5, 9, 14, 41:1, 
4, 5, 42:8, 8

barite  3:29, 23:55
base metals  23:48, 52, 53
calcrete  42:29
Carboniferous–Permian  23:42
copper  23:53

Cryogenian  23:8–15
Devonian  23:38–42
Ediacarian–late Cambrian  23:20–32
gold  3:2, 4, 6, 23:48–50
gypsum  3:32, 23:55
helium  23:61
iron ore  23:54
ironstone and breccias  42:28
late Cryogenian–mid Ediacaran  23:17–20
late Ordovician? to Early Devonian?  23:37–8
latest Cambrian–Ordovician  23:32–7
lead-zinc-silver  23:52
manganese  3:27, 23:53–4
mid Cryogenian–mid Ediacaran  23:17
mid-late Cryogenian  23:15–16
mineral resources  1:11, 3:4, 23:48–61, 48
palaeogeography  23:2–8
petroleum  3:36, 22:15, 23:55–61, 56, 57, 

58, 59
phosphate  23:54–5, 54
salt  23:15, 20, 28, 43, 44, 59, 61
silcrete  42:28
tetonics  23:42–8
uranium  3:17, 19, 23:50–2, 50

Amata Dolerite  21:14–15, 17, 18, 22:12
Ambalindum Sandstone Member  42:8
Amelia Dolostone  15:17, 48
Amesbury Quartzite  22:4, 5, 6, 28:5, 6, 7, 8, 

8, 9
amethyst

Kalkarindji Province  30:12, 12
Ammaroo  28:41, 43–4, 32:8
Amos Formation  15:16, 19
Amos Knob Formation  14:2, 17:2, 7
Amphitheatre  8:6, 15:50
Amputjuta Dacite  21:9–10
Amulda Member  23:38, 39
Anamarra Granite  12:9, 11, 41
‘Anamarra Granite domain’  12:11, 37, 38
Anburla Anorthosite  12:20, 23, 23
Andagera Formation  9:26, 27, 10:17, 19, 22:4, 5, 

7, 28:7, 10, 11, 12
Andranangoo  3:31, 40:11
Andranangoo Creek East  3:32
Andranangoo Creek West  3:32
Andrew Young Igneous Complex  12:3, 5, 25–6, 

40, 42, 42, 59
Angalarri Siltstone  22:4, 5, 26:1, 2, 3–4, 4, 6, 

27:5, 6, 30:10
Angatja Granite  21:11
Angatja Suite  21:11, 14
Angela  3:16, 17, 18, 19, 22:15, 23:48, 50, 51, 

51, 52
Angela 1  23:50, 51
Angers  5:102
Anira Metamorphics  12:3, 8, 27, 27, 39, 41
Ankala domain  12:2, 8, 14–15, 14
Ankala Gneiss  12:8, 9, 14, 14, 41
Anmatjira Orthogneiss  2:5, 12:3, 6, 20, 21, 21, 

26, 44
Anmatyerre Clay  42:13, 24
Annamarra Granite  12:40
Annie  5:108
‘Annie Creek Limestone’  42:21
Annie pegmatite group  3:21
Anningie  3:21, 22, 12:50, 59
Anningie Member  12:5
Anomaly 1  8:4, 5, 15:51
Anomaly 2J  5:78, 79
Anomaly 3  15:51
Anomaly 5A  5:67
Anomaly 5C  5:67
Anomaly 5G  5:79
Anomaly 5P  5:67



 Index

I:2

Anomaly 30  8:4, 5
Anomaly 77 South  5:67
Anomaly 4901  8:4, 5, 15:51
Anomaly 5073  5:67
Anomaly 5087  5:67
Anomaly 5218  5:79
Anomaly 5219  5:79
Anomaly 9200NW  5:79
Anomaly 9600NW  5:79
Anomaly A  3:11, 13, 5:67, 85, 86, 97–8, 98
Anomaly B (Aileron Province)  12:50, 63
Anomaly B (Pine Creek Orogen)  5:98–9
Anomaly C  5:88
Anomaly Q  5:67
Anomaly TE-1  5:67
Anthony Lagoon Formation  16:18, 22:10, 11, 

28:16, 21–2, 22, 23, 45, 31:4, 33:7, 42:19
Antrim Plateau Volcanics  3:29, 31, 34, 11:9, 

14:2, 22:10, 25:1, 26:5, 27:5, 30:2, 3, 4–5, 6, 8, 
9, 10, 11, 12, 12, 31:1, 4, 11, 32:2, 8, 33:1, 2, 3, 
4, 4, 6, 8, 8, 35:7, 36:5, 6, 7, 37:1, 42:20

Anungka  24:18, 20
Apertawonga  11:26
Apollo  15:32
Apollo Prospect  15:42
Aquarium Formation  15:10, 11, 12
Aquitaine Formation  36:9, 12, 15, 17
Arabulja Volcanics  10:3, 10, 11, 12, 15–16, 16, 

17, 22, 16:5
Arafura Basin  22:1, 4–5, 8, 9, 10, 35:1–14, 1, 5, 

39:3, 40:1, 2, 3, 14, 15
Archaean  35:10
bauxite  3:27, 35:5, 11–12, 12
faulting  35:10
iron ore  3:24, 35:5, 12
Late Carboniferous–Early Permian 

extensional faulting  35:11
Latest Triassic/Early Jurassic extensional 

faulting  35:11
Mid–Late Triassic contraction  35:11
mineral resources  1:11, 3:4, 35:11–14
Neoproterozoic extensional faulting  35:9–10
Palaeozoic deformation  35:10–11
petroleum  3:37, 35:2, 10, 12–14
structure and tectonics  35:9–11

Arafura Group  35:1, 2, 4, 8–9, 10, 40:2
Aralka Formation  22:4, 5, 7, 23:2, 3, 4, 5, 7, 16, 

16, 17, 18, 43, 52, 59, 60, 24:7
Araru Point  3:28, 40:13
Archaean  4:1–8, 22:6

distribution  4:1, 2, 3, 7, 5:1, 2, 21, 33, 34, 
66, 67, 85, 115, 116, 6:1

geochemistry  4:7–8
mineral resources  4:8
Pine Creek Orogen  4:1–7, 5:8
Tanami Region  4:7, 11:3, 5
uranium deposits  4:8

Arckaringa Basin  21:1, 38:1, 1, 4
Arco Formation  36:9, 12, 15
Ardmore  28:41
‘Ardmore Chert Member’  28:16
Area 1  23:54
Area 2  23:54
Area 4  5:114
Area 5  11:36
Area 44  3:31, 32, 5:114, 116
Area 55  3:11, 13, 15, 29, 5:75, 86, 96–7
Area A  3:29, 15:53
Area B  3:29, 15:53
Area C  15:53
Area D  3:25, 15:53
Area E East  3:25, 15:53
Area E South  3:25, 15:53
Area F East  15:53
Area F West  3:25, 15:53
Area G  15:53
Area i  23:48

Aremra Basin  42:5, 6, 7, 11–12
Aremra Suite  12:30, 55
Areyonga Formation  22:4, 5, 7, 23:2, 3, 4, 5, 

7, 15–16, 15, 17, 18, 21, 42, 43, 53, 59, 60, 
24:7, 28:8

Arganara  3:31, 28:41, 44
Argo  9:36, 37, 39, 42, 48, 50, 52
Arltunga  22:14
Arltunga beds  42:8
Arltunga goldfield  3:1, 5, 12:51, 57–8, 58, 

23:48, 48
Arltunga Nappe Complex  12:2, 16, 48, 49, 

57, 29:7
Arltunga vein camp  12:58, 58
Arnhem Province  2:4, 7, 6:1–7, 1, 2, 35:1, 40:1

mineral resources  1:10, 6:7
Palaeoproterozoic  6:1–7

Arnold Sandstone  15:27, 29
Aroota Group  22:7, 28:2, 3, 4, 7, 8, 31
Arrabury Formation  38:4, 8
Arrarra Gneiss  4:2, 6
Arrinthrunga Formation  22:10, 28:7, 16, 18, 19, 

19, 21, 25, 31, 36, 38, 47
Arrowie Basin  22:8
Arrumurra  28:42
Arthur Creek Formation  3:36, 22:10, 11, 15, 

24:10, 28:16, 17–18, 18, 19, 22, 23, 24, 25, 41, 
43, 44, 46, 47

Arthur Popes  12:50, 55
Arumbera Sandstone  22:4, 5, 8, 9, 10, 14, 23:2, 

3, 4, 5, 7, 8, 18, 21, 24–7, 25, 26, 28, 43, 53, 
53, 60, 24:9, 28:10, 14, 29:2, 34:2

Arunta Region  2:10, 11, 12:1, 13:1, 15, 21:14, 
22:1, 3, 12, 13, 13, 14, 23:1, 6, 10, 18, 45, 
24:2, 3, 12, 13, 29:2, 6, 8, 8, 32:6, 34:1

asbestos  3:30
barite  3:29
base metals  3:10, 11, 14, 12:50–6, 13:18–19, 

29:8–9
copper  3:14, 15, 12:50–6, 13:19, 29:8–9
fluorite  3:30, 32
garnet  3:31, 32, 42:38
gold  3:1, 3, 8, 9, 12:57–9, 13:19, 29:9
iron ore  3:24, 25, 12:64
manganese  3:27, 12:64
mica  3:32–3, 12:59, 61, 29:8, 9
mineral resources  1:10, 3:4, 12:49–64, 

13:17–19, 29:8–10
molybdenum  3:21, 22–3, 12:62
palaovalley deposits  42:6
rare earth elements  3:31, 33, 12:60–2, 

29:9–10, 42:37
saprock, saprolite and mottled zones  

42:27–8
tantalum  12:59–60
tin  12:59–60
tin-tantalum  3:19, 20, 21
tungsten  3:22–3, 12:62, 29:9
uranium  3:17, 18, 19, 12:63, 13:19, 29:9–10
vermiculite  3:31, 34, 12:64
see also Aileron Province; Irindina Province; 

Warumpi Province
Ascalon Formation  36:8, 15, 20, 21, 38:4
Ashburton Surface  42:32, 32
Ashmore Volcanics  36:15
Assault  11:28
Atnarpa Igneous Complex  12:9, 30, 36, 57, 

58, 58
Atneequa Granitic Complex  12:37
Atneequa Suite  12:30, 37
Attack Creek Formation  16:1, 3, 4, 5, 6, 11–12, 23
Attutra Metagabbro  3:24, 12:3, 24, 64
Atula granite  12:30, 36
Austatom  3:17, 5:65, 66, 67, 75
Austral Downs Limestone  42:20, 20, 21
Australian Science and Technology Council 

(ASTEC)  1:4–5

Auvergne Group  7:2, 17:1, 2, 12, 26:1, 2, 3–5, 
6, 30:4

Avalon Prospect  38:15
Avon  11:6, 21
Ayers Rock Basin (Katiti palaeovalley)  42:5, 11, 

13–14, 17
Ayres Rock Granite  21:9
Azurite  3:13, 15:45, 46

B
B4  8:4
Backhoe  5:43
Badalngarrmirri Formation  15:13, 14
Baiguridji Formation  15:21, 22
Baker  3:28
Balbirini Dolostone  15:19, 23–4, 25
Bald Hills (Bulburra)  3:10, 15:42
Baldhill  11:15
Baldrick  3:29, 29:6, 8, 9
Baldwin-1  28:13
Ballaces (Ballaces Mine)  12:50, 62
Balma Group  2:5, 6:6, 15:20–2
Bamboo Creek  3:21, 5:102
Banjo  11:30
Banshee  15:32, 51
Banyan Formation  17:2, 12
Baralandji Formation  16:15, 18, 19, 20, 21
barite  3:29–31, 30, 31

Aileron Province  12:64
Amadeus Basin  3:29, 23:55
Arunta Region  3:29
Birrindudu Basin  17:14
Daly Basin  3:29, 31:9–10
Kalkarindji Province  3:29, 30:12
McArthur Basin  3:29
Ngalia Basin  3:29, 24:18, 20
Northern Territory  3:4, 5
Pine Creek Orogen  5:115, 117
Victoria Basin  3:29, 26:6
Wolfe Basin  3:31, 27:7

Barkly Group  28:3, 4, 7, 14, 20–5
Barkly Sub-basin  22:9, 11, 28:6, 14, 20, 32:3, 8
Barney Creek  3:10, 15:33, 42
Barney Creek Formation  3:11, 13, 36, 15:16, 18, 

18, 31, 32, 38, 61, 63
Barney Creek Sub-basin  15:39
Barneys  15:42
Barossa  3:35, 35, 36:15, 27, 28
Barracouta Shoal Formation  36:15, 22
Barramundie Creek  5:67
Barramundie South  5:79
Barretts  3:21, 5:101, 108
Barrow Creek  32:8
Barrow Creek 1  3:31, 33, 28:44, 32:8

see also Ammaroo; Arganara
Barrow Creek-18  32:3, 5
Barrow Creek Granite Complex  10:3, 12:6, 20, 22
Barrow Creek pegmatite field  3:21, 12:50, 59, 62
Barrow Creek uranium field  12:50, 63
Bartalumba Basalt  15:5, 6, 39:10
base metals  3:10–16

Aileron Province  3:14, 12:50–6
lead-zinc-copper (-silver-gold)  12:50–6

Amadeus Basin  23:48, 52, 53
Arunta Region  3:10, 11, 14, 12:50–6, 

13:18–19, 29:8–9
Birrindudu Basin  17:13–14
Bonaparte Basin  3:12, 36:23–5, 24, 25, 26
Centralian Superbasin  22:14
copper  3:14–16
Daly Basin  31:10–11
Davenport Province  10:25
Fitzmaurice Basin  20:6
Georgina Basin  28:34–41
Halls Creek Orogen  7:4



I:3

 Index

Irindina Province  29:8–9
Kalkarindji Province  30:10–11, 11
lead-zinc-silver  3:10–14
McArthur Basin  3:11, 15:31–49, 39

Century-style base metal deposits  15:39
copper-bearing breccia pipes  15:44–8
discordant Pb-Zn-Ag±Cu deposits  

15:39–44
Pb-Zn-Ag  3:10
stratiform Zn-Pb-Ag deposits  15:31–9
vein-type copper occurrences  15:48–9

Murphy Province  8:4, 5
Musgrave Province  21:21
Ngalia Basin  24:20
Ord Basin  33:8–9
Pine Creek Orogen  3:11–12, 4:3, 84–99

copper  5:84–8
deposits  4:3, 5:85
granite-related veins  5:84–7
lead-copper-zinc-nickel-cobalt  5:94–7
lead-zinc-silver  3:10
polymetallic deposits  5:88–97
veins of volcanigenic affiliation (copper)  

5:87–8
Volcanigenic massive sulfide deposits  

5:97–9
production by year  3:12
South Nicholson Basin  19:8
Tanami Region  11:36
Tennant Region  3:10, 12, 9:41–53, 56, 

10:25, 16:25
Tomkinson Province  16:25
Victoria Basin  26:6
Warramunga Province  9:41–53, 56
Warumpi Province  13:18–19
Wiso Basin  32:8

Bashi Bazook  5:42
Basil  29:9, 9
Bastian Basin  33:1, 36:1
Bastille  11:28
Bath Range Formation  15:21, 22
‘Bathurst Island Formation’  36:22, 40:5
Bathurst Island Group  3:28, 35:2, 3, 36:15, 22, 

40:1, 2, 2, 3, 4, 5–6, 9, 12, 15
Bathurst Island Group equivalent  36:4, 5, 6, 7, 

8, 15, 22
Batman (Yimuyn Manjerr)  5:40, 41
Batten Creek  39:13
Batten Subgroup  15:14, 16, 19
Battery  11:28
Battle Creek Formation  17:2, 10, 12, 14
Bauhinia  15:46
Bauhinia Dome  18:2
bauxite  3:27–9

Arafura Basin  3:27, 35:5, 11–12, 12
Carpentaria Basin  3:27–9, 39:6–9, 6, 7
deposit types  3:28–9
Money Shoal Basin  3:27, 40:10, 12–13, 12, 13
Northern Territory  3:2, 4, 5
production by year  3:3

Bayu Undan  3:35, 35, 36:15, 27, 28, 29
Bean Tree Granite  9:29, 12:22, 59
Beasly Knob Member  27:3, 4, 4, 5
Beatrice  5:65
Beatrice Island Limestone  42:21
Beaver Creek  11:30
Bedevere  15:57
Beef Bucket  5:43
Beestons  5:110, 111
Beestons Formation  4:4, 5:8, 9, 75
Beetaloo Sub-basin (McArthur Basin)  3:36, 

15:1, 26, 28, 29, 29, 31, 61, 62, 63, 64
Beetle Creek Formation  28:14, 16, 22, 23
Beetsons  3:24
Bellbird  3:11, 14, 12:54, 55
Bellbird North  3:11, 14, 12:54
Bells Mona  5:102

Belt Granite  13:11
Benalla Formation  36:15
Benmara beds  19:5
Benmara Group  18:1, 2, 3, 4–5, 19:4, 5
Benning Gabbro  5:4, 29
Bentley Supergroup  21:2, 11, 14
Berinka Volcanics  5:8, 13
Berjaya  15:32, 38
Bernborough Formation  9:4, 5, 7, 10, 15, 16, 19, 

21, 21, 22
Beryl  5:112
Bessie Creek Sandstone  15:27, 29, 62, 63
Beta Showing  36:24
Beta Trend 1  36:24
Beta Trend 2  36:24
BHD1–3  28:40
BHD4  28:13, 40
BHD5–7  28:40
BHD9  28:13, 40
Bickerton Rhyolite  15:5, 6
Big Drum  5:104
Big Howley  3:6, 5:36, 38, 49
Big Julie  5:104
Big Knob beds  27:3, 4–5, 4, 5
‘Big Red sandstone’  17:4
Big Sunday Formation  5:7, 15, 79
Bigrlyi  3:16, 17, 19, 29, 22:15, 24:18–19, 18, 19
Bigrlyi Member  24:2, 4
Bilatos (Pickets)  5:102, 108
Billabong Complex  4:7, 7, 11:3, 4, 5
Billycan  3:21, 5:101, 103–4
Bingy Bingy Basalt Member  30:3, 4, 12
Birkhead Formation  41:3, 4
Birksgate Complex  21:2
Birrindudu Basin  17:1–15, 1, 3, 4, 20:1, 5, 26:1, 

31:1, 1, 32:3, 33:1, 2, 36:1
barite  17:14
base metals  17:13–14
diamonds  17:14, 14
exploration history  17:13
hydrocarbons  17:14–15, 15
lead  17:13–14
manganese  3:27, 17:14
Mesoproterozoic  17:9–12
mineral resources  1:11, 3:4, 17:13–15
Palaeoproterozoic  17:1–9
Palaeoproterozoic–Mesoproterozoic  17:9–12
stratigraphic succession  17:2
structure, metamorphism and igneous activity  

17:12–13
uranium  17:14

Birrindudu Group  2:5, 6, 10:4, 11:4, 5, 7, 8, 9, 
14–15, 17:2, 2–5, 3, 25:1

Birthday Suite  2:5, 11:4, 10, 11, 12
Bismarks Show  12:59
bismuth

Warramunga Province  9:41–53
Bitter Springs Formation  3:36, 13:16, 22:4, 5, 6, 

12, 14, 15, 23:3, 4, 5, 7, 8, 10–14, 11, 13, 14, 
15, 17, 18, 23, 42, 43, 44, 48, 49, 53, 55, 59, 
24:21, 28:5, 6, 8

bitumen
Kalkarindji Province  30:12, 12

Black & White  8:6, 15:50
Black Angel  3:9, 9:35, 36
Black Cat  9:36, 40
Black Charlie  15:45
Black Eye  9:36
Black Hill  11:21
Black Knight  12:50, 57
Black Peak Formation  11:4, 9
Black Point Sandstone Member  27:2, 3
Black Soil  3:29
Black Stump Arkose  22:4, 5, 7, 28:7, 8, 9, 38
Blackadder  3:29, 29:6, 8, 9
Blackfella Rockhole Member  30:3, 4, 6
Blackfellow Creek Sandstone  22:4, 5, 7, 27:2, 3

Blackjack  3:34, 15:32, 59
Blacktip  3:35, 35, 36:3, 15, 27, 27
Blacktip Member  36:19
‘Blake beds’  11:5, 16, 18
Blanche Creek Member  9:26, 27, 16:3, 4, 4, 5, 7
‘Blanchewater Formation’  41:12
Blazan Shale  28:16, 22, 23
Bleechmore Dykes  3:34, 12:50, 64
Bloods Range Formation  21:4, 13, 14
Bloodwood Formation  22:10, 11, 24:2, 3, 4, 9, 

10, 13, 15, 18, 21, 22
Bludells Dolerite  5:14
Blue Bird  9:36
Blue Bush  11:4
Blue Hole Formation  14:2, 17:2, 7, 7, 13
Blue Moon  9:36
Blueys  23:48, 52
Blueys Folly  12:51, 61
Bluff  3:13, 15:45, 47
Blyth  3:21, 5:100, 102
Boat Hill  22:14, 28:38, 38, 39
Bobs Prospect  15:45
Boee beds  25:1, 2–3
Boggy Hole  23:48, 53
Boggy Hole Gneiss  13:3, 7
Boko Formation  22:4, 5, 7, 28:7, 8, 9, 9, 35
Bonanza  9:54
Bonanza Creek Formation  15:8, 9
Bonaparte Basin  22:1, 8, 8, 9, 10, 24:1, 28:21, 

31:1, 33:2, 3, 34:5, 35:1, 9, 36:1–29, 1, 4, 7, 
38:4, 39:5, 40:1, 3, 5, 6, 7, 9

base metals  3:12, 36:23–5, 24, 25, 26
Cambrian–Ordovician  36:5
Cenozoic  36:22
coal  3:34, 36:25–6
Cretaceous  36:22
Early Permian to Middle Triassic  36:19–21
iron ore  36:26
Late Devonian  36:5–12
Late Devonian–Early Carboniferous  

36:12–17
Late Jurassic–Early Cretaceous  36:21–2
?Late Ordovician–?Silurian  36:5
Later Carboniferous–Early Permian  36:17–19
lead  36:23–5, 24, 25, 26
Middle Triassic to Middle Jurassic  36:21
mineral resources  1:11, 3:4, 36:23–9, 23
ochre  36:26
petroleum  3:37, 36:1, 3, 7, 26–9, 27
salt  36:3, 4, 5, 12, 23, 26
tectonic history  36:22–3

Bonaparte Formation  36:9, 12, 15
Bond Springs Gneiss  12:14, 15
Bone Creek Sandstone  15:24, 25
Bonrook Granite  5:17, 20
Bons Rush  3:6, 5:37
Bonsai  11:30
Bonya Hills  3:23, 12:50, 62
Bonya Schist  3:11, 24, 12:3, 8, 12, 13, 50, 55, 62
Boomarra Sub-basin  39:1
Boondawari dolerite  30:1, 5, 7, 9, 9, 16–17
Boord Formation  22:7, 23:2, 28:8, 10
Boorthanna Formation  38:4
Boothby Orthogneiss  12:20, 21, 26
Booths  3:22, 5:102
Bootu 1–4  16:23
Bootu Creek  3:26–7, 16:23–4
Bootu Formation  3:26, 16:1, 3, 4, 5, 6, 12–13, 

13, 23, 23
Boral Sand Pit  5: 117, 40:13, 14
Border Creek Formation  36:9, 11, 12, 13, 14, 

18, 18
Border Waterhole  28:41
Border Waterhole Formation  22:9, 10, 28:16, 

19–20, 43, 31:3, 32:2, 33:3
Bouncer  11:28
‘Bouncer basalt’  11:26, 27, 30, 31
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Bow River Granite  2:5, 7:2, 2, 3, 3, 20:3
Bowgan Sandstone  19:2, 4–5
Box Hole  3:14, 22:14, 28:34–8, 36, 37
Boyling  5:104
BP 6  5:102
Bradshaw Complex  2:5, 6:1, 2, 3–5, 4, 5, 6, 

7, 39:7
mineral resources  6:7

‘Bradshaw Suite’  6:1, 7
Brady Gneiss  29:1, 2, 2, 3, 4–5, 6, 8, 10
Breakfast Sandstone  18:4, 5
breccias  42:28
Brescianini, RG  1:6–7, 7
Brewer Conglomerate  3:17, 23:2, 3, 7, 39–40, 

40, 47, 50, 52, 24:12
Bridge Creek  3:6, 5:37, 49
Bridum Creek beds  42:21
Brinkley Bluff Gneiss  13:7
Broadway  8:6, 15:50
Brocks Creek (Zapopan)  3:6, 5:35, 36, 38–9, 62
Bronco Bore  23:48, 53
Bronco Stromatolith Bed  28:16, 17
Brown Garnnet Limestone  36:15
Brown, HYL  1:1, 1, 2
Browns  3:10, 11, 12, 13, 14, 15, 29, 5:75, 85, 

86, 94–5, 94, 95, 96, 36:23, 24
genesis  5:96
lead isotopes  5:92, 95
sulfur isotopes  5:95
uranium-base metals relationships  5:95–6

Browns East  3:10, 11, 15, 29, 5:86
Browns Range Dome  11:4, 10, 11, 14
Browns Range Granite  11:12
Browns Range Metamorphics  11:3–4, 5, 10
Bruces  29:9
Brumbreu Formation  9:3, 5, 14, 15, 16, 19–20, 

16:4
Brumby  12:63
Brumby Formation  18:2, 6, 9
Bruna Granitic Gneiss  2:5, 12:3, 30, 35, 36–7, 

36, 47, 29:2, 3, 3, 7
Brunette Limestone  28:22, 42:19, 19, 22
Buccaneer  3:1, 7, 9, 11:12, 30
Buchanan Dam  3:31, 28:41, 42–3, 32:8
Buchanan Hill beds  32:4–5, 5
Buck Formation  23:42
Buck Hill  8:6, 15:50
Bucket Spring Member  27:3, 4, 4
Buckingham Bay Sandstone  22:4, 5, 28:12, 

35:3–5, 4, 5
Buddycurrawa Volcanics  18:4, 5, 5
Buffalo Lagoon  15:42
Bukalara Sandstone  8:4, 15:57, 19:4, 22:4, 5, 7, 

28:7, 12–13, 14, 21, 35:6
Bukalorkmi Sandstone  15:27, 29
Bukudal Granite  6:1, 2, 2, 3, 6
Buldiva  5:102, 109
Buldiva Sandstone  17:5\
Buldya Group  23:14
Bull Pup  9:53
Bullakitchie  3:1, 7, 11:6, 22, 23–4
Bulldog Shale  41:3, 4, 6, 8, 10, 14, 15, 16
Bullhole Bore  23:48
Bullion Schist  3:21, 9:4, 34, 10:4, 8, 12:4, 6, 

56, 59
Bullita Group  2:5, 6, 17:2, 3, 9–12, 13, 30:4
Bullo River Sandstone  22:4, 5, 27:1–2, 3, 5
Bullock Creek vertebrate fossil locality  42:5, 

19, 22
Bullrush Conglomerate  18:2, 6, 9–10
Bulman  3:11, 13, 5:85, 15:32, 43–4, 43, 44
Bulman 1  15:43
Bulman 2  15:43, 44
Bulman 3–5  15:43
Bulman 6  15:43, 44
Bulman 7  15:43
Bulman 8  15:43, 44

Bulman 9–10  15:43
Bundey Basin  42:5, 6, 11–12, 17
Bungatina Metamorphics  12:34–5
Bunghara Metamorphics  3:11, 12:3, 9, 11, 17, 

18, 29, 33, 35, 36, 39, 52, 55, 13:7, 8, 29:7
Bunkers Hill  3:7, 11:6, 22, 23, 24
Burangoo Sandstone Member  19:2, 6
Burash Sandstone  15:10, 13
Bureau of Mineral Resources (BMR)  1:1, 2–5, 11

geophysical surveys  1:12–13
see also Geoscience Australia

Burnside Granite  5:17, 18, 19
Burnside Suite  5:17, 19
Burnt Shirt  9:36
Burra Group  23:14
Burrell Creek Formation  3:6, 7, 11, 12, 15, 21, 

5:8, 13, 36, 37, 43, 65, 75, 79, 86, 40:6, 6
Burrundie Copper  5:87
Burt Basin  42:5, 6, 12–13, 12
Burt Bluff Gneiss  13:6, 7, 7
Burt Range Formation  3:11, 36:6, 9, 12, 13, 23, 

24, 25, 26
Burt Range Sub-basin  36:2
Burtawurta Formation  17:2, 9
Burvill Formation  36:9, 12, 14, 16–17, 18
Bustard Subgroup  15:2, 3
Butcher Bird  29:10
Buttons Formation  36:6, 7, 9, 10–12
Bynoe Formation  17:2, 10, 11, 14
Bynoe pegmatites  3:21, 22, 5:90, 99, 100, 109, 117

C
Cabbage Gum Basin  42:5, 15
Cabbage Gum Granite  9:3, 10, 11, 13, 14
Cackleberry Metamorphics  12:8, 12, 13, 39, 46
Cadna-owie Formation  41:2, 3, 5, 5, 6, 7–8, 9, 16
Cadney Metamorphics  12:3, 9–10, 9, 11, 53, 55, 

57, 58, 58
Cadney Park Member  30:6
Cahill Formation  2:4, 5, 3:6, 17, 18, 4:2, 5:2, 7, 

24–5, 25, 37, 65, 66, 67, 71, 74, 85, 115
lower  5:7, 24, 68
upper  5:7, 24–5, 68

Cairns  9:54
Calamari  11:26
calcrete  42:29
Caldita  3:35, 35, 36:15, 27, 28
Caledon 1  39:6, 13
Caledon 2  39:6, 13
Callie  3:1, 5, 7, 8, 9, 11:4, 6, 15, 17, 17, 18, 19, 

20, 20, 33, 34, 35
‘Callie boudin chert’  11:17, 18, 19
‘Callie formation’  11:16, 16, 18
‘Callie laminated beds’  11:16, 17, 18, 19, 20, 35
Callie Member  11:5–6, 16, 26
Calvert North  8:6, 15:50
Calvert South  8:6, 15:50
Cambrian–Ordovician palaegeography  22:2
Camel Bore  11:26
Camel Flat  24:20
Camel Prospect  23:48, 54, 54
Camfield beds  42:20
Camooweal Dolostone  22:10, 11, 28:16, 21, 22, 

23, 24–5, 25, 33–4, 31:4, 33:7
Camp  15:55
Camp Mountain  15:45
Camp No 1  3:27, 15:55
Camp Valley  15:45
Campbell Springs Dolostone  14:2, 17:2, 7, 8, 13
Canning Basin  12:1, 21:1, 1, 2, 22:11, 24:1, 

32:1, 33:1, 34:5, 37:1–2, 1
Devonian  37:1–2
mineral resources  37:2
stratigraphic succession  37:1–2
uranium  37:2

Canulgerra Sandstone  10:3, 10, 12, 19, 20, 16:5
Cape Hay Formation  36:8, 15, 20, 38:4
Cape Londonderry Formation  36:8, 15, 21, 

38:4, 40:3
Cappers  3:17, 42:35
Caramel  3:17, 5:65, 66, 75
Caranbirini  15:32, 42
Caranbirini Member  15:16, 19, 38, 57, 61
Carbine  11:26, 28, 35
Carlo Sandstone  22:10, 28:7, 27, 28, 29, 29, 46, 

42:20
Carlsburg  11:26
Carlton Group  22:11, 36:4, 5
Carlton Hill  5:43
Carlton Sub-basin  22:8, 9, 11, 36:1, 2, 3, 4, 5
Carmichael Sandstone  22:10, 23:2, 3, 20, 36–7, 

46, 24:10, 11, 28:27, 34:2
Carmichael Sub-basin  22:13
Carmilly Formation  16:1, 3, 4, 5, 6, 13, 14, 23
Carnegie Formation  22:8, 23:2, 4, 10, 18, 21, 26
Caroline  9:29, 36
Carpentaria Basin  14:4, 19:3, 28:1, 3, 13, 21, 

31:1, 4, 32:1, 2, 3, 35:1, 1, 39:1–15, 1, 3, 40:1, 
1, 41:8, 11

bauxite  3:27–9, 39:6–9, 6, 7
lateritic residuum  42:28
manganese  3:26, 27, 39:6, 9–14
mineral resources  1:11, 3:4, 39:6–15
petroleum  3:37, 39:14–15

Carr-Boyd Basin  20:1, 33:1, 36:1
Carr Boyd Group  20:1, 3, 3, 5, 6
Carraman  9:36
Carrara Range Group  2:5, 18:2, 3, 5–7
Carrara Range Inlier  8:1–2, 1, 5
Carrington Suite  2:5, 12:3, 30, 33
Carruthers Formation  16:15, 16–17, 16, 23
Cartier Formation  36:15
Casey Inlier  12:7–8, 7, 30, 31, 41–2, 45, 23:47
Casey Inlier  12:50
Casey R Claim  15:48
Casper  15:51
Cassini  3:35, 35, 36:15, 27, 28–9
Castlemaine Hill  5:75
Cato Plateau  39:9
Cats Whiskers  9:36
Cattle Creek  42:36, 37
Caulfield beds  19:1, 2, 3, 3, 4, 6, 8
Cavenagh Metamorphics  12:9, 16, 58, 58
Caves  33:8
CB-43  24:18
Cecil Sandstone  36:6
Celia  3:31, 32, 5:114, 116
Celia Dolostone  3:32–3, 5:8, 9, 75
Cement Dam Gneiss  12:14, 30, 31
Cenozoic geology and regolith  42:1–38, 2, 

3, 5, 7
garnet sand  42:38
gypsum  42:38
land surfaces and landscapes  42:31–4
lignite  42:37
mineral resources  42:34–8
Palaeogene–Neogene deposits

northern NT  42:17–18
not associated with recognised basins  

42:19–22
southern and central NT  42:1–17

palaeovalley deposits
northern NT  42:17–18
southern and central NT  42:1–17

Quaternary deposits  42:22–6
coastal areas  42:26
playa and lake deposits  42:23–5
sandplains and dunefields  42:25–6

rare earth elements  13:19, 42:36–7, 37
regolith  42:26–31
salt  42:37–8

see also potash
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time slices  42:1
uranium  42:34–6
vertebrate fossil localities  42:22

Central  11:28
Central Bullakitchie  11:23, 24
Central Domain  see Pine Creek Orogen
Central Mount Stuart Formation  22:4, 5, 7, 8, 

28:7, 9, 10, 11–12, 11, 14, 34
Centralian A Superbasin  21:15, 22:1, 1, 3–8, 

6, 12
Neoproterozoic  22:3–8

Centralian B Superbasin  22:3, 8–9, 8, 12
Centralian Superbasin  2:6–7, 10, 21:1, 22:1–16, 

24:12, 25:1, 2, 34:1
barite  22:6
base metals  22:6, 14
diamonds  22:14
early Cambrian  22:8
gold  22:6, 14–15
gypsum  22:6
helium  22:15–16
late Cambrian–Ordovician  22:11
lead  22:14
manganese  22:6, 15
middle Cambrian  22:9–11
mineral resources  22:14–16
Neoproterozoic  22:3–8
petroleum  22:15–16
phosphate  22:14
salt  22:6, 14, 15
Sequence 1  22:9, 11
Sequence 2  22:9, 11, 12
superbasin development  22:11–14
uranium  22:15

Century Formation  11:3, 4, 5, 8
Chabalowe Formation  22:10, 15, 28:7, 14, 15, 

16, 18–19, 35, 46, 47
Chablo  10:25
Challis  3:35, 35, 36:15, 27, 28–9
Challis Formation  36:15
Chambers River Formation  15:27, 29
Chandler Formation  22:10, 11, 23:2, 3, 24, 29, 

42, 60, 24:9, 34:2
‘Chandler Limestone’  23:28
Channingum Granite  9:3, 11, 12, 13, 22
Chariot  3:7, 9:36, 37, 39, 49
Charles River Gneiss  12:14, 15, 31
Charley Creek  3:31, 33–4, 13:19, 42:36, 37
Charlotte Creek  5:115
Chatsworth Limestone  28:7, 25–6
Chewings Orogeny  12:6, 32, 40, 42–4, 43, 

13:12, 13, 14–15
Chewings Range Quartzite  13:3, 6, 7
Chilling Sandstone  3:21, 5:7, 13
Chin Phillips  5:42
China Girl  15:45–6
Chinese Howley  3:6, 5:36, 49
Chinese South  5:36
Chirripee Gneiss  12:8, 44
Christmas  5:42
Christmas Creek  5:79
chromium

Musgrave Province  21:21
chrysoprase

Musgrave Province  21:21
Chugga  16:23, 24
Chugga North  3:26
Chugga South  3:26
Churchills Head Group  16:1
Ciccone  12:59, 23:49
Ciccones North  29:10
Claraville Mudstone Member  42:9
Claraville vein camp  12:58, 58
Clark  12:50, 56
Clark Sandstone  22:10, 36:5, 5
Clarks Application  12:59
Clavert North  8:4

Cleanskin beds  42:21
Cleland Sandstone  22:10, 23:2, 3, 20, 21, 24, 

30–1
Cleo  3:17
Cliffdale Volcanics  2:5, 3:17, 19, 8:1, 1, 3, 4, 6, 

15:49, 50, 50, 19:4
copper  8:3, 5
uranium  8:5

coal  3:34
Bonaparte Basin  3:34, 36:25–6
Eromanga Basin  41:15
Pedirka Basin  3:34, 38:10, 12

Coanjula  3:34, 8:6–7
Coast Range Sandstone  15:13, 14
cobalt  3:29
Cobar 2  3:16, 19, 8:6, 15:49, 50, 50
Cockatoo  36:24
Cockatoo Group  7:2, 36:4, 5–7, 6, 7, 9, 10, 11, 12
Cockatoo Group equivalent  36:15
Cockroach Dam  13:19
Cockroach Group  28:3, 4, 5, 7, 16, 25–7, 36:4
Coco  23:53
Coen Inlier  39:1, 1
Coirwong Gorge  5:79
Coles Hill  12:51, 52
‘Colgate schist’  11:17, 18
Collara Subgroup  15:26, 27, 29
Colless Volcanics  28:16, 30:1, 1, 5, 16, 17
Collia  5:100, 102, 109
Colliwobble  3:7, 11:21
Colliwobble Ridge  11:6, 17
commodities  see mineral resources
commodity reviews  3:1–37
Comstoc  9:36
Coniston Schist  12:25, 26, 32
Connellys Volcanics  8:1, 1, 3–4
Constance Sandstone  12:30, 19:2, 4, 5, 5, 6, 

7, 8
Conway Formation  15:21, 22
Coodna Member  16:4, 4, 5, 6, 7–8
Cooks  15:40
Cooley  15:32, 33, 39–40
Cooley Dolostone Member  15:18, 42
Cooley I  15:39–40
Cooley II  15:39, 39
Cooley III  15:39
Coolibah Formation  22:10, 28:7, 27, 28, 28
Coomalie Dolostone  3:7, 17, 24, 32–3, 4:3, 5:8, 

9, 10, 75, 76, 77, 91, 95, 97, 110
Coomalie (Winchester)  3:31, 32, 5:114, 116
Coomarie Dome  11:2, 4, 10, 11, 12, 14, 30
Coomarie Granite  11:12
Coomarie Sandstone  11:5, 17:2, 4–5
Coomarie Suite  11:12
Coomarie Supersuite  11:12
Coonega  24:18, 20
Cooper Basin  34:1, 2, 38:1, 4, 6, 10, 41:9, 9, 

11, 13, 17
‘Coora dolerite’  11:5, 16, 17, 18, 35
Coorikiana Sandstone  41:3, 6, 7, 7, 8
Coorong  12:59
Copia Granite  12:29–30, 30
copper  3:11–12, 14–16, 9:41–53

Aileron Province  3:14, 12:50–6
Amadeus Basin  23:53
Arunta Region  3:14, 12:50–6, 13:19, 29:8–9
deposit types  3:15–16
Irindina Province  29:8–9
Kalkarindji Province  30:10–11, 11
McArthur Basin  3:14, 15:44–8

copper-bearing breccia pipes  15:44–8
discordant Pb-Zn-Ag±Cu deposits  

15:39–44
vein-type  15:48–9

Murphy Province  3:14, 8:4, 5
Ngalia Basin  24:18, 20
Northern Territory  3:2, 4, 5

Ord Basin  33:8–9
Pine Creek Orogen  3:14, 15, 5:84–8

deposits  4:3, 5:85
granite-related veins  5:84–7
veins of volcanigenic affiliation  5:87–8

production by year  3:3, 12
Tanami Region  11:36
Tennant Region  3:14, 15, 9:41–53
Warramunga Province  3:15, 9:41–53
Warumpi Province  13:19
Wiso Basin  32:8
see also base metals

Copper Flats  33:8
Copper Flower  5:85
Copper King  12:56
Copper Knob  5:67
Copper Queen  12:11, 51, 56
Copper Show  9:54
Copperfield  5:84–5, 86
Coppermine Creek  15:32, 48
Coquina Creek  28:43, 43
Corallina  3:35, 35, 36:15, 28, 29
Corbetts  5:50
Corby Limestone Member  33:2, 3, 4, 5, 6, 6
Corcoran Formation  15:27, 29
Corella Lake  28:45
Corio  8:6, 15:50
Coronation Hill  3:6, 8, 9, 16, 18, 5:7, 37, 38, 

51–4, 52, 53, 65, 78, 79, 80, 8:5
Coronation Hill South  5:79
Coronation Sandstone  3:6, 5:15, 37, 64, 65, 79
Coronet Hill  5:85, 86, 87
corundum

Pine Creek Orogen  5:117
Cosmo Deeps  3:6, 8, 9, 5:36
Cosmo Howley (Cosmopolitan Howley)  3:6, 

7–8, 9, 5:36, 38, 49, 50, 59, 61, 62, 62
Cosmo Supergroup  2:5, 4:2, 5:2, 7–8, 11–14, 

66, 85, 115, 6:1
Cottee Formation  15:8–9
Coulters Sandstone  10:3, 10, 11, 12, 13, 16–18, 

16, 17, 18, 23, 24, 16:5, 8, 22
Cox  15:40
Cox Formation  22:4, 5, 7, 28:7, 12, 13, 35:6
Coxco  3:10, 11, 13, 14, 15:32, 33, 40–1, 41
Coxco Dolostone Member  15:16, 18, 18, 19
Coxs  3:6, 5:36
Coxs Find  12:54
Coxs North  12:54
Coyote  11:4, 15, 35
Crater  5:75, 114
Crater Formation  4:3, 5:8, 9, 75
Cravens Peak beds  28:3, 4, 5, 7, 29, 30, 32, 

42:20
Crawford Formation  15:26, 27
Crest of the Wave  3:21, 5:100, 101, 104
Crippled Horse  8:5, 6, 15:50, 50
Crocker Island  40:12–13
Crocodile  5:39
Crohn, PW  1:3–4, 4
Croker Island  3:28, 40:12–13
Crooked Hole Granite  12:29, 30
Crosscourse  5:45, 46, 47
Crow Formation  19:2, 4, 5, 5, 8
Crown Point Formation  38:1–2, 3, 4–6, 7, 

12–13, 14, 41:5
Crowsons Prospect  32:8
Crusade  3:7, 11:4, 30
Crusader 2  5:67
Crusader 6  5:67
Crystal  9:54
Crystal Gold  9:55
Crystal Hill  3:20, 21, 22, 8:4, 5–6
Cuddapan Formation  38:4, 41:2, 3
‘Cullen Granite’  31:11
Cullen Supersuite  2:5, 3:20, 4:2, 5:2, 17, 18, 

19–20, 21–2, 21, 33, 34, 66, 85, 115
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Concentrically zoned transitional granites and 
leucogranite-dominated plutons  5:20, 23

Granite dominated plutons  5:20, 22
Leucogranite-dominated plutons  5:19, 22

Cumming Leucogabbro  13:5
Currant Bush Limestone  22:10, 28:16, 20, 20, 

22, 23, 24
Currinya  42:35
Currinya Clay  42:13
Cyclops Member  23:8, 19
Cyril Formation  36:6
Czarina  3:6, 5:36, 38, 42, 43

D
D-Tree  28:41
Daicos  12:63
Dalumbu Sandstone  15:5, 39:10, 11, 12, 13
Daly Basin  22:1, 8, 8, 9, 10, 11, 13, 15, 28:6, 

31:1–11, 1, 2, 3, 4, 10, 32:7, 35:1, 36:1, 7, 
39:5, 40:1

barite  3:29, 31:9–10
base metals  31:10–11
Cambrian  31:3–6
diamonds  31:11
fluorite  3:30, 31:9–10
lead  31:10–11
limestone  31:9
mineral resources  3:4, 31:9–11
Ordovician  31:2, 7–9
phosphate  31:10
structure  31:9
uranium  31:11

Daly River copper mine  3:11, 13, 15, 5:86, 87, 
87, 88

Daly River Group  28:21, 31:1–6, 3
Daly River Road  3:24, 25, 25, 26, 5:110
Dam  3:17, 18, 5:65, 83–4
Danger Point  40:13
Daralingie Formation  38:4
Darbilla Formation  35:3, 4, 8, 9
Darcys  15:32
Darcys Copper  15:48
Dare Siltstone  23:38, 39
Daria  23:48, 50–1, 50
Darwarunga Sandstone  15:20
Darwin Formation  36:22, 40:3, 4, 5, 6–7, 6
Darwin Formation equivalent  36:8, 15, 22
‘Darwin Radiolarite’  36:22
Dashwood Gabbro Complex  13:5
Davenport Province  2:6, 10, 10:1–26, 1, 3, 12:1, 

16:1, 5, 24:1, 28:1, 3, 4, 13, 32:1, 3
base metals  10:25
gold  10:24
intrusive magmatic units  10:21
lead  10:25
metamorphism  10:22–3
mineral resources  1:10, 10:24–6
molybdenum  10:25
Palaeoproterozoic  10:4–22
silver  10:25
structure  10:23–4
tungsten  10:25

David Suite  see Jim Jim Suite
‘Davidson beds’  11:5, 16, 16, 17, 18
Davies No 2  5:36, 49
DC Gossan  36:24
‘De Souza Sandstone’  41:3, 4, 14
Dead Bullock Formation  3:7, 9:4, 11:1, 3, 4, 4, 

5–6, 6, 9, 16, 18, 21, 22, 26
‘Dead bullock member’  11:17, 18
Dead Bullock Ridge  11:6, 17, 18, 20–1
Dead Bullock Soak (DBS) goldfield  3:1, 7, 8, 

11:4, 6, 15–21, 16, 17, 18, 21, 23, 35
Deagan Member  16:4, 5, 6, 9–11, 23
Dean Quartzite  21:4, 11, 17, 18, 18, 19, 22:4, 5, 

6, 23:2, 3, 4, 8, 9–10, 14, 15, 18, 44, 59, 60
Deans Camp  see Jimmys Knob
Debbil-Debbil  8:6, 15:50
Deception Formation  22:10, 23:2, 3, 24, 30
Deep Bore Metamorphics  12:8, 12, 12, 13, 39
Deering Siltstone Member  23:38
Delaney Mudstone Member  42:8
Delmore Metamorphics  12:8, 12, 13
Delny Metamorphics  12:8, 12, 13, 29
Dempseys Choice  9:53
Denison beds  25:1, 2
Deposit A  39:12
Deposit B  3:25
Deposit C  3:25
Deposit D  39:6, 12
Deposit F  39:6, 12, 13
Deposit H  39:12
Deposit J  39:12
Deposit K  39:6
Deposit R  15:32
Deposit W  3:25, 15:32
Deposits B, C  15:32
Depot Creek Sandstone  17:2, 5, 5
Derim Derim Dolerite  14:4, 15:27, 31, 43, 44, 

59, 16:22
Devils Elbow  15:32, 51, 51, 52
Devils Marbles Granite  9:28, 29, 10:21, 22, 22, 25
Devils Suite  2:5, 9:2, 4, 28, 55, 10:2, 3, 20–2, 

24, 12:41, 16:2
Devoncourt Limestone  28:16, 24, 25
Dhalinybuy Granite  6:2, 3, 6–7
Dhunganda Formation  15:6, 7
Dhupuma  3:28, 29, 39:6, 7, 9
Dhupuwamirri Member  15:7, 7
Diamond Creek Volcanics  15:8, 9
diamonds  3:30, 31, 34–5

Birrindudu Basin  17:14, 14
Centralian Superbasin  22:14
Daly Basin  31:11
Georgina Basin  3:34, 28:44
McArthur Basin  3:31, 34, 15:55–6, 57, 59
Murphy Province  8:6–7
Ord Basin  33:8–9
Victoria Basin  3:31, 26:6
Wiso Basin  32:8
Wolfe Basin  27:6

Dianne  8:4, 15:49
Dice  11:28
dimension stone

Pine Creek Orogen  5:115, 118
Ding Dong Downs Volcanics  11:9
Dingos Rest  24:20
Dingos Rest North  24:18, 20
Dingos Rest South  24:18, 20
‘Dinki Di granite’  29:5
Dinky  11:28
Dirty Water Metamorphics  4:4–5, 5:11
Ditji Formation  36:8, 15, 19, 38:4
Djabura Formation  35:3, 8
Djagamara Formation  22:10, 23:46, 24:2, 3, 4, 

6, 8, 10, 11, 13, 15, 16, 18, 21, 21, 22, 28:26, 
27, 35:4

Djibitgun  3:11, 36:23, 23, 24, 25
Djilirri Limestone  36:7
Dneiper Granite  12:3, 29–30, 30, 40
‘Dneiper suite’  12:30
Docherty Hill North  36:23
Dodger  12:50, 57
Dodson, Dick  1:3
Dog  3:28
Dogbolter  11:28
Dogbolter Main  11:26
Dogbolter NE  11:28
dolerite dykes

Halls Creek Orogen  7:2, 3
Dolly Pot  5:43
Dolomite  9:36, 53

Dombey Formation  36:8, 15, 20, 38:4
The Don  11:36
Don Creek Sandstone  18:2, 5–6, 7
Doncaster Member  41:3
Donnegan Member  15:16, 19
Donydji Group  2:5, 6:6, 15:6, 7
Dook Creek Formation  3:11, 15:24, 25, 26, 

43–4, 43
Doomadgee Formation  18:2, 4, 5
Dorisvale (Pony Pocket)  3:29, 31
Dorothy Volcanics  5:8, 13
Douglas Granite  5:17, 19
Driffield Granite  5:17, 20
Drimmie Head Granite  6:2, 3, 4, 39:7
Drummond Formation  18:2, 6, 9
Duccios  8:5, 6, 15:50, 50
Duerdin Group  7:2, 22:7, 27:1–6, 2, 6, 6
Dufaur Suite  12:3, 24
Dulcie Sandstone  12:48, 28:3, 4, 5, 7, 28, 30, 

32, 45, 32:6
Dullingari Group  34:1, 2
Dungaminnie Formation  15:24
‘Dunmarra Basin’  39:2
Dunmarra region  39:4, 13–14
Durabudboi beds  15:23
Dysons  3:16, 17, 5:65, 75, 77, 77

E
Eagle Hawk Sandstone  22:10, 11, 31:4, 33:2, 3, 

4, 6–7, 7
East Alligator River

uranium deposits  3:16, 17, 18, 4:8, 5:64–75, 67
East Bluff  15:45
East Bullakitchie  11:15, 21, 23, 23
East New Hope  9:29
Eastern  15:55
Eastern Creek  15:32, 42–3
Easticks  5:114
Easy  3:28
Echo Sandstone  15:10, 12, 46
Echuca Shoals Formation  36:8, 15, 22
Ector  15:57
Edith River Group  2:5, 4:2, 5:2, 7, 15, 17, 66, 

79, 85, 115, 9:4, 15:7
Edmirringee Volcanics  9:4, 5, 15, 18, 23, 25–6, 

25, 36, 56, 10:3, 4, 5, 6–7, 7, 22, 25
Edna Beryl  3:7, 9:36
Edwards Creek  3:14, 12:10, 51–2, 51
Egan Formation  22:7
18 Mile Waterhole  3:31, 32, 42:38
El Hussen  3:19, 8:6, 15:32, 49, 50
El Nashfa  8:6, 15:50
El Rae  15:45
El Sharm  8:6, 15:50
El Sherana  3:16, 5:55, 65, 79–80
El Sherana Group  2:5, 3:19, 4:2, 5:2, 7, 14–15, 

17, 66, 79, 85, 115, 9:4, 11:7
El Sherana West  5:65, 79–80
Elang Formation  36:8, 15, 21–2
Elatina Formation  22:7
Elcho Island (bauxite)  35:12
Elcho Island Formation  3:24, 22:4, 5, 35:3, 5, 

7, 7
iron ore  35:12

Elcho Island (iron ore)  3:24, 25, 35:12
‘Elder Sandstone’  33:6
Elder Subgroup  33:2, 3, 4, 6–7, 8
Eldo Road  39:7, 8
Eldorado  3:7, 9, 9:6, 36, 37, 38, 39, 46, 51, 52
Eldorado Deeps  9:42, 46
Eldorado Shallows  9:46
Eleanor  5:42, 42
electromagnetic (EM) surveys  1:14
Elekedra Granite  10:21, 22
Elizabeth Marion  5:112, 113



I:7

 Index

ELK3  28:13
ELK7  28:13
ELK7A  28:13
Elkedra Granite  9:29, 55, 10:21, 24, 25, 28:10, 12
Elkera Formation  22:4, 5, 7, 8, 28:7, 11
Ella Creek Member  5:11
Ellery Granitic Complex  13:7
Ellis Sandstone  22:10, 23:2, 3, 4, 18, 21, 23
Ellsinore  5:42
Elsinore  5:42
Elyuah Formation  22:4, 5, 7, 28:7, 9, 10, 34
Embayment  8:6, 15:50
Emerald Creek  3:21, 22, 5:100, 101
Emily Gap Schist  12:14, 15, 16
Emmerugga Dolostone  15:16, 19, 39, 39
Empire copper mine  5:87–8
E.Mu  15:32, 56, 57, 58, 59
E.Mu 1  15:57, 58
E.Mu 2  15:57, 58
Emu Plains  15:33, 38
Emu Springs  36:24
Enbra Granulite  12:9, 20, 23–4, 23
‘End it all dolerite’  11:17, 18, 35
Endurance Sandstone Member  9:18, 25, 10:5, 8
energy metals (uranium, thorium)  3:16–19
Enga Sandstone  36:9, 12, 13, 18, 28
Engine Creek  28:41
Eninta Sandstone  22:10, 23:3, 28:14
Ennugan Mountains granite  2:5, 12:3, 42, 61–2
Enterprise  3:1, 6, 5:36, 42, 42, 43, 44, 62, 9:36
Enterprise 2  5:87
Entia Dome  12:50
‘Entia Gneiss’  12:35
Entia Gneiss Complex  12:30, 30, 31, 33, 35, 

36, 29:2
Entia pegmatite field  12:50, 61
Entire Anorthosite  29:6
Epenarra Volcanics  9:3, 4, 5, 6, 10, 14, 15, 18, 

23, 24, 24, 25, 26, 10:3, 4, 6, 8, 10, 14
Epsilon Formation  38:4
Eree propect  34:7, 7
Erica Sandstone  22:4, 5, 6, 25:1, 2, 3
Ernie Lagoon Member  27:3, 4
Eromanga Basin  12:1, 21:1, 1, 2, 22:6, 23:5, 

24:1, 28:1, 3, 4, 30, 34:1, 2, 4, 7, 38:1, 1, 2, 2, 
4, 5, 12, 13, 39:1, 1, 41:1–18, 1, 5, 42:12, 16

coal  41:15
Cretaceous  41:6–13
Jurassic–Early Cretaceous  41:2–6
manganese  41:15
mineral resources  1:11, 41:13–18
ochre  41:14–15
opal  41:15
petroleum  3:36, 41:5, 7, 15–18
structure and tectonic history  41:13

Erontonga Metamorphics  12:9–10, 9, 11, 24, 
41, 52

Erringkarri Rhyolite  15:5
Errolola Sandstone  10:3, 10, 12, 17, 18–19, 18, 

19, 20, 23, 24, 16:5, 22
Esmeralda  3:6, 5:37
Esther Granite  12:20, 22, 22, 59
Etadunna Formation  42:16–17, 22
Ethabuka Sandstone  22:10, 28:7, 27, 29–30, 

42:20
Ethel Creek Granite  12:44
Eulo Queen Group  39:15
Euro  9:29
Eurowie Sandstone Member  28:19
Eva (Pandanas Creek)  3:9, 9, 16, 17, 18, 19, 

8:4, 5, 6, 6, 15:32, 49, 50, 50
Eva Springs Member  24:2, 5, 6
Eva Valley Granite  5:21, 23
Evans Shoal  3:35, 35, 36:15, 27, 27
Evelyn  3:11, 13, 14, 5:62, 85, 86, 99
Evergreen Formation  41:2, 3
Excalibur  15:57

Excelsior  23:48
Explorer 8  3:12
Explorer 13  9:52
Explorer 26  3:12
Explorer 28  9:6, 8
Explorer 108  3:10, 12, 9:56
Extension  9:36
extractive minerals

Money Shoal Basin  40:13–14
Eyre Formation  42:16

F
Faded Lily  5:36, 38, 39
Fagan Volcanics  15:6, 7
Fairy Glen Sandstone Member  15:13
Falchion  12:50, 57
Fargoo Tillite  22:4, 5, 7, 27:2, 3, 3, 6
Farm Basin  42:5, 9, 17
Farquharson Sandstone  14:2, 17:2, 7
Fassifern  9:36
Fat Dingo  12:58
Fata Morgana  8:6, 15:50
Favenc Package  2:6, 15:23–5
Fence Creek  3:29, 5:115
Fenelon Formation  36:15
Fenn Gap  22:15, 23:48, 53
Fenton Granite  5:17, 19, 54
Ferdies Member  11:5, 16, 29
ferricrete  42:29
Fickling Group  2:5, 6, 8:4, 18:1, 2–4, 3, 4, 10, 

19:6
Fingerpost Granodiorite  5:17, 18, 20, 22
Fingerpost Suite  5:17, 20, 23
Finke beds  23:2, 4, 15, 18, 59
Finke beds equivalent  23:18
Finke Group  23:2, 38, 40–2, 34:5
Finke Group equivalent  34:2, 6
Finniss River Group  4:3, 5:7–8, 12–13, 79, 116, 

9:4
Fish Billabong Adamellite  5:18, 19, 28
Fish River Formation  18:2–3, 4
Fishburn Formation  36:8, 15, 20, 21, 38:4
Fisher Lobe  5:49–50
Fitzmaurice Basin  2:6, 7:2, 20:1–6, 1, 36:1, 2, 7

base metals  20:6
mineral resources  20:6
Palaeo-Mesoproterozoic  20:2–5
stratigraphic succession  20:3
structure  20:5–6
uranium  20:6

Fitzmaurice Group  2:5, 20:1, 2, 3–5
Flamingo Group  36:4, 5, 8, 15, 21–2, 40:15
Flamingo Group equivalent  35:2, 3, 40:1, 2, 3, 

4, 5, 6, 9, 15
Fleming Sandstone  15:13, 14
Fleur de Lys  3:17, 5:65, 83
Flint Spring Gneiss  12:14, 15
Flora Belle  3:10, 5:62, 86, 93
Florina Formation  22:10, 31:1, 2, 3, 4, 7–9, 8, 

10, 35:8
fluorite  3:30–2, 30

Aileron Province  3:31, 32, 12:64
Arunta Region  3:30, 32
Daly Basin  3:30, 31:9–10
Ngalia Basin  24:18, 20
Pine Creek Orogen  3:30, 5:114, 117

Fly Camp East  8:4
Fly Camp West  8:4
Flying Fox  8:6, 15:50
Flying Ghost  15:32, 51
Flynn Subgroup  9:4, 10:10, 16:1
Foelsche Leucogranite  5:17, 19
Fog Bay Metamorphics  5:2, 7, 26–7
Fold Nose  3:26, 16:23, 24
‘Footwall basalt complex’  11:25, 27, 27

‘Footwall schist’  11:21, 22, 23, 24
Forty-Five Augen Gneiss  12:29, 30, 31–2
Foss Hill  28:43, 43
Fossil Head Formation  36:8, 11, 15, 18, 19–20, 

38:4
Fountain Head  3:6, 5:36, 38, 57
Four Mile Creek  36:24
Fox  3:28
Frances Creek  3:23–4, 25, 5:111, 111, 112, 113
Frances Creek East  3:24, 5:110
Frances Creek Leucogranite  5:17, 19
Frankenia Dome  11:2, 4, 11, 13, 14, 25, 34
Frankenia Granite  11:12, 27
Fraynes Formation  17:2, 7–8, 8, 13
Fred  5:102
Frederick Suite  2:5, 11:4, 10, 11, 12
Fregon Domain  21:5

Musgrave Orogeny  21:6–7
Musgravian gneiss  21:3–5
Petermann Orogeny  21:15–17
Pitjantjatjara Supersuite  21:8

Frew River Formation  10:3, 10, 11, 12, 18, 19, 
16:5, 8

Frigate Shale  36:8, 15
Fullhand  5:87
Fumarole  11:6, 21
Funnel Web  11:28

G
Gadabara Volcanics  15:7
Gairdner Dolerite  21:15
Gairdner Large Igneous Province  22:11–12, 12
Galena Cliffs  15:32
Gali Member  15:13
Galifrey  11:26, 35
Galloping Creek Formation  36:6
Gandys Hill  5:42, 43
Gap  11:26
Gardiner Sandstone  10:4, 11:5, 10, 14, 27, 28, 

17:2, 4, 5, 14
Gareth  15:57
Garimala Limestone  36:7
garnet  3:30, 31, 32, 42:38

Arunta Region  3:31, 32, 42:38
Cenozoic  42:38
Irindina Province  3:31, 32, 42:38

garnet sand  42:38
Garraway Sandstone  39:4, 14–15
Garrthalala Granite  6:1, 2, 3, 5, 6, 7
Gator Sandstone  18:2, 6, 7
Gawain  15:57
Gaylad Sandstone  22:4, 5, 7, 23:2, 3, 4, 5, 19, 

28:10
Gecko  3:14, 15, 9:36, 37, 39, 42, 45, 51, 52
Gecko 1  3:12
Gecko West  3:12, 13
Gee, RD  1:6, 7
gemstones

Kalkarindji Province  3:31, 34–5, 30:12–13, 
12, 13

Gemtree  3:31
geochronology  1:11–12
geological framework  2:1–13
geological investigations in the NT

history of  1:2–10
geological regions  2:3, 4–7

Archaean inliers  2:3, 4
Mesozoic–Cenozoic  2:3, 7
Neoproterozoic–Palaeozoic  2:3, 6–7
Palaeo–Mesoproterozoic orogens  2:3, 4–6
Palaeo- to Mesoproterozoic basins  2:3, 6

Geolsec  3:31, 5:75, 114, 116
Geolsec Formation  5:14, 75, 76, 77, 78
geophysical surveys  1:12–14, 12, 13
George Creek  3:17, 5:65, 83, 85, 86, 94
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Georgetown Inlier  39:1, 1
Georgina Basin  12:1, 14:3, 19:3, 22:1, 3, 4–5, 6, 

6, 7, 8, 8, 9, 10, 12, 13, 13, 14, 15, 24:1, 1, 3, 
10, 28:1–47, 3, 4, 13, 29:3, 31:1, 2, 3, 32:1, 3, 
6, 7, 7, 8, 33:2, 34:1, 1, 6, 35:7, 36:5, 38:1, 2, 
5, 41:1, 4, 5, 42:28

base metals  28:34–41
basement  28:2, 2
Cambrian  28:13–25
Cambrian–Ordovician  28:25–7
Devonian  28:30
diamonds  3:34, 28:44
faults  28:32–3
folds  28:33–4
gypsum  3:31, 32, 28:44, 42:38
ironstone and breccias  42:28
lateritic residuum  42:28
manganese  3:27, 28:44–5
mineral resources  1:11, 3:4, 28:34–47
Neoproterozoic  28:5–13, 30–1, 31
Ordovician  28:27–30
Palaozoic  28:31–2
petroleum  3:36, 22:15–16, 28:45–7
phosphate  3:31, 33, 28:41–4, 41, 42, 43, 31:10
silcrete  42:28
structure  28:30–4
tectonic setting  28:30–2
uranium  28:45

Georgina Gap Granitic Gneiss  12:9, 14, 30, 31
Georgina Limestone  28:16, 19, 26, 27, 28
Geoscience Australia

geochronology  1:11–12
geophysical surveys  1:13, 14
Stratigraphic Unit Database  1:15
see also Bureau of Mineral Resources (BMR)

Gerowie Creek No 1  5:79
Gerowie Creek No 2  5:79
Gerowie Creek No 3  5:79
Gerowie Tuff  3:6, 17, 5:8, 11–12, 36, 37, 62, 65, 

67, 79, 112, 6:3
Ghan  11:6, 20, 21
Giants Reef prospect  4:8
Gibb Member  15:27
Gibbie Formation  17:2, 9
Gibson Formation  36:15
Giddy Granite  6:2, 3, 7
Giddy Suite  2:5, 6:6–7

mineral resources  6:7
Gidgealpa Group  38:4
Gigantic  9:36, 40
Gilbert River Formation  39:2, 4, 15
Giles Complex  21:1, 3, 10–11, 12, 15, 21
Giles Creek Dolostone  22:10, 11, 23:2, 3, 8, 24, 

25, 28–9, 29, 31, 43, 60, 24:9, 10, 34:2, 4
Giles Event  21:1, 2, 3, 10–12
Gillen Member  3:36, 23:2, 7, 8, 10, 11–12, 11, 

12, 43, 53, 54, 59
Gillian Member  22:15
Gilruth Volcanic Member  15:8
Gimbat Formation  5:18
‘Glauconitic sandstone member’  17:5
Gleeson Formation  9:27, 16:15, 18, 19, 20, 

23
Glen Helen Metamorphics  13:2, 4, 5, 7, 14, 

16, 18
Glencoe  3:6, 5:37
Glenhill Formation  20:3
Glyde Package  2:6, 15:2, 3, 5, 13, 14–23
Glyde Sub-basin  see Mountain Home (Glyde 

Sub-basin)
Gnallan-a-Gea Arkose  22:7, 28:7, 9, 10, 38
Gnalta Shelf  22:8
Goanna  15:45
Gogo  3:26, 16:23, 24, 24
gold

Aileron Province  12:57–9
Amadeus Basin  3:2, 4, 6, 23:48–50

Arunta Region  3:1, 3, 8, 9, 12:57–9, 
13:19, 29:9

Centralian Superbasin  22:14–15
commodity reviews  3:1–10
Davenport Province  10:24

see also Warramunga Province
deposit types  3:1–10
early discoveries  1:2
Halls Creek Orogen  7:4
Irindina Province  29:9
Murphy Province  3:9, 8:6
Musgrave Province  21:21
Northern Territory  3:2, 4, 5
Pine Creek Orogen  1:2, 3:1, 2, 5, 6–7, 8, 

9–10, 5:35–64
age of mineralisation  5:61–2
carbon isotopes  5:61, 61
deposits  4:3, 8, 5:36–7, 38, 64
fluid inclusions  5:58–9, 59
genesis  5:62–3
genetic constraints  5:57–61, 63
gold-quartz veins  5:35–48
hydrogen and oxygen isotopes  5:61, 61
in iron-rich sediments  5:49–53, 63
lead isotopes  5:61, 62
placer deposits  5:57–63
with platinum group elements  5:51–5
polymetallic gold deposits  5:56, 63
sulfur isotopes  5:59, 60, 61
with uranium  5:55–6, 80
wall rock alteration  5:57–8

production by year  3:3, 8, 9
Tanami Region  3:1, 2, 3, 7, 8, 9, 11:15–35

Ar-Ar geochronology  11:34, 35
carbon isotopes  11:33
deposit classification  11:15
deposits  11:4, 15–32
fluid inclusions  11:32–3, 33, 35
genesis  11:35
genetic constraints  11:32–5
lead isotopes  11:34, 35
mineral geothermometry  11:33
oxygen and hydrogen isotopes  11:33, 

33, 35
physicochemical modelling  11:34–5
sulfur isotopes  11:33–4, 34, 35
xenotime dating  11:34

Tennant Region  3:3, 7, 8, 9, 9:34–55
Warramunga Province  3:7, 9:34–55

age of mineralisation  9:50
deposit classification and genetic models  

9:50–5
gold-quartz veins  9:53
history  9:34–8
hydrothermal alteration assemblages  

9:40
ironstone  9:38–41
ironstone-hosted gold-copper-bismuth 

deposits  9:41–53
ore mineralogy and texture  9:40–1
placer deposits  9:53–4
structural and stratigraphic controls  

9:39–40
structure  9:31

Warumpi Province  13:19
Gold Creek deposit  5:40
Gold Creek Volcanics  3:11, 15, 15:10, 12, 46, 

47
Gold Ridge  3:8, 5:51, 54, 55
Golden Chance  9:36
Golden Dyke  3:6, 9, 5:36, 38, 49–50, 51, 59
Golden Dyke Dome  5:49–50
Golden Forty  3:15, 9:36, 37, 39, 47, 50
Golden Gate Siltstone  20:3
Golden Goose  12:59, 23:49
Golden Kangaroo East  9:38
Golden Mile  9:36, 40

Golden Slipper  9:36
Golf & Golf West  3:6, 5:36
Golliger beds  42:21–2
Gomet Bore  10:26
Goobaieri Formation  20:2, 3, 4, 6
Good Shepherd  5:50
Goodall  5:37, 38, 39, 39
Goodparla Dolerite  5:7, 14, 67
Goodwill Extended  3:21, 5:102, 106–7, 107
Goose Creek East  3:32
Goose Creek West  3:32
Goose Hole Group  28:21, 33:1–2, 2, 3, 4, 8–9, 8
Gordons  15:48
Gorey  28:40
Gosse River East Syenite  9:28, 29
Goulburn Graben  35:1, 1, 2, 11
Goulburn Group  6:6, 28:21, 35:1, 2, 4, 6–7, 8, 

10, 40:2
Gove  3:27–9, 39:6, 7–8
Gowers Formation  28:16, 22, 23
Goyder Formation  22:10, 23:2, 3, 7, 8, 25, 30, 

32, 33, 43, 53, 29:2, 34:2
Goyder Package  15:13–14
Grace Creek Granite  5:18, 21, 23
Granites goldfield, The  see The Granites 

goldfield
Granites Granite, The  see The Granites Granite
Granites-Tanami Region  see Tanami Region
Grant Bluff Formation  22:4, 5, 7, 28:7, 10, 11, 

11, 35
Grants  5:102
graphite

Pine Creek Orogen  5:117
gravel

Pine Creek Orogen  5:118
Graveside  5:79
gravity surveys  1:13–14, 13
Grayling Member  16:19, 20, 21, 21
Great Davenport  9:54
Great Eastern  9:36
Great Northern  9:36
Great Scott  15:32, 42
Great Western  9:36
Grebe Sandstone Member  36:15
Green Ant Creek  3:27
Green Diamond  9:54, 55
Green Parrot  3:10, 11, 14, 12:54, 55
Gregory Suite  11:10, 12
Grimwade Suite  2:5, 11:4, 10, 11, 12, 21, 26, 

12:3, 22
Grindall Formation  2:5, 6:1–3, 2, 3, 4
Groote Eylandt  3:26, 26, 27, 39:9, 10, 11, 12, 13
Groote Eylandt Group  2:5, 15:4–6
Groundrush  3:7, 11:4, 6, 15, 29–30, 32
Gubberah Gossan  see Mary River Gossan
Gum Ridge Formation  22:9, 10, 23:29, 28:12, 

16, 21, 22, 30:5, 31:3, 32:2, 33:3
Gumarrinbang Sandstone  5:67, 79, 15:8, 51, 

52, 31:4
Gumarrirnbang Sandstone  15:7, 8
Gumtree  3:14, 12:51, 53
Gumtree Granite  12:41, 62
Gunbarrel Granite  13:11, 11
Gundi Sandstone  15:8, 9
Gwakura Formation  15:20
Gwynne Sandstone  12:13, 16:5
Gwynnie Sandstone  10:3, 10, 11, 13–15, 25
gypcrete  42:29
gypsum  3:30, 31, 32, 23:55, 28:44, 42:38

Amadeus Basin  3:32, 23:55
Georgina Basin  3:31, 32, 28:44, 42:38

H
Haags  23:48, 53
Haast Bluff Domain  13:2–7, 3, 14, 15, 17



I:9

 Index

Haasts Bluff  13:19
Habgood Group  2:5, 15:14, 20
Haddock  12:63
Hades Flats  3:17, 5:65, 67, 75
Hagen Member  22:15, 28:18, 19, 46
Hale Basin  3:34, 42:5, 6–8, 6, 7, 9, 11, 12, 37

lignite  3:34, 42:37
Hale Formation  42:8, 9, 12, 13
Hale River  12:50, 55
Halfway Dam  22:15, 28:44
Halls Claim  12:59
Halls Creek Group  36:6
Halls Creek Orogen  2:4, 7, 11, 7:1–4, 1, 2, 20:1, 

6, 33:1, 2, 36:1, 2, 6, 7
Central Zone  7:1, 4
Eastern Zone  7:1, 4
mineral resources  7:4
Palaeoproterozoic  7:2–3
Western Zone  7:1, 4

Hammer Hill  3:29, 29:8, 9
Hammerjack  9:36
Hang Gong  3:20, 22, 5:100, 102, 107
‘Hanging wall sediment’  11:25, 27, 28, 30
‘Hangingwall host unit’  11:23
‘Hangingwall schist’  11:21, 22, 23, 23
Hangingwall sequence  11:28, 30
Hanlon Subgroup  9:2, 10:2, 3, 10, 11, 19–20, 

19, 16:2, 5, 22
Hanson River beds  22:10, 28:27, 32:2, 3, 5–6, 

8, 9
Harajica Sandstone Member  23:7, 38–9
Harding Springs  12:50, 55
Hardtop  5:54
Hargreaves Formation  36:6
Harleys  11:26, 28
‘Harleys sediment’  11:25, 26, 27, 28
Harry Anorthositic Gabbro  12:9, 20, 24, 41
Harry Creek  3:14, 12:9, 10, 51, 52
Hart Spring Sandstone  22:10, 11, 28:21, 33:7, 36:5
Harts Range Group  29:2
Harts Range Metamorphic Complex  3:32, 

12:36–7, 22:9, 29:1, 1, 2–5, 6, 7, 8, 42:38
Harts Range mica field  3:31, 32–3, 29:9
Harverson Granite  12:20, 20, 21, 26
Harverson Pass  3:25, 12:50, 64
Hatches Creek Group  2:5, 6, 9:4, 5, 26–7, 54, 

10:1, 3, 4, 10–11, 12, 14, 16, 18, 20, 22, 23, 
24, 11:7, 12:3, 8, 13, 14:3, 4, 5, 16:1, 5, 8, 
28:12, 18

stratigraphic succession  10:12–13
Hatches Creek tungsten field  3:20, 21, 22–3, 

9:54–5
Hay River Formation  see Thorntonia Limestone
Hayes Creek  3:19, 21, 5:100–1, 101
Hayes Metamorphic Complex  12:15, 16
Hayward Creek Formation  9:3, 4, 19, 27, 34, 

16:1, 3, 4, 4, 5, 6, 7–8, 13–14
Headleys Limestone  22:10, 11, 30:5, 10, 11, 

33:2, 2, 3–4, 4, 5, 6, 8, 9
Heavitree Quartzite  3:4, 6, 36, 12:9, 14, 45, 45, 

51, 57, 58, 13:12, 16–17, 22:3, 4, 5, 15, 23:2, 
3, 4, 5, 7, 8, 9–10, 9, 10, 18, 43, 48, 49, 49, 50, 
59–60, 28:5, 6, 29:2, 3

heavy mineral sands  3:4, 6, 30, 31, 32
McArthur Basin  15:59, 42:38
Money Shoal Basin  3:31, 40:10, 11, 11
Northern Territory  3:4, 5

Hedleys Sandstone Member  19:2, 6
Helen Springs Volcanics  9:26, 27, 16:18, 19, 22, 

19:4, 22:10, 28:5, 7, 12, 21, 30:5, 6, 8
Helena Creek Beds (‘Helena Creek beds’)  11:5, 7
Helene 1  5:110
Helene 2  3:25, 5:110, 111, 112, 113
Helene 3  5:110, 112, 113
Helene 4  5:110
Helene 5  5:110, 112, 113
Helene 6/7  3:25, 5:110, 112, 113

Helene 8  5:112
Helene 9  5:110, 112
Helene 10  5:112
Helene 11  5:110
Helene East  5:112
helium

Amadeus Basin  23:61
Centralian Superbasin  22:15–16

Hendersons  5:102
Henschke Breccia  5:7, 13, 20:3
Hensman Sandstone  20:3
Hermannsburg Sandstone  23:2, 3, 7, 37, 39, 

40, 47
Hermit Creek Metamorphics  5:2, 7, 27, 27, 20:3
Hibernia Formation  36:15, 22
Hidden Basin beds  25:1, 3
Hidden Valley tinfield  3:20, 21, 5:101, 104
Hidden Valley (uranium)  8:6, 15:50
Highland Plains  3:31, 33, 28:41, 43, 32:8
Hill 98  9:36
Hill of Leaders  9:56
Hill of Leaders Granite  3:21, 9:3, 10, 11, 12, 13, 

14, 29, 56
Hillrise  29:8
Hills  24:18, 20
Hillsoak Bore Metamorphics  12:9, 16, 58
Hinde Dolostone  17:2, 5–6, 6, 13, 27:5
Hindrance Creek Sandstone  5:15
history of geological investigations in the NT  

1:2–10
Bureau of Mineral Resources (BMR) era  

1:2–4
early investigations  1:2
modern exploration initiatives  1:6–10
NTGS following Self-Government  1:4–6

Hit or Miss  9:55
Hobblechain Rhyolite  15:9, 10, 12, 12
Hodgson Downs  3:25, 15:52, 53, 54
Hodgson Sandstone  15:27, 29
Hogarth Formation  21:14
Hole Hill  23:53
Holsteins  29:9, 10
Home of Bullion  3:10, 11, 14, 15, 12:50, 56
Hooker Creek Formation  22:10, 11, 15–16, 

28:21, 31:3, 32:2, 3, 4–5, 4, 7, 8, 9, 33:3
Hooper Orogeny  7:1, 2
Hooray  41:17
Hooray Sandstone  28:30, 41:3, 4, 4, 6, 7
Hopeful Star  9:36
Hopeful Star East  9:36
Horn Valley Siltstone  3:36, 22:10, 15, 16, 23:2, 

3, 7, 33, 34, 34, 54, 58–9, 59, 60, 28:27, 34:2
Horners Creek  3:21, 22, 5:101
Horse Pocket  8:6, 15:50
Horseshoe  28:43
Horseshoe Bend  23:48, 54
Horseshoe Bend Shale  23:2, 3, 41, 34:5
Horseshoe tinfield  3:21
Horseshoe tinfield  5:101, 103, 104
‘Host unit’  11:21, 22, 23, 24
Hot Spring Member  15:16, 19
Howard Sand member  40:4, 7, 13, 14
Howley goldfield  3:6, 9, 5:36, 57
Howley (iron)  3:24, 25
Howley North  5:49
HR11  28:43
Huandot  3:31, 32, 5:114, 116
Huarabagoo  3:18, 8:6, 15:50
Huckitta Granodiorite  12:30
Huckitta tonalite gneiss  12:30
‘Hudson Formation’  33:6
Hugh River Shale  22:10, 11, 23:2, 3, 7, 24, 28, 

29–30, 29, 30, 24:10, 34:2
Hughie Sandstone  17:2, 9
Hull Suite  21:11
Huntsman  11:28
Huntswoman  11:28

Hurricane  11:26
Hurricane-Repulse  11:25–6, 26, 28, 30, 31
‘Hurricane sediment’  11:25, 27, 28, 30, 31
Hutton Sandstone  41:2, 3, 4
HYC Pyritic Shale Member  15:18–19, 31, 32, 38
hydrocarbons  see petroleum
Hyland Bay Subgroup  36:8, 15, 19, 20, 38:4
Hyperion  3:7

I
Idirriki Sub-basin  22:13
Idracowra Sandstone  23:2, 41–2
Ikuntji Metamorphics  13:6, 15, 18, 19
Ilappa Metadolerite  12:46
Illara Sandstone  22:10, 23:3, 24, 30
Illili Suite  2:5, 13:3, 11
Illoquara Sandstone  10:3, 10, 11, 13, 16–18, 16:5
Illyabba Metamorphics  12:15
ilmenite sand  see age of mineralisation  15:59, 

42:38
Ilpilli Dolerite  13:12
Ilyabba Metamorphics  12:14
Ilyaralona Granite  21:10
Imbumbunna Granite  21:11
in situ regolith  42:26–8
Inca Formation  28:16, 22, 23
Indiana  29:9, 10
Indiana Suite  29:5–6
‘Indiana Walls granite’  29:5, 5
induced polarisation (IP) surveys  1:14
indurated regolith  42:27–9
industrial minerals  3:29–34, 30

Victoria Basin  26:6
Ingula Migmatite  12:9, 10, 41
Inindia beds  21:4, 18, 22:4, 5, 23:2, 3, 4, 10, 16, 

17, 18, 20, 21, 42, 44, 54, 54, 59, 28:8, 10
Ininti Granite  2:5, 13:3
Inkamulla Granodiorite  12:30
‘Inland Belt’  39:2, 4
Innamincka Formation  34:1, 2, 4
Inningarra Granite  11:22, 23
Inningarra Suite  11:12
Intermediate  15:49
Intermediate (Browns East)  3:11, 13, 15, 16, 

5:75, 85, 86, 94
International  3:6, 5:36, 43
Inverway  3:29, 31
Inverway Metamorphics  14:1–2, 1, 2, 17:2
Inyalinga Granulite  13:7–8, 8, 9, 11, 12, 14, 14
Irindina Gneiss  3:21, 12:37, 22:6, 29:1, 2, 2, 

3–4, 6, 8, 8, 9
Irindina Province  2:6–7, 11, 12:1, 2, 9, 51, 22:1, 

3, 6, 6, 8, 9, 12, 13, 23:46, 24:1, 28:1, 4, 6, 13, 
29:1–10, 1, 32:7, 34:1, 1, 4, 6, 38:1, 2, 5, 9, 
41:1, 4, 5

Alice Springs Orogeny  29:2, 6–8
base metals  29:8–9
copper  29:8–9
garnet  3:31, 32, 42:38
gold  29:9
intrusive rocks  29:5–6
Larapinta Event  29:2, 6
mafic intrusive rocks  29:6
mica  3:32–3, 29:8, 9
mineral resources  29:8–10
Neoproterozoic–late Cambrian  29:2–5
nickel-copper-PGE  29:8–9
rare earth elements  29:9–10
tungsten  29:9
uranium  29:9–10

Iron Blow  3:9, 10, 11, 5:56, 86
iron ore  3:2, 3, 4, 4, 5, 23–6

Aileron Province  3:24, 25, 12:64
Amadeus Basin  23:54
Arafura Basin  3:24, 35:5, 12



 Index

I:10

Arunta Region  3:24, 25, 12:64
Bonaparte Basin  36:26
deposit types  3:24–6
McArthur Basin  3:24, 25, 15:51–2, 53
Northern Territory  3:2, 4, 4, 5, 5
Pine Creek Orogen  3:24, 25, 5:110–14
production by year  3:3
South Nicholson Basin  19:3, 8
Tennant Region  3:25–6

Ironbark Member  5:18
ironstone

Cenozoic  42:28
Sherwin Formation  15:52, 55
Warramunga Province  9:41–53

Isa Superbasin  15:1
Ivanhoe  3:12, 9:29, 36, 37, 39, 49
Iwupataka Metamorphic Complex  2:5, 13:2, 

5–7, 15

J
Jabiluka  3:9, 16, 18, 5:37, 55, 81
Jabiluka 1  3:17, 5:65, 71–2, 71
Jabiluka 2  3:6, 16, 17, 5:65, 66, 71–2, 71, 72
Jabiru  3:35, 35, 36:15, 27, 28
Jackson Pit  8:6, 15:49, 50
Jacques  8:6, 15:49, 50
Jalboi Formation  15:27
Jalma Formation  15:13, 23
Jamberline Sandstone Member  15:24
Jamieson Formation  36:15
Jamine Granite  5:18
Jammine Granite  5:19, 28
Jangirulu Formation  16:15, 19, 22, 23
Jannagunna  3:18
‘Jarong Conglomerate’  27:5, 30:3–4
Jarrad Sandstone Member  27:3, 4
Jasmine  5:112, 113
Jasmine Centre  5:110, 112
Jasmine East  5:110, 112
Jasmine West  5:112
‘Jasper chert member’  11:5, 7
Jasper Gorge Sandstone  22:4, 5, 26:1, 2, 3, 3
Jawilga beds  25:1, 2–3
Jay Creek  23:48
Jay Creek Limestone  23:2, 3, 7, 24, 30, 31, 31, 

53, 54
Jenkins workings  12:58
Jennings Granitic Gneiss  12:9, 14, 30, 31, 45
Jensens Tunnel  5:42
Jeromah Formation  16:14–15, 15, 16, 23
Jervois  3:10, 14, 15, 24, 26, 29, 12:50, 53–5, 

54, 55, 64
Jervois Granite  12:30, 30
Jervois Range  3:23
Jessie Gap Gneiss  12:14, 15, 30, 36
Jessops  3:20, 21, 22, 5:100, 101, 103–4
Jewellers  5:102
Jewellers Extended  5:102
Jigaimara Formation  22:10, 35:2, 3, 4, 5, 6, 7
Jim Beam  8:6, 15:49, 50
Jim Jim Granite  5:18, 23, 67, 79
Jim Jim Suite  4:2, 5:2, 18, 21, 21, 23, 33, 34, 

66, 85, 115
Jimbu Microgranite  15:8, 9
Jimmys Knob  5:101, 103
Jims Central  11:28
Jims Find  11:28–9
Jims Main  11:26, 28
Jims West  11:28
Jindare Formation  22:10, 30:3–4, 31:3, 4, 9
Jinduckin Formation  22:10, 11, 28:22, 31:1, 2, 

3–4, 3, 5–6, 6, 9, 10, 11, 33:6
Jinka domain  12:2, 12–13, 40
Jinka Granite  3:30, 12:3, 40, 40, 64
JKl1  40:3, 4

JKl2  40:3, 4
Johannsen Metagabbro  12:9, 20, 24, 41
Johannsens  12:24
John Bull  5:39
Johnnies Reward  3:14, 12:11, 51, 53
Johnny Walker  8:6, 15:50
Johnnys Creek beds  23:2, 7, 13–14, 14
Johnson Formation  36:15, 22
Johnstones  5:102, 15:32, 48
Joker  9:36
Jones Brothers  5:40
Jsmine West  5:110
Jubilee  9:36
Juggler  9:55, 10:25
Julia  23:48, 50–1, 50
Julie Formation  22:4, 5, 7, 23:2, 3, 4, 5, 7, 8, 17, 

18, 20, 20, 24, 43, 28:10
Junalki Formation  9:1, 2, 3, 4, 5, 6, 9–10, 23, 

10:2, 10, 13–15, 24, 16:2
Junnagunna  8:6, 15:49, 50
Juno  3:7, 9, 15, 9:35, 36, 37, 39, 40, 42, 44–5, 

50, 52
Juno No 1  9:44
Juno No 2  9:44

K
K44  9:45, 52
Kaidwall Granite  10:21, 22, 24
Kajabbi Formation  28:16
Kakadu Group  4:5–6, 5:7, 23–4, 67
Kakalyi Gneiss  13:10, 10, 16
Kalamurta Gneissic Unit  21:5
Kalipo  11:28
Kalkarindji Large Igneous Province  2:2, 4, 6, 

11, 3:4, 29, 30, 31, 32, 34, 22:1, 2, 9, 10, 12, 
30:10, 16, 31:1

Kalkarindji Province  1:1, 2:2, 3, 6, 11, 7:2, 8:2, 
14:1, 4, 19:3, 4, 22:1, 28:1, 2, 3, 5, 6, 7, 12, 13, 
16, 21, 22, 30:1–13, 1, 31:1, 3

amethyst  30:12, 12
barite  3:29, 17:14, 30:12
base metals  30:10–11, 11
bitumen  30:12, 12
Cambrian  30:3–10
copper  30:10–11, 11
gemstones  3:31, 34–5, 30:12–13, 12, 13
geochronology  30:6–7, 9
mineral resources  3:4, 30:10–13
nickel  30:11
petrogenesis  30:10
petrology  30:7, 9
platinum group elements  30:9
prehnite  3:31, 30:9, 12–13, 13
stratigraphic succession  30:4
structure  30:9–10

Kalkarindji Suite  1:15, 2:6, 5:81, 7:2, 14:4, 
17:2, 4, 29:5–6, 30:1, 7, 8, 11

Kalladeina Formation  34:1, 2
Kamilili Formation  36:7
Kanandra Granulite  12:3, 4, 6–7, 7, 13, 38–9, 

47, 29:3, 7
Kangaroo Well vertebrate fossil locality  42:5, 

8, 19, 22
Kanimblan Orogeny  34:1
Karinga beds  42:25
Karinga Creek  3:33–4
Karins Anomaly  24:18, 20
Karns Dolostone  3:26, 15:24–5, 55
Karukali Quartzite  21:4, 13, 13, 14
Katherine River Group  2:5, 5:17, 67, 79, 

15:6–9, 17:5
Kathleen  9:36
Katiti Palaeovalley (Ayers Rock Basin)  42:5, 

11, 13, 17
Kaye  15:57

Kazi  3:6, 5:37, 38
Keep Inlet Formation  3:34, 36:9, 12, 14, 18, 

25–6
Keep Inlet Sub-basin  36:2, 3, 16
Keep River-1  36:23, 26
Keep River-2  36:23
Keepera Group  22:7, 28:2, 3, 4, 7, 8–10, 14, 31
Kelly Creek Formation  22:10, 15, 28:7, 26, 

27–8, 28, 44
Kelly Well area (palaeovalley)  42:5, 15
Kellys Knob Sandstone  36:6–7, 9, 10, 13
Kendergarden  5:36
Keri Metamorphics  5:4, 29, 105
Kerridy Sandstone  22:10, 16, 23:46, 24:2, 3, 4, 

10–11, 11, 13, 15, 16, 18, 21, 22, 28:27
Keyling Formation  35:9, 36:8, 11, 15, 19, 38:4
Kiana Group  22:7, 28:3, 4, 5, 7, 12–13
Kilgour  15:49
Kilimiraka  3:31, 32, 40:11
Killaloc Formation  17:2, 8–9
Killeen  12:54
Killi Killi Beds  11:5–6, 8
Killi Killi Formation  3:7, 9:4, 11:3, 4, 4, 6–7, 6, 

7, 10, 16, 16, 18, 26, 30, 32, 12:4, 5–6
Killi Killi Hills  11:4, 36, 17:14
Kimberley Basin  33:1, 36:1, 2
Kimberly Kids  9:36
Kinevans Sandstone  22:4, 5, 27:6, 30:3
Kingfisher Shale  36:9, 11, 12, 14, 15, 16
Kings Ransom  3:19, 8:6, 15:50, 50
Kings Table  5:102
Kings Table pegmatite group  3:21, 5:102
Kings Workings  28:34, 36, 37
Kinmore Group  36:4, 5, 8, 11, 15, 18, 19–20, 38:4
Kintore Domain  13:2, 3, 12–13, 15
Kintore Palaeovalley  42:5, 6, 14, 15
Kiora  9:36
Knob Hill  23:53
Knuckey Formation  15:24, 25
Kohinoor  3:6, 5:36, 42, 42, 43
Kohinoor Tunnel  5:42
Kombolgie Subgroup  3:18, 19, 5:24, 26, 65, 69, 

81, 82, 84, 116, 15:3, 7, 7, 8, 9, 11, 49, 50
uranium  15:51

Kongo  12:51, 56
Kookaburra  8:6, 15:50
Kookaburra Creek Formation  15:25
Koolatong Siltstone  15:21, 22
Koolendong Granite  5:18, 29, 20:3
Koolpin Creek  5:80
Koolpin Formation  3:6, 7, 11, 17, 5:8, 11, 12, 

36, 37, 49, 50, 64, 65, 67, 79, 86, 112, 11:23
Koolpinyah Dolostone  4:4, 5:8, 11, 40:6, 7
Koolpinyah Surface  42:33, 33
Koongarra  3:9, 16, 17, 18, 5:37, 56, 65, 66
Koongarra 1 and 2  3:17, 5:67, 73, 74
Koonoonyeri Granite  12:20, 21
Kroda  12:50, 57
Kudinga Basalt  9:4, 27, 10:1, 3, 10, 11, 12, 17, 

18–19, 18, 19, 16:5, 8, 14
Kudjumarndi Quartzite  5:7, 24, 67
Kuerschner Member  16:6, 8–9
Kukalak Gneiss  4:1, 2, 6, 7, 8
Kulail Sandstone  21:4, 23:3, 4, 8–9, 9, 18
Kulampirri beds  42:21
Kulgera Granite  21:9
Kullal Dyke Suite  21:14, 15
Kulpitjata Suite  21:4, 6, 10, 10
Kulshill-1  36:23
Kulshill-2  36:23
Kulshill Group  23:2, 36:4, 5, 8, 11, 12, 14, 15, 

17–19, 26, 38:4
Kulshill Group equivalent  35:1, 2, 3, 4, 8, 9, 11, 

38:4, 40:2
Kulyong Formation  30:5–6
Kunayangku  32:7, 8
Kunja Siltstone  14:2, 17:2, 7, 13



I:11

 Index

Kunmarnara Group  21:14
Kununurra Formation  36:6
Kurala Sandstone  15:13, 14
Kurinelli goldfield  9:4
Kurinelli Sandstone  9:5, 18, 24, 25, 55, 10:3, 4, 

5, 6, 7, 7, 8, 10, 21, 24
Kurinellli Dolerite  16:14
Kuriyippi Formation  35:9, 36:9, 11, 12, 15, 18, 

19, 38:4
Kurrundie Dolerite  9:5
Kurrundie Sandstone  5:7, 15, 79, 9:3, 15, 25, 

26, 15:20
Kurundi  9:53–4, 53
Kyalla Formation  3:36, 15:27, 29, 61, 62
Kylie  3:17, 5:54, 66, 78

L
Labelle  3:21, 22, 5:102, 107, 108
Lady Alice  5:45
Lady Alice North  5:45, 46
Lady Annie  28:41
Lady Jane  28:41
Lady Judith  32:7, 8
Lady Pearl/Mary Ann  9:53
lag  42:30, 30
Lake Amadeus  42:1, 2, 5, 14, 24, 24, 29
Lake Eyre Basin  42:5, 8, 14, 15–16, 17, 19, 22, 

33
Lake Lewis  42:1, 7, 24
Lake Lewis Basin  42:5, 12–13, 12, 17
Lake Surprise Sandstone  32:2, 3, 5, 6, 9
Lake Woods  42:5, 23–4
Lake Woods beds  16:15, 18, 19, 22
Lalngang Sandstone  20:1, 2, 3, 4
Laminaria  3:35, 35, 36:15, 27, 28, 29
Laminaria Formation  36:15, 21
Lamprophyre  5:14, 41
land surfaces and landscapes of NT  42:30, 31–4, 

32, 33, 34, 35
Landandi  36:23, 24
Lander 1  12:57
Lander Rock Formation  2:5, 3:21, 9:4, 10:4, 6, 

11:6–7, 12:3–7, 3, 6, 18–20, 21, 22, 24, 25, 
26–7, 26, 29, 29, 32, 33, 41, 59–61, 60, 62

copper  12:56
gold  12:57

Langfield Group  7:2, 36:4, 4, 6, 7, 7, 9, 11, 
12–14, 13, 15, 18

Langleys  3:6, 5:36, 49–50
Langra Formation  23:2, 3, 41, 34:5
Larapinta Event  29:2, 6, 8
Larapinta Group  23:2, 3, 4, 5, 7, 8, 32–7, 38, 41, 

46, 54, 29:6, 42:8
Larranganni  11:4
Larrie Granodiorite  13:9–10
Last Hope (Irindina Province)  29:10
Last Hope (Warramunga Province)  9:36, 53, 

16:14
lateritic residuum  42:28
Laughlen Metamorphics  12:9, 14, 14, 33, 34
Launfal  15:57
Launfal North  15:57
Laura Basin  39:1, 1
Lawn Hill Formation  18:2, 6, 10
Lawn Hill Platform  18:1–10, 1, 2, 3, 19:3, 28:1, 

2, 13, 19
mineral resources  18:10
Palaeoproterozoic  18:1–10
stratigraphic succession  18:4, 6

Le Messurier, P  1:5, 6
lead  3:10–14

Aileron Province  3:14, 12:50–6
lead-zinc-copper  12:50–6

Amadeus Basin  23:48, 52
lead-zinc-silver  23:52

Birrindudu Basin  17:13–14
Bonaparte Basin  36:23–5, 24, 25, 26
Centralian Superbasin  22:14
Daly Basin  31:10–11
Davenport Province  10:25
McArthur Basin  3:10, 11, 13

Century-style base metal deposits  15:39
discordant Pb-Zn-Ag±Cu deposits  

15:39–44
stratiform Zn-Pb-Ag deposits  15:31–9

Ngalia Basin  24:20
Northern Territory  3:2, 4, 4, 5, 5
Ord Basin  33:8–9
Pine Creek Orogen  3:10, 11, 5:94–7

deposits  3:11, 5:85
lead-copper-zinc-nickel-cobalt  5:94–7
lead-zinc-silver  3:10
polymetallic deposits  5:88–97
skarns  5:99
veins  5:88–94
volcanigenic massive sulfide deposits  

5:97–9
production by year  3:3, 12
Tomkinson Province  16:25
Warramunga Province  9:56
Warumpi Province  13:18
Wiso Basin  32:8
see also base metals

Ledan Schist  2:5, 12:3, 33, 34
Lees  3:20, 5:102
Legs  11:26, 28
Legune Formation  20:2, 3, 4–5, 5, 6
Legune Prospect  36:26
Leichhardt  9:36
Leila Sandstone  15:17
Lennee Creek Formation  10:3, 10, 12, 19, 20, 

16:5, 22
Lethbridge  3:31, 40:11
Lethbridge South  3:32, 40:11
Lethbridge West  3:32, 40:11, 11
Leviathan  5:102, 107–8
Leviathan pegmatite group  3:21, 5:102
Lewis  5:103
Lewis Granite  11:10, 11, 12
Lewis Range Sandstone  25:1, 2
Library Ridge  28:43, 43
Liebig Orogeny  13:13–14
Liesler Metamorphics  13:7, 9, 9
Ligertwood beds  23:4, 42
lignite  3:35, 42:37
Lily Creek  28:41
Lilyarba Mafics  5:4, 29
Limbla  23:48
Limbla Member  23:16
Limbunya Group  2:5, 6, 10:4, 14:2, 17:2, 3, 4, 

6–9, 12, 13, 20:1
limestone (commodity)

Daly Basin  31:9
Limmen Sandstone  15:26, 27, 43
Linnekar Limestone  22:10, 11, 31:3, 32:2, 

33:2–3, 2, 3, 4, 4, 5, 5
Lissadell Formation  20:3
Litchfield Domain  see Pine Creek Orogen
Litchfield Event  5:32–3
Litchfield, HF  1:2
lithium

Pine Creek Orogen  5:117
Little Ben  9:36, 53
Little Burke Tillite  22:7, 28:7, 8
Little Wonder  9:36, 40
Lizard Schist  13:6–7, 6
Ljiltera Member  23:7, 39
Lloyd Creek Formation  22:4, 5, 26:1, 2, 3, 4–5, 5
Lloyd gabbro  29:6, 8
Lone Star  9:36
Long Pocket  8:6, 15:50
Longsight Sandstone  41:6

Looking Glass Formation  15:16, 19, 61
Lothari Hill Sandstone  22:10, 11, 24:10, 28:21, 

32:2, 3, 4–5, 6, 9
Louisa Basin  22:3, 7
Lovely Hill Schist  13:6, 7
Loves Creek Member  22:15, 23:2, 8, 10, 12–13, 

13, 14, 43, 53, 59, 60
‘Lower Blake beds’  11:16–17, 16, 18, 19, 20
‘Lower Orac chert’  11:17, 18, 20
Lucan prospect  34:7, 7
Lucas Formation  37:1
Lucas Outlier (Canning Basin)  25:1, 37:1–2
Luces  23:48
Lucy Creek 2  22:15, 28:44
Lycosa Formation  34:2
Lyell Brown Granite  13:11
Lynott Formation  3:36, 15:16, 19, 41, 61
Lynx  11:28

M
M1–5P  28:40
M7–12P  28:40
M13–15PD  28:40
MacDonnell Range  12:58
MacDougall Formation  21:14
MacFarlane Peak Group  11:5
Mackas Reward  5:102
Mackay, NJ  1:3
Mackunda Formation  41:2, 3, 6, 11–12
Madderns Yard Metamorphic Complex  2:5, 

13:2, 3, 4
‘Madigan beds’  11:16, 16, 18
Madigan Prospect  38:14–15
Madigans  5:115
Magdala  12:58
Mageera  15:49
Magela 2  5:67
magnesite  3:5, 29, 30, 31, 32

Pine Creek Orogen  3:31, 32–3, 5:114, 115
deposits  4:3
fluid inclusions  5:114–15
genesis  5:115–16
stable isotopes  5:114

‘Magpie schist’  11:17, 18, 19, 35
Mahony Group  33:2, 3, 4, 7, 8, 8
Maid of Erin  5:42, 42
Maidjunga Member  15:7
Mail Change Limestone  28:16, 24, 25
Main Gove Plateau  39:7–8, 7, 8, 9
‘Main host unit’  11:24
Mainoru Formation  15:26, 27, 42:21
Mairmull Formation  36:8, 15, 20, 21, 38:4
Maiwok Subgroup,  15:26, 27, 29
Malawiri  3:17, 24:18, 19–20
Malbec West  9:36, 37, 39
Malita Formation  36:8, 15, 21, 38:4, 40:3
Malita Graben  36:22
Mallabah Dolostone  14:2, 17:2, 7, 7, 13
Mallapunyah Formation  15:17, 55
Mallee Bore Amphibolite  29:2
Malley Spring Member  30:3
Malone Creek Granite  5:18, 21, 79
Maloney Creek Inlier  18:9
Mamadawerre Sandstone  5:24, 25, 67, 68, 71, 

74, 79, 15:7, 8, 51, 52
Mammoth  9:36
Manga Mauda Member  9:5, 26, 27, 16:4, 4, 5, 7, 8
manganese  3:2, 3, 4, 4, 5, 5, 26–7

Aileron Province  12:64
Amadeus Basin  3:27, 23:53–4
Arunta Region  3:27, 12:64
Birrindudu Basin  3:27, 17:14
Carpentaria Basin  3:26, 27, 39:6, 9–14
Centralian Superbasin  22:15
deposit types  3:27–8
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Eromanga Basin  41:15
Georgina Basin  3:27, 28:44–5
McArthur Basin  3:26, 27, 15:55
Money Shoal Basin  3:26, 27
Northern Territory  3:2, 4, 5
production by year  3:3
Tennant Region  3:26, 27, 16:22–5
Tomkinson Province  16:22–5

Manganese 1  15:55
Manganese 2  15:55
‘Manganiferous chert’  11:17, 18
Maniws  8:6, 15:50
Mantapayika Granite  21:8
Mantarurr Suite  21:4, 6, 7, 10, 21
Manton Group  4:3, 5:8, 9, 16, 116
Mantungula Formation  15:26, 27
Manuel  29:9
Manuka Subgroup  41:2, 6, 11–13
Mapata Gneiss  12:12–13
mapsheet nomenclature  1:14–15
Mara Dolostone Member  15:16, 17, 39, 40, 41, 57
Maranboy  3:21, 22, 5:100, 101, 104–5
marble

Pine Creek Orogen  5:115
Marboo Formation  2:5, 7:2, 2, 3
Marchinbar Sandstone  3:28, 22:4, 5, 35:3, 4, 6, 

11–12
Marenga  29:10
Margaret  5:101
Margaret Diggings  5:57
Margaret Granite  5:17, 18, 20
Margaret Hill Conglomerate  15:24, 25, 30
Margaret Suite  5:17, 20, 22
Margery Formation  14:2, 17:2, 6–7
Margoo  15:48
Mariner  15:32, 42
Marion Ross  9:36
Marlgowa Sandstone  5:67, 15:7, 8
Marligur Formation  40:4, 7, 8
Marqua  28:38, 43, 43
Marree Subgroup  41:6
Marshall  12:30, 40, 62
Marshall Granite  3:21, 12:30, 40, 62
Martins  5:102
Martins Gossan  36:24
Marura Siltstone  15:13, 14, 15
Mary Ann  9:36
Mary Lane  9:7, 29, 53
Mary River Gossan  3:11, 13, 5:85, 86, 93
Mary River sand deposit  5:117
Masai  3:26
Mascot  9:36, 53
Mascotte Gneiss  12:12
Masson Formation  3:17, 24, 5:8, 9, 65, 67, 86, 

110, 112
Masterton  15:45
Masterton No 2  3:26, 15:32, 55
Masterton Sandstone  15:3, 10, 12, 13, 17, 31, 

35, 55
Mathison Creek  3:29
Mattamurta Sandstone  15:13, 14
Maud Creek 1  3:6, 5:37, 38
Maud Creek goldfield  5:40
Maud Dolerite  5:14
Maundoobar Sandstone  36:6
Mauretania Outlaw  9:36
Maurice Formation  22:10, 23:2, 3, 4, 18, 21, 23
Mauritania  28:43
Mavis  5:103
McAddens Creek Volcanic Member  3:17, 5:84
McArthur Basin  2:6, 6:1, 8:1, 4, 14:2, 3, 4, 4, 

15:1–64, 1, 18:3, 19:3, 22:14, 28:1, 2, 3, 6, 
46, 31:1, 1, 32:1, 3, 35:1, 1, 10, 10, 39:14, 15, 
40:1, 1, 15

barite  3:29
base metals  3:11, 15:31–49
copper  3:14, 15:39–48

diamonds  3:31, 34, 15:55–6, 57, 59
heavy mineral sands  15:59, 42:38
iron ore  3:24, 25, 15:51–2, 53
ironstone  15:52, 55
lead  3:11, 13, 15:31–44
lead-zinc-silver  3:10
lithostratigraphic correlations  15:3
manganese  3:26, 27, 15:55
Mesoproterozoic  15:23–31
mineral resources  1:10–11, 3:4, 15:31–64, 32
Palaeoproterozoic  15:2–23
petroleum  3:36, 15:59–64
phosphate  15:55
saprock, saprolite and mottled zones  

42:27–8
seismic data  15:2
silver  15:31–44
stratigraphic succession  15:4
subdivisions  15:2
sulfide  15:40
uranium  3:17, 18, 19, 15:49–51
zinc  15:31–44

McArthur Group  2:5, 3:36, 14:3, 15:14, 15, 
17–19, 18:2

McArthur River (HYC)  3:10, 11, 12, 13, 13, 
15:31–3, 32, 33, 34, 35, 36, 37

alteration halos  15:35
chemical modelling  15:36
fluid-flow modelling  15:35
genesis  15:36–7
isotopic studies  15:33, 35

McCarthys  5:94
McCarthys Granite  5:17, 20, 22, 117
McCaw Formation  15:8, 9
McDermott Formation  15:10, 11, 12
McGuiness  8:6, 15:49, 50
McKay Sandstone  15:7, 8
McKinlay  3:10
McKinlay Granite  5:17, 20, 41:3
McLeans  3:26, 27, 5:111
McMinn Foundation  15:29
McMinns Bluff Granite  5:17, 18, 20, 22
McMinns Bluff Suite  5:17
McMinns Suite  5:20
McNamara Group  2:5, 6, 18:2, 3, 5, 6, 7, 8–10, 

19:4, 6
Meerie Member  9:5, 16:4, 4, 5, 7–8
Melville  39:6
Melville Bay Metamorphics  6:2, 3, 4, 4, 39:7
Memsahib  9:36
Mendip Metamorphics  12:33, 34
Mereenie  3:35, 35, 36, 23:33, 34, 55, 56, 

58–61, 59
Mereenie Sandstone  23:2, 3, 4, 5, 7, 21, 36, 36, 

37–8, 37, 39, 46, 55, 34:2, 5, 42:8
Mereenie Sandstone equivalent  34:2, 5, 7
Merlin  22:14
Merlin diamond field  3:31, 34, 34, 15:32, 56, 

57, 58
Merrimelia Formation  38:4
Metallic Hill  9:36
Mia Mia Volcanics  9:5, 10:3, 4, 5, 8, 9–10
mica  3:30, 31, 33

Aileron Province  12:59, 61
Arunta Region  3:32–3, 12:59, 61, 29:8, 9
Irindina Province  3:32–3, 29:8, 9

Michell Knob Granite  21:11–12
Middle Creek Sandstone Member  19:2, 7, 7
‘Middle Orac chert’  11:17
‘Middle Orac schist’  11:17, 18
Midjari Point  40:12
Midori  12:63
Milikapiti Hill  40:13
Milingimbi Formation  22:10, 35:3, 4, 6, 7, 8
Millers  3:24, 25, 5:38, 45, 46, 110, 111
Milligans Formation  36:9, 11, 12, 13, 14, 15, 

16, 24, 28

Milliwindi Dolerite  30:1, 1, 6, 10, 16–17
Millungera Basin  22:8, 9
Milyakburra Formation  15:5, 6
Milyema Formation  15:5, 39:10
mineral resources

Aileron Province  12:49–64
Amadeus Basin  1:11, 3:4, 23:48–61, 48
Arafura Basin  1:11, 3:4
Archaean  4:8
Arnhem Province  1:10, 6:7
Arunta Region  1:10, 3:4, 12:49–64, 

13:17–19, 29:8–10
Birrindudu Basin  1:11, 3:4, 17:13–15
Bonaparte Basin  1:11, 3:4, 36:23–9, 23
Canning Basin  37:2
Carpentaria Basin  1:11, 3:4
Cenozoic Basins/Regolith  42:34–8
Centralian Superbasin  22:14–16
commodity reviews  3:1–37
Daly Basin  3:4, 31:9–11
Davenport Province  1:10, 10:24–6
early discoveries  1:2–3, 4
economic overview  1:10–11
Eromanga Basin  1:11, 41:13–18
Fitzmaurice Basin  20:6
Georgina Basin  1:11, 3:4, 28:34–47
Halls Creek Orogen  7:4
Irindina Province  29:8–10
Kalkarindji Province  3:4, 30:10–13
Lawn Hill Platform  18:10
McArthur Basin  1:10–11, 3:4, 15:31–64, 32
Money Shoal Basin  1:11, 3:4
Murphy Province  1:10, 3:4, 8:4–7
Murraba Basin  25:3
Musgrave Province  1:10, 21:20–2
Ngalia Basin  1:11, 3:4, 24:17–23, 18
Northern Territory  1:10, 11, 3:1, 2, 3, 4, 4, 5, 5
Ord Basin  32:8, 33:8–9
Other Palaeoproterozoic inliers  14:4
Pedirka Basin  1:11
Pine Creek Orogen  1:10, 3:4, 4:8, 5:34–118
production by year  3:3
Tanami Region  1:10, 3:4, 4:8, 11:15–36
Tennant Region  1:10, 11, 3:4, 9:34–56, 

16:22–5, 22:14–16
Tomkinson Province  1:11, 16:22–5
Victoria Basin  3:4, 26:6
Warburton Basin  1:11
Warramunga Province  1:10, 9:34–56
Warumpi Province  1:10, 13:17–19
Wiso Basin  3:4, 32:7–10
Wolfe Basin  27:6–7

mineral sands  see heavy mineral sands
Minerva  3:17, 24:18, 19–20
Minglo Granite  5:17, 20, 22
Minotaur  3:7, 11:30, 32
Miracle  11:28
Mirarrmina Complex  6:2, 3, 5–6, 6
Mirturtu Suite  21:8
Mitchell Yard  15:33, 38
Mitchell Yard Dolostone Member  15:16, 17, 42
Mitchiebo Volcanics  18:2, 5, 6, 7, 7
Mithaka Formation  22:10, 28:7, 27, 29, 30, 46, 

42:20
Mittiebah Sandstone  19:2, 6–7, 7, 28:22
Mitty Member  16:6, 9
modified regolith  42:30
Moline Dam  3:6, 5:36, 40, 50–1
Moline goldfield  3:6, 5:30, 36, 39–40, 50–1
Mollie Granite Complex  12:40, 41
molybdenum  3:22–3

Aileron Province  12:62
Arunta Region  3:21, 22–3, 12:62
Davenport Province  10:25
deposit types  3:23
Litchfield Domain  3:21
Murphy Province  3:21
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 Index

Pine Creek Orogen  3:21, 22–3, 5:100, 101, 
109–10

production by year  3:20
Tennant Region  3:21, 22–3, 9:25, 10:25
Warramunga Province  9:25

Molyhil  3:21, 23, 12:50, 62
Money  11:28
Money Shoal Basin  31:1, 35:1, 1, 3, 8, 9, 10, 11, 

36:1, 2, 22, 39:1, 1, 3, 5, 40:1–16, 1, 2, 3
bauxite  3:27, 40:10, 12–13, 12, 13
Cenozoic  40:8–9
extracted minerals  40:13–14
heavy mineral sands  3:31, 40:10, 11, 11
late Early–late Cretaceous  40:5–8
late Early–late Middle Jurassic  40:3–5
late Middle Jurassic–Early Cretaceous  40:5
lateritic residuum  42:28
manganese  3:26, 27
mineral resources  1:11, 3:4, 40:10–16
petroleum  3:37, 35:13, 14, 40:2, 14–16, 15
porcellanite  40:14, 14, 15
sand  40:13
structure and tectonics  40:9–10

Montara Formation  36:21
Monte Carlo  8:6, 15:50
Montejinni Limestone  22:10, 23:29, 24:10, 28:21, 

30:5, 11, 31:3, 32:2, 3, 4, 4, 5, 7, 8, 9, 33:3
Monument Formation  9:3, 4, 5, 15, 16, 20
Moongooma  8:6, 15:49, 50
Moonkinu Sandstone  40:2, 3, 4, 8–9
Moonlight Valley Tillite  22:4, 5, 7, 26:1, 27:2–4, 

6, 30:10
Mooracoochie Volcanics  34:1, 2, 4
Mooroongga Formation  22:10, 35:3, 4, 6, 7, 8
Mopunga Group  22:7, 28:2, 3, 4, 7, 10–12, 14
Mordor  12:51
Mordor Complex  12:9, 40, 45–6, 45, 51
Morehead Basin  39:1
Moroak Sandstone  15:27, 29, 62
Morphett Creek Formation  16:1, 3, 4, 5, 6, 8–9, 

22, 23
Morris tinfield  3:20, 5:101, 104
Mosquito Creek tungsten field  3:21, 22–3, 

9:54–5, 55–6
mottled zone  42:27–8
Mount Airy Orthogneiss  12:20, 21, 26
Mount Allan  24:18, 20
Mount Anna Sandstone Member  41:3, 7
Mount Baldwin Formation  22:10, 28:7, 11, 14, 

15, 46
Mount Basedow Gneiss  5:7, 24, 24, 67
Mount Birch Sandstone  15:22, 24, 25, 51, 28:7
Mount Birnie beds  28:16
Mount Bleechmore Granulite  12:13, 34, 38–9, 40
Mount Bonner Sandstone  15:14, 23
Mount Bonnie  3:10, 11, 5:56, 86
Mount Bonnie beds  28:14
Mount Bonnie Formation  3:6, 7, 11, 12, 21, 5:8, 

12, 36, 37, 39–40, 43, 65, 67, 79, 86, 11:9
Mount Boothby Orthogneiss  3:17, 12:60
Mount Bundey  3:23, 24, 25, 25, 5:62, 110, 

111, 116
Mount Bundey Granite  5:17, 18, 20, 22
Mount Bundey Suite  5:17, 20
Mount Burton  3:15, 16, 17, 5:65, 75, 77–8, 97
Mount Chandler Sandstone  30:5–6
Mount Chapman vein camp  12:58, 58
Mount Chapple Metamorphics  12:3, 17, 18, 18, 

29, 30, 31, 44, 59
Mount Charles Beds  11:5, 5, 9
Mount Charles Formation  3:7, 10:4, 11:3, 4, 8, 

9–10, 15, 26, 27
Mount Close Chert Member  30:3
Mount Cornish Formation  22:4, 5, 7, 28:6, 7, 8, 9
Mount Currie Conglomerate  21:4, 20, 22:10, 

23:3, 4, 20, 21–2, 22, 27, 44, 28:14
Mount Currie Sub-basin  21:20, 22:13

Mount Davenport Diamictite Member  24:8, 8
Mount Davis  3:13, 5:86
Mount Davis Granite  5:17, 19, 20, 85, 86
Mount Dean Volcanic Member  5:8
Mount Diamond  3:12, 13, 5:85–6, 85
Mount Dobbie Granite  12:30, 36
Mount Doreen Formation  22:4, 5, 7, 24:2, 3, 4, 

6, 7, 8, 8, 9, 10, 13, 15, 16, 18, 20, 21, 28:8, 10
Mount Doreen wolfram field  3:21, 22, 23, 12:62

see also Wolfram Hill (Aileron Province)
Mount Dunkin Schist  12:25, 26, 32
Mount Eclipse Sandstone  3:17, 12:48, 49, 

22:16, 23:46, 24:1, 2, 3, 4, 6, 8, 10, 11–12, 11, 
12, 13, 15, 16, 17, 18, 20, 21, 22

Mount Ellison  5:85, 85, 86
Mount Fawcett Member  15:13
Mount Finniss  3:20, 21, 22, 5:100, 102, 105, 

106, 106, 107
Mount Fisher  3:25
Mount Fitch  3:12, 13, 15, 16, 17, 29, 5:65, 75, 

86, 97
Mount Fitch North  5:97
Mount Fitch South  5:77
Mount Freeling Schist  12:25, 26, 32
Mount Goodwin Subgroup  36:8, 15, 20–1, 38:4
Mount Gordon Sandstone  17:2, 11, 12
Mount Goyder Syenite  3:25, 5:17, 20, 22
Mount Hardy  12:50, 56
Mount Harris  5:104
Mount Harris Basalt  21:4, 11, 13, 13, 14, 19, 21
Mount Hay Granulite  12:3, 17–18, 17, 20, 23, 

24, 29, 59
‘Mount Hendry Formation’  28:16
Mount House Group  22:3, 12
Mount Howie Sandstone Member  41:3
Mount Howship Gneiss  5:7, 24
Mount Jennifer  28:41
Mount Larrie  13:18–19, 19
Mount Les Siltstone  18:2, 3–4
Mount Litchfield Granite  5:18, 19, 28
Mount Mary  29:9, 10
Mount Masson  3:20, 21, 22, 5:101, 104
Mount O’Connor  28:41
Mount Paqualin  5:49
Mount Partridge Group  3:24, 4:3, 5, 5:2, 8, 

9–11, 67, 116
Mount Peake  3:24, 26, 29, 12:50, 64
Mount Porter  3:6, 5:37
Mount Porter Granite  5:17, 20
Mount Ptilotus  11:21
‘Mount Ramsay dolerite’  30:1, 10, 16–17
Mount Reid Rhyolite  14:3, 4, 4, 15:51
Mount Rigg Group  2:5, 15:24, 25, 30
Mount Samuel  9:36
Mount Sanford Formation  17:2, 9
Mount Scott  15:52, 53
Mount Shoobridge  3:21, 22, 5:62, 101, 108
Mount Shoobridge field  5:108–9
Mount Skinner  22:14, 28:34, 35
Mount Smith Metamorphics  12:3, 8, 27
Mount Stafford  3:22
Mount Stafford beds  12:5, 21
Mount Stafford Member  12:5, 19
Mount Strzeleckie  3:29
Mount Swan Granite  2:5, 12:3, 7, 40, 40
Mount Thomas Quartzite  12:25, 26, 32, 64
Mount Tietkins Granite Complex  12:3, 30, 36
Mount Todd  3:5, 6, 9, 21, 5:36, 38, 40–2, 41, 

58, 62, 62
Mount Toondina Formation  38:4
Mount Tyson Granulite  12:6
Mount Wedge Basin  42:5, 6, 12–13, 12, 13, 15
Mount Wedge Clay  42:13
Mount Wells  3:20, 21, 22, 5:99–100, 100, 101, 103
Mount West Orogeny  21:2
Mount Winnecke Formation  11:3, 4, 5, 7–8, 11
Mount Winnecke Group  11:5

‘Mount Winnecke Sandstone’  11:7
Mount Winnecke Suite  11:12
Mount Zeil Granite  12:30, 32
Mountain Creek  15:52, 53
Mountain Home (Glyde Sub-basin)  15:32, 39
Mountain Valley Limestone Member  15:26, 27
Moyle River Formation  20:1, 2, 3–4, 3, 4, 5, 5
MQ1–6  28:40
Muckaty Sandstone Member  16:18, 19, 30:5
Mucketty  3:26, 27, 16:23, 23, 24, 24
Mucketty 2  16:23
Mud Tank  3:31, 34, 12:51, 64
Mud Tank Carbonatite  3:34, 12:40, 46, 64
Mudrangie Sandstone  34:2
Mulder, CA  1:6, 6
Muldiva  3:21, 5:102, 109
Mulga Creek Granitic Gneiss  12:9, 14, 30, 31
Mulga Park Domain  21:3, 5–6, 14

Musgrave Orogeny  21:7
Musgravian gneiss  21:5–6
Petermann Orogeny  21:17–19
Pitjantjatjara Supersuite  21:9–10

Mulhollands  15:48
Mullaman Beds  15:57
‘Mullaman Beds’  39:4, 40:5, 6
Mullera Formation  19:2, 4, 5, 6, 7, 7, 8
Mulluk Mulluk Volcanics  5:7, 13
Mulyati Granite  21:9
Mumbilla Granodiorite  9:3, 11, 13, 14, 22, 27
Mummawarrawarra Basalt  21:14
Munadgee  9:54
Mundic  5:103
Mundogie Sandstone  3:12, 5:8, 9–10, 11, 67, 

86, 112
Mungerebar Limestone  28:16, 18, 26
Munmarlary Quartzite  5:7, 24, 67
Munyi Member  15:27
Munyu Sandstone  22:4, 5, 6, 25:1, 2
Muriel Range Sandstone  25:1, 2
Murphy Inlier  3:19, 8:1–6, 1, 2, 19:4, 5, 8
Murphy Metamorphics  2:5, 8:1, 2–3, 3, 4, 7, 7, 

15:51, 18:5–6, 19:4, 5
Murphy Province  2:4, 7, 8:1–7, 1, 2, 4, 18:3, 

19:3, 28:1
base metals  8:4, 5
Carrara Range Inlier  8:1–2, 1, 5
copper  3:14, 8:4, 5
diamonds  8:6–7
gold  3:9, 8:6
mineral resources  1:10, 3:4, 8:4–7
molybdenum  3:21
Murphy Inlier  8:1–6, 1, 2
Palaeoproterozoic  8:2–4
tin  8:4, 5–6
tin-tantalum  3:21
tungsten  8:4, 5–6
uranium  3:17, 19, 8:4, 5, 6

Murphys  14:4, 15:32, 51–2
Murra-Kamangee Granodiorite  5:18, 19, 28, 20:3
Murraba Basin  12:1, 22:1, 3, 4–5, 6, 6, 12, 24:1, 

1, 25:1–3, 1
mineral resources  25:3
Neoproterozoic  25:1–3
stratigraphic succession  25:1

Murraba Formation  22:4, 5, 6, 25:1, 2
Murrenja Dolerite  20:3
Murta Formation  41:3, 4, 7
Murteree Shale  38:4
Musgrave Orogeny  21:2, 6–7

Fregon Domain  21:6–7
Mulga Park Domain  21:7

Musgrave Province  2:6, 10, 13:16, 21:1–22, 1, 
2, 4, 15, 18, 22:3, 6, 8, 8, 11, 12, 12, 13, 13, 
23:1, 1, 8, 14, 18, 21, 22, 41, 43, 44, 24:1, 
29:2, 34:1, 1, 38:1, 1, 2, 5, 9, 41:1, 4, 5

Alice Springs Orogeny  21:20
Amata Dolerite  21:14–15
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base metals  21:21
chromium  21:21
chrysoprase  21:21
felsic gneiss  21:3–5
Giles Event  21:10–12
gold  21:21
Kullal Dyke Suite  21:14
mafic gneiss  21:5
mineral resources  1:10, 21:20–2
Musgrave Orogeny  21:6–7
Musgravian gneiss  21:3–6
nickel  21:21
pelitic gneiss  21:5
Petermann Nappe Complex  21:17, 18–19, 

18, 19, 20
Petermann Orogeny  21:15–20
Pitjantjatjara Supersuite  21:7–10
silver  21:21
Tjauwata Group  21:12–14
Woodroffe Thrust  21:17, 17, 20

Musgravian gneiss  2:5, 21:2, 3–6, 4, 5, 11, 16
Fregon Domain  21:3–5
Mulga Park Domain  21:5–6

Musselbrook Formation  18:7, 9
Mutitjulu Arkose  22:10, 23:3, 4, 22–3, 22, 23, 

27, 28:14
Myra Falls Inlier  4:6, 6
Myra Falls Metamorphics  3:17, 4:6, 5:23, 68
Myrtle  3:10, 11, 12, 13, 15:32, 33, 38–9
Myrtle Shale Member  15:17, 41

N
Nabarlek  3:16, 17, 18, 5:65, 66, 68–71, 70
Nabarlek Granite  5:18, 21, 25, 70–1
Naburula Formation  22:4, 5, 7, 24:2, 3, 4, 7, 8, 

8, 13, 15, 18, 20–1, 21, 28:8
Nagi Formation  15:23
Namalangi  8:1, 6, 15:49, 50
Namatjira Formation  22:10, 23:2, 3, 27–8, 28:14
Namatjiras  23:48, 53
Namba Formation  42:19, 22
Namerinni Group  2:5, 6, 9:2, 10:2, 14:4, 16:1, 2, 

3, 14–18, 15, 23
Namoona  5:93

lead isotopes  5:62, 92
Namoona Group  5:2, 8, 9, 67
Namoona South  5:93
Namur Sandstone  41:3, 4
Nanambu Complex  4:2, 5–6, 5, 7, 5:68, 71
Naningbura Dolomite  22:10, 35:3, 4, 6
‘Naningbura Formation’  35:7
‘Nanny Goat Creek Beds’  11:5, 8
Nanny Goat Volcanics  3:7, 11:3, 4, 5, 7, 8, 30
Nappamerri Group  38:4
Napperby Gneiss  12:25, 26, 30, 32, 44, 63
Napperby (New Well)  3:17, 19, 42:34–5, 35
Narbib Granulite  12:9, 14, 14, 15
Naringa Calcareous Member  29:1, 2, 2, 3
Narpa Group  28:3, 4, 5, 7, 14, 16–20, 21, 25
Narwietooma Metamorphic Complex  12:6, 8, 

14, 17–18, 23, 29, 40, 44
Nathan Group  2:5, 14:3, 4, 4, 15:9, 23–5
N’Dahla Member  23:8, 38
NE Westmoreland (0ogoodoo)  8:6, 15:50
NE Westmoreland (contact lode)  8:6, 15:50
NE Westmoreland (Intermediate)  8:6, 15:50
NE Westmoreland (Mageera)  8:6, 15:50
Neales River Group  41:6
Neave Sandstone  17:2, 9
Negri Subgroup  22:11, 33:2–6, 2, 3, 4, 8
Nelson Shale  22:10, 11, 33:2, 2, 3, 4–5, 5, 8, 9
Nero Siltstone  17:2, 11, 12
Neutral Junction  12:59
Neutral Junction Formation  22:10, 28:14, 15, 18
New Hope  9:36

New Well  3:17
Newhaven Shale Member  24:2, 8
Newland Volcanics  10:3
Newlands Volcanics  10:10, 11, 12, 15–16, 21, 

22, 23, 25, 12:13, 16:5
Newry  3:31
Ngadarunga Granite  12:20, 20, 21–2, 33
Ngalabaldjiri Basin  42:5, 6, 14
Ngalia Basin  12:1, 2, 21:1, 22:1, 1, 3, 4–5, 6, 

6, 7, 8, 8, 9, 10, 11, 12, 13, 13, 23:6, 46, 47, 
24:1–23, 1, 3, 13, 28:5, 6, 8, 31, 32:7, 38:1, 
41:1, 4, 42:13, 35, 36

barite  3:29, 24:18, 20
base metals  24:18, 20
Cambrian  24:9–10
copper  24:18, 20
fluorite  24:18, 20
Late Devonian–Carboniferous  24:11–12
lead  24:20
mineral resources  1:11, 3:4, 24:17–23, 18
Neoproterozoic  24:2–8
Neoproterozoic–early Cambrian  24:9
Ordovician  24:10
?Ordovician–?Devonian  24:10–11
petroleum  3:36–7, 22:16, 24:3, 13, 18, 

20–3, 21
salt  24:5, 16
structure and tectonic history  24:12–17
uranium  3:17, 19, 24:17–20

Ngalurbindi Orthogneiss  12:20, 21, 26, 30
Ngilipitji Conglomerate Member  15:21
Nguman Metamorphics  13:7, 7
Nicholson Granite Complex  2:5, 3:21, 8:1, 2, 3, 

4, 6, 15:50, 19:4
copper  8:5

nickel  3:29
Aileron Province  12:59
Kalkarindji Province  30:11
Musgrave Province  21:21

nickel-copper
Warumpi Province  13:19

nickel-copper-PGE
Irindina Province  29:8–9

Nicker beds  12:3, 8, 13–14
Nimbuwah Complex  2:5, 4:2, 5–6, 5:2, 18, 19, 

21, 23, 25, 33, 34, 66, 67, 85, 115, 15:52
Nimbuwah Domain  4:7, 8

see also Pine Creek Orogen
Nimbuwah Event  5:32, 70
Nimbuwah Suite  5:17
Ningbing Group  36:4, 4, 6, 7, 9, 10–12
Ningbing Group equivalent  36:15
Ninmaroo Formation  22:10, 28:7, 19, 25–6, 26, 

27–8
Njibinjibinj Gneiss  4:2, 6, 5:6, 8, 23
No Mans Sandstone Member  19:2, 4
Nobles Nob  3:7, 9, 9:35, 36, 37, 39, 40, 41–2, 

42, 50, 51
Nolans  12:50
Nolans Bore  3:17, 18, 19, 31, 33, 12:49–50, 

60–1, 60, 61, 63
Nolans Dam Metamorphics  12:4, 6, 26
Nome Formation  36:15
Nongra Beds  11:5, 7
Nonouba  23:48, 50–1, 50
Nora Formation  22:10, 28:7, 27, 28–9, 29, 30, 

42:20
Normanton Formation equivalent  39:2, 4
Norris Copper  8:4, 5
North Australian Craton  (NAC)  2:1–2, 1, 4, 6, 

7, 8, 9, 10, 11
North Evelyn  5:99
North Gandys  5:43
North Gandys Hill  3:6, 5:36
North Narbaloo  3:30, 31
North Phoenix  5:102
North Point  5:36, 39

North Reward  12:54
North West Evelyn  5:99
Northern Hercules  3:6, 5:36, 38, 39–40, 61
Northern Star  3:7, 12, 9:36, 37, 39, 47–8
Northern Territory  2:1–2

Archaean  inliers  2:4
commodity reviews  3:1–37
economic overview  1:10–11
geochronology  1:11–12
geological framework  2:1–13
geological maps  1:2, 3, 4, 5–6, 5, 7–8, 8, 9
geological provinces (geological regions)  2:2–7
geophysical surveys  1:12–14
history of geological investigations  1:2–10
land surfaces and landscapes  42:30, 31–4, 

32, 33, 34, 35
map zones  1:14
Mesozoic–Cenozoic  2:7
mineral resources  1:2–3, 4, 10, 11, 3:1–37, 

2, 4, 5
Neoproterozoic–Palaeozoic  2:6–7
Palaeo–Mesoproterozoic basins  2:6
Palaeo–Mesoproterozoic orogens  2:4–6
Proterozoic subdivisions  2:2–7

Northern Territory Administration (NTA)  1:3
Northern Territory Geological Survey (NTGS)  

1:1, 3–10
exploration initiatives  1:6–7, 8–10
geochronology  1:11–12
geological maps  1:5–6, 7–8
geophysical surveys  1:13

Nourlangie Schist  2:4, 4:2, 5:2, 7, 24–5, 65, 66, 
67, 85, 115

Nuccaleena Formation  22:7
Nulchara Charnockite  21:11, 12
Nullawun Member  15:27
Nungbalgarri Volcanics  5:79, 15:7–8, 8, 51, 52
Nutwood Downs Volcanics  30:2, 6, 8
Nyanantu Formation  15:9, 10, 13
Nyirripi beds  12:25–6

O
Oberon  3:7, 11:30
Observation Hill pegmatite group  3:21, 5:102
Occidental  9:36
Ocher Mine (Wicklow Claim)  36:26
ochre  3:30

Bonaparte Basin  36:26
Eromanga Basin  41:14–15

Ochre Hill  3:24, 5:110
Octy Formation  22:10, 28:12, 14, 14, 15
O’Dwyers  5:65, 79, 79
Oenpelli Dolerite  5:26, 67, 79, 15:7, 8, 9, 51, 52
Officer Basin  21:1, 1, 2, 15, 22:3, 7, 8, 8, 12, 13, 

34:1, 1, 38:1, 41:1
Officer Hill  11:21
O’Hara Shale  28:16
Old Buck  5:102
Old Hamilton Downs Gneiss  12:14, 30, 31
Old Parr  8:6, 15:50, 50
Old Pirate  3:5, 7, 9, 11:30
Olive  5:117
Oliver Formation  36:15, 22
Oliver Sandstone Member  36:15
Olivewood  9:36
Olympic Dam  9:51
Olympic Formation  22:4, 5, 7, 23:2, 3, 4, 5, 16, 

17–18, 19, 43, 28:8
Ongeva Granulite  12:9, 10, 11, 37, 38
Oodnadatta Formation  41:6, 8, 11
Oogoodoo (NE Westmoreland)  8:4, 15:49
Oolbra Orthogneiss  12:14, 15, 30, 31
Oolloo Dolostone  22:10, 11, 28:22, 31:2, 3, 3, 4, 

6, 7, 7, 10, 11, 33:6
Oonagalabi  3:11, 13, 14, 15, 12:35, 51, 52–3, 52
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Oorabra Arkose  3:30, 22:4, 5, 7, 28:7, 8, 9, 9, 35
Oorabra reefs  12:50
Ooradidgee Group  2:5, 9:2, 4, 5, 8, 10, 15–26, 

27, 30, 32, 53, 54, 10:1, 2, 3, 4–10, 13, 22, 
25–6, 11:7, 12:3, 6, 59, 16:2, 3, 8, 14, 22

stratigraphic succession  10:5–6
Ooradidgee Subgroup  10:10
Ooralingie Granite  9:29, 12:19, 22
Ooraminna Sandstone Member  23:39
Ooraminna Sub-basin  22:13
opal  41:15

Eromanga Basin  41:15
Opparinna Metamorphics  2:5, 21:6, 6
‘Orac formation’  11:16, 17, 18, 20, 21
Orange Creek  23:48, 50, 52
Ord Basin  22:1, 8, 8, 9, 10, 11, 12, 33:1–9, 1, 

2, 36:1
base metals  33:8–9
Cambrian  33:1–7
diamonds  33:8–9
lead  33:8–9
mineral resources  32:8, 33:8–9
structure  33:7–8

Orlando  3:7, 12, 15, 9:36, 37, 39, 48–9
Orlando East  3:7, 9:36
Ormiston Pound Granite  2:5, 13:7
ornamental stone

Wolfe Basin  27:6
Oscar Range Group  22:3, 12
Osmond Basin  33:7
Osprey Formation  36:15
Other Palaeoproterozoic inliers  14:1–5
Outounya Gneissic Unit  21:3
Overland Sandstone  22:10, 11, 31:4, 33:2, 3, 4, 

6–7, 7
Owens Springs  23:52
Owens Springs Sandstone Member  23:39

P
P1  8:4
P3–6  8:4
P11–25  8:4
Packsaddle  3:34, 15:32, 46, 59
Packsaddle Microgranite  15:9, 10, 12
Pacoota Sandstone  3:36, 22:10, 23:2, 3, 7, 8, 30, 

32, 33–4, 33, 53, 54, 59, 60, 24:10, 28:26, 27, 
29:2, 32:6, 34:2, 4, 42:33

Paddys Basin  42:6, 7–8, 8
Painted Canyon  29:9
Palaeogene–Neogene deposits

northern NT  42:17–18
not associated with recognised basins  

42:19–22
northern and coastal NT  42:21–2
southern and central NT  42:19–21

southern and central NT  42:1–17
palaeovalley deposits

northern NT  42:17–18
southern and central NT  42:1–17

‘Pale sediment’  11:9, 9, 25, 26, 28
Palette  5:55, 65, 80
Palm Valley  3:35, 35, 36, 23:34, 55, 57, 58–61, 59
Palomides  15:57
Pamela  3:17, 23:48, 50, 51, 51
Pandanus Siltstone Member  19:2, 6
Pander Greensand  22:10, 36:5
Panton Formation  22:10, 11, 31:3, 32:2, 33:2, 

3, 4, 5–6, 5
Paperbark Supersuite  7:3
Papuan Basin  39:1, 1
Papulankutja Supersuite  21:5
Papunya Igneous Complex  13:11, 19
Pargee Sandstone  11:4, 5, 8, 10
Parke Siltstone  23:2, 3, 7, 8, 37, 38–9, 41, 47
Parsons Range Group  2:5, 6:6, 15:13–14

Patchawarra Formation  38:4
Patmungala beds  12:8, 13
Pats Find  8:6, 15:50
Patties  9:36
Peaker Piker Volcanics  30:5, 8
Pear Tree Dolostone  14:2, 17:2, 7
Pearce Formation  36:8, 15, 19, 20, 38:4
Peculiar Complex  13:3, 4, 4, 5
Pedestal beds  25:2, 37:1–2
Pedirka Basin  21:1, 1, 22:6, 24:1, 34:1, 1, 4, 5, 

7, 38:1–15, 1, 41:5, 9, 13, 16–17
basement structures  38:9
coal  3:34, 38:10, 12
mineral resources  1:11, 38:10–15
Permian  38:4–8
Permian and Triassic structures  38:9–10
petroleum  3:36, 38:5, 12–15, 14
seismic lines  38:5
structure and tectonic history  38:9–10
Triassic  38:8–9

Pedolith  42:26–7
Peera Peera Formation  38:3, 4, 8–9, 10, 12, 

14, 41:5
Peko  3:12, 13, 14, 9:36, 37, 39, 42, 46–7, 50
Pellinor prospect  34:7, 7
Penguin Formation  36:8, 15, 20–1, 38:4
Peppimenarti Granite  5:29
Perenti  12:50, 55
Perenti Metamorphics  12:8, 12, 39, 40
Perseverance  5:102, 9:36
Pertaoorrta Group  23:3, 4, 5, 7, 8, 20, 23–32, 

28:21, 42:8
Pertatataka Formation  22:4, 5, 7, 23:2, 3, 4, 5, 7, 

8, 17, 18, 19–20, 19, 24, 25, 43, 59, 60, 28:10
Pertnjara Group  12:48, 23:3, 4, 5, 7, 8, 37, 

38–40, 42, 46, 47, 24:11, 34:2, 37:1, 42:8
Peter John  39:6, 13
Peter Pan  9:36
Petermann Orogeny  21:3, 5, 6, 15–20, 15, 22:8, 

9, 13–14, 13, 23:26, 42, 43–4, 44, 24:16
Bloods Backthrust Zone  21:19, 20
Fregon Domain  21:15–17
Mulga Park Domain  21:17–19
Petermann Nappe Complex  21:17, 18–19, 

18, 19, 20
Piltardi Detachment Zone  21:19, 21
tectonics  21:19–20
Woodroffe Thrust  21:17, 17, 20

Petermann Sandstone  22:10, 23:2, 3, 24, 30
Peters Creek Volcanics  8:4, 18:1, 2, 3, 4, 5
Petrel  36:3, 15, 27, 28
‘Petrel Formation’  39:5, 40:3, 5
Petrel Sub-basin  36:2, 3, 5–6, 12, 15, 16, 17, 21, 

22, 23, 28
petroleum  3:35–7, 35

Amadeus Basin  3:36, 23:55–61, 56, 57, 58, 59
Arafura Basin  3:37, 35:2, 10, 12–14
Birrindudu Basin  17:14–15, 15
Bonaparte Basin  3:37, 36:1, 3, 7, 26–9, 27
Carpentaria Basin  3:37, 39:14–15
Centralian Superbasin  22:15–16
Eromanga Basin  3:36, 41:15–18
Georgina Basin  3:36, 28:45–7
McArthur Basin  3:36, 15:59–64
Money Shoal Basin  3:37, 40:2, 14–16, 15
Ngalia Basin  3:36–7, 24:3, 13, 18, 20–3, 21
offshore basins  3:37
onshore basins  3:36–7
Pedirka Basin  3:36, 38:5, 12–15, 14
production by year  3:36
South Nicholson Basin  19:3, 8
Victoria Basin  26:6
Warburton Basin  34:7, 7
Wiso Basin  3:37, 32:9–10

Phantom Hills  28:41
Phelp Sandstone  15:27
Phillip Greets  5:87

Phillips Creek Sandstone  5:15
‘Phlogopite Mine Tonalite’  12:24
phosphate  3:30, 31, 33

Amadeus Basin  23:54–5, 54
Centralian Superbasin  22:14
Daly Basin  31:10
Georgina Basin  3:31, 33, 28:41–4, 41, 42, 

43, 31:10
McArthur Basin  15:55
Northern Territory  3:4, 5
Pine Creek Orogen  3:31, 33, 5:114, 115, 

116–17
deposits  4:3
genesis  5:117

Wiso Basin  3:33, 31:10, 32:7–8
Phosphate Hill (Duchess)  28:41
Photo  15:55
Pickers Pocket  5:116
Pickets  5:117
Pickfords  5:62
Piker Pocket  3:29
Pincombe Formation  20:1, 3
Pindar beds  25:2
Pine Creek goldfield  5:36, 42–3, 42
Pine Creek Orogen  2:4, 7, 5:1–132, 22:15, 35:1, 

1, 9–10, 10, 36:1, 2, 4, 7, 40:1, 1, 3, 5, 6, 11
barite  5:115, 117
base metals  3:11–12, 5:86
Central Domain  3:21, 5:5–23
cobalt  3:29
copper  3:14, 15, 5:84–8
corundum  5:117
deformation  5:29–31
dimension stone  5:115, 118
extractive materials  5:117–18
faulting  5:30, 31–2
ferricrete  42:29
fluorite  3:30, 5:114, 117
geological setting  5:1
gold  1:2, 3:1, 2, 5, 6–7, 8, 9–10, 5:35–64
granitoids  5:17–23, 25–6, 27–9
graphite  5:117
gravel  5:118
industrial minerals  5:114, 115
iron ore  3:24, 25, 5:110–14
lateritic residuum  42:28
lead  3:11, 5:94–7

deposits  3:11, 5:85
volcanigenic massive sulfide deposits  

5:97–9
lead-copper-zinc-nickel-cobalt  5:94–7
lead-zinc-silver  3:10

skarns  5:99
veins  5:88–94

Litchfield Domain  3:21, 5:1, 7, 26–9
lithium  5:117
mafic intrusive rocks  5:13–14, 26, 29
magnesite  3:31, 32–3, 5:114, 115
marble  5:115
metamorphism facies  5:33, 34
mineral resources  1:10, 3:4, 4:8, 5:34–118
molybdenum  3:22–3, 5:100, 109–10
nickel  3:29
Nimbuwah Domain  5:23–6
Palaeofacies reconstructions  5:16
palaeogeographic subdivisions  5:3
Palaeoproterozoic  5:5–17, 23–5, 26–7
phosphate  3:31, 33, 5:114, 115, 116–17
polymetallic deposits  5:88–99
polymetallic gold deposits  5:56, 63
rare earth elements  3:31, 33
sand  5:117–18
saprock, saprolite and mottled zones  

42:27–8
silver  3:5
structure  5:29–32
tantalum  3:20, 21, 5:99–109, 100, 106
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tectonic subdivisions  5:3
tectonothermal evolution  5:32–4
thorium  3:19, 5:114, 115
tin  5:103–9
tin-tantalum  3:19, 20, 21, 22
tin-tantalum-niobium pegmatites  5:102
tungsten  3:22–3, 5:100, 109–10
uranium  3:17, 18, 4:2, 8, 5:64–84
volcanigenic massive sulfide deposits  5:97–9
zinc  5:85

Pine Creek (Silver Coin)  5:57
Pine Hill  12:57
Pine Hill Formation  12:25, 26, 32, 41, 64
Ping Ques  5:45, 46
Pinkerton Sandstone  22:4, 5, 26:1, 2, 3, 4, 5, 6
Pinnacles  9:29, 36, 40, 12:51, 55
Pinnacles Extended  9:53
Pinnacles North  9:38
Pinyinna beds  21:4, 17, 18, 18, 19, 22:4, 5, 23:2, 

3, 4, 14–15, 18, 44, 52
Pioneer  8:6, 9:55, 10:11, 12:54, 15:50
Pioneer Sandstone  22:4, 5, 7, 23:2, 3, 4, 5, 7, 8, 

10, 15, 17, 18–19, 21, 28:8
‘Pip schist’  11:17, 18, 19
Pipeline  23:48, 53
Piper Head  40:13
Pitjantjatjara Supersuite  21:1, 2, 4, 6, 7–10, 8, 9, 

16, 17, 18, 21
Fregon Domain  21:8–9
Mulga Park Domain  21:9–10

Plain Creek Formation  18:2, 6, 9, 10
Plain Jane  9:36
platinum group elements

Kalkarindji Province  30:9
Pine Creek Orogen  5:51–5

Playford Sandstone  19:2, 4, 8
Plenty Group  22:6, 28:2, 3, 4, 5–8, 7
Plenty River mica fields  3:31, 32, 29:9
Plover Formation  36:8, 15, 21, 40:3, 5, 15
?Plover Formation equivalent  3:24, 26, 39:5, 

40:2, 3, 4–5
Plover Formation equivalent  40:1, 3–5, 4, 15
Plum Tree Creek Volcanics  5:7, 15, 18, 79
Point Blaine  39:6
Point Spring Sandstone  35:9, 36:12, 17, 18
Point Wakefield beds  22:10, 11, 24:10, 28:21, 

31:4, 32:2, 3, 4–5, 33:6
Pollard Formation  36:15
Polly  29:9
Polly Conglomerate  23:2, 3, 41
Pomegranate Limestone  28:16
Pony  12:63
Pony Pocket (Dorisvale)  3:29
Poodyea Formation  42:20
Poolowanna Formation  38:7, 14, 41:2–4, 3, 5, 

15, 16, 17, 17
porcellanite

Money Shoal Basin  40:14, 14, 15
Possum Creek Charnockite  12:6, 26, 28, 30, 32
potash  3:33–4, 42:38
Pottoyu Suite  21:4, 9, 10, 14–15, 21
Powell Formation  16:15, 19, 21, 21, 22
Power of Wealth  9:53, 54
Precipice Sandstone  41:2, 3
prehnite

Kalkarindji Province  3:31, 30:9, 12, 12–13, 13
Pretlove Sandstone  22:10, 28:21, 36:5
Prices Springs Granite  5:17, 18, 20
Prima Donna  9:53
Prince  15:45, 46
Princess Louise  3:6, 5:36
Prion Formation  36:15, 22
Probable Island  39:13
Prospect 3/171  5:79
Prospect D  3:11, 15, 10:10, 25, 12:24, 50, 59
Prospecting Claim  5:45
Puffin Formation  36:15

‘Puffin Formation Equivalent’  40:8
Puka Granite  21:8
Pul Pul Hill  5:116
Pul Pul Rhyolite  5:7, 15, 79
Punchbowl  15:45, 47
Pungalina Member  15:10, 12
Puntitjata Rhyolite  21:4, 13, 14
Purni Formation  3:34, 38:3, 4, 6–8, 7, 10, 11, 

12, 13, 14, 15, 41:5, 17
Unit A  38:3, 4, 7–8, 7
Unit A1  38:3, 4, 7, 7
Unit B  38:3, 4, 7, 7
Unit C  38:3, 4, 7, 7

Putardi Quartzite  13:3, 5, 5, 15
Puwanapi  3:31, 32, 40:11
Pwerte Marnte Marnte vertebrate fossil locality  

42:5, 8, 22

Q
Quandong Conglomerate  22:10, 23:3, 27, 

28:14
Quantum  3:31, 33, 34
Quartz Hill  12:50, 62
Quartzite  15:45
Quaternary deposits  42:22–6

coastal areas  42:26
playa and lake deposits  42:23–5
sandplains and dunefields  42:25–6, 25

Queen of Sheba  9:36
Queenie Flat Granite  12:23, 30
Quest 29  3:7, 5:37
Quigleys  3:6, 5:36, 40, 41
Quigleys Extended  5:36
Quigleys North  5:36
Quigleys South  5:36
Quita Formation  28:16, 18
Quoin Formation  36:8, 15, 19, 38:4
Quorn  3:7, 11:6, 15, 22, 23, 24

R
Radford Point  3:32
radiometric dating  1:11–12
Ragged Range Conglomerate  36:6, 9, 10
Raiwalla Shale  22:4, 5, 28:12, 35:3, 4, 5–6, 5
Randall Peak Metamorphics  12:9, 14, 15, 31, 46
Ranford Formation  22:4, 5, 7, 27:3, 4, 4, 7
Ranger 1 No 2  5:67, 68
Ranger 1 No 4  5:68
Ranger 1 No 5  5:68
Ranger 1 No 9  5:67
Ranger 1 (Ranger 1 No 1)  3:16, 17, 18, 18, 

5:64–8, 66, 67, 68, 69, 80–1
Ranger 3 (Ranger 1 No 3)  3:16, 17, 18, 5:64–8, 

66, 67, 68, 69
Ranger 4  5:67
Ranger 8–10  5:67
Ranger 13  5:67
Ranger 14 East  5:67
Ranger 14 West  5:67
Ranger 17  5:67
Ranger 19–20  5:67
Ranger 23  5:67
Ranger 25–26  5:67
Ranger 28–30  5:67
Ranger 32–35  5:67
Ranger 37  5:67
Ranger 39  3:29
Ranger 43–45  5:67
Ranger 49–50  5:67
Ranger 54–55  5:67
Ranger 57–58  5:67
Ranger 60  5:67
Ranger 63  5:67

Ranger 68  3:17, 5:65, 67, 74
Ranken Limestone  22:10, 11, 28:16, 21, 22, 

23–4, 24, 25, 43, 31:4, 33:7
Rankins Reward  12:50, 63, 24:17
Rapide Granite  12:3, 21, 30, 31, 33
rare earth elements  3:30, 31, 33–4

Aileron Province  12:60–2
Arunta Region  3:31, 33–4, 12:60–2, 

29:9–10, 42:37
Cenozoic  42:36–7, 37
Irindina Province  29:9–10
Northern Territory  3:4, 5
Pine Creek Orogen  3:31, 33
Tanami Region  3:33, 11:35–6
Warumpi Province  3:33–4, 13:19, 42:36–7, 37

Red Cliff  3:28
Red Heart  28:43, 43
Red Heart Dolostone  22:10, 28:7, 11, 12, 14, 

15–16, 15, 17, 38, 38, 40, 46, 47
Red Ned  9:36
Red Rock  8:6, 15:50
Red Rock Basin  33:1
Red Rock Bore  12:52
Red Terror  9:36
Red Tree  3:18
‘Redback basalt complex’  11:25, 27, 28
Redback SE  11:27–8
Redback SW  11:27–8
Redbank  3:11, 14, 15, 15:1, 4, 31, 32, 44–6, 45, 

46, 36:24
Redbank Package  2:6, 15:4–13, 59, 16:1
Redcliff Pound Group  17:1, 2, 13, 22:6, 25:1–3, 

37:1
Redhackle Granite  12:30, 32
Redrock  15:49
Redtree  8:6, 15:49, 50
Redwing  16:25
Redwing Shallow  16:23
Regolith  42:26–31, 27, 28

indurated  42:27–9
modified  42:30
in situ  42:26–8
transported  42:29–30

Renate  9:36
Renner Creek  16:24–5
Renner Group  2:5, 6, 9:2, 10:2, 14:4, 16:1, 2, 3, 

15, 18–22, 23, 28:21, 22
Renner Springs No 1–4  16:24–5
Renner Springs No 5  16:25, 39:14
Repulse  11:28
Reward Claim (Tanami Region)  11:24, 28
Reward (Cu-Ag-Au, Aileron Province)  3:11, 14, 

12:50, 56
Reward (Cu-Pb-Zn, Aileron Province)  3:13, 

12:53, 54, 54
see also Jervois

Reward Dolostone  3:11, 15:16, 19, 40, 41, 41, 
42, 48, 57

Reward (McArthur Basin)  15:32, 33, 34, 41–2
Reward (Sn-Ta, Aileron Province)  12:59
Reynolds Range Group  2:5, 10:4, 12:8, 13, 

25–7, 26, 28, 32, 41
Reynolds River Granite  5:29
Riddock Amphibolite Member  29:1, 2, 3–4, 6, 

8, 8, 9
Ridge  15:32, 33, 40
Ridge I  15:40
Ridge II  15:40
Ridgeback  15:45
Ringer  12:50, 62
Ringing Rocks  12:62
Ringwood  23:48, 53
Ringwood Member  23:16
Rinkabeena Shale  22:4, 5, 7, 16, 24:2, 3, 4, 7, 8, 

8, 13, 15, 16, 18, 20–1, 21, 22
Rising Star  3:7, 9:38
Rising Sun  9:36, 40
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Rising Sun Conglomerate  9:5, 22, 26–7, 16:5, 
22:4, 5

Rising Tide  3:6, 5:36, 39
Ritarango Formation  15:6, 7
River Annie pegmatite group  5:102
Riversdale Formation  28:7, 14, 16
RN013015  28:13
Roaring Siltstone  28:16, 24, 25
Robinson River No 1  15:55
Robinson River No 2  15:55
Rock Hill  12:50, 56
Rockface  12:54
Rockhole (Aileron Province)  12:54
Rockhole group (Pine Creek Orogen)  5:55, 65, 

79, 79
Rockhole No 1 (Pine Creek Orogen)  5:79, 79
Rockhole No 2 (Pine Creek Orogen)  5:79, 79
Rockhole (Pine Creek Orogen)  3:16, 5:79, 79
Rocky Bay  39:7, 8
Rocky Creek  8:6, 15:50
Rolling Downs Group  41:2, 6, 8, 12
Rolling Downs Group equivalent  39:2, 4
‘Roma Formation’  41:8
Roman Nose  15:45
Rooneys Formation  9:3, 5, 15, 18, 24, 25, 10:3, 

4, 5, 7–8, 21, 24, 26
Roper Bar  3:24, 15:52, 53, 54
Roper Group  2:5, 3:24, 25, 36, 14:4, 15:25, 26, 

27, 59, 61, 62–3, 19:4, 31:4
stratigraphic succession  15:30, 62

Roper River  3:23, 24, 25, 15:32
Rorruwuy Sandstone  15:14
Rosemary  3:22, 25, 5:100, 101, 103, 112
Rosemary Extended  5:112
Roseneath Shale  38:4
Rosi Creek Sandstone Member  15:12
Rosie Creek South  3:26, 39:11
Rossi  16:23, 25
Round Hill mines  12:58
Rover  3:1, 7, 15, 9:49–50
Rover 1  3:12, 13, 9:49–50
Rover 4  9:49
Rowley Granophyre  21:11
RR2  23:48, 55
Rum Jungle Complex  4:2, 5:75

Archaean  4:1–4, 3
uranium deposits  4:3, 8, 5:64, 66

Rum Jungle Creek South  3:16, 17, 5:65, 75, 
76–7, 76

Rum Jungle iron ore  3:24, 26, 5:110, 111
Rum Jungle Mineral Field  3:10, 16, 18, 25, 29, 

32–3, 5:75, 76–8, 81
copper  5:84
gold deposits  5:54–5
magnesite  5:114, 116
uranium deposits  4:3, 8, 5:64, 66

Rumbalara Ochre Mine  41:14–15, 15
‘Rumbalara Shale’  41:3, 4, 8, 14, 15
Rungitjurba Gneiss  13:6
Running Creek  15:47
Running Creek copper field  15:32, 47–8
Russell Charnockite  13:10–11, 10, 12
Rustlers Roost  3:5, 7, 9, 5:37, 38, 43
Ryans Gap Metamorphics  13:6

S
Sabre  12:50, 57
Sacramore  15:57
Sadadeen Gneiss  12:14, 15, 16, 30
Saddle 1  3:24, 25, 5:110
Saddle Creek  3:31
Saddle Creek Formation  22:4, 5, 26:1, 2, 3, 4, 4, 

5, 6, 27:4, 5
Saddle East  3:25, 25, 5:110
Saddle Extended  3:24, 5:110

Saddle Ridge  5:65, 80
Saddle Ridge East Extended  5:79
Saddle Ridge South  5:79
Saffums  3:22, 5:100
Saffums 1  5:102, 106, 108
Saffums 2  5:108
Saffums area  5:108
Sagabiel  5:42
Sahul Group  36:15, 20
Saint Vidgeon Formation,  15:22–3
Sally Malay  7:4
salt

Amadeus Basin  23:11, 15, 20, 28, 43, 44, 
59, 61

Bonaparte Basin  36:3, 4, 5, 12, 23, 26
Cenozoic  3:33–4, 42:37–8
Centralian Superbasin  22:6, 14, 15
Ngalia Basin  24:5, 16
see also potash

San Manuel  15:45
sand (extractive)  42:38

Money Shoal Basin  40:13
Northern Territory  3:4, 5
Pine Creek Orogen  5:117–18
see also heavy mineral sands

Sandbar Sandstone  36:12, 14, 15, 17
Sanders Suite  5:19
Sandpiper Sandstone  36:8, 15, 22
Sandras  3:22, 5:102, 108
Sandstone North  5:79
Sandstone South  5:79
Sandy Blight Quartzite  13:3, 12, 12
Sandy Creek  3:10, 11, 12, 13, 14, 5:57, 36:23, 

23, 24, 24, 25, 25, 26
Sandy Flat  3:13, 14, 15, 15:45, 47, 47
Santa Teresa Basin  42:5, 8–9, 8, 17, 19, 22
saprock zone  42:27–8
saprolite zone  42:27–8
Sargents North  3:8, 5:51, 54–5
Saunders Granite  5:17, 19
Saunders Suite:  5:17
‘Savory Basin’  22:3
Schist Hill  11:21
‘Schist hill formation’  11:6, 16, 17, 18
‘Schist hill iron member’ (‘SHIM’)  11:16, 17, 

18, 20, 21
Schultz Sandstone Member  19:2, 6
Scinto  5:79
Scinto 5  5:65, 80
Scinto 6  5:65, 80
Scinto Breccia  5:7, 15
Scrimgeour, IR  1:7, 7
Scrutton Inlier  14: 2–3, 3
Scrutton Volcanics  14:3, 3
seafloor spreading patterns  2:12
Seale Sandstone  17:2, 9, 15
Seigal Volcanics  8:4, 5, 6, 15:10, 11, 11, 50, 50

gold  8:6
‘Seldom seen schist’  11:17, 18
Selins  29:9, 9
Selwyn Range Limestone  28:16
semi-precious minerals

Kalkarindji Province  30:12–13
Sentinel beds  21:6
Septimus Limestone  36:6, 9, 12, 13–14, 14, 18
Settlement Creek Dolerite  15:10, 11, 12, 46
Seven Mile  15:45
Shadforth Sandstone  15:8, 9
Shadow Group  28:3, 4, 5, 7, 13, 14–16, 31
Shady Bore Quartzite  18:2, 6, 9, 10
Shady Camp Limestone Member  33:2, 3, 4, 5, 

6, 6
Shamrock  9:38
Shannon Formation  22:10, 23:2, 3, 8, 24, 25, 30, 

31–2, 31, 43, 34:2
Shekuma  3:26, 16:23, 24
Sheridan Member  15:7

Sherrin Creek  28:41
Sherwin Creek  3:25, 15:52, 53
Sherwin Formation  3:24, 15:27, 29

ironstone  15:52, 55
Shillinglaw Formation  16:15, 16, 17, 23, 24–5
‘SHIM’  see ‘Schist hill iron member’ (‘SHIM’)
Shoal Reach Formation  22:4, 5, 26:1, 2, 5, 27:5
Shoe  3:1, 7, 11:6, 15, 22, 23, 24, 34, 35
Shoebridge Suite  5:20
Shoobridge Granite  5:17, 20
Shoobridge Suite  5:17
Short Range Sandstone  16:1, 3, 4, 5, 6, 9–11, 

10, 11, 23, 26:3
Shovel Billabong Andesite  5:8, 14
Showell Member  15:27
SHRIMP dating  1:12
Siggins Springs  36:24
silcrete  42:28, 29
Sill 80  15:59, 42:38
silver  3:10–14

Davenport Province  10:25
McArthur Basin

discordant Pb-Zn-Ag±Cu deposits  
15:39–44

stratiform Zn-Pb-Ag deposits  15:31–9
Musgrave Province  21:21
Pine Creek Orogen  3:5

Silver King  12:41, 50, 56
Silver Valley  10:25
Simpson  41:17
Simpson Basin  38:1
Simpson East Prospect  38:15
Simpsons Gap Metasediments  13:6
Sir Frederick Conglomerate  23:2, 18, 21
6 Mile Waterhole  3:31, 32, 42:38
Skewthorpe Formation  22:10, 11, 28:21, 33:7, 36:5
Skinner Sandstone  22:4, 5, 7, 27:2, 3
Skipper  9:36
Skipper Extended  9:36
Skua  3:35, 35, 36:15, 27, 28, 29
Skull  5:65, 80
Skull Creek Formation  17:2, 10–11, 10, 11, 

13–14, 15, 26:3
Slatey Creek Granite  11:10, 11, 12
Sleepy Hollow  11:6, 17, 21
Sleisbeck  5:65, 66, 78, 79, 80
Sliding Rock Metamorphics  12:9, 14–15, 14
Slippery Creek Siltstone  15:20
Sly Creek  15:32, 48
Sly Creek Sandstone  15:10, 11, 12
Smith Point  40:13
Smiths Gift  24:18, 20
Smoke Hill Volcanics  21:14
Smythe Sandstone  15:23, 24
Sneddens Creek  5:103
Soldiers Creek Granite  5:19, 28, 109, 27:5
Sorby Hills  3:12, 36:24
South Alligator Group  3:17, 4:3, 5:2, 8, 11–12, 

67, 79, 116
South Alligator Valley  3:18, 5:55, 42:17–18, 

18, 19
South Alligator Valley Mineral Field  3:9, 16, 17, 

5:66, 78–80, 79
South Czarina  3:6, 5:36
South East Kylie  5:78
South Enterprise  5:36, 43
South Lake Woods inliers  14:3–4, 4
South Nicholson Basin  19:1–8, 1, 2, 28:1, 2, 3, 

5, 13, 22
base metals  19:8
iron ore  19:3, 8
late Palaeoproterozoic  19:1–4
Mesoproterozoic  19:1–7
mineral resources  19:7–8
petroleum  19:3, 8
saprock, saprolite and mottled zones  

42:27–8



 Index
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stratigraphic succession  19:2–3
South Nicholson Group  2:5, 6, 18:10, 19:3, 4, 6, 

28:21, 30:5
Southern  11:26
Southern Comfort  8:6, 15:49, 50
Southern Cross  9:36
Southern Hercules  3:6, 5:36, 40, 51
Southern Star  9:36
‘Southwark GraniticSuite’  12:44
Southwark Suite  2:5, 12:3, 40, 44–5, 63, 24:6
Speares Metamorphics  13:7, 8, 9, 14, 16
Speewah Basin  33:1
Spencer Creek Group  15:2, 3, 4, 4, 23, 
Spencer Sandstone  22:4, 5, 26:1, 2, 3, 5, 6, 27:5
Sphinx Head  3:28
Spider Zone  11:26
Spirit Hill  36:23, 24
Split Rock Sandstone  28:16
Spotted Wonder  12:50, 60
Spring Creek  5:78
Spring Hill  3:7, 9, 5:37
Squib  15:32, 41
St Barb  8:4, 15:49
Staaten Sub-basin  39:1
Stafford Event  12:18–20, 19
Stafford Granite  12:19, 21
Stag Creek Volcanics  5:8, 9, 10, 67
Stairway Sandstone  3:36, 22:10, 23:2, 3, 7, 20, 

34–5, 35, 41, 54–5, 54, 59, 60, 28:27, 34:2, 4
Stanley Metamorphics  4:4, 5:75
Stanovos Gneiss Member  22:6, 29:1, 2, 3, 5
‘Stanovos Igneous Suite’  29:5
Stansbury Basin  22:8, 9
Stanton  3:11, 15:47, 47
Steamboat Sandstone  22:10, 15, 28:16, 18, 19
Steeple Peak Sandstone  36:6
Sterrets No 1  5:79, 79
Sterrets No 2  5:79
Stirling Sandstone  14:2, 17:2, 6, 6
Stokes Siltstone  22:10, 23:2, 3, 36, 36, 60, 

28:27, 32:6, 34:2
Stokes Thrust Complex  13:16, 17
Stokes Yard  13:18, 18, 19
Stonewall Sandstone  20:1, 3
Strangways Event  12:37–40
Strangways Metamorphic Complex  2:5, 12:3, 

8–11, 8, 9, 14, 20, 23, 31, 34, 37, 38, 38, 50, 
51, 53, 29:6, 7

stratigraphic nomenclature  1:15
Strawbridge Breccia  15:21, 22
Stray Creek Sandstone  17:2, 5, 27:6
Stretton Sandstone  15:16, 19, 61
Strzeleckie Volcanics  10:3, 10, 11, 13, 15–16, 

12:13, 16:5
Stuart Dyke Swarm  13:16
Stuart Pass Dolerite  12:46, 13:16, 22:11
Stuart Range Formation  38:4
Stubb Formation  17:2, 12, 12
Stubbins Formation  11:3, 4, 4, 5
Sultana  5:42
Sun Hill Arkose  22:7, 28:7, 8
Sun Jade  3:31
Sunberg  24:20
Sunbird Formation  36:12, 14, 15, 17
Sundance  3:3, 7, 5:37, 56–7, 57, 58, 75
Sundance East  5:57
Sunrise  3:35, 35, 36:15, 27, 28
Supersequence 1  22:3–6, 4, 5, 6, 23:8–15, 24:2, 

4–7, 26:1, 28:5, 31
Supersequence 2  22:3, 4, 5, 6–7, 6, 23:15–17, 

24:7, 28:8, 31, 32, 33
Supersequence 3  22:3, 4, 5, 6, 7, 23:17–20, 

24:8, 28:8, 10, 12, 33
Supersequence 4  22:3, 4, 5, 6, 8, 28:10
Supplejack  11:4
Supplejack Dolostone Member  17:11, 11, 13
Supplejack Downs Sandstone  11:5

Surat Basin  41:2, 8, 11, 13
Surprise  41:17
Surprise Creek Formation  18:2, 3, 5, 6, 7–8, 8, 9
Susan  9:36
Swallow  12:63
Swan Group  36:15
Sweat Ridge  5:43
Sweets Member  5:27
Sweetwater Member  16:19, 20, 20
Swift Foundation  28:7, 25
Sykes  12:54
Sylvester Sandstone  28:7, 14, 15
Syncline  28:43

T
Table Chapman  8:4
Table Hill Volcanics  30:5–6, 8, 9
Tabletop Granite  5:17, 20, 23
Talbot Well Formation  11:5, 17:2, 4, 13
Talipata Granite  2:5, 13:3, 4
Tally Ho  5:36
Talyi-Talyi Charnockite  13:10, 14
‘Tambo Formation’  41:8, 11
Tanami  11:35
Tanami Assault  11:26
Tanami Bumper  11:26
Tanami Complex  11:4, 5
Tanami Dice  11:26
Tanami Dingo  11:26
Tanami goldfield  3:1, 7, 11:4, 15, 24–9, 26, 27, 

28, 29, 32, 33–4, 35
Tanami Group  2:5, 11:1, 3, 4–7, 4, 9, 14, 26, 27, 

12:3, 14:3
Tanami Region  2:4, 6, 7, 9, 11:1–36, 1, 2, 4, 11, 

14:2, 4, 22:6, 23:1, 32:1, 33:1
Archaean  4:7, 7, 8, 11:3
base metals  11:36
copper  11:36
deformation  11:13–15
faulting  11:13–14
gold  3:1, 2, 3, 7, 8, 9, 11:15–35
granite domes  11:14–15
granitoid intrusions  11:10, 12
metamorphism  11:13–15
mineral resources  1:10, 3:4, 11:15–36
Palaeoproterozoic  11:3–12
palaeovalleys  42:6, 14–15, 16
rare earth elements  3:33, 11:35–6
stratigraphic succession  11:3, 5
uranium  11:4, 15, 35–6

Tanami Temby  11:26
Tanami Trasher  11:26
Tanmurra Formation  35:9, 36:9, 11, 12, 14, 15, 

16, 17, 18
tantalum  3:19–22

Aileron Province  12:59–60
Arunta Region  3:20, 21, 12:59–60
deposit types  3:20–2
Litchfield Domain  3:21
Murphy Province  3:21
Northern Territory  3:2, 4, 5
Pine Creek Orogen  3:20, 21, 5:99–109, 

100, 106
production by year  3:3, 20
Tennant Region  3:21

Tanumbirini Rhyolite  15:9, 10, 12–13
Tapley Hill Formation  23:16
Taragan Sandstone  3:21, 23, 9:3, 15, 17, 23, 25, 

55, 10:3, 4, 5, 6, 8–9, 8, 10, 14, 22, 23, 25
Tarlton Formation  41:6
Tarrara Formation  22:10, 11, 28:21, 33:3, 36:5
Tatoola Sandstone  15:17
Tawallah Group  2:5, 8:4, 14:3, 3, 15:2–4, 7, 

9–13, 14, 17, 24, 35, 39, 49, 62, 18:2
uranium  15:49–51

Tawallah Pocket  15:48
Tawallah Prospect  15:48
Tawallah Range  3:25, 25, 15:55
TC8  3:7, 9, 15, 9:36, 37, 39, 40, 42, 44
Teacup  5:103
Teagues  5:79
Teapot Event  13:3, 15–16
Teapot Granite Complex  3:19, 13:3, 16, 19, 

42:36
tectonic evolution of the NT  2:7–13

Late Neoproterozoic–Palaeozoic intraplate 
tectonism  2:10–11

Mesoproterozoic tectonism  2:10
Mesozoic and Cenozoic deformation  

2:11–13
Palacoproterozoic tectonics of NAC  2:7–9
Palaeozoic technonism in northern basins  2:11
tectonism on southern margin of NAC  2:9–10
tectonothermal evolution  2:8–9

Teena Dolostone  15:16, 18, 61, 17:7
Tekapo  12:50, 57
Temby  11:28
Tempe Formation  22:10, 11, 23:2, 3, 24, 29, 60, 

24:10
Tennant Creek goldfield  3:1, 7, 14, 9:31, 33, 

34–54
Tennant Creek Granite  9:3, 10, 11, 12, 14
Tennant Creek Supersuite  2:5, 9:2, 4, 6, 10–15, 

12, 13, 10:2, 16:2
Tennant Creek Surface  42:32–3, 32
Tennant Region  9:1, 1, 2, 10:1, 2, 4, 16:1, 1, 2, 

3, 22:4–5, 6, 13, 32:7
base metals  3:10, 12, 9:41–53, 56, 10:25, 

16:25
copper  3:14, 15, 9:41–53
gold  3:3, 7, 8, 9, 9:34–55
iron ore  3:25–6
lateritic residuum  42:28
manganese  3:26, 27, 16:22–5
mineral resources  1:10, 11, 3:4, 9:34–56, 

16:22–5, 22:14–16
molybdenum  3:22–3, 9:25, 10:25
saprock, saprolite and mottled zones  

42:27–8
tin-tantalum  3:19, 21
tungsten  3:22–3
uranium  3:18, 9:54
see also Davenport Province; Tomkinson 

Province; Warramunga Province
Tennysons Leucogranite  5:17, 19
Tennysons Suite  5:17, 19
Tent Hole 1  23:54
Teppa Hill Metamorphics  12:14, 15
Tern  36:3, 15, 27, 27
Tern Formation  36:8, 15, 20, 38:4
Terra Australis Orogen  2:2, 2
Terrace Mountain  8:4
The Don  11:36
The Gap  36:24
The Granites goldfield  3:1, 7, 8, 11:4, 6, 10, 15, 

21–4, 22, 29, 30, 32, 33, 35
The Granites Granite  11:10, 12, 22
The Granites-Tanami Region,  see Tanami 

Region
The Jar  5:87
Thelma 1  5:110, 112, 113
Thelma 2  3:25, 5:112
Thelma 3  5:112
Thelma-Rosemary  3:24, 5:110, 112, 113
Thor  15:32, 44
thorium

Pine Creek Orogen  3:19, 5:114, 115
Thorntonia Limestone  3:36, 22:9, 10, 15, 24:10, 

28:12, 14, 16–17, 17, 20, 21, 22, 31, 38, 38, 
40, 43, 46, 46, 47, 47, 31:3, 32:2, 33:3

Three Keys  9:36
Three Thirty  9:36
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Thunderball  3:17, 19, 5:84
Ti-Tree Basin  42:5, 6, 6, 7, 8, 9–11, 10, 11, 12, 

13, 17
Ti Tree Granophyre  20:4
Tibbs  29:9
Tidna Sandstone  19:6, 7
Tijunna Group  2:5, 6, 17:2, 3, 12, 13, 26:1, 30:4
Tilmouth beds  42:13
Timber Creek  3:31, 34, 22:14
Timber Creek Formation  17:2, 10, 10, 14, 15, 26:3
timescale  1:15
tin  3:19–22

Aileron Province  12:59–60
Arunta Region  3:20, 21, 12:59–60
deposit types  3:20–2
Murphy Province  3:21, 8:4, 5–6
Northern Territory  3:2, 4, 5
Pine Creek Orogen  3:20, 21, 22

alluvial deposits  5:109
deposits  5:100, 101
fluid inclusions  5:109
geochronology  5:109
greisens  5:109
Litchfield Domain  3:21
stable isotopes  5:109
and tantalum  5:99–109
tin-quartz veins  5:99–103
tin sulfide veins  5:103–4
tin-tantalum pegmatites  5:105–9, 105
tin-tourmaline-quartz veins  5:104–5

production by year  3:3, 20
Tennant Region  3:21

Tin Camp Granite  5:18, 21, 25–6, 15:52
Tinchoo Formation  38:4
Tindall Limestone  3:29, 22:10, 11, 23:29, 28:21, 

30:5, 31:2, 2, 3–5, 3, 5, 6, 9, 10, 10, 33:3
Tinfish Sandstone  10:3, 10, 11, 13, 15, 12:13, 

16:5
Tinki Granite  2:5, 13:3, 12
Tirrawarra Sandstone  38:3, 4, 6
Tirrawarra Sandstone equivalent  38:3, 4, 6, 7, 7, 

12, 13, 14
Titania  11:4, 30, 33, 34, 35
titanium

Aileron Province  12:64
Titra Well  42:38
Tjaumbi  8:6, 15:50
Tjauwata Group  21:4, 12–14, 13, 21–2, 22:12
Tjuninanta Formation  21:4, 13, 14, 21
Tobacco Member  19:2
Todd River Dolostone  22:10, 23:2, 3, 8, 24, 25, 

27, 27, 28, 28, 43, 28:14, 15–16, 34:2, 3
Todd River Dolostone equivalent  34:2, 4, 5
Toko Group  28:3, 4, 5, 7, 26, 27–30, 31
Tollis  5:40
Tollis Formation  3:6, 21, 5:7, 13, 33, 36, 37
Tollu Group  21:14
Tolmer Group  2:5, 4:3, 17:3, 5–6, 12
Tomahawk  5:114
Tomahawk Formation  22:10, 15, 28:7, 19, 25, 

26–7, 27, 31, 38, 44
Tomkinson Creek Group  2:5, 6, 9:2, 4, 34, 

10:1, 2, 4, 10, 18, 19, 14:3, 4, 4, 15:9, 16:1, 
2, 3–14, 23

Tomkinson Province  2:6, 9:3, 14:3, 4, 16:1–25, 
1, 3, 4, 28:2, 3, 13, 32:1, 3

base metals  16:25
early Mesoproterozoic  16:18–22
late Palaeoproterozoic  16:1–18
lead  16:25
manganese  3:26, 16:22–5
mineral resources  1:11, 16:22–5
structure  16:22

Tommys Gap Metamorphics  12:9, 16
Toms Gully  3:3, 5, 7, 9, 5:37, 38, 43, 45, 58, 

61, 62
Tooganinie Formation  15:17, 42

Toolachee Formation  38:4
Toolebuc Formation  41:2, 3, 5, 6, 7, 8, 10–11, 

16, 17, 18
Toolebuc Formation equivalent  39:4 
Toomba  28:43
Top Lily Sandstone Member  19:2, 4, 5
Top Rocky Rhyolite  18:2, 6, 7, 7, 8
Top Springs Limestone  22:9, 10, 28:16, 21, 

30:5, 31:3, 32:2, 33:3
Tops Member  28:11, 11, 12, 34, 35
Torrens Formation  36:15, 38:4
Tosca  10:22, 28:41
Tourag  3:26, 16:23, 24
Tourmaline Gorge  12:41, 50, 63
Trackrider  22:14, 28:38, 40, 41
Tracys  8:4
Train Range Ironstone Member  19:7, 8
Trainor Hill Sandstone  30:5–6
transported regolith  42:29–30
Trapdoor  11:28
TRD1  28:40
TRD2  28:40
TRD2A  28:40
Treachery Formation  35:9, 36:9, 11, 15, 18–19, 

38:4
Treasure Gully  9:55
Treasure Suite  2:5, 9:2, 4, 14, 27–8, 51, 55, 

10:2, 3, 20, 21, 16:2
Treasure Volcanics  3:21, 9:3, 4, 5, 15, 17, 25, 

26, 55, 10:3, 4, 5, 8, 8, 9–10, 11, 14, 23
Tregony  11:30
Trephina Granitic Gneiss  12:14, 30, 31, 46
Treuer Member  24:1, 2, 4, 5, 5, 6, 16
Trew  10:25
Trinity Well Sandstone Member  41:7
Tristram  15:57
Triumph Hill  11:6, 15, 17, 17, 18, 20–1
Troughton Group  36:4, 5, 8, 15, 19, 21, 38:4
?Troughton Group equivalent  40:2
Troughton Group equivalent  35:2, 3, 40:1, 2, 3, 

4, 5, 15
Troutbeck  12:50, 57
Troy  11:26
Tug Sandstone Member  42:8
Tumbling Dice  3:6, 5:36
tungsten  3:22–3

Aileron Province  12:62
Arunta Region  3:21, 22–3, 12:62, 29:9
Davenport Province  10:25
deposit types  3:23
Irindina Province  29:9
Litchfield Domain  3:21
Murphy Province  3:21, 8:4, 5–6
Northern Territory  3:2, 4, 4, 5, 5, 20, 22–3
Pine Creek Orogen  3:21, 22–3, 5:100, 101, 

109–10
production by year  3:3, 20
Tennant Region  3:21, 22–3
Warramunga Province  9:54–6

Turkey Creek  28:34–8
Turnbull  3:10, 15:32, 41
Turners  5:102
Turnstone Formation  36:15
Turtle Point  40:13
Twigg Formation  11:5
Twin  3:17, 5:65, 66, 83–4
Twin Bonanza Gold Camp  11:4, 30
Two Blues  9:36
Two Bobs  5:100
Two Sisters Granite  5:18, 19, 28
Tyson Creek Granulite  12:6, 26, 28

U
Udor Granite  2:5, 13:3, 4, 15
Ulambaura Granodiorite  13:11

Ulbunalli  23:48
Uldirra Porphyry  12:30, 32
Ulgnamba Lignite Member  3:35, 42:8, 13, 37
Ulpuruta  13:18, 18, 19
Ulta Limestone  42:8, 19–20, 22
Ulunourwi Formation  15:20
Uluru Clay  42:24
Umbakumba  39:6, 9
Umbeara Granite  21:9
Umbolooga Subgroup  15:14, 16, 17, 39
Umbrawarra  3:21, 22, 5:100, 101
Umbrawarra Leucogranite  5:17, 18, 19
Umutju Suite  21:4, 8
Una May  8:6, 15:50
Unca Granite  12:30
Undandita Member  23:40, 50, 52
Undilla Sub-basin  22:11, 28:6, 14, 16, 20, 32:8
undivided Bradshaw Complex  6:2, 3, 5
Undoolya Gap  23:53
Unimbra Sandstone  9:3, 24, 27, 10:3, 7, 10, 11, 

11, 13–15, 14, 16, 22, 23, 24, 12:13, 16:5, 8, 
14, 22

Union Central  5:45, 46
Union Extended  5:57
Union North  5:45, 46
Union Reefs  3:7, 5:37, 38, 45–6, 46, 47, 48, 57
Union South  5:45, 46
Units A–C (Pedirka Basin)  see Purni Formation
Unit A (Carpentaria Basin)  39:4, 5
Unit B (Carpentaria Basin)  39:4–5
Unit C (Carpentaria Basin)  39:4, 5, 5
Uniya Formation  17:6, 22:4, 5, 27:2, 3, 5, 6, 

30:4
‘Uniya Tillite’  27:5
‘Upper Blake beds’  11:16, 17, 18, 19
‘Upper Orac chert’  11:18
‘Upper Orac schist’  11:17, 18
‘Upper sandstone member’  11:5, 7
uranium  3:16–19

Aileron Province  12:63
Amadeus Basin  3:17, 19, 23:50–2, 50
Arunta Region  3:17, 18, 19, 12:63, 13:19, 

29:9–10
Birrindudu Basin  17:14
Canning Basin  37:2
Cenozoic geology and regolith  42:34–6
Centralian Superbasin  22:15
Daly Basin  31:11
deposit types  3:16–19
early discoveries  1:2–3
Fitzmaurice Basin  20:6
Georgina Basin  28:45
with gold

Pine Creek Orogen  5:54–6
Irindina Province  29:9–10
McArthur Basin  3:17, 18, 19, 15:49–51

genesis  15:51
geochronology  15:51
type A  15:49
type B  15:49–50
type C  15:50
type D  15:50–1
type E  15:51

Murphy Province  3:17, 19, 8:4, 5, 6
Ngalia Basin  3:17, 19, 24:17–20
Northern Territory  3:2, 4, 5
Pine Creek Orogen  3:17, 18

deposits  4:2, 3, 8, 5:65, 66, 67
genesis  5:81–2, 84
geochronology  5:80–1
surficial  5:84
unconformity-related  5:64–82, 82
vein-type  5:83–4

production by year  3:3, 16
Tanami Region  11:4, 15, 35–6
Tennant Region  3:18, 9:54
Victoria Basin  26:6



 Index

I:20

Warramunga Province  9:54, 13:19
Warumpi Province  13:19
Wiso Basin  32:8–9

Urapunga Granite  14:3, 4
Urapunga Inlier  14:3, 4
Urrlugoorwa  5:67
Utnalanama  3:13, 14, 12:10, 51
Utnalanama Granulite  12:9, 10, 24, 31, 41
Utopia  12:50, 59–60
Utopia Quartzite  12:34
Utting Calcarenite  36:9, 11, 12, 14, 15, 16

V
V-Creek Limestone  28:16, 24, 25
Vaddingilla Formation  10:3, 10, 11, 12, 19, 20, 

16:5
Valentines  12:58
Van Diemen Sandstone  40:2, 3, 4, 6, 8–9
vanadium  3:29

Aileron Province  3:29, 12:64
Vanderlin Limestone  42:21
Vashon Head  3:28, 40:12, 12
Vaudeville  8:6, 15:50
Vaughan Springs Quartzite  12:21, 22:4, 5, 6, 16, 

24:1, 2, 3, 4–6, 4, 6, 8, 9, 11, 13, 14, 15, 16, 17, 
18, 21, 22, 28:5

Vaughton Siltstone  15:21, 22
Velkerri Formation  3:36, 15:27, 29, 62, 63
vermiculite  3:30, 31, 34

Aileron Province  12:64
Arunta Region  3:31, 34, 12:64
production by year  3:3

vertebrate fossil localities  42:22
Victoria Basin  17:1, 2, 12, 20:5, 22:1, 3, 4–5, 6, 

12, 24:1, 26:1–6, 31:1, 1, 32:1, 3, 33:1, 2, 8, 
36:1, 2, 4

barite  3:29, 26:6
base metals  26:6
diamonds  3:31, 26:6
industrial minerals  26:6
lateritic residuum  42:28
Mesoproterozoic–late Neoproterozoic  26:2, 

3–5
mineral resources  3:4, 26:6
petroleum  26:6
saprock, saprolite and mottled zones  

42:27–8
stratigraphic succession  26:3
structure, metamorphism and igneous activity  

26:5–6
uranium  26:6

Villa  11:15, 17, 18, 20, 21
Virginia  29:9, 9
Vizard Group  14:4, 15:22–3
Vulcan  15:49
Vulcan Formation  36:15
Vulcan Sub-basin  36:2, 15, 22, 23

W
W-Fold  15:33, 38
W-Fold Shale Member  15:18
Wabudali Granite  12:41, 41
Wadeye Group  36:5, 9, 11, 12, 14, 15, 17, 18
Wadjeli Sandstone Member  15:26
Wagait Granite  5:18, 28–9
Wagait Suite  4:2, 5:2, 17, 18, 21, 28–9, 33, 34, 

66, 85, 115
Waggon Creek facies  36:12
Waite Basin  42:5, 6, 7, 11, 11, 14, 17, 22
Waite Formation  42:8, 9, 11, 11, 12
Wakurlpa Granite  12:44
Walabanba Member  12:5, 6
Walal Granite  21:6, 8–9

Walbiri  3:17, 18, 24:18, 19
Walbiri Dolostone  22:10, 11, 24:2, 3, 4, 9–10, 

13, 15, 18, 20, 21, 21, 22
Waldo Pedlar Bore  23:48, 53
Waldo Pedlar Member  23:19
Waldrons Hill  12:50, 57
Walford Dolostone  18:2, 3, 4
Walkandi Formation  38:3, 4, 7, 8, 41:5
Walker River Formation  3:26, 39:2, 4, 6, 10, 11
Wallaby  5:88
Wallis Siltstone Member  19:2, 6
Wallumbilla Formation  41:2, 3, 5, 6, 8–10, 14, 16
Wallumbilla Formation equivalent  39:4, 14, 15
Walmudga Formation  15:24, 25
Walter Smiths  29:10
Walu Granite  21:11, 13–14
Walungurru Volcanics  2:5, 13:3, 12–13, 13
Waluwiya Suite  13:3, 9–11
Walytjatjata Granite  21:8
Wanapi Dolostone Member  24:2, 8, 9
Wandie  5:57
Wandie Creek  3:22, 5:101
Wandie Granite  5:17, 19
Wangala Granite  12:30, 33, 62
Wangalinji Member  19:2, 4
Wangarlu Formation  36:15, 22, 40:2, 3, 4, 7–8, 8
Wangarlu Formation equivalent  36:8, 15, 22
Wangatinya  23:48
Wangi Basics  5:29
Wanigarango  8:6, 15:49, 50
Wankaki Supersuite  21:2
Wankari Detachment Zone  21:18–19
Wankari Volcanics  21:13
Wanyi  15:45
Warakurna Large Igneous Provinces  22:11–12, 12
Warakurna Supersuite  21:1, 2, 4, 11–12, 16

granites  21:4, 11–12
mafic intrusive rocks  21:12

Warburton Basin  22:1, 8, 8, 9, 10, 24:1, 34:1–7, 
38:1, 1, 8, 12, 13, 41:5, 16

?Late Ordovician–Devonian  34:5–6
Cambrian–Ordovician  34:5–6
Early Carboniferous  34:5–6
mineral resources  1:11, 34:7
petroleum  34:7, 7
seismic profiles  34:6
Sequence set 1  34:3–4
Sequence set 2  34:4
Sequence set 3  34:4
structure and tectonic history  34:6–7
Unassigned strata  34:4

Ware Group  2:5, 11:3, 4, 5, 7–8, 12, 27, 12:14, 
14:3, 4

Warimbi Schist  12:26, 28, 30, 32
Warnes Sandstone Member  9:5, 18, 25, 10:5, 8
Warrabri Basin  42:5, 14, 17
Warramana Sandstone  15:10, 12
Warramunga Formation  2:5, 3:12, 25, 9:2, 6–8, 

7, 8, 9, 15, 32, 34, 10:2, 16:2, 42:15
Warramunga Group  9:1
Warramunga Province  2:4, 7, 3:7, 9:1–56, 3, 5, 

10:3, 24, 12:1, 14, 16:1, 5, 21:1, 24:1, 28:1, 2, 
3, 4, 13, 32:1, 3

base metals  9:41–53
bismuth  9:41–53
copper  3:15, 9:41–53
deformation  9:33–4
faulting  9:33
gold  3:7, 9:34–54
ironstone-hosted gold-copper-bismuth 

deposits  9:41–53
lead  9:56
metamorphism  9:29–30
mineral resources  1:10, 9:34–56
molybdenum  9:25
Palaeoproterozoic  9:6–29
structure  9:30–4

tungsten  9:54–6
uranium  9:54, 13:19

Warrego  3:9, 12, 13, 14, 15, 9:35, 36, 37, 39, 40, 
42, 43, 50, 51, 52

Warrego Granite  9:3, 4, 14, 28, 29
Warrego Volcanics  9:3, 4, 5, 15, 16, 19
Warrego West  32:7, 8
Warrs Volcanic Member  3:15, 5:6, 7, 13, 32, 84, 

87, 88, 97, 98, 98
Warumpi Granite  13:8, 9, 11, 14, 15
Warumpi Province  2:6, 10, 12:1, 48, 13:1–19, 1, 

22:3, 6, 23:1, 1, 24:1, 3, 34:1, 38:1, 41:1, 4, 5
Alice Springs Orogeny  13:16–17
base metals  13:18–19
Chewings Orogeny  13:14–15
copper  13:19
gold  13:19
Haast Bluff Domain  13:2–7
Kintore Domain  13:2, 12–13
lead  13:18
Liebig Orogeny  13:13–14
mineral resources  1:10, 13:17–19
nickel-copper sulfide  13:19
Palaeoproterozoic  13:1
rare earth elements  3:33–4, 13:19, 42:36, 

36–7, 37
seismic profiles  13:17
Teapot Event  13:15–16
Yaya Domain  13:2, 7–12

Waterbag Creek Formation  17:6
Waterfall Creek  5:79, 8:6, 15:50
Waterhouse Complex  4:1
Waterhouse Dome  4:1, 3, 5:75
Wattie Group  2:5, 6, 17:1, 2, 3, 9, 13, 15, 26:1, 

30:4
Wauchope Subgroup  9:2, 10:2, 10, 11, 12, 13, 

18, 21, 12:13, 16:2, 5
Wauchope tungsten field  3:20, 21, 22–3, 10:25
Wauhope Subgroup  10:3
Wave Hill Surface  42:33, 33
Waytjatjata Granite  21:8
Weaber Group  7:2, 36:4, 4, 7, 7, 9, 11, 12, 14, 

15, 16, 17
Weabers Find  9:36
Weaner Sandstone  17:2, 10, 11–12, 11, 13
Weipa Sub-basin  39:1, 1
Weldon Metamorphics  3:32, 12:4, 6, 21, 26
Welltree Metamorphics  3:21, 5:2, 7, 27
Wessel Group  6:6, 35:1, 2–6, 2, 4, 5, 10, 40:2
West Branch Volcanics  15:8, 9
West Bullakitchie  11:15, 23, 24
West of Christmas  5:42
West Peko  9:42, 46–7, 51, 52
Westbourne Formation  41:3, 4
Western Arm  3:7, 5:37
Western Dam  42:36, 37
Western Gulf Sub-basin  39:1, 1, 2–6, 14, 15
Westmoreland Conglomerate  3:19, 8:1, 2, 4, 6, 

15:3, 9–11, 11, 49–51, 50, 18:2, 5, 19:4
gold  8:6
uranium  8:5, 15:32, 49–50

Westward Ho  9:36
Westwood Formation  36:6
Wheal Danks  5:88
Wheal Danks North  5:88
Wheal Danks South  5:88
Wheal Doria  9:36
Wheel Fortune  12:58
Wheel Mundi  12:58
Whippet  9:36
Whippet Sandstone Member  9:5, 15, 16, 19, 20
Whistleduck  9:56
Whistleduck Dyke Swarm  12:46
Whitcherry Basin  42:5, 6, 11, 11, 13, 14, 17, 

18, 36
White Devil  3:7, 9, 9:6, 7, 8, 35, 36, 37, 39, 42, 

43–4, 50, 51, 52



I:21

 Index

White Heather  8:6, 15:50
White Hill  28:43, 43
White Horse  8:6, 15:50
White Label  8:6, 15:50
White Point  24:18, 20
White Range  3:1, 3, 11:34, 23:48–9, 49, 50
White Range vein camp  12:57–8, 58
Whites  3:15, 16, 17, 5:65, 75, 77, 78, 81
Whites East  5:77
Whites Extended  5:77
Whites Formation  3:11, 12, 15, 17, 24, 29, 4:3, 

5:8, 9, 11, 65, 75, 76, 77, 78, 86, 90, 91, 94, 
95, 110

Whitewater Volcanics  2:5, 7:2–3, 2, 3, 20:4, 
36:6

Whittington Range Member  10:1, 19, 16:4, 4, 5, 
6, 8, 14, 24

Wickham Formation  17:2, 9, 9
Wickstead Creek beds  12:25, 26, 32
Widdallion Sandstone Member  18:2, 6, 10
Wiernty Formation  16:15, 19, 21–2
Wigley domain  12:2, 8, 14, 15, 31
Wild Cow Subgroup  19:2, 3, 4–5
Wild Turkey  11:26
Wildman Siltstone  3:7, 21, 24, 25, 5:8, 10, 10, 

11, 37, 54, 67, 91, 110, 112, 40:6
Wilgunya Subgroup  41:2, 3, 4, 6, 8–11
Wilkinkarra Palaeovalley  42:5, 6, 14, 15
Willieray Formation  16:15, 16, 17–18, 23
Willowra Basin  42:13, 14, 14, 17
Wilora  42:34, 36, 36
Wilson Formation  11:3, 4, 7, 8, 8
Wilsons Find  12:41, 50, 62
Wilton Package  2:6, 15:25–31
Winchester  see Coomalie (Winchester)
Windajong Granite  2:5, 12:3, 40, 41
Winmatti beds  42:24
Winnall beds  21:4, 18, 22:9, 10, 23:2, 3, 4, 17, 

18, 20–1, 21, 41, 42, 54, 60, 28:14
Winnecke  22:14
Winnecke goldfield  3:4, 12:14, 34, 51, 58–9, 

23:48, 49
Winnecke Granophyre  11:10, 12
Winnecke Suite  11:12
Winton Formation  41:2, 3, 4, 5, 6, 9, 11, 12–13, 

15, 17
Wipe Out  12:58
Wire Creek Sandstone  8:4, 18:1, 2, 3, 4
Wirku Metamorphics  21:2, 5
Wiso Basin  12:1, 14:3, 4, 22:1, 6, 8, 8, 9, 10, 11, 

13, 14, 15, 24:1, 10, 28:1, 3, 4, 6, 13, 31:1, 1, 
2, 32:1–10, 1, 3, 7, 8, 42:14, 20, 27

base metals  32:8
Cambrian  32:2–5
copper  32:8
Devonian  32:6
diamonds  32:8
lead  32:8
mineral resources  3:4, 32:7–10
Ordovician  32:5–6
petroleum  3:36, 22:15–16, 32:9–10
phosphate  3:33, 31:10, 32:7–8
structure  32:6–7
uranium  32:8–9

Wolfe Basin  7:2, 22:1, 3, 4–5, 7, 12, 24:1, 
27:1–7, 1, 2, 32:1, 33:1, 8, 36:1, 7

barite  3:31, 27:7
diamonds  27:6
mineral resources  27:6–7
Neoproterozoic  27:1–6
ornamental stone  27:6, 7
stratigraphic succession  27:1, 3
structure  27:6

Wolfram Hill (Aileron Province)  3:21, 12:45, 
50, 56, 62

see also Mount Doreen wolfram field

Wolfram Hill Granite  5:17, 19
Wolfram Hill (Pine Creek Orogen)  3:21, 22–3, 

5:100, 101, 109, 9:55
Wollogorang Formation  15:9, 10, 11–12, 11, 

12, 46
Wonarah  32:8
Wonarah  3:31, 33, 22:14, 28:41–2, 41, 42
Wonarah Formation  19:4, 22:10, 11, 28:16, 21, 

22, 22–3, 23, 24, 25, 43, 30:5, 31:4, 32:5, 33:7
Wondoan Hill Formation  17:2, 12, 13
Wonnadinna Dolostone  22:4, 5, 7, 28:7, 8, 9–10, 38
Woodah Sandstone  15:5, 6, 6
Woodalla Member  12:5
Woodbine Group  36:4, 5, 8, 15, 22, 40:9
Woodbine Group equivalent  35:2, 40:1, 2, 2, 4, 

6, 8, 9, 10, 15
Woodcutters  3:10, 12, 13, 14, 5:85, 86, 89–91, 

89, 90, 91, 93, 115
fluid inclusions  5:91–2
genesis  5:92–3
lead isotopes  5:92, 92
sulfur isotopes  5:92

Woodcutters Supergroup  2:5, 4:2, 5:1–2, 2, 4, 8, 
9–11, 66, 85

Wooden Duck Member  15:27
Woodenjerrie beds  9:1, 2, 3, 4, 5, 6, 10, 10, 15, 

10:2, 6, 10, 13, 15, 24, 16:2
Woodenjerrie mine  9:56
Woodforde River beds  12:25, 26
Woodgreen Granite Complex  12:27, 40–1, 40
Woolaston Formation  36:15
Woolgni 2  3:7, 5:37
Woolla Gneiss  12:4, 6, 23
Woolianna Gabbro  5:4, 29
Woolner Granite  4:4, 5, 5:11
Woolwonga  3:7, 5:37, 38, 46, 47, 48
Wuluma Granite  12:3, 9, 10, 40, 41, 62
Wundirgi Formation  9:3, 4, 5, 15, 16, 19, 22, 27, 

10:21, 16:14, 22
Wungabal Limestone  36:7
Wununmantyala Sandstone  15:10, 11, 12
Wyandra Sandstone Member  41:3

X
Xanten Granite  12:30
Xhosa  16:23

Y
Y-66  24:18
Y-206  24:18
Yabooma Formation  35:3, 4, 8–9
Yackah beds  22:4, 5, 6, 28:5–8, 7, 8
Yaddanilla Sandstone  10:3, 10, 11, 12, 19, 20, 

16:5
Yah Yah  15:49
Yaka  3:26
Yakalibadgi Microgranite  12:26, 30, 32
Yalco  15:33, 37
Yalco Formation  3:36, 15:16, 19, 41, 61
Yaloogarrie Basin  42:5, 6, 14
Yaloolgarrie Granite  12:33, 41
Yalwarra Volcanics  15:24, 25
Yalyirimbi  24:18
Yam Creek  5:57
Yambah Event  12:27–9, 28
Yambah Granulite  12:9, 10, 10, 11, 46, 52
Yambla  12:63, 29:9, 10, 10
Yambo Inlier  39:1, 1
Yan Yam  5:102, 106
Yaningidjara Orthogneiss  12:20, 20, 21, 26
Yankee  8:6, 15:50
Yarawoi Formation  15:20

Yardida Tillite  22:4, 5, 7, 28:5, 7, 8, 9
Yarram  5:110
Yarrawirrie Formation  15:21, 22
Yarrawonga Volcanic Member  5:8
Yarrum  3:24
Yarunganyi Granite  12:44–5, 62
Yaya Domain  13:2, 3, 7–12, 13–15, 17
Yaya Metamorphic Complex  2:5, 13:3, 7, 11
Yeeradgi Sandstone  10:3, 10, 11, 11, 12, 15, 22, 

25, 12:13, 16:5, 8
Yellow Girl  15:45
Yellow King  41:14, 15
Yellow Queen  41:14, 15
Yelvertoft Bed  28:16
Yenberrie  3:21, 23, 5:100, 101, 110
Yenberrie Leucogranite  3:21, 5:17, 19
Yeneena Basin  22:3, 12
Yeuralba  3:20, 21, 22, 23, 5:100, 101, 109–10
Yeuralba Granite  5:21, 23
Yimuyn Manjerr  see Batman (Yimuyn Manjerr)
Yirrkala Formation  3:28, 39:2, 4, 5, 6, 7, 9
Yiyintyi  39:13
Yiyintyi Sandstone  14:3, 15:10, 12
Your Dam Metamorphics  12:8, 27
Yow Creek Formation  36:9, 11, 12, 14, 15, 16
Yuendumu Sandstone  22:4, 5, 8, 10, 16, 

24:2, 3, 4, 9, 10, 13, 15, 16, 18, 21, 22, 
28:10, 14

Yulyupunyu Granitic Gneiss  12:30, 32–3
Yumurrpa Granophyre  12:30, 33
Yungkulungu Formation  9:3, 4, 5, 10, 15, 17, 

21–3, 24, 26, 10:23
Yunkanjini Granite  12:44–5
Ywain  15:57

Z
Zamia Creek Siltstone  15:21, 22
Zamu Dolerite  3:6, 5:7, 11, 14, 26, 37, 62, 62, 

67, 75, 79
Zapopan  see Brocks Creek (Zapopan)
Zeta  5:114
Zimmerman Sandstone  36:6, 9, 12, 14, 18
zinc

Aileron Province  3:14, 12:50–6
lead-zinc-copp (-silver-gold)  12:50–6

Amadeus Basin  23:48, 52, 53
Birrindudu Basin  17:13
Bonaparte Basin  36:23–5, 24, 25, 26
Daly Basin  31:10–11
Davenport Province  10:25
Georgina Basin  28:34–41
Irindina Province  29:9
McArthur Basin

Century-style base metal deposits  15:39
discordant Pb-Zn-Ag±Cu deposits  

15:39–44
lead-zinc-silver  3:10
stratiform Zn-Pb-Ag deposits  15:31–9

Northern Territory  3:2, 4, 4, 5, 5, 10–14
Ord Basin  33:8–9
Pine Creek Orogen

deposits  5:85
lead-copper-zinc-nickel-cobalt  5:94–7
lead-zinc-silver  3:10
polymetallic deposits  5:88–97
skams  5:99
Volcanigenic massive sulfide deposits  

5:97–9
production by year  3:3
Warramunga Province  9:56
Warumpi Province  13:18–19
see also base metals

Zulu  3:26
Zulu South  3:26
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