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ABSTRACT

The informally named greater McArthur Basin is a vast 
predominantly sedimentary terrane stretching across the 
northern part of the Northern Territory from northeastern 
Western Australia to northwestern Queensland. It includes 
Palaeo- to Mesoproterozoic successions of the McArthur 
and Birrindudu basins and the Tomkinson Province, all 
interpreted to have been conterminous at time of deposition. 
The Wilton package consists of widely distributed 
siliciclastic sedimentary and minor igneous rocks near the 
top of the greater McArthur Basin sedimentary succession. 
This report collates and combines historical and newly 
acquired field-based data in order to characterise all 
sedimentary units within: 

••  the three groups of the Wilton package: the Roper Group 
(McArthur Basin), Tijunna Group (Birrindudu Basin) 
and Renner Group (Tomkinson Province)

••  an unnamed group overlying the Wilton package (Roper 
Group) in the Beetaloo Sub-basin; this comprises the 
informally named Jamison sandstone and Hayfield 
mudstone.

A probable correlative of the Wilton package, the South 
Nicholson Group of the South Nicholson Basin, is not 
included in this study.  

The Roper Group is a siliciclastic succession 
characterised by alternating mudrock-rich and cross-
bedded sandstone formations. It is subdivided into the lower 
sandstone-rich Collara Subgroup and upper mudrock-rich 
Maiwok Subgroup. Sandstone-dominated units consist of 
cross-bedded, fine- to medium-grained, supermature quartz 
sandstone, deposited in a shoreline to shallow-marine inner 
shelf setting. They are commonly capped by thin intertidal 
to emergent facies. Mudrock-rich units are dominated by 
commonly interlaminated and interbedded claystone, 
siltstone and minor fine-grained sandstone. Abundant 
evidence for periodic and regular current activity indicates 
deposition mostly in a shallow-marine mud-dominated 
shelf setting via wave-induced density flows or turbidity 
currents, as well as from suspension. 

Alternating cross-bedded quartz sandstone- and 
mudrock-dominated units of the relatively thin Tijunna 
Group are comparable to those of the Roper Group, and 
were deposited in similar shoreface to shallow-marine shelf 
settings. 

Sandstone- and subordinate mudrock-rich units of the 
Renner Group include shallow-marine shelf and shoreline 
facies, and a relatively high proportion of interpreted 
intertidal, supratidal and fluvial facies compared to the 
Roper and Tijunna groups. 

The sandstone-rich Jamison sandstone and mudrock-
rich Hayfield mudstone are now recognised as a subsurface 
sedimentary package that unconformably overlies the Roper 
Group in the Beetaloo Sub-basin rather than forming its 
conformable uppermost units. They consist of alternating 
fine- and coarser-grained siliciclastic rocks, deposited in 
shoreline to shallow-marine shelf environments. Quartz-
lithic sandstones of these units are typically less mature 
than those of the Roper Group. 

LA–ICP–MS detrital zircon analyses were conducted 
on representative samples of sandstone units of the Roper, 
Renner and Tijunna groups, the Jamison sandstone and 
Hayfield mudstone. Analytical results were integrated 
with historical data to assist in interpretations of possible 
sedimentary provenances and maximum depositional 
ages, and to facilitate intrabasinal correlations. Relative 
probability spectra for five Collara Subgroup samples form 
a distinctive signature. Maximum depositional ages are 
generally ca 1600 Ma or greater. Over 90% of analysed 
zircons are older than 1700 Ma with the majority forming 
prominent peaks with maxima in the range 1950–1700 Ma. 
Transgressive sediments of the basal Phelp Sandstone 
sampled a wide range of basement terranes, as shown by 
presence of numerous scattered individual and clustered 
analyses ranging through the Palaeoproterozoic to the 
Archaean. Relative probability spectra for four Maiwok 
Subgroup samples also have a distinctive signature. 
Maximum depositional ages are generally in the range 
ca 1590–1530 Ma. The spectra form very broad, complex 
irregular peaks with a number of maxima in the range 
ca 1900–1550 Ma. The percentage of analysed zircons 
older than 1700 Ma is markedly less than that of the Collara 
Subgroup, and is generally in the range ca 70–80%.

Relative probability spectra for the Tijunna Group most 
closely resemble those of the Maiwok Subgroup in that they 
have somewhat similar shapes and are dominated by broad 
irregular peaks with maxima in the range ca 1950–1550 Ma. 
These units are tentatively correlated with one another. 

Relative probability spectra for Renner Group 
formations support previous correlations with Roper 
Group units. The spectra for two older Renner Group units 
(Gleeson Formation, upper Grayling member of Baralandji 
Formation) are very similar to those of the Collara Subgroup, 
in that they are dominated by broad irregular peaks with 
maxima in the range 1950–1700 Ma with more than 90% of 
zircon analyses older than 1700 Ma. The relative probability 
spectrum for the younger Jangirulu Formation more closely 
resembles those of the Maiwok Subgroup than the Collara 
Subgroup; it is most similar to that of the Bessie Creek 
Sandstone with which it has been correlated.

Relative probability spectra for the Jamison sandstone 
and Hayfield mudstone indicate that this is a distinct 
sedimentary package, significantly younger than the Maiwok 
Subgroup. Conservative maximum depositional ages 
and youngest zircons are late Mesoproterozoic (Stenian), 
supporting a latest Mesoproterozoic to Neoproterozoic 
age. An older prominent peak at ca 1595 Ma is very 
distinctive and common to all three samples. Two samples 
have relatively young prominent peaks at ca 1186 Ma and 
1162 Ma respectively. Fewer than 12% of analysed zircons 
are older than 1700 Ma. 

Older Palaeoproterozoic and Archaean zircons are 
present throughout the Wilton package; their widespread 
distribution supports previous interpretations that rocks 
of these ages formed a widespread contiguous basement 
underlying the North Australian Craton (NAC). Older 
zircons tend to be more abundant towards the bases of 
successions above significant unconformities; they are 
presumably derived from Archaean terranes or older 
sedimentary rocks that were uplifted and exposed during 
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deformation events. A small cluster of older zircons at 
ca 3100 Ma in the Stubb Formation (Tijunna Group) 
indicates a source older than any rocks yet recognised in 
the NT; these are possibly derived from the Pilbara region 
of Western Australia or from a non-Australian provenance. 
The relative abundance of Archaean zircons in the Tijunna 
Group is consistent with its geographical proximity to 
potential source areas in Western Australia. There is a 
conspicuous lack of older Palaeoproterozoic and Archaean 
zircons in the Jamison sandstone and Hayfield mudstone, 
indicating a significant shift in provenance for this younger 
sedimentary package, either through a change in sediment 
pathways, or burial of older source areas, or both. 

Major peaks for the Collara Subgroup and Renner Group 
are present in the range 1950–1700 Ma, and for the Maiwok 
Subgroup and Tijunna Group, in the range 1950 –1550 Ma. 
These all form a typical NAC basement signature that 
cannot be easily refined on these data. There are a number of 
source terranes in the NAC that were producing magmatic 
zircons at these times, including the Tanami Region, Mount 
Isa Province, Pine Creek Orogen, Arnhem Province, 
Aileron Province, Warumpi Province, Warramunga 
Province and Musgrave Province. Sedimentological and 
palaeogeographic interpretations indicate a general, non-
specific southerly to southeasterly source, at least for the 
Roper and Renner group successions. Major peaks for the 
ungrouped units overlying the Roper Group in the Beetaloo 
Sub-basin and adjacent areas occur at ca 1590 Ma and 
ca 1090 –1160 Ma. The most likely provenances for zircons 
of these ages are the Musgrave Province and possibly the 
central-southern Arunta Region. 

The Wilton package was deposited in a vast anorogenic 
intracratonic basin, floored entirely by Archaean–
Palaeoproterozoic rocks of the NAC. Evidence for a marine 
setting includes the presence of glauconite (commonly 
altered to chlorite and berthierine) and marine microfossils 
at numerous stratigraphic levels, the high compositional 
maturity of the sandstones, and the lateral extensiveness 
of this facies. The various successions are characterised 
by: (1) a repetitive alternation of fine- and coarse-grained 
intervals; (2) deposition in a relatively narrow range of 
environments from marine shelf to shoreline to, rarely, 
continental or fluvial; and (3) lateral continuity of units over 
hundreds to thousands of square kilometres. There is no 
evidence for continental slope or deep basin deposits as are 
typical outboard of present-day open-marine continental 
shelves. The Beetaloo Sub-basin experienced a greater rate 
of subsidence as indicated by greater thicknesses of strata, 
but the succession of facies is the same as in other areas of 
deposition, showing that rates of deposition were generally 
equivalent to rates of subsidence. 

The depositional limits of the package are unclear. 
Marginal (eg shoreline, emergent) facies are recognised in 
the vertical succession, but do not generally form mappable 
areas that delineate palaeoshorelines from laterally more 
distal facies for any particular time period. Marginal facies 
are more abundant in the Renner Group than elsewhere in 
the basin, suggesting either a general proximity to a basin 
margin, or that the underlying Daly Waters High may 
have been a significant topographic feature at the time of 
deposition.

 In a large-scale regional sense, the Wilton package is 
thickest in the southeast and south, and in the Beetaloo 
Sub-basin; successions thin to the west, north and east from 
these areas. The Renner Group in the central-south has a 
maximum (composite) thickness of greater than ca 3500 m. 
Thicknesses to the north are greater than ca 3000 m in 
the central and eastern areas of the Beetaloo Sub-basin, 
decreasing to nearly 1800 m in central URAPUNGA 1, 
and to ca 900 m further to the north, where the top of the 
group is truncated from wither erosion or non-deposition. 
To the west, the Wilton package thins to less than 300 m 
in the Birrindudu Basin (Tijunna Group). To the east of the 
Beetaloo Sub-basin, the thickness of the package decreases 
under cover to about 1000 m at the limits of seismic 
coverage to the east of the Batten Fault Zone in BAUHINIA 
DOWNS. 

A restricted or partly restricted, or anoxic depositional 
environment with fluctuating salinities is indicated by 
previous geochemical studies, and by the presence of 
synaeresis cracks at numerous stratigraphic levels. An 
enclosed marine basin fits this situation: physically 
restricted to some extent by land or by chains of islands, 
but retaining some connection with the open ocean. In 
this model, inflow and outflow of freshwater from rivers 
and seawater would have resulted in fluctuating salinities 
that would have largely determined whether the enclosed 
basin was oxic or anoxic at various times. Limited water 
exchange would result in water stratification and hence 
anoxic conditions. 

A shoreline–shelf depositional model similar to that 
characterising most modern shelfal systems can be applied 
to the Wilton package, whereby overall aggradation of 
shelfal strata was generated by the vertical stacking of 
successive shoreline and subaqueous clinothem sets. 
Progradation of the successions resulted from the repeated, 
regressive–transgressive transit of deltas and shorelines 
across a shallow-marine shelf. 

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large
and small capital letters respectively, eg URAPUNGA, Moroak.
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INTRODUCTION

The greater McArthur Basin is an informal term for a vast 
predominantly sedimentary terrane stretching across the 
northern part of the Northern Territory from northeastern 
Western Australia to northwestern Queensland. It includes 
Palaeo- to Mesoproterozoic successions of the McArthur 
Basin, Birrindudu Basin and the Tomkinson Province 
(Figure 1), all of which are interpreted to be linked in 
the subsurface. These successions unconformably overlie 
Archaean and Palaeoproterozoic metamorphosed and 
deformed rocks of the North Australian Craton (NAC) 
and are unconformably overlain by Neoproterozoic to 
Phanerozoic cover. Figure 2 shows the probable minimum 
geographical extent of the greater McArthur Basin in the 
Northern Territory. 

The sedimentary successions of the greater McArthur 
Basin have considerable economic potential for both 

minerals and petroleum, but are underexplored. The region is 
prospective for a number of mineral commodities including 
base metals (lead, zinc, silver, copper), uranium, iron ore, 
manganese, barite, phosphate and diamonds. Most mineral 
exploration success has been achieved in the southern 
McArthur Basin, where significant mining activity has 
taken place at McArthur River and Redbank (base metals), 
Sherwin and Roper River (iron ore), and Merlin (diamonds). 
The greater McArthur Basin also has excellent potential for 
unconventional and conventional petroleum, although there 
have not been any economic discoveries to date. 

Summaries of the stratigraphic successions, tectonic 
settings and mineral resources of the various terranes that 
constitute the greater McArthur Basin are available in 
Ahmad et al (2013a: McArthur Basin), Dunster and Ahmad 
(2013: Birrindudu Basin) and Donnellan (2013a–c: Tennant 
Region). The petroleum potential is summarised in Munson 
(2014). 
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Figure 1. Geological regions of Northern Territory and surrounding areas (after Ahmad and Scrimgeour 2013: figure 2.3), showing 
locations of major components of the greater McArthur Basin and Type Sections referred to in the text. NT geological regions derived 
from NTGS 1:2.5M GIS database.
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SuperbaSinS and depoSitional packageS

Since the 1960s, there have been  numerous studies by 
Government agencies, industry and academia on the 
geology of the greater McArthur Basin, notably first and 
second edition regional mapping, the acquisition of regional 
geophysical data, localised detailed mapping, sampling and 
drilling programs, and other local and regional studies. 
A particular focus on the southern McArthur Basin and 
correlative terranes to the south and southeast (Lawn Hill 
Platform, Mount Isa Province) has resulted in two broad 
approaches to subdividing the sedimentary successions of 
these terranes. Using sequence stratigraphy, Jackson et al 
(1999, 2000) and Southgate et al (2000) subdivided the 
Proterozoic of the region into four first-order sequences, 
the stacked Leichhardt, Calvert, Isa and Roper superbasins, 
most of which were subdivided into formally defined and 
named second- and third-order sequences. An alternative 
scheme subdivided the entire McArthur Basin succession 
into five basin-wide, non-genetic units, originally referred 
to as ‘supersequences’ (Rawlings et al 1997), but later 
renamed ‘packages’ (Rawlings 1999): in ascending order, 
the Redbank, Goyder, Glyde, Favenc and Wilton packages. 
These depositional packages are disconformity or 
unconformity bounded; each is characterised by similarities 
in age, stratigraphic position, lithofacies composition, style 
and composition of volcanism, and basin-fill geometry. 
A comparison of the sequence stratigraphic and package 
terminology is given in Figure 3. Both approaches support 
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the superbasin concept in the sense of Walter et al (1995), 
which proposes that large-scale stratigraphic packages 
were once continuous or contiguous with other Proterozoic 
depocentres. However, neither of these stratigraphic 
nomenclatures has been applied to other correlative 
Proterozoic terranes in the NT, including the Birrindudu 
Basin and Tomkinson Province. To date, all studies agree 
that cyclicity in the McArthur Basin succession was driven 
predominantly by episodic tectonism.

Wilton package

Rawlings (1999) defined the Wilton package to be a 
widely distributed cyclic succession of siliciclastic rocks 
that unconformably overlies all older basin packages and 
transgresses the pre-existing tectonic elements of the 
McArthur Basin. The name was derived from the Wilton 
River in central Arnhem Land and the only proposed 
component of the package was the Roper Group, which is 
exposed throughout much of the McArthur Basin and is 
even more extensive in the subsurface. For the purposes 
of this report, the definition of the term Wilton package 
is expanded to include correlative successions of the 
Tomkinson Province (Renner Group) and Birrindudu Basin 
(Tijunna Group); both are interpreted to be continuous 
in the subsurface with the Roper Group (see Inter- and 
intrabasinal correlations). The South Nicholson Group of 
the South Nicholson Basin is another possible correlative of 
the Roper Group that could be considered to be a component 
of the Wilton package, although a subsurface connection 
between these groups has not been demonstrated. The 
group was not included in the field program for this study 
and its possible relationships to the Wilton package are only 
briefly discussed. 

aiMS of thiS report

This study was undertaken under the NT Government’s 
2014–2018 CORE (Creating Opportunities for Resource 
Exploration) initiative.  It focuses on a compilation of key 
existing and acquired data of the stratigraphic units that 
comprise the Wilton package in the greater McArthur 
Basin. The main objectives of the current study are:

•• to collate and combine pre-existing data from NTGS, 
Geoscience Australia (GA) and industry with newly 
acquired consistent and comparable baseline data from 
type and reference sections of all the stratigraphic units 
in the Wilton package successions

•• to integrate and interpret existing and new (Munson 
et al in prep) geochronological data to assist in the 
determination of sedimentary provenances and 
maximum depositional ages, and to test proposed 
correlations of the successions

•• to test and refine existing palaeoenvironmental and 
palaeogeographic interpretations.

The results of the project are intended to assist in 
establishing a geological framework for the Wilton package 
that will provide an improved understanding of basin 
architecture and development during the Mesoproterozoic.  

report Structure and content

The following unit descriptions are arranged in ascending 
stratigraphic order for the Roper (McArthur Basin), Renner 
(Tomkinson Province of Tennant Region) and Tijunna 
(Birrindudu Basin) groups. Detailed descriptions are also 
provided for an unnamed younger group of sedimentary 
units unconformably overlying the Roper Group in the 
Beetaloo Sub-basin. Descriptions of units are based on field 
visits to type or reference sections and/or examinations of 
representative drill intersections, and include comprehensive 
literature reviews. Units are illustrated to show the 
range of lithofacies and typical sedimentary structures. 
Photomicrographs of representative thin sections are also 
included.

A systematic stratigraphic sampling program was 
undertaken on sandstone units for all three successions. 
Selected samples were analysed for both detrital zircon 
geochronology (Munson et al in prep) and whole-rock 
geochemistry (Northern Territory Geological Survey 
2016). Analytical data from the geochronological program 
were then integrated with previously published results 
and interpreted with respect to provenance, maximum 
depositional ages and intrabasinal correlations. 

The final parts of this report review previous work on the 
basin architecture and tectonic development with respect to 
the Wilton package, finishing with a revised interpretation 
of depositional environments and palaeogeography. 

Drillhole coverage

Drillhole coverage is very sparse over most of the greater 
McArthur Basin. Only the southern McArthur Basin 
successions, to the south and southeast of URAPUNGA2 
have been drilled to any extent (Figure 4). Drillhole collars 
tend to be widely spaced or are locally clustered. Successions 
in the northern McArthur Basin are essentially undrilled, as 
is the Renner Group in the Tomkinson Province. The Tijunna 
Group of the Birrindudu Basin has been penetrated by a 
single drillhole in northern VICTORIA RIVER DOWNS. 

Information on the distribution and thickness of 
stratigraphic units in drillholes is derived from the NTGS 
COREDAT and Petroleum Wells databases, and from 
company reports as indicated in the text. 

Vintages of mapsheets and map coordinates

Most mapsheets that include the Wilton package are 
Second Edition and were compiled in the 1990s and 
2000s. Exceptions where only first edition mapsheets are 
available, include HODGSON DOWNS (Dunn 1963a) 
and TANUMBIRINI (Paine 1963), which include parts of 
the Roper Group, and BEETALOO (Brown and Randal 
1969) and NEWCASTLE WATERS (Randal 1969), which 
incorporate the northern part of the Renner Group. These 
mapsheets and a number of older second edition mapsheets 
predate the revised and currently accepted stratigraphic 
nomenclature established for both the Roper Group (Abbott 
et al 2001) and Renner Group (Hussey et al 2001). Hence, 

2   Names of 1:120 000 and 1:100 000 mapsheets are shown in large and 
small capital letters respectively, eg HODGSON DOWNS, phelp. 
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the unit names used in a number of mapsheet areas have 
been superseded and need to be revised. Nomenclature 
problems are discussed in detail in the relevant unit 
descriptions below. 

All map locations are presented using Universal Transverse 
Mercator (UTM) coordinates. Historical coordinates in 
latitude/longitude, or in Universal Grid Reference (UGR) style 
(eg AB123456) have been converted to UTM coordinates. 
Except where indicated, all grid zones are 53. 

UNIT DESCRIPTIONS

Mcarthur baSin

roper group 

The Roper Group is named after the Roper River in 
the URAPUNGA region. It is a siliciclastic succession 
characterised by alternating mudrock-rich and cross-

bedded sandstone formations that are lithologically 
laterally continuous over vast areas. Minor lithologies 
include calcareous siltstone, limestone, pedogenic breccia, 
conglomerate and oolitic ironstone. The rarity of limestone 
distinguishes this group lithologically from underlying 
successions. It was mapped by Ruker (1959) as the Flying 
Fox Group, but modified to Roper Group (Randal 1963) 
following the work of Dunn (1963c) in URAPUNGA to 
the east, where the group outcrops extensively. Outcrop is 
expressed as strike ridges, mesas and plateaux of sandstone, 
separated by valleys that are underlain by poorly exposed 
mudrock-rich units. Most Roper Group units were named 
and characterised by Dunn (1963c), but a number of changes 
were made to this nomenclature by Abbott et al (2001) who 
formally defined all units. The group is subdivided into the 
Collara and overlying Maiwok subgroups. The boundary 
between these subgroups ranges from disconformable to 
conformable and was somewhat arbitrarily placed at the 
stratigraphic level where the proportion of sandstone to 
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mudrock changes from about 50% in the lower subgroup to 
about 10% in the upper subgroup (Abbott et al 2001). 

The Roper Group is extensively exposed from 
ARNHEM BAY in the north, to KATHERINE in the west, 
to northern WALLHALLOW and to ROBINSON RIVER 
in the south (Figure 5). It has considerable subsurface 

extent southwards to BEETALOO and westwards towards 
outcrops of the Birrindudu Basin (Hoffman 2014, 2015). 
Plumb and Wellman (1987) and Lanigan et al (1994) 
estimated that the group attains a maximum thickness of 
ca 5000 m in the centre of the Beetaloo Sub-basin, but this 
figure was revised down on seismic evidence to greater 
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than ca 3000 m by Silverman et al (2007) and Silverman 
and Ahlbrandt (2011). The group decreases in thickness to 
north, west and east, away from this depocentre.

The Roper Group is disconformable or unconformable 
on various units of the late Palaeoproterozoic or early 
Mesoproterozoic Nathan and Mount Rigg groups and 
Palaeoproterozoic McArthur Group (McArthur Basin), 
and the 1850 Ma Urapunga Granite (Abbott et al 2001). 
Seismic data (Hoffman 2014, 2015) shows that the group 
is also unconformable on the Wattie, Bullita and upper 
Limbunya groups (Birrindudu Basin) to the west of the 
Daly Waters Arch. The basal Roper Group is represented 
at different localities by either the Phelp Sandstone, 
Mantungula Formation, or Limmen Sandstone. The group 
is unconformably overlain by an unnamed group of late 
Mesoproterozoic to Neoproterozoic units in the subsurface 
Beetaloo Sub-basin, by late early Cambrian volcanic rocks 
of the Kalkarindji Suite, and by Cretaceous strata. The 
1324 Ma Derim Derim Dolerite intrudes middle and upper 
Roper Group formations, mostly as sills.

collara Subgroup

The Collara Subgroup (Sweet and Abbott in Abbott et al 
2001) is named after the Collara Mountains in URAPUNGA 
and forms the lower part of the Roper Group. It is a quartz 
sandstone-rich succession with less abundant mudrocks, 
and contains minor limestone and two units of pedogenic 
red beds that are not present in the overlying mudstone-
rich Maiwok Subgroup. The alternating sandstone- and 
mudrock-dominated formations result in a ridge and 
valley topography; sandstones form prominent ridges and 
the more recessive mudrocks form valleys. The subgroup 
covers a vast area in the northeastern Northern Territory. 
Its presently preserved outcrop extent is similar to that 
of the Roper Group as a whole and is about 145 000 km2 
(Abbott et al 2001, Figure 5), but its subsurface extent 
is considerably greater. The thickness of the subgroup 
is up to 1000 m in southeastern URAPUNGA (Sweet 
and Jackson 1986, Abbott and Sweet 2000), less than 
500 m in BAUHINIA DOWNS and at least 850 m in 
drillhole AMOCO Broadmere-1 (Pietsch et al 1991b). The 
subgroup thickens southward from URAPUNGA into the 
Beetaloo Sub-basin, but almost all drillholes in this area 
were terminated at shallower stratigraphic levels so its 
true maximum thickness is unknown. Abbott et al (2001) 
estimated that the Collara Subgroup may exceed 2000 m in 
this depocentre, but this figure is probably excessive given 
that the total thickness of the Roper Group in the sub-basin 
was estimated to be not much greater than ca 3000 m by 
Silverman et al (2007) and Silverman and Ahlbrandt (2011). 

The Collara Subgroup is disconformable or 
unconformable, with slight angular discordance, on 
various units of the McArthur and Birrindudu basins, and 
the Urapunga Granite. Depending on location, the basal 
unit of the subgroup is the Phelp Sandstone, Mantungula 
Formation, or Limmen Sandstone. It is overlain by the 
Maiwok Subgroup with the contact being an erosional 
disconformity in most sections, although it is apparently 
concordant and conformable in some areas. Abbott and 
Sweet (2000) considered this contact to broadly coincide 

with a significant sequence boundary between their Jalson 
and Corbess sequences. Sills of the 1324 Ma Derim Derim 
Dolerite intrude the upper Mainoru Formation and Jalboi 
Formation.

In ascending stratigraphic order, the constituent 
formations of the subgroup are the Phelp Sandstone, 
Mantungula Formation, Limmen Sandstone, Mainoru 
Formation, Crawford Formation, Arnold Sandstone, Jalboi 
Formation and Hodgson Sandstone. 

Phelp Sandstone

The Phelp Sandstone (Sweet in Abbott et al 2001) consists of 
white quartz sandstone, siltstone and conglomerate; it is the 
oldest unit of the Collara Subgroup and Roper Group. The 
name is derived from the Phelp River, a major tributary of the 
Roper River that drains southeastern MOUNT MARUMBA 
and northwestern ROPER RIVER. The formation was 
originally mapped by Dunn (1963a, b) as part of the former 
‘Kookaburra Creek Formation’ (now Nathan Group). It has 
also been mapped as a part of the Mantungula Formation in 
MOUNT YOUNG and possibly BAUHINIA DOWNS (see 
below). Abbott et al (2001) included the formation within 
the Roper Group because of its concordance with overlying 
units, its mineralogical similarity to other Roper Group 
sandstones, and the presence of chert-clast conglomerate. 
The chert-clast conglomerate indicates provenance from a 
Nathan Group source.

Type section
The type section of the Phelp Sandstone, selected by Abbott 
et al (2001), is located in northwestern ROPER RIVER, from 
502600mE 8446000mN (base) to 502400mE 8446000mN 
(Figure 6); this interval is depicted in the second edition 
URAPUNGA mapsheet as undivided Collara Subgroup.

Distribution
The formation is best exposed in northwestern ROPER 
RIVER, where it commonly forms a series of discontinuous, 
low strike ridges that vary from narrow to broad, depending 
on the steepness of the dip. These strike ridges are typically 
paired with a similar strike ridge of Limmen Sandstone; the 
valley in between is occupied by the recessive Mantungula 
Formation. South of the Roper River, in southeastern 
URAPUNGA, the Phelp Sandstone is exposed as scattered 
low rocky pavements of sandstone and conglomerate. 
Minor exposures also occur in the cores of small anticlines 
in central and southwestern URAPUNGA (Figure 6). 
Conglomerate and sandstone at the base of the Mantungula 
Formation in MOUNT YOUNG (Jackson et al 1988, Haines 
et al 1993) was assigned to the Phelp Sandstone by Abbott 
et al (2001). A conglomerate at the base of the Mantungula 
Formation in BAUHINIA DOWNS (Pietsch et al 1991b) 
is also likely to be equivalent to the Phelp Sandstone. 
However, the only evidence of the Phelp Sandstone facies 
in northern BAUHINIA DOWNS is the presence of basal 
granule layers in the lowermost 5 m of the type section of 
the Mantungula Formation (Abbott et al 2001). The Phelp 
Sandstone has not been intersected in the subsurface, except 
possibly in diamond drillhole BHP McA 6 (BAUHINIA 
DOWNS, Simpson 1984) where a ca 5 m-thick interval 
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of breccia below the Mantungula Formation and above 
the McArthur Group unconformity is stratigraphically 
equivalent to this unit. The southwestward extent of the unit 
into the subsurface Beetaloo Sub-basin is unknown as no 
wells have penetrated the basal Roper Group succession in 
that area.

Relationships and boundary criteria
The contact between the Phelp Sandstone and underlying 
Nathan Group is rarely exposed, but it is presumed to be 
everywhere unconformable or disconformable. Convincing 
evidence for a significant disconformity includes: 

•• the presence of a basal conglomerate and breccia in the 
Phelp Sandstone in the Roper Bar area that contains 
clasts of chert (silicified dolostone) derived from the 
underlying Walmudga Formation (uppermost Nathen 
Group)

•• the development of a 2 m-thick, ferruginous and 
manganiferous chert breccia at the top of the Walmudga 
Formation that is interpreted to be palaeoregolith below 
the Roper Group unconformity (Abbott et al 2001). 
The boundary between this in situ palaeoregolith and 
sedimentary chert-clast breccia of the basal Phelp 
Sandstone can be difficult to identify. 

In northern phelp (northeastern ROPER RIVER), Abbott 
et al (2001) provided evidence that the Phelp Sandstone 
truncates different rock types within the Nathan Group;  
they noted a red bed interval underlying the contact in this 
area that was interpreted as a probable ‘oxidised weathering 
horizon’. They also reported the presence of large sinkholes 
in central-western phelp, formed by dissolution of 
carbonate rocks in the upper Nathan Group into which the 
nearly flat-lying Phelp Sandstone has collapsed. 

The upper contact of the Phelp Sandstone is not exposed, 
but is presumed to be generally conformable with the 
Mantungula Formation. An interfingering relationship was 
suggested by Abbott et al (2001). Southeast of Roper Bar, 
the northwest-striking Vizard Thrust places Vizard Group 
rocks over Phelp Sandstone. 

Lithology
The Phelp Sandstone typically consists of white quartz 
sandstone, lesser shale and minor conglomerate (Abbott 
et al 2001). Locally, the sandstone grades laterally into 
coarse conglomerate and sedimentary breccia. The type 
section of the formation in northeastern ROPER RIVER 
(Figures 6, 7) consists of 75 m of alternating white, fine- to 
medium-grained quartz sandstone interbedded with more 
thinly bedded sandstone and shale. Beds are arranged in 
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Figure 7. Type section of Phelp Sandstone in northwestern ROPER 
RIVER, from 502600mE 8446000mN (base) to 502400mE 
8446000mN (after Abbott et al 2001: figure 14b). Gaps in column 
indicate unit is not exposed. 
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a series of apparently coarsening- and thickening-upward 
cycles (Abbott et al 2001). The basal part of the section 
is medium- to coarse-grained and has large moulds after 
mudstone intraclasts. In the uppermost 10 m, laminae of 
coarse-grained sand and granules become common. The 
interval culminates in a few decimetres of conglomeratic 
sandstone in which angular to rounded clasts up to 10 cm 
across of chert, oolitic chert and white-weathering claystone 
(leached dolomitic siltstone?) are set in a matrix of fine- to 
medium-grained sandstone. In an area about 25 km southeast 
of the type section, Abbott et al (2001) described about 
30 m of thickly to very thickly bedded, fine, well sorted, 
structureless to cross-bedded sandstone in the walls of two 
sinkholes, where flat-lying Phelp Sandstone has collapsed 
into cavities formed in dolostone of the underlying Nathan 
Group. The formation reaches a thickness of about 39 m in 
this area.

In southeastern URAPUNGA, about 90 km to the 
southwest of the type section, the Phelp Sandstone is 
markedly coarser-grained around an inlier of Nathan Group 
rocks. Pink to red-brown sandstone with faint medium- to 
large-scale planar cross-beds is thickly interbedded with 
thick lenses of conglomerate and breccia (Figure 8a–e). 
The conglomerate/breccia occurs at, or more commonly, a 
few metres above the base of the unit, and contains angular 
to sub-rounded, often tabular clasts, up to a maximum 
of 40 cm in diameter, of chertified dolostone identical in 
composition to the underlying Walmudga Formation. Clasts 
are commonly set in a chaotic fashion in a matrix of fine- 
to medium-grained sandstone, but normal and reverse 
grading are also present; clasts may be current imbricated. 
The sandstone is supermature, containing >95% generally 
rounded to well rounded quartz grains, with minor silicified 
lithic fragments, chert and opaque minerals, and rare grains 
of amphibole and muscovite (Figure 9). These are set in a 
well developed quartz overgrowth cement that has virtually 
occluded porosity.

In MOUNT YOUNG, the Phelp Sandstone is a relatively 
coarse-grained interval, generally described as a thin 
conglomerate/breccia underlying fine-grained rocks of the 
Mantungula Formation (Jackson et al 1988, Haines et al 
1993, Abbott et al 2001). In the bed of the Cox River in 
townS (northwestern MOUNT YOUNG), this interval 
consists of a ridge of cross-bedded medium-grained 
sandstone with angular chert pebbles and cobbles (Haines 
et al 1993). In BAUHINIA DOWNS, Pietsch et al (1991b) 
briefly described a thin, recessive basal conglomerate/
breccia at the base of the Mantungula Formation that is 
likely to be equivalent to the Phelp Sandstone. However, in 
northern BAUHINIA DOWNS, the only evidence of Phelp 
Sandstone facies is the presence of basal granule layers in 
the lowermost 5 m of the type section of the Mantungula 
Formation (Abbott et al 2001). Few details are available for 
any of these localities.

Thickness
The Phelp Sandstone is 75 m thick in the type section in 
northeastern phelp (northeastern ROPER RIVER), but in 
an area 2 km north of Buringu (Ruined City) Outstation 
less than 20 km to the south, the succession thins to be only 
39 m thick (Abbott et al 2001). In an anticline in Moroak 

in southwestern URAPUNGA, the formation reaches 
50 m in thickness, and in southeastern URAPUNGA, a 
well exposed section of Phelp Sandstone was estimated by 
Abbott et al (2001) to be at least 63 m thick. Thicknesses of 
the formation are not recorded in MOUNT YOUNG, other 
than that it is ‘thin’ (Haines et al 1993). Further to the south 
in BAUHINIA DOWNS, an equivalent interval at the base 
of the Mantungula Formation is up to 10 m thick (Pietsch 
et al 1991b).

Depositional environment
The Phelp Sandstone is a transgressive sedimentary deposit 
unconformably overlying deformed Nathan Group rocks. 
Abbott and Sweet (2000) described the Phelp Sandstone 
as a ‘tidal platform sandstone’ and Abbott et al (2001) 
included the formation in their coastal tidal platform facies. 
Abbott et al (2001) noted that the type section is a shallow 
marine, coarsening- and thickening-upward succession that 
is indicative of a shallowing-upward, aggradational and 
progradational succession. 

Abbott et al (2001) also interpreted a minor proximal 
fluvial facies component within the formation. The deposits 
to which they were referring presumably include the coarse-
grained sandstone/conglomerate/breccia facies exposed in 
southeastern URAPUNGA. However, the evidence for a 
fluvial depositional environment for these rocks is not very 
compelling. Textural features, such as chaotic fabrics and 
reverse grading with large clasts at the tops of conglomerate 
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beds (see Figure 8b), are clear evidence of subaqueous 
mass flow for which a marine nearshore to inner shelf 
environment is preferred, at least for this facies. 

The predominance of marine facies within the Phelp 
Sandstone is indicative of the rapid submergence of exposed 
basement terranes at the commencement of Roper Group 

deposition. Conglomerate and breccia with angular chert 
clasts at the base of the Phelp Sandstone indicate derivation 
from a nearby source within the Walmudga Formation, 
at least in the southeastern URAPUNGA area. The unit 
overall fines to the north (Abbott et al 2001), suggesting a 
southerly source or transgression direction. 

Figure 8. Phelp Sandstone exposures. (a) Scarp-slope exposure of thickly bedded basal conglomerate, with shallow dip to RHS of image 
(urapunga, 465744mE 8359569mN). (b) Close-up of bedding in (a), showing medium–coarse-grained sandstone (recessive layer) 
overlain by thick conglomerate, with sub-rounded to angular clasts and reverse grading. Conglomerate is interpreted as a subaqueous 
debris flow, with larger clasts at top of bed carried there by upward buoyancy effects. Tape is 1 m in length. (c) Rubbly exposure of white, 
medium bedded, medium-grained quartz sandstone above conglomerate in (a). Tape is 50 cm in length. (d) Basal breccia with angular 
white clasts of chertified limestone from underlying Walmudga Formation (urapunga, 463247mE 8360755mN). (e) Rubbly exposure of 
cream to light brown medium-grained sandstone above breccia in (d), with shallow dip towards lower RHS. (f) Close-up of sandstone in 
(e), showing low-angle planar cross-beds. This is LA–ICP–MS geochronology sample site UR14TJM0032 (see Figures 115, 116).
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Mantungula Formation

The Mantungula Formation (Sweet in Abbott et al 2001, 
after Sweet and Jackson 1986) is a mudrock-dominated, very 
recessive interval between the resistant underlying Phelp 
Sandstone and overlying Limmen Sandstone. The name 
is derived from Mantungula Creek and the Mantungula 
mapsheet in MOUNT YOUNG. The formation was 
previously included in the Limmen Sandstone by Paine 
(1963), Dunn (1963c) and Plumb and Paine (1964), and was 
called the Wilberforce beds in northeastern Arnhem Land 
(Dunnet 1965). Exposures of the formation are typically 
weathered and poor, and confined to small areas in gullies 
and washouts, so that the best source of information is from 
drillhole intersections.

Type and reference sections
In the absence of adequate exposed sections, Sweet in 
Abbott et al (2001) nominated a complete section of the 
formation in diamond drillhole BHP McA-6 (Simpson 
1984, Figures 10, 11a–d) at 558100mE 8228900mN, near 
the northern boundary of BAUHINIA DOWNS, as the 
type section. The base of the formation is interpreted to 
be at 273.15 m and the top at 170.6 m depth (Abbott and 
Sweet 2001). An incomplete surface reference section was 
nominated by Sweet in Abbott et al (2001) in MOUNT 
YOUNG at 523300mE 8299900mN, 78 km to the north-
northwest of the type section.

Distribution
The Mantungula Formation is present at or near the 
base of the Roper Group in virtually all areas where this 
stratigraphic level of the group is exposed, except in eastern 
BAUHINIA DOWNS, northwestern URAPUNGA and 
adjacent parts of MOUNT MARUMBA (Abbott et al 2001). 
Exposures are often largely hidden beneath a veneer of talus 
from the overlying Limmen Sandstone. Very recessive 

minor exposures in gullies and washouts are most extensive 
in southeastern URAPUNGA, western ROPER RIVER, 
western MOUNT YOUNG and northwestern BAUHINIA 
DOWNS (Figure 10). Paine (1963) noted a thick interval of 
Mantungula Formation in TANUMBIRINI, but included it 
as the basal part of the Limmen Sandstone. The formation 
also occurs in a number of wells, scattered from western 
URAPUNGA to northern BAUHINIA DOWNS; these 
wells provide the freshest and most complete intersections, 
including the type section. However, it has not been 
intersected by drillholes in the subsurface Beetaloo Sub-
basin as all wells are terminated at shallower levels.

Relationships and boundary criteria
The Mantungula Formation generally conformably overlies 
and possibly interfingers with the Phelp Sandstone, or where 
the Phelp Sandstone is absent, unconformably overlies 
Nathan Group rocks. The upper contact with the Limmen 
Sandstone is invariably sharp and interpreted to be erosive 
(Figure 11f), but probably does not represent a major hiatus 
(Abbott et al 2001).

Lithology
The formation is generally fine grained and consists 
mostly of shale, siltstone and fine sandstone in varying 
proportions. In the type section, drillhole BHP McA-6 in 
northernmost BAUHINA DOWNS (Figures 10, 11a-c), 
the formation consists of a lower 48 m-thick succession 
of thinly interbedded and interlaminated glauconitic 
sandstone and grey to grey-green micaceous siltstone and 
shale, with quartz-rich granule laminae in the basal few 
metres; overlain by a 39 m-thick interval of mudstone/
siltstone breccia containing intraformational clasts, which 
is interbedded with minor grey-green laminated mudstone 
and thin limestone beds; overlain by an upper interval of 
laminated shale and siltstone with evidence of desiccation, 
including mudcracks and mudstone intraclasts (Simpson 

Figure 9. Photomicrographs of fine-grained sandstone from Phelp Sandstone (thin section UR14TJM0032, southeastern urapunga 
463247mE 8360755mN). (a) Originally well rounded detrital quartz grains with strongly developed authigenic overgrowth cement that 
has occluded porosity. Overgrowths are readily visible because of abundant inclusions trapped at detrital–authigenic quartz boundaries 
(A). Quartz grains are single crystals with straight or slightly undulose extinction. Note detrital quartz grain, just right of centre (B), 
which shows Boehm lamellae, warped sub-parallel lines of very small bubbles resulting from strain deformation; these do not extend 
into overgrowth, indicating that strain deformation must have occurred in the source rock. Crossed nichols (XN). (b) Lithic fragment of 
silicified oolitic limestone, probably derived from underlying Walmudga Formation (Nathan Group) in fine-grained quartz sandstone (top 
right). Chertified ooids retaining original concentric structure are surrounded by a fringe of bladed chalcedony; remainder of original pore 
space is filled with equant megaquartz and iron oxides (brown). XN.
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1984, Abbott et al 2001). Sandstones are commonly 
normally graded and may be cross-bedded. In this drillhole, 
the formation overlies a ca 5 m-thick interval of breccia 
containing lithic fragments, interpreted to be equivalent to 
the Phelp Sandstone. In the nearby drillhole Amoco 82/2, in 
southernmost MOUNT YOUNG, an incomplete 66 m-thick 
intersection of Mantungula Formation consists of green to 
black micaceous mudstone with thin, possibly glauconitic, 
sandstone interbeds that increase in abundance and grain 
size towards the top (Dorrins and Womer 1983, Pietsch 
et al 1991a, Figure 11d-e). The reference section in western 
MOUNT YOUNG consists of about 50 m (incomplete) of 
very thinly interbedded green mudstone and micaceous, 
dolomitic fine-grained sandstone. Sandstone beds have 
sharp bases with tool marks; bed tops occasionally display 
ripples and wrinkle marks (Haines et al 1993).

In URAPUNGA, 8.2 m of Mantungula Formation was 
intersected in the bottom of drillhole Bureau of Mineral 
Resources (BMR) Urapunga-6, near Roper Bar (Sweet and 
Jackson 1986). The lowermost 6 m of this interval is grey 
mudstone with water escape structures and rare laminae 
of fine-grained sandstone with sharp, erosive bases. The 
mudstone is grey-red with green laminae (Figure 11f). This 

colour change might be due to oxidation adjacent to the 
contact with the overlying Limmen Sandstone (Abbott et al 
2001). The upper 2 m has a higher proportion of green-grey 
coarse-grained siltstone and very fine-grained sandstone 
beds.

In BAUHINIA DOWNS, the Mantungula Formation 
is only exposed in the western portion of the sheet area 
as a thin sequence (30–40 m) of poorly exposed shale 
underlying the Limmen Sandstone. The succession consists 
of micaceous and thinly laminated red mudstone and 
siltstone, with wavy bedding in places. Pietsch et al (1991b) 
considered it to be equivalent to the red-bed interval near 
the top of the formation. 

In ROBINSON RIVER, in the southeast of the McArthur 
Basin, the very poorly exposed formation comprises tabular 
red-brown ferruginous, micaceous, dolomitic siltstone and 
fine-grained sandstone with parallel lamination and ripples 
(Rawlings 2005).

Thickness
The Mantungula Formation is about 102 m thick in the 
type section in BHP McA-6 (northernmost BAUHINIA 
DOWNS). In MOUNT YOUNG, drillhole BHP MYD003 
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Figure 11. Mantungula Formation drill core. Arrows point up-section. (a–c) Type section in BHP McA-6 (BAUHINIA DOWNS, 
558253mE 8229090mN); images derived from NTGS HyLoggerTM TSG dataset. Core diameter is 33.5 mm. (a) Laminated shale with 
siltstone laminae and granule layer near base of formation (ca 268 m depth). (b) Normally graded cross-bedded fine- to medium-grained 
sandstone (ca 237 m depth). (c) Interpreted red-bed shale-clast breccia with fine-grained sandstone matrix (ca 218 m depth). (d–e) Amoco 
82/2 (MOUNT YOUNG, 535426mE 8231966mN); images derived from NTGS HyLoggerTM TSG dataset. Core diameter is 47.6 mm. 
(d) Interlaminated shale and siltstone (480–481 m depth). (e) Cross-bedded fine–medium-grained sandstone (ca 434 m depth). (f) Sharp 
erosive contact between Limmen Sandstone (top) and Mantungula Formation mudstone in Urapunga-6 (449798mE 8370169mN) at 
414.6 m depth. 

intersected about 174 m of the formation (Thompson 
et al 1995). In ROPER RIVER, a thickness in the range 
150–170 m was quoted for the formation in northwestern 
phelp (Abbott et al 2001), and in drillhole BHP MYP001 
in southwestern ROPER RIVER, a thickness of 96 m was 
recorded (Thompson et al 1995), which is consistent with 
an estimated thickness of <100 m in nearby southeastern 
URAPUNGA (Abbott et al 2001). In southwestern 
URAPUNGA (Moroak), the thickness of the formation is 
in the range 100–150 m (Abbott et al 2001). Abbott et al 
also estimated a thickness of up to 300 m for the formation 
in TANUMBIRINI, where the formation was first noted, 
but not named, at the base of the Limmen Sandstone by 
Paine (1963).

Depositional environment
The lower portion of the Mantungula Formation was laid 
down in a shallow, subtidal marine shelf environment. 
Abbott et al (2001) interpreted the basal part of the formation 
to be indicative of rapid submergence of the region at the 
commencement of deposition. Much of the formation is 
very fine-grained, but the presence of cross-laminated 
and graded coarser-grained beds is indicative of periodic 
current activity, which in combination with the presence of 
glauconitic sandstone, is consistent with a marine storm-
dominated shelf setting (Haines et al 1993, Abbott et al 
2001, Rawlings 2005). 

Some evidence for a non-marine (continental floodplain) 
environment of deposition towards the top of the Mantungula 
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Formation is provided by the presence of red bed intraclastic 
breccia and fine-grained siliciclastic rocks (Figure 11c). 
Abbott et al (2001) noted that red bed breccia in the type 
section in BHP McA-6 is very similar in character to red 
beds in the Nullawun Member of the overlying Mainoru 
Formation. The brecciated rocks might represent repeated 
in situ desiccation and brecciation of laminated massive 
mudstone and siltstone in a strongly oxidising, non-marine 
environment (Powell et al 1987, Pietsch et al 1991b, Abbott 
and Sweet 2000, Abbott et al 2001). 

Limmen Sandstone

The Limmen Sandstone (Sweet in Abbott et al 2001, after 
Dunn 1963c) is a resistant, ridge-forming sandstone unit that 
outcrops widely in the McArthur Basin (Figure 12). The 
name is derived from the Limmen Bight River, in MOUNT 
YOUNG. As the sandstone is more resistant to erosion than 
the enclosing formations, it is exposed as mesas, cuestas or 
narrow ridges, depending on the angle of dip (Figure 13a). 
The Limmen Sandstone was first mapped in URAPUNGA 
by Ruker (1959) as the Canopy Rock Sandstone, but the 
name was modified to Limmen Sandstone (Dunn 1963c) 
when the First Edition URAPUNGA geological map was 
published. In northeastern Arnhem Land, the formation 
was previously mapped as the Mallison Sandstone and 
lower Wigram Formation of the Malay Road Group, and 
part of the Baralminar beds. All of these names are now 
superseded as the rocks have been remapped as Limmen 
Sandstone, and the Malay Road Group has been replaced 
by the Roper Group (Rawlings et al 1997). Paine (1963), 
Dunn (1963c) and Plumb and Paine (1964) included rocks 
now mapped as Mantungula Formation in the Limmen 
Sandstone. The upper part of the Limmen Sandstone, north 
of the Roper River near Roper Bar, has also been reassigned 
to the Gibb and Wadjeli Sandstone members of the lower 
Mainoru Formation (Abbott et al 2001).

Type section
The type section of the formation is near Mission Gorge 
in the Collara Mountains, 10 km northeast of Ngukurr 
in URAPUNGA (Figure 12); the base is at 477100mE 
8378900mN and the top is at 478100mE 8381000mN.

Distribution
The Limmen Sandstone is one of the more widely distributed 
of the Roper Group units. Exposures occur as far north as 
northeastern ARNHEM BAY; it has also been intersected in 
the subsurface beneath younger covering rocks as far south 
as northern WALHALLOW (Figure 12). It also occurs in 
the north in southern MOUNT MARUMBA and western 
BLUE MUD BAY, in central areas in URAPUNGA and 
ROPER RIVER, and in the south in HODGSON DOWNS, 
MOUNT YOUNG, northeastern TANUMBIRINI, 
BAUHINIA DOWNS and western ROBINSON RIVER. 
It is likely to be present in the subsurface throughout 
much of the Beetaloo Sub-basin, although it has only been 
intersected by a single drillhole, Pangaea Hidden Valley-S2 
(Pangaea 2015a), in the southwestern part of the sub-basin 
(DALY WATERS); all other wells in the sub-basin were 
terminated at shallower levels.

Relationships and boundary criteria
In most areas, the Limmen Sandstone concordantly overlies 
the Mantungula Formation with a sharp and locally 
erosive contact (Figure 11f), but there is no evidence of 
a substantial disconformity between these units. In areas 
where the Mantungula Formation is absent, the Limmen 
Sandstone is unconformable on various older units, 
including the Dook Creek Formation (Mount Rigg Group) in 
MOUNT MARUMBA (Sweet et al 1999) and northwestern 
URAPUNGA (Abbott et al 2001); the Palaeoproterozoic 
Urapunga Granite in southeastern URAPUNGA (Abbott 
et al 2001); and various units of the McArthur or Nathan 
groups in southeastern MOUNT YOUNG (Haines et al 
1993), northeastern HODGSON DOWNS (Dunn 1963a), 
north-central DALY WATERS (Pangaea 2015a), eastern 
BAUHINIA DOWNS (Pietsch et al 1991b), and locally 
in ROBINSON RIVER (Rawlings 2005). At one locality 
in MOUNT MARUMBA where the unconformity with 
the Dook Creek Formation is exposed, up to a metre of 
brecciated chert occurs immediately below the contact; this 
breccia appears to be sedimentary rather than tectonic, and 
was interpreted by Sweet et al (1999) as a probable regolith 
layer.

The upper contact with the Mainoru Formation is 
rarely exposed, but is sharp and generally conformable in 
most areas. However, in northwestern URAPUNGA and 
adjacent KATHERINE, a disconformable relationship is 
interpreted (Kruse et al 1994, Abbott et al 2001). This is 
based on a number of observations, including: the absence 
of basal members of the Mainoru Formation in mapped 
areas, the presence of a thin basal conglomerate in the 
Mainoru Formation in one area, and the presence of coarse 
sand grains and granules just above the contact in drillholes 
Normandy FFD 1, Pacific Oil & Gas (POG) Broughton-1 
and BMR Urapunga-1 (see Figure 12). There is no evidence 
of a substantial hiatus between these units.

Lithology
In most areas, the Limmen Sandstone can be divided into 
two units: a relatively thin basal interval of medium- to 
coarse-grained sandstone, overlain by a much thicker 
interval dominated by finer-grained sandstone. 

The basal coarser-grained unit is 5–10 m thick and consists 
mostly of well indurated, white, thickly or very thickly bedded, 
medium- to very coarse-grained and/or granule-rich quartz 
sandstone, and minor pebbly sandstone and conglomerate 
(Figure 13b–c). Bed thickness is in the range 0.2–2 m. Beds 
commonly have erosive bases and may be normally graded. 
Trough and planar cross-beds on a medium to very large scale 
are ubiquitous; possible hummocky cross-stratification occurs 
in some areas (Haines et al 1993, Rawlings et al 1997, Abbott 
et al 2001). Prolapsed (overturned) cross-beds have also 
been noted at a few localities in URAPUNGA and ROPER 
RIVER (Abbott et al 2001). Coarse-grained pebbly sandstone 
and conglomerate have been reported from the lower unit 
in ARNHEM BAY (Rawlings et al 1997), BAUHINIA 
DOWNS (Pietsch et al 1991b), MOUNT YOUNG (Haines 
et al 1993) and MOUNT MARUMBA (Sweet et al 1999). 
In BAUHINIA DOWNS, these coarse-grained rocks range 
from a poorly sorted, ferruginous sandstone with medium 
to very coarse quartz grains and rounded to subrounded 
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chert fragments, to a chert pebble conglomerate containing 
subrounded to subangular chert fragments (5–15 mm). 
The conglomerate is matrix supported; the matrix consists 
of fine to medium quartz grains with an iron-stained 

siliceous cement. In MOUNT MARUMBA, coarse-grained 
conglomeratic sandstone and conglomerate lenses occur at 
the base of the Limmen Sandstone, below the main sandstone 
body (Sweet et al 1999). One such interval was described as 
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consisting of ca 40 m of pebble to cobble conglomerate with a 
coarse-grained, well sorted quartz sandstone matrix, overlain 
by massive fine- to medium-grained sandstone, constituting 
the ‘typical’ Limmen Sandstone. The upper part of the 

conglomeratic unit contains rounded clasts to cobble size; all 
the clasts are of chert or silicified white siltstone similar to 
the underlying Dook Creek Formation indicating that they are 
locally derived.

Figure 13. Limmen Sandstone exposures. (a) Typical ridge-forming exposure. Lower coarser-grained unit forms bench in foreground. 
Second ridge of finer-grained sandstone of upper unit forms top of ridge in background (Limmen National Park in southeastern URAPUNGA, 
458105mE 8357605mN). (b) Cross-bedded coarse-grained sandstone from lower unit at base of type section in southeastern URAPUNGA 
(477151mE 8379039mN). (c) Cross-bedded, normally graded, very coarse- to coarse-grained sandstone beds with basal scouring at same 
location as (a). (d) Finer-grained upper unit from type section, showing ca 50 cm-thick bed of planar-laminated fine–medium-grained 
sandstone on thinly bedded fine-grained sandstone. Note scoured contact (477361mE 8379423mN). (e) Current (streaming) lineation 
and sand shadows on bedding surface of medium-grained sandstone from upper unit, ca 20 m up-section from (a). Current direction was 
from left to right. (f) Rare climbing ripple lamination in fine-grained sandstone in vicinity of (e). Climbing ripples indicate a high rate of 
sedimentation. Current direction from right to left.
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The upper unit is of medium to thickly bedded, fine–
medium-grained, well sorted quartz sandstone with 
laminae and thin to medium interbeds of fine-grained, 
highly micaceous sandstone and coarse-grained siltstone 
(Figure 13d). Thin intervals with intraformational 
mudstone or siltstone clasts are locally common (Pietsch 
et al 1991b, Haines et al 1993). Sedimentary structures 
include horizontal and gently inclined lamination, basal 
scours in coarser-grained beds, mudstone intraclasts, ripple 
cross-lamination, current lineations and rare climbing 
ripple lamination (Figure 13e–f). Hummocky cross-
stratification and glauconite are present in some localities. 
Pietsch et al (1991b) also reported toolmarks and flame 
and load structures associated with finer-grained siltstone 
beds. Planar and trough cross-bedding is rare in the upper 
unit, although it has been reported from some localities 
in ARNHEM BAY (Rawlings et al 1997) and MOUNT 
YOUNG (Haines et al 1993). In drillhole Urapunga-6, the 
upper interval of the formation is 96 m thick and consists 
of fine-grained, ripple-laminated sandstone with numerous 
micaceous partings and scattered intraclasts. Bedding 

partings and thin beds are composed of pale green, 
presumably authigenic mica flakes 1–5 mm across. The 
uppermost 8 m becomes progressively more thinly bedded; 
it contains increasing numbers of red siltstone intraclasts in 
very fine- to fine-grained, red-grey sandstone (Sweet and 
Jackson 1986, Abbott et al 2001). In MOUNT YOUNG, 
Haines et al (1993) reported about 45 m of recessive, 
interbedded, red, flaggy, micaceous fine-grained sandstone 
and mudstone in a measured section through the upper part 
of the formation, capped by a final interval of more resistant 
fine- to medium-grained quartz sandstone. 

Mineralogically, the sandstones throughout the 
formation are supermature, containing more than 95% 
monocrystalline quartz, with minor amounts of chert, mica, 
opaque minerals and glauconite (Sweet et al 1999, Haines 
et al 1993, Abbott et al 2001). These are commonly set in 
a siliceous cement. A cross-bedded sandstone from the 
lower unit in the type section contains generally rounded to 
well rounded quartz grains, with rare small grains of chert, 
opaque minerals, amphibole, glauconite, muscovite and 
biotite (Figure 14a–d). Grain size is polymodal; laminae of 

Figure 14. Photomicrographs of cross-bedded lower Limmen Sandstone (thin section UR14TJM0020, type section, southeastern urapunga 
477151mE 8379039mN). (a) Detail of coarse foreset lamina showing originally well rounded, coarse detrital quartz grains with strongly 
developed authigenic overgrowth cement that has occluded porosity. Overgrowths are readily visible because of abundant inclusions trapped 
at detrital–authigenic quartz boundaries. XN. (b) Detail of finer foreset lamina showing poorly sorted fine to medium quartz grains, a partially 
developed authigenic overgrowth cement developed from coarser grains that has incorporated some smaller grains and porosity (blue). Quartz 
grains show both straight and undulatory extinction. Poor sorting is possibly due to combination of avalanching of coarser grains down lee 
slope coupled with backflow eddy transport of finer grains into foreset. XN. (c) Fractured, well rounded coarse quartz grain, with authigenic 
overgrowth cement, lines of small inclusions and biotite inclusion that might indicate a granitic provenance. XN. (d) Rare rounded altered? 
glauconite and well cemented, coarse quartz grains from coarse foreset lamina. Plane polarised light (PPL).
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relatively well sorted, medium–coarse well rounded grains 
alternate with laminae of more poorly sorted, fine–medium 
sub-rounded to sub-angular grains. A well developed 
quartz overgrowth cement partially to completely occludes 
porosity.

Abbott et al (2001) reported the presence of cycles 
within the Limmen Sandstone in URAPUNGA and 
ROPER RIVER, but noted that due to poor exposure of the 
finer intervals, it is generally difficult to determine if these 
are fining- or coarsening-upward. Cyclicity at a scale of 
10–20 m is apparent in phelp in northern ROPER RIVER 
where at least four bench-forming quartz sandstone units are 
separated by recessive shaly intervals. These may indicate 
shallow marine prograding sandstone units. A series of 
fining-upward cycles are evident in drillhole Poseidon 
FFD 1 (Price 1994) located in northwestern URAPUNGA.

Thickness
The Limmen Sandstone generally has a sheet-like 
geometry, but varies considerably in thickness across its 
wide outcrop extent. At its most northerly outcrops in 
ARNHEM BAY-GOVE, the formation has an estimated 
thickness of about 130 m (Rawlings et al 1997). To the 
southwest in MOUNT MARUMBA and northwestern 
URAPUNGA, the formation is considerably thinner, 
generally in the range 15–30 m (Sweet et al 1999, Abbott 
et al 2001). It reaches a maximum measured thickness 
in this area of 36 m in Broughton-1 (Rawlings 2015, 
Figure 12). The formation thickens to the east and 
southeast through URAPUNGA and ROPER RIVER and 
reaches 54 m and 65 m at two locations in phelp, and 102 m 
in Urapunga 6 (Abbott et al 2001). In MOUNT YOUNG 
to the south, Haines et al (1993) recorded a maximum 
thickness of 140 m in a measured section, but noted that 
most sections are ‘somewhat thinner’. In TANUMBIRINI 
to the southeast, in the outcropping margins of the 
Beetaloo Sub-basin, a maximum thickness of 330 m was 
estimated for the formation by Abbott et al (2001). About 
130 m of Limmen Sandstone is intercepted in the only 
drill intersection within the Beetaloo Sub-basin, Hidden 
Valley-S2 in DALY WATERS (Pangaea 2015a). Further 
to the east in BAUHINIA DOWNS, Pietsch et al (1991b) 
reported a fairly constant thickness of 80–120 m, but noted 
that in the east of this mapsheet, the formation thins to 
10–20 m. At the most southeasterly outcrops of the unit in 
Robinson River, a thickness of about 200 m was estimated 
by Rawlings (2005). In drillholes in northern Wallhallow, 
the southernmost-known extent of the formation, a 
maximum thickness of about 169 m was reported from 
drillhole BHP GSD3 (Darby et al 1994, Figure 12). 

Depositional environment
A shallow-marine environment of deposition for the 
Limmen Sandstone is well supported by the presence 
of hummocky cross-stratification, rare glauconite and 
cyclicity at a scale of 10–20 m in northern ROPER RIVER 
(Abbott et al 2001) that may be indicative of shallow-marine, 
prograding sandstone units. A variety of shallow subtidal to 
storm-dominated shoreface environments is interpreted for 
the formation. Abbott et al (2001) included the formation in 
their coastal tidal platform facies. 

Some previous studies (eg Powell et al 1987, Pietsch et al 
1991b, Sweet et al 1999, Abbott et al 2001) have interpreted 
a possibly fluvial setting, at least in part, in particular for the 
lower coarser-grained interval. Powell et al (1987) interpreted 
the entire formation as a vast sheet of predominantly fluvial 
sand with the lower interval representing proximal, braided 
stream deposits, and the upper finer interval representing 
more distal, predominantly meandering stream deposits. 
However, Sweet et al (1999) and Abbott et al (2001) noted 
that a marine environment was more likely for the finer 
upper part of the formation, particularly because there 
are no associated overbank fines as would be expected in 
a ‘meandering’ fluvial system. Although it is possible, the 
evidence for a fluvial environment is also not particularly 
compelling for the coarser-grained lower interval of the 
formation. Possible exceptions (not visited during this 
study) include local basal conglomerate lenses in MOUNT 
MARUMBA that were interpreted as non-marine fluvial 
channel or alluvial-fan deposits occupying an uneven, 
eroded surface of Dook Creek Formation (Sweet et al 1999), 
and pebble conglomerates in eastern BAUHINIA DOWNS 
that were interpreted by Pietsch et al (1991b) as alluvial fan 
deposits eroded from uplifted blocks of older McArthur 
Group rocks along the Emu Fault. Sweet et al (1999) 
commented that the basal, granule-rich cross-bedded facies 
of the formation, fining up to current-rippled sandstone, is 
consistent with a fluvial setting, but these facies can also 
be deposited in shallow-marine environments subject to 
moderate to high-energy conditions. A marine setting is 
also indicated by the presence of rare glauconite from near 
the base of the formation (Haines et al 1993, Figure 14d), 
and by the high compositional maturity of the sandstones, 
which coupled with the extensive lateral continuity and 
sheet-like geometry of the formation, collectively are 
generally indicative of a subaqueous sand body. 

Mainoru Formation

The Mainoru Formation (Sweet in Abbott et al 2001, after 
Dunn 1963b, c) occurs widely throughout the greater 
McArthur Basin (Figure 15) and is named after Mainoru 
homestead in northwestern URAPUNGA. It comprises up 
to several hundred metres of mudstone and shale, sandstone, 
limestone and calcareous mudrocks. In the URAPUNGA–
ROPER RIVER region, the formation has been divided 
into six members formally defined by Abbott et al 
(2001): in ascending order, the Gibb, Wadjeli Sandstone, 
Nullawun, Mountain Valley Limestone, Wooden Duck 
and Showell members. Four of these (Nullawun, Mountain 
Valley Limestone, Wooden Duck and Showell members) 
are recognised in some areas of MOUNT MARUMBA 
(Sweet et al 1999), but are not recognised elsewhere. On 
the southeastern side of the Abner Range in BAUHINIA 
DOWNS, a sandstone unit above the basal shale interval 
is recognised as the informal Kilgour sandstone member 
(Jackson et al 1987, Haines et al 1993). Palynomorphs 
from the Mainoru Formation have been listed and briefly 
discussed by Javaux et al (2001) and Grey (2015). 

The usefulness of subdividing the formation into 
numerous members in URAPUNGA, ROPER RIVER and 
MOUNT MARUMBA is somewhat debatable. In most areas 
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other than in these mapsheets, the Mainoru Formation has 
not been subdivided. The massive redbeds of the Nullawun 
Member, which is only recognised in the subsurface, make it 
the most distinctive member; this unit can be used to broadly 
separate the formation into lower and upper successions. 
However, it would be difficult to visually distinguish upper 
and lower parts of the formation, which are lithologically 
similar, in areas where this unit and the thin, underlying 
Wadjeli Sandstone Member are not present. The upper part of 
the formation, above the Nullawun Member, is dominated by 
fine-grained siliciclastic rocks, including mudrocks, siltstone, 
sandstone, and minor limestone. Smith (2016) reported 
on several HyLoggedTM drillholes (Urapunga-1, -5, and -6, 
Broughton-1, and Amoco 82/2 and 82/3) that intersect the 
various members in the URAPUNGA-ROPER RIVER area 
and concluded that it is very difficult to pick the difference 
between the Showell and Wooden Duck members at the top 
of the formation based on mineralogy and textures. Abbott 
et al (2001) noted that a laminated limestone occurs near 
the base of the Showell Member, but this is only observed 
in the HyLogged data from Urapunga-5. Carbonate rocks 
are very much a subordinate component of the underlying 
Mountain Valley Limestone Member (10–20%, not including 
calcareous sandstone). Should carbonates not be present, 
this unit would also be very difficult to distinguish from 
the overlying members. However, in general, the various 
members of the formation can be broadly distinguished 
based on subtle differences in the mineralogy and textures in 
the HyLogged data (Smith 2016), and the member names are 
therefore retained herein. To determine if they are applicable 
across the entire distribution of the Mainoru Formation would 
require a significant amount of remapping and relogging of 
cores, which is beyond the scope of the present study. 

The Mainoru Formation is very recessive and is easily 
weathered and eroded. It is commonly masked by regolith, 
or by rubble from more resistant adjacent units. The 
formation forms rubble- and scree-covered valleys, or low 
rounded hills and slopes between resistant ridges of the 
Limmen Sandstone, Crawford Formation and/or Cretaceous 
sandstone plateaux. Mudstone-dominated intervals are 
rarely exposed, except in northwestern URAPUNGA, 
where the Showell Member forms low rises. More resistant 
members form low terraced rises and hills (Mountain 
Valley Limestone Member) or prominent escarpments with 
sandstone caps (eg Wooden Duck Member in MOUNT 
MARUMBA). In northeastern Arnhem Land, the Mainoru 
Formation was originally mapped as the medial part of the 
‘Wigram Formation’ of the ‘Malay Road Group’ and the 
upper part of the ‘Baralminar beds’ (Dunnet 1965, Plumb 
and Roberts 1992). These names are now superseded. North 
of the Roper River near Roper Bar, the Gibb and Wadjeli 
Sandstone members of the lower Mainoru Formation were 
originally mapped (Dunn 1963c) as the upper part of the 
Limmen Sandstone (Abbott et al 2001). In ROBINSON 
RIVER, the formation was partially mismapped as 
Crawford Formation by Yates (1963).

Type section
The type section of the formation is southeast of Mountain 
Valley homestead, in northwestern URAPUNGA, from the 
base at 372100mE 8444000mN, to a midpoint at 373600mE 

8437600mN, then southeast to the top at 379600mE 
8433200mN (Figure 15). The type sections for the various 
members are listed below in the relevant sections.

Distribution
The Mainoru Formation is one of the more widely distributed 
of the Roper Group units. Exposures occur as far north as 
central ARNHEM BAY, and it has also been intersected in 
the subsurface beneath younger covering rocks as far south 
as northern WALHALLOW (Figure 15). It also occurs in 
the north in southern and eastern MOUNT MARUMBA 
and northwestern BLUE MUD BAY, in central parts of 
the basin in KATHERINE, URAPUNGA and ROPER 
RIVER, and in the south in HODGSON DOWNS, MOUNT 
YOUNG, northeastern TANUMBIRINI, BAUHINIA 
DOWNS and western ROBINSON RIVER. It is likely to be 
present in the subsurface throughout much of the Beetaloo 
Sub-basin, although it has only been intersected by a single 
drillhole in this area, Pangaea Hidden Valley-S2 (Pangaea 
2015a), in the southwestern part of the sub-basin (DALY 
WATERS); all other wells in the sub-basin were terminated 
at shallower levels. The known distribution of the various 
members of the formation is shown in Figure 16. 

Relationships and boundary criteria
The lower boundary of the Mainoru Formation with 
the Limmen Sandstone is conformable or slightly 
disconformable. In areas where the basal Gibb and 
Wadjeli Sandstone members are missing and the Limmen 
Sandstone is overlain by the Nullawun Member, the 
contact is sharp, disconformable and locally marked 
by a thin conglomerate such as occurs in northwestern 
URAPUNGA (Abbott et al 2001). In KATHERINE, the 
lower three members are all missing and the Mountain 
Creek Limestone Member overlies the Limmen Sandstone, 
presumably disconformably (Kruse et al 1994). A sharp, 
but conformable contact between Limmen Sandstone and 
overlying Mainoru Formation shale has also been described 
in some areas, such as in MOUNT YOUNG (Haines et al 
1993) and in drillholes (eg Normandy FFD 1, Broughton-1 
and Urapunga-1; Abbott et al 2001). In most other areas, the 
contact is described as generally conformable, but it is rarely 
exposed. In a few areas, such as southeastern URAPUNGA 
(Abbott et al 2001) and BLUE MUD BAY (Haines et al 
1999), the contact has been described as conformable and 
gradational over a few metres. 

The upper boundary of the Mainoru Formation with 
the Crawford Formation is conformable and gradational in 
most areas. It is placed at the top of the siltstone-dominated 
succession at the first characteristic bed of micaceous or 
glauconitic, very fine- or fine-grained sandstone of the 
Crawford Formation (Powell et al 1987, Haines et al 1993, 
Sweet et al 1999, Abbott et al 2001). In ARNHEM BAY, 
this contact is intruded by dolerite (Rawlings et al 1997). 
The Mainoru Formation is also unconformably overlain 
by the Neoproterozoic Buckingham Bay Sandstone of the 
Arafura Basin in this area. In some areas, such as much 
of northwestern URAPUNGA, the overlying units have 
been completely eroded, and the Mainoru Formation is 
unconformably overlain by the Jalboi Formation (Abbott 
et al 2001). 
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Sills of the 1324 ± 4 Ma Derim Derim Dolerite intrude 
the upper Mainoru Formation (Abbott et al 2001). 

Lithology
Abbott et al (2001) described the Mainoru Formation as 
a ‘complex unit of red, green, grey and black shale and 
siltstone, glauconitic and micaceous sandstone, micritic and 

intraclastic limestone, and calcareous mudstone’. Mudrocks 
and subordinate sandstone are typical of the formation. 
Carbonate rocks are only a minor component, occurring in 
the central and northern McArthur Basin (KATHERINE, 
URAPUNGA, MOUNT MARUMBA, ARNHEM BAY). 
They do have some palaeoenvironmental significance as 
carbonate rocks are atypical of the Roper Group and are 
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generally absent from the remainder of the succession. 
Interpreted red beds have been described from the formation 
within the Nullawun Member (Abbott et al 2001) and at the 
base of the formation in BAUHINIA DOWNS (Pietsch et al 
1991b). In URAPUNGA, ROPER RIVER and MOUNT 
MARUMBA, the succession has been divided into a number 
of mappable members, but this nomenclature has not been 
applied throughout the area of distribution, partly because of 
the vintage of mapping, which commonly predates definition 
of the members (in Abbott et al 2001), partly because of poor 
exposures that preclude further subdivision of the formation, 
and partly because of lateral facies variations throughout 
its wide geographical area. Details of the lithology of the 
individual members are discussed further below in the 
relevant sections. 

Undivided Mainoru Formation is dominated by 
mudrocks with subordinate, usually thinly interbedded, very 
fine- to fine-, less commonly medium-grained sandstone. 
However, resistant sandstone-dominated intervals, up to tens 
of metres thick, occur within the formation in most areas. 
Mudrocks (mudstone and shale) are thinly to very thinly 
bedded or finely laminated, and are commonly micaceous, 
sometimes dolomitic. One of the few places where relatively 
fresh black carbonaceous mudstone is exposed occurs near 
the western end of Inglis Island in ARNHEM BAY (at 
624500mE 8665300mN) where a 60 m-high vertical cliff 
face is preserved under a resistant cap of unconformably 
overlying Buckingham Bay Sandstone (Arafura Basin). 
Rawlings et al (1997) reported coarser-grained silty horizons 
that display small-scale hummocky cross-stratification and 

wavy bedding, and truncation surfaces from this succession. 
Haines et al (1993) reported fine pyrite in black, probably 
carbonaceous shale from MOUNT YOUNG. Pietsch et al 
(1991b) noted abundant ripple marks and mudcracks in thinly 
bedded and flaggy siltstone from BAUHINIA DOWNS. The 
average composition of the mudrock, based on geochemical 
analyses of 14 samples, is about 60% clay, 31% quartz and 
9% other minerals (Revie 2015a, Figure 17).

Sandstone is typically micaceous and/or glauconitic and 
contains a wide range of sedimentary structures, including 
abundant cross-bedding, locally common hummocky and 
swaley cross-stratification, wave ripples, climbing ripples, 
graded bedding, convolute bedding, slump structures and 
other soft-sediment deformation features, lenticular (linsen) 
and wavy bedding, mudclast intervals, load casts, flute 
moulds, gutter casts, tool marks and current lineation (Paine 
1963, Pietsch et al 1991b, Haines et al 1993, 1999, Rawlings 
et al 1997, Rawlings 2005). 

There is some evidence of cyclicity within the formation. 
Coarsening- and thickening-upward cycles were reported 
by Haines et al (1993) from MOUNT YOUNG; the 
overall succession was described as coarsening-upward in 
BAUHINIA DOWNS (Pietsch et al 1991b). Shallowing- and 
coarsening-up successions have also been described from 
URAPUNGA and adjacent areas (Abbott et al 2001).

Thickness
The Mainoru Formation varies considerably in thickness 
throughout its area of distribution. Abbott et al (2001) 
quoted about 270 m in northwestern URAPUNGA based on 
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an intersection of 269 m in Urapunga-1 (Sweet and Jackson 
1986), about 540 m in southeastern URAPUNGA, and 
possibly close to 1000 m in northwestern ROPER RIVER. 
Sweet et al (1999) estimated about 250 m in MOUNT 
MARUMBA. The formation is about 500 m thick in 
MOUNT YOUNG (Haines et al 1993) and ARNHEM BAY 
(Rawlings et al 1997), about 730 m thick in TANUMBIRINI 
(Paine 1963), and 250–300 m thick through much of 
BAUHINIA DOWNS except in the Abner Range where 
it may be up to 600 m (Jackson et al 1987, Pietsch et al 
1991b). In the southeast of the basin, it is estimated to be 
400–500 m thick in ROBINSON RIVER (Rawlings 2005). 
Thicknesses in well intersections are given in Figure 16. 
A subsurface intersection of 278 m of mostly fine-grained 
sedimentary rocks in the most southerly well, BHP MD1A 
in WALHALLOW, was inferred by Brescianini and Brown 
(1993) to be of Mainoru Formation, but this is unconfirmed.

Depositional environment
The majority of the Mainoru Formation is interpreted to 
have been deposited in a shallow-marine setting, but a range 
of environments appear to be represented within the unit, 
from fluvial floodplain with palaeosols (Nullawun Member) 
to supratidal and intertidal, and to subtidal, storm-wave-
influenced marine shelf (Powell et al 1987, Pietsch et al 
1991b, Rawlings et al 1997, Haines et al 1993, Rawlings 
2005, Abbott et al 2001). As noted by Powell et al (1987), 
the Mainoru Formation overlying the Nullawun Member 
(the base of the formation in many areas) reflects an upward 
transition to marine facies.

Gibb Member

The Gibb Member (Young and Sweet in Abbott et al 2001), 
named after Gibb Bluff in southeastern URAPUNGA, 
is a recessive fine-grained unit at the base of the Mainoru 
Formation that is poorly exposed in southeastern 
URAPUNGA and southwestern ROPER RIVER. It was 

originally mapped by Dunn (1963c) as the uppermost part of 
the Limmen Sandstone. The member forms low hills or scarp 
slopes capped by the overlying Wadjeli Sandstone Member. 

Type section
The type section of the member is an approximately south–
north section in eastern URAPUNGA, from 478100mE 
8381000mN (base), to 478000mE 8382000mN (top), 
straddling the Ngukurr–Numbulwah road. Exposures are 
poor and consist mainly of abundant rubble (Figure 18a).

Distribution
Exposures of the Gibb Member are confined to a north-
dipping belt of rocks a few kilometres to the north of 
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Figure 17. Average mineral content (wt%) of Mainoru Formation, 
as determined from geochemical analyses (after Revie 2015a). 

Figure 18. Gibb Member of Mainoru Formation. (a) Rubble 
pavement exposure of thin, platy fine-grained sandstone in type 
section adjacent to Ngukurr–Numbulwah road in URAPUNGA at 
478034mE 8381427mN. (b) Laminated mudrock and interbedded/
interlensed sandstone/siltstone, showing graded bedding, ripple 
lamination and dewatering structures. Urapunga-6 (449798mE 
8370169mN), portion of core tray at ca 237 m depth. Arrow points 
up-section. Core diameter is 47.6 mm.
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Ngukurr and to scattered areas south of the Roper River, 
both in URAPUNGA (Figure 16). It also occurs in adjacent 
areas of southwestern ROPER RIVER. Abbott et al (2001) 
suggested that the unit might also outcrop further south in 
MOUNT YOUNG as noted from aerial photograph patterns. 
The member has not generally been differentiated from 
undivided lower Mainoru Formation in drillholes, many of 
which were terminated at shallower levels or predate the 
definition of the unit. However, a complete intersection 
of the member is in Urapunga-6 (Abbott et al 2001). The 
member has also been identified in a single drillhole, 
Pangaea Hidden Valley-S2, in the southwestern part of the 
Beetaloo Sub-basin (DALY WATERS, Pangaea 2015a). 
This suggests that it might be present in the subsurface 
throughout much of the sub-basin. 

Relationships and boundary criteria
The Gibb Member is conformable on the Limmen 
Sandstone. In Urapunga-6, the contact is an 8 m-thick 
transition zone, within which intraclast-rich fine-grained 
sandstone of the uppermost Limmen Sandstone is overlain 
by interbedded mudstone and sandstone of the Gibb 
Member (Sweet and Jackson 1986). There is a gradational 
conformable contact with the overlying Wadjeli Sandstone 
Member.

Lithology
The Gibb Member consists of thinly interbedded laminated 
mudstone and commonly ripple cross-laminated, silicified, 
very fine-grained sandstone and siltstone (Figure 18b, 
Abbott et al 2001). Bedding and laminations are irregular; 
micaceous partings are common. Other sedimentary 
structures include symmetric ripples, synaeresis cracks, 
graded bedding, dewatering features, toolmarks, groove 
moulds, small gutter casts, poorly formed flutes, rare 
intraclast breccias and rare toroids. Petrographically, 
the sandstone consists of >95% sub-rounded to rounded 
quartz with syntaxial authigenic rims that, along with 
clay minerals and iron oxides, have infilled most pore 
spaces. Other mineral grains include detrital tourmaline, 
zircon and rare glauconite (Figure 19a–c). In a complete 
section through the member in Urapunga-6 (Sweet and 
Jackson 1986), the mudstone is dark grey to olive-black, 
and contains rare specks of bitumen and sulfides, mostly 
galena. Desiccation features and thin, very fine-grained 
sandstone beds are common near the base of the unit 
in this drillhole. Up-section, evidence for desiccation 
is absent, but small-scale dewatering features, small 
(millimetre-scale) dolomite nodules or concretions, and 
dolomitised intraclasts are common. Thin sandstone–
mudstone couplets are common throughout the drill core, 
but become thicker towards the top where the boundary 
with the Wadjeli Sandstone Member is placed at the first 
thick bed of fine-grained quartz sandstone. 

Thickness
Abbott et al (2001) estimated the type section to be in the 
range 225–250 m. The member appears to thin to the west, 
a trend consistent with an observed thickness of only 95.1 m 
from 217.3 m depth in Urapunga-6, located 32 km to the 
southwest of the type section.

Figure 19. (a–c) Photomicrographs of fine-grained sandstone 
of Gibb Member (thin section UR14TJM0024) from rubble 
exposure in type section adjacent to Ngukurr–Numbulwah road 
in URAPUNGA at 478034mE 8381427mN. (a) Sub-rounded to 
rounded quartz grains with well developed, authigenic, syntaxial 
rims that invade pore spaces and impart an angular appearance 
to grains. Overgrowths can be distinguished by abundant 
inclusions trapped at detrital–authigenic quartz boundaries. 
Brown material is interstitial iron-oxide and clay minerals. PPL. 
(b) As for (c) but with XN. Note rare muscovite grains with 2nd-
order interference colours. (c) Quartz, glauconite (green) and 
chert grains. Note simple extinction and abundant inclusions 
in some quartz grains. Authigenic quartz cement occludes 
porosity. XN.
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to fine-grained sandstone, overlain by a few metres of 
poorly exposed ‘red beds’ that ‘mantle the dip slope of 
ridge-forming sandstone’. Exposures of the sandstone 
are typically massive or thickly bedded, and may be 
trough cross-bedded (Figure 20b, c). Synaeresis cracks 
and soft-sediment deformation features are evident in 
drill core (Figure 20a). In thin section, the sandstone 
is supermature, with >95% sub-rounded to rounded 
detrital quartz grains, plus rare muscovite and chert set 
in a siliceous and/or ferruginous cement (Figure 21a –c). 
The ‘red beds’ reported by Abbott et al (2001: figure 18) 
from the type section were not located during a visit to 
the area for the current study, although minor ferruginous 
sandstone is present (Figure 20d). Ferruginous rocks 
are present on the dip slope as reported by Abbott et al, 
but these all appear to be vermiform ferricrete. However, 
oolitic ironstone has also been reported from the base of the 
member in the vicinity of and to the east of Kipper Creek 
(454000mE 8380600mN). The ironstone-bearing interval 
was defined by exploration drilling in the early 1960s and 
is up to 3.7 m thick (averaging 2.6 m) with an average grade 
of 29.2% Fe over a 10 km strike length. It consists of two 
oolitic to pisolitic ironstone beds separated by a 0.9 m thick 
ferruginous shale bed. Mineralogical descriptions indicate a 
very similar composition and texture to Sherwin Formation 
oolitic ironstones (Williams 1962). A complete intersection 
of the member in Urapunga-6 (Sweet and Jackson 1986) 
does not contain any ironstone, but coarse- to very coarse-
grained ferruginous sandstone with abundant intraclasts is 
present in a 3.5 m-thick interval at the top of the member. 

Thickness
Abbott et al (2001) reported a thickness of about 15 m in the 
type section. The interpreted intersection of the member in 
Urapunga-6 is 12.9 m, from 217.3 m to 204.4 m (Abbott and 
Sweet 2001). 

Depositional environment
The Wadjeli Sandstone Member is an interpreted a 
tidal platform sandstone capping a shallowing-upward 
succession that also includes the basal fine-grained Gibb 
Member. The uppermost, iron-rich, oolitic to pisolitic 
parts of the member appear to represent shallow-marine to 
perhaps partly non-marine rocks (Abbott et al 2001). It can 
probably be included in the coastal tidal platform facies of 
Abbott et al (2001) like most Roper Group sandstones in 
younger parts of the succession.

Nullawun Member

The Nullawun Member (Sweet in Abbott et al 2001) is named 
after Nullawun Lagoon in southeastern URAPUNGA. It is 
a very recessive unit of distinctive, red or red-brown fine-
grained rocks that is best known from the subsurface in a 
few URAPUNGA drillholes (Figure 16).

Type section
The type section is in a complete intersection in Urapunga-6 
in southern URAPUNGA from 204.4 m (base) to 132.9 m 
(top) This drillhole is located 1 km to the southeast of Roper 
Bar Store at 450000mE 8370400mN. 

Depositional environment

Much of the Gibb Member is very fine-grained, but the 
presence of cross-laminated coarser-grained beds and other 
current features is indicative of periodic current activity, 
which in combination with the presence of rare glauconite, 
is consistent with a marine storm-dominated shelf setting 
(Haines et al 1993, Abbott et al 2001, Rawlings 2005). The 
member coarsens and shallows upwards to the Wadjeli 
Sandstone Member (Abbott et al 2001). 

Wadjeli Sandstone Member

The Wadjeli Sandstone Member (Young in Abbott et al 
2001) is named after Wadjeli Lagoon in southeastern 
URAPUNGA and was originally mapped by Dunn (1963b, 
c) as the uppermost part of the Limmen Sandstone. It caps 
the Gibb Member and has a similar areal distribution in 
southeastern URAPUNGA and southwestern ROPER 
RIVER. The member is a resistant unit that forms a mainly 
north-dipping cuesta in its only significant exposure. This 
is one of three units containing pisolitic ‘red-beds’ in the 
Roper Group, the other two being the Munyi Member of the 
Corcoran Formation and the Sherwin Formation.

Type section
The type section is 15 km to the northeast of Ngukurr in 
southeastern URAPUNGA, from 481200mE 8382200mN 
(base) to 481500mE 8382600mN (top). The lower boundary 
is a gradational conformable contact with fine-grained 
rocks of the Gibb Member. The upper boundary with fine-
grained rocks of the Nullawun Member is sharp, but not 
obviously erosional, and is probably conformable (Abbott 
et al (2001).

Distribution
The main outcrop tract is a gently north-dipping strike 
ridge north of the Roper River in URAPUNGA that extends 
from the Wilton River in the west, to western ROPER 
RIVER (Figure 16). A smaller area of outcrop occurs 
within the core of a large syncline south of the Roper River 
in roper (southwestern ROPER RIVER). Like the Gibb 
Member, the unit has not generally been differentiated from 
undivided lower Mainoru Formation in subsurface logs, 
but a complete section has been intersected in Urapunga-6 
(Abbott et al 2001).

Relationships and boundary criteria
The Wadjeli Sandstone Member has a gradational and 
conformable contact with the underlying Gibb Member and 
is probably conformably overlain by the Nullawun Member, 
both of the Mainoru Formation. 

Lithology
The Wadjeli Sandstone Member is a relatively thin unit 
that consists of medium- to fine-, less commonly coarse-
grained grey–white quartz sandstone, ferruginous quartz 
sandstone (Figure 20a), minor interbedded ironstone and 
minor thinly interbedded mudrock. Abbott et al (2001) 
described the type section as consisting of about 15 m 
of white- to pink-weathering, medium bedded, medium- 
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Distribution
The Nullawun Member is poorly exposed in northwestern 
URAPUNGA, northeastern ROPER RIVER and probably 
southern MOUNT MARUMBA (Abbott et al 2001, Sweet 
et al 1999); otherwise, it has only been identified from the 
subsurface in URAPUNGA (Figure 16) where Abbott 
and Sweet (2001) and Abbott et al (2001) identified the 
member in drillholes Urapunga-1 and -6, and Broughton-1. 
Broughton-1 was relogged by Rawlings (2015) who did not 
differentiate any members within the Mainoru Formation. 
However, a thick succession of redbeds is present within 
the formation in this well and is interpreted as Nullawun 
Member (see below). The distribution of the unit elsewhere 
in the McArthur Basin is uncertain; this is probably 
due, at least in part, to the vintage of mapping in most 
areas of the basin predating the recognition of the unit. 
Nevertheless, there are a number of red or red-brown, fine-
grained intervals described from the base of the Mainoru 
Formation in other areas that that can probably be referred 
to the unit; this suggests that the Nullawun Member might 
be widespread. Basal intervals of the Mainoru Formation 
that are dominated by red-brown mudstone or siltstone have 

been described in MOUNT YOUNG (Haines et al 1993) 
and BAUHINIA DOWNS (Pietsch et al 1991b). Powell et al 
(1987) also noted an interval of ‘red bed siltstone breccias’ 
at the base of the Mainoru Formation that they depicted 
(eg figure 1.12) as being relatively widespread through the 
southern McArthur Basin, although these were not described 
in Jackson et al (1987). In the northeast, in ARNHEM BAY, 
dark red ferruginised siltstone was described from the basal 
beds of the formation by Rawlings et al (1997). 

Relationships and boundary criteria
In southeastern URAPUNGA, the Nullawun Member 
overlies the Wadjeli Sandstone Member. The contact is 

Figure 20. Wadjeli Sandstone Member of Mainoru Formation. 
(a) Interbedded grey-white quartz sandstone and red-brown 
ferruginous quartz sandstone, showing cross-beds, synaeresis 
cracks (in section), soft-sediment deformation features and 
rare thin shale laminae. Urapunga-6 (449798mE 8370169mN), 
portion of core tray covering interval from 212.1 to 215.9 m 
depth. Arrow points up-section. Core diameter is 47.6 mm. 
(b) Medium- to fine-grained quartz sandstone from type section 
(URAPUNGA 481427mE 8382486mN). (c) Close-up of medium-
grained sandstone bed in (b) showing indistinct cross-bedding. 
(d) White-weathering sandstone bed overlain by ferruginous 
sandstone in type section near (b). 
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sharp in Urapunga-6 at 204.4 m, but probably conformable. 
In northwestern URAPUNGA, the member is apparently 
disconformable on the Limmen Sandstone with a sharp 
contact; Abbott et al (2001) described a single 10 cm-
thick bed of conglomeratic sandstone at the base of the 
Nullawun Member where it overlies the Limmen Sandstone 
in this area. In southern MOUNT MARUMBA, where the 
member is probably present, a sharp disconformable basal 
contact with the Limmen Sandstone is inferred (Sweet et al 
1999). In all other areas where the member possibly occurs, 
the basal contact is likely to be sharp and disconformable 
on the Limmen Sandstone (see Mainoru Formation: 
Relationships and boundary criteria). The upper 
boundary of the member is gradational and conformable 
with the Mountain Valley Limestone Member. In the type 
section in Urapunga-6, discontinuous intraclastic limestone 
becomes increasingly common in the upper few metres of 
the member. The boundary with the overlying Mountain 
Valley Limestone Member is placed at the base of the first 
thick (ca 1 m) limestone at 132.9 m. Abbott and Sweet (2001) 
and Abbott et al (2001) reported that the first appearance of 
limestone interbeds marking the transition into the Mountain 
Valley Limestone Member is most apparent on gamma logs 
in drillholes Broughton-1 and Urapunga-1, at 396.8 m and 
204.1 m respectively. However, a relog of Broughton-1 
by Rawlings (2015) did not identify any limestone beds 
below 283.4 m depth. Below this level, Rawlings noted the 
occurrence of carbonate nodules probably after anhydrite 
evaporates in red/brown oxic mudrocks; this section is here 
interpreted as probable Nullawun Member (see below).

Lithology
Abbott et al (2001) described the Nullawun Member 
as consisting of red-brown and red-grey siltstone and 
in situ shale-intraclast breccia, in which clasts and matrix 
are of identical composition and have a ‘fitted texture’ 
(Figure 22a, b). The member also contains minor grey-
green laminated claystone and thin beds of very fine- to 
medium-grained sandstone (Figure 22c, d). Bedded rocks 
and thinly laminated intervals become more common in the 
upper part of the member; breccia is less common. A clear 
cyclicity at 0.5–3 m scale is shown in Urapunga-6 from about 
166 m to the top of the member at 132.9 m. These cycles are 
characterised by beds of laminated to variably intraclastic 
and brecciated siltstone with strongly desiccation-cracked 
upper surfaces. Discontinuous intraclastic limestone 
is increasingly common in the upper few metres of the 
member below the Mountain Valley Limestone Member. 

In other areas, unnamed intervals at the base of the 
Mainoru Formation that are probably equivalent to the 
Nullawun Member generally lack the in situ breccia 
described in the URAPUNGA area. Haines et al (1993) 
described an interval of red-brown mudstone with interbeds 
of very fine-grained sandstone at the base of the Mainoru 
Formation in drillhole Amoco 82/2 in MOUNT YOUNG. 
In BAUHINIA DOWNS, the basal unit of the Mainoru 
Formation is predominantly composed of red-brown, very 
micaceous siltstone and very fine-grained sandstone, with 
minor interbeds of light grey dolomitic siltstone and light 
purple mudstone. The siltstone is thinly bedded and flaggy, 
with abundant ripple marks and mudcracks (Pietsch et al 

Figure 21. (a–c) Photomicrographs of fine-grained sandstone of 
Wadjeli Sandstone Member (thin section UR14TJM0028) from type 
section (URAPUNGA 481427mE 8382486mN). (a) Sub-rounded 
to rounded quartz grains with authigenic quartz overgrowth and 
iron oxide cement. Quartz overgrowths can be recognised by ‘dust 
rims’ and/or lack of inclusions. Irregular compromise boundaries 
between overgrowths were produced by mutual interference during 
crystal growth. PPL. (b) As for (a) but with XN. Quartz grains 
display simple, rarely undulose extinction. (c) Late-stage iron-oxide 
cement that has reacted with detrital quartz grains and earlier-
formed authigenic quartz overgrowth cement to produce secondary 
siderite and chlorite. The likely reaction is limonite + quartz → 
siderite + chlorite (see Bubenicek 1983). Qtz = corroded quartz 
detrital grains (with abundant inclusions) and overgrowth cement; 
Lm = opaque probable limonite; Sd = yellow-brown siderite; Chl = 
light green, weakly pleochroic chlorite. Note flattened rhombs of 
yellow-brown siderite at lower right. PPL. 
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Figure 22. Nullawun Member of Mainoru Formation from 
Urapunga-6 (449798mE 8370169mN). Arrows point up-section. 
Core diameter is 47.6 mm. (a) Portion of core tray from ca 136.8 m 
(top right) to ca 137.5 m depth (bottom left), showing typical 
redbed lithologies, including ‘fitted texture’ mudrock intraclast 
breccia, and laminated to thinly interbedded red-grey siltstone 
and very fine-grained grey sandstone. Note portions of two metre-
scale cycles, indicating repeated flooding and exposure: lower 
cycle comprises intraclastic breccia and minor laminated mudrock 
(left core) overlain by laminated mudrocks capped by interpreted 
karst surface with prominent deep jagged cracks (lower middle 
core); upper cycle comprises intraclastic breccia (top middle core) 
overlain by laminated mudrocks (right core). (b) Detail of ‘fitted’ 
siltstone intraclast breccia (203 m depth). (c) Redbed breccia and 
minor interlaminated grey-green claystone and siltstone (ca 156 m 
depth). (d) Rare white medium-grained sandstone with sharp base, 
thin green mudrock laminae and rip-up clasts (142.7 m depth).
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1991b). In ARNHEM BAY, the basal beds of the formation 
were described by Rawlings et al (1997) as ‘very weathered 
… dark red, micaceous, ferruginised siltstone, interbedded 
with fine-grained, thin- to medium-bedded, grey to purple 
sandstone’. 

Thickness
The Nullawun Member is 71.5 m thick in the type section 
in Urapunga-6 and 59 m thick in Urapunga-1 (Abbott 
et al 2001). Abbott and Sweet (2001) gave a thickness of 
about 42 m for the member in Broughton-1, and this was 
supported by Smith (2016) based on HyLogger spectral data. 
In MOUNT YOUNG, an intersection of possible Nullawun 
Member in Amoco 82/2 is about 50 m thick (Haines et al 
1993). In other mapsheet areas, the thicknesses of intervals 
that might represent the member are undetermined.

Depositional environment
Red-bed rocks of the Nullawun Member, which forms 
the base of the Mainoru Formation in many areas, are 
a continental facies interpreted by Abbott et al (2001) 
to have been deposited in a fluvial floodplain setting, 
strongly affected (brecciated) by pedogenic processes. The 
characteristic lithology of this facies is a siltstone ‘fitted’ 
breccia that occurs in association with mottled siltstone, 
laminated siltstone and minor intraclastic siltstone. 
Abbott et al interpreted the calcareous mottles, in situ 
brecciation, carbonate-filled veins, and slickenside-like 
fractures within the member as features associated with 
soil formation. They considered the calcareous composition 
to indicate caliche soil development similar to that found 
in modern semi-arid environments. In some sections, the 
preservation of cycles consisting of breccia and laminated 
siltstone bounded by deeply desiccated surfaces indicates 
episodicity in deposition, desiccation and pedogenesis; 
Abbott et al considered these features to be consistent with 
an aggradational floodplain environment. 

Mountain Valley Limestone Member

The Mountain Valley Limestone Member (Sweet in Abbott 
et al 2001, after Dunn 1963c) is named after Mountain 
Valley pastoral lease and homestead in northwestern 
URAPUNGA. It is a recessive, generally poorly exposed 
unit that forms low rubbly terraced hills and rises up to 
60 m high in some areas. Despite the name, carbonate rocks 
form only 10–20% of the member, the remainder being 
shale and mudstone. Limestone is typically better exposed 
than the siliciclastic rocks. Dunn (1963c) originally included 
an interval of glauconitic rocks within the unit, but these 
were subsequently referred to the overlying Wooden Duck 
Member by Abbott et al (2001). 

Type and reference sections
The type section is located two kilometres to the southeast of 
Mountain Valley homestead, in northwestern URAPUNGA, 
from 374100mE 8442100mN (base) to 374500mE 
8442000mN (top). Due to relatively poor exposures in the 
type section, a reference section has been assigned (Sweet in 
Abbott et al 2001) to a drillhole intersection in Urapunga-1, 
from 204.1 m depth (base) to 126.2 m (top).

Distribution
The member is exposed in northwestern URAPUNGA and 
adjacent parts of MOUNT MARUMBA and KATHERINE 
(Figure 16). It has also been recognised in southeastern 
URAPUNGA in drillhole Urapunga-6, but exposures are 
very rare in this area. It is not known whether the member 
is present within the Mainoru Formation in other areas. 
Its identity as a mappable member is dependent upon its 
carbonate content, so if limestone is not present, it is very 
hard to differentiate this interval from the remainder of the 
succession (Abbott et al 2001). 

Relationships and boundary criteria
In KATHERINE, the contact with the underlying Nullawun 
Member is gradational. It is marked by an upward decrease 
in the proportion of intraclast breccia and by the appearance 
of limestone and laminated mudstone, some of which is grey-
green rather than red-brown. Based on the gamma log, Abbott 
et al (2001) placed the contact at 204.1 m in Urapunga-1. The 
upper contact with the Wooden Duck Member is abrupt, 
but probably conformable. It is marked by the absence of 
limestone beds, an upward colour change from chocolate and 
green to grey and dark grey-green, and the appearance of 
centimetre-scale sandstone–mudstone couplets (Abbott et al 
2001).

Lithology
The Mountain Valley Limestone Member consists 
predominantly of laminated green to red-brown mudrocks 
and minor very fine-grained sandstone, interbedded with 
subordinate thinly bedded limestone that constitutes 
10 –20% of the total thickness of the member (Figure 23a –c). 
Limestone beds are generally less than 10 cm, rarely up 
to 30 cm thick, and are light grey, pale green, cream or 
white when fresh, or brown to dark grey when weathered. 
The dominant constituents of most limestone beds are 
closely packed tabular intraclasts that range in size from 
less than 1 cm to over 10 cm. Mudrock and limestone are 
arranged in cycles on a metre scale with mudrock dominant 
(Figure 23c). Limestone is generally associated with 
intraclasts and desiccation cracks in the mudrock; this 
suggests that the mudrock–limestone cycles are upward-
shallowing and that their tops were subaerially exposed 
(Abbott et al 2001). Smith (2016) noted that carbonate 
intervals become increasingly dolomitic with depth in 
Urapunga-6 as indicated from the carbonate-matched short-
wave infrared (SWIR) spectrum in the HyLoggerTM dataset. 
Sweet and Jackson (1986) described a distinct, metre-scale 
cyclic succession of three facies (A –C) in Urapunga-6 
(Figure 23d): facies A consists of grey-green to pale grey, 
mostly very fine-grained chloritic and calcareous sandstone 
with sub-millimetre-thick clay laminae; facies B overlies 
facies A with a sharp erosional contact and consists of grey 
or red-brown, graded beds or laminae of very fine-grained 
sandstone, siltstone and claystone; facies C consists of 
discontinuous thin layers of white to cream intraclastic to 
brecciated carbonate rock. 

In thin section, the limestone is typically strongly 
recrystallised to a fine mosaic and contains intraclasts, 
extraclasts and pelloids (Figure 24a–c). Extraclasts 
include tabular angular fragments of micaceous shale. 



28NTGS Record 2016-003

Limestone intraclasts are typically more rounded and are 
strongly recrystallised by neomorphic spar. Small rounded 
pelloids have been recrystallised to microspar and are 
mostly of indeterminate origin, although some are clearly 
intraclasts. Scattered rhombs and patches of ferrandolomite 
are present in places; rare rounded grains of glauconite 
are also present (Figure 24d). Beds of brown dolostone 
interbedded with green mudstone have been reported from 
both KATHERINE and MOUNT MARUMBA (Kruse et al 
1994, Sweet et al 1999), and were most likely formed by 

the replacement of limestone. Replacement of dolomite by 
smooth chert nodules up to 0.1 m thick and 0.2-0.5 m long 
was reported as being common in KATHERINE (Kruse 
et al 1994).

Thickness
The type section of the Mountain Valley Limestone 
Member in Urapunga-6 in southeastern URAPUNGA is 
55 m thick (Abbott and Sweet 2001, Abbott et al 2001). 
In northwestern URAPUNGA, the member is about 78 m 

Figure 23. Mountain Valley Limestone Member of Mainoru Formation. (a) Poor rubbly exposure of limestone bed from type section in 
URAPUNGA at 374302mE 8441972mN. (b) Close-up of limestone exposed at (a). (c–d) Drill core from Urapunga-6 (449798mE 8370169mN). 
Arrows point up-section. Core diameter is 47.6 mm. (c) Irregular, white intraclastic limestone layers in red and green laminated mudrock and 
grey siltstone (portion of interval between 98.5 and 99.5 m depth). (d) Grey and red-brown, graded very fine-grained sandstone to mudrock 
laminae of facies B overlying grey-green to pale grey, mostly very fine-grained chloritic and calcareous sandstone with sub-millimetre-thick 
clay laminae of facies A (see Sweet and Jackson 1986). Contact is sharp and erosional. Note ripple laminae in facies B (82.7 m depth). 



29 NTGS Record 2016-003 

thick in Urapunga-1 (Sweet and Jackson 1986) and 88 m 
thick in Broughton-1 (Smith 2016). In KATHERINE, the 
member is 20–30 m thick (Kruse et al 1994); its thickness 
in MOUNT MARUMBA is unknown. 

Depositional environment
Intraclastic to peloidal carbonate rocks of the Mountain 
Valley Limestone Member suggest a relatively high-
energy, shallow-water environment. The alternating thinly 
interbedded limestone and shale indicate a regularly 
fluctuating depth of water in which the carbonate rocks 
represent the upper, shallower-water component of 
numerous thin cycles (Sweet et al 1999, Abbott et al 2001). 
Sweet and Jackson (1986) suggested that the limestone 
originated as carbonate mud, possibly of microbial origin, 
deposited in an intertidal environment and reworked after 
desiccation produced an intraclastic texture. 

Kilgour sandstone member

The name ‘Kilgour Sandstone Member’ was introduced 
by Smith (1964) for a sandstone-dominated interval that 

outcrops as a 50 m-high cuesta on the southeastern side 
of the Abner Range in southern BAUHINIA DOWNS. 
The exposure is too small to depict at 1:250 000 scale, 
but is shown on the Geology of the Abner Range Region 
1:100 000 map (Jackson et al 1987: plate 1; Figure 25). No 
type area has been designated for the unit and it has never 
been properly defined, so it is here regarded is an informal 
member only. 

No detailed description of the Kilgour sandstone 
member is available. The unit is about 60 m thick and 
occurs in the medial Mainoru Formation above the basal 
mudrock interval. It consists of ripple marked, fine- to 
medium-grained feldspathic sandstone and minor siltstone 
(Jackson et al 1987, Pietsch et al 1991b). 

Depositional environment
From the general description, the member appears to have 
been deposited in a shoreline to shallow marine setting, similar 
to the Wadjeli Sandstone Member and other sandstones of 
the Roper Group. It can probably be included in the coastal 
tidal platform facies of Abbott et al (2001), like similar Roper 
Group sandstones in other areas to the northwest.

Figure 24. Photomicrographs of Mountain Valley Limestone Member of Mainoru Formation from type section in URAPUNGA at 
374302mE 8441972mN. (a) Scan of limestone thin section (thin section UR14TJM0001C), showing recrystallised pelloids, intraclasts 
and extraclasts. Large tabular shale extraclast of siltstone and claystone shows graded bedding. Normal light. (b–d) Photomicrographs 
of recrystallised limestone. (b) Recrystallised pelloidal texture (thin section UR14TJM0001F). Original nature of pelloids is uncertain; 
at least some appear to be rounded intraclasts. PPL. (c) Neomorphic recrystallisation, showing relict (ghost) texture of pelloids, replaced 
by rounded microspar aggregates, and elongate intraclast, replaced by coarse spar (thin section UR14TJM0001E). XN. (d) Zoned 
ferrandolomite rhombs with curved crystal faces replacing neomorphic spar (thin section UR14TJM0001B). Rare altered? glauconite 
grain (green) in lower RHS. PPL.
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Wooden Duck Member

The Wooden Duck Member (Sweet and Abbott in Abbott 
et al 2001, after Dunn 1963b) is dominated by mudrocks and 
micaceous glauconitic sandstone and is named after Wooden 
Duck Creek, a minor tributary of the Roper River, north of 
Ngukurr in eastern URAPUNGA. Exposures form smooth 
scarp slopes along low strike ridges capped by resistant 
glauconitic and micaceous sandstone. These glauconitic beds 
were originally assigned by Dunn (1963c) to the Mountain 
Valley Limestone Member (Abbott et al 2001). The lower 
mudrock-rich part of the member is generally poorly exposed.

Type section
The Wooden Duck Member is a part of the type section 
for the whole of the Mainoru Formation. It occurs in 
northwestern URAPUNGA (Figure 16) from 373800mE 
8437400mN (base) to 374000mE 8437300mN (top).

Distribution
Exposures of the member occur from southeastern 
MOUNT MARUMBA in the north, through northwestern 
and southeastern URAPUNGA, to ROPER RIVER in the 
east (Figure 16). It is not known whether the member is 
present within the Mainoru Formation in other areas. 

Relationships and boundary criteria
Both the lower and upper contacts of the Wooden Duck 
Member are concordant and essentially conformable. The 

lower contact with the Mountain Valley Limestone Member 
is sharp, and is marked by the abrupt disappearance of thin 
limestone beds and a change in the colour of mudstone to a 
uniform dark grey-green. The upper contact with recessive 
rocks of the Showell Member is placed at the top of a cliff-
forming, glauconitic, micaceous sandstone bench (Abbott 
et al 2001). This contact was considered to be a significant 
sequence boundary (top of their Wood Sequence) by Abbott 
and Sweet (2000).

Lithology
The Wooden Duck Member is dominated by mudrocks 
interbedded with very fine- to rarely medium-grained, 
commonly micaceous and glauconitic sandstone 
(Figure 26a–f) that increases in frequency up-section. Rare 
limestone occurs in the middle part of the unit. The lower 
part of the member consists of recessive grey-green mudrock 
containing thin sandstone laminae that commonly show the 
effects of soft sediment deformation (Abbott et al 2001). 
A thin section of shale from this interval is dominated by 
angular to sub-angular quartz, with lesser aligned elongate 
crystals of muscovite and rounded glauconite, and rare 
chlorite and plagioclase feldspar, set in a matrix of fine clays 
that have been largely silica-recrystallised (Figure 27a, b). 
This lower mudrock interval culminates in a few thin 
(ca 20 cm thick) beds of laminated limestone or dolostone 
in about the middle of the succession (Figure 26d). These 
have been noted in drill core (eg Urapunga-1: Sweet and 
Jackson 1986) and in exposures in both URAPUNGA and 
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Figure 26. Wooden Duck Member of Mainoru Formation. (a–b) Drill core from Urapunga-6 (449798mE 8370169mN). Arrows point up-
section. Core diameter is 47.6 mm. (a) Portion of core tray from ca 37 m (top right) to ca 39.8 m depth (lower left), showing interbedded 
claystone, siltstone and very fine- to medium-grade sandstone. Note graded bedding, sort-sediment deformation and water escape structures, 
ripple lamination, and eroded bases to coarser beds. (b) Ripple laminated fine-grained sandstone at 10.5 m depth. Green mineral is berthierine 
after glauconite. (c–f) Typical poor exposures from type section in northwestern URAPUNGA. (c) Recessive grey-green shale poorly exposed 
in erosion gully at base of member (373447mE 8437081mN). More resistant, thin sandstone laminae define bedding adjacent to tape. (d) Thin 
laminated limestone bed from uppermost part of lower interval (373554mE 8437080mN). (e) View north showing typical scarp of upper part 
of member (middle distance right) and rubbly sandstone exposures (foreground). (f) Poor rubbly sandstone exposures of upper part of member 
(373627mE 8437060mN). 



32NTGS Record 2016-003

Figure 27. Photomicrographs of Wooden Duck Member of Mainoru Formation from type section in northwestern URAPUNGA. (a) Basal 
shale (thin section UR14TJM0002 373447mE 8437081mN). Framework grains are dominated by angular to sub-angular quartz; aligned 
elongate crystals are muscovite and green grains are glauconite. Fine clays matrix has been partially silica-recrystallised. PPL. (b) As above 
with crossed nichols. (c) Limestone from uppermost part of lower interval (thin section UR14TJM0003 373554mE 8437080mN), showing 
recrystallised limestone intraclasts, recrystallised pelloids and brown shale extraclasts. (d) Detail of shale extraclast from (c), showing grey 
quartz grains, elongate muscovite crystals and green altered? glauconite grains (lower left), partially recrystallised by carbonate spar (high 
interference colours). (e) Fine-grained sandstone capping type section (thin section UR14TJM0004A 373627mE 8437060mN). Pale grains 
are sub-angular to sub-rounded quartz, some with overgrowths (recognised by ‘dust rims’) that are in places corroded by late-stage, dark 
iron-oxide cement. Dusty brown grain (centre right) is chert. Blue areas are resin that shows porosity. PPL. (f) Fine-grained sandstone near top 
of member near location of (e), showing abundant angular to sub-angular quartz with no apparent overgrowths, aligned elongate muscovite 
crystals and green glauconite in a corrosive iron oxide cement (thin section UR14TJM0004B). PPL.

MOUNT MARUMBA. The limestone commonly displays 
a manganese-rich weathering crust and Sweet et al (1999) 
noted the presence of wavy laminae (pseudocolumnar 
stromatolites) and non-manganiferous dolostone intraclasts 

up to 10 cm across in MOUNT MARUMBA. In thin section, 
the limestone contains abundant spherical to elongate, well 
rounded intraclasts of recrystallised limestone; brown 
pelloids of unknown origin that are typically recrystallised 
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to microspar; and extraclasts of micaceous, clay-rich shale, 
similar to that from the underlying succession, that are 
partially carbonate-recrystallised (Figure 27c, d). Interclast 
areas are filled with a fine to coarse mosaic of neomorphic 
spar. 

The upper part of the member is dominated by very 
fine- to fine-grained, glauconitic and micaceous sandstone 
(Figure 26e, f). The sandstone is interbedded with 
mudrock at the base of the interval, but the frequency, 
thickness and coarseness of sandstone beds increase 
upwards to culminate in a unit of amalgamated sandstone 
beds. Sandstone throughout the member displays numerous 
sole markings (including skip, prod and gutter casts) and 
toroid structures (Sweet et al 1999, Abbott et al 2001). Soft 
sediment deformation structures are common. Beds are 
finely internally laminated and are commonly hummocky 
cross-stratified. Abbott et al (2001) also reported the 
presence of interference ripple marks on the tops of beds at 
one locality in URAPUNGA. A thin section of sandstone 
from the type section contains sub-angular to sub-rounded 
quartz, lesser rounded chert grains and minor muscovite 
set in a well developed iron-oxide cement that has corroded 
quartz grains and overgrowths (Figure 27e–f). A shale 
interbed from the same locality has a quartz, muscovite 
composition very similar to that of the basal shale except 
for the presence of a strong iron-oxide cement. 

Thickness
Abbott and Sweet (2001) and Abbott et al (2001) reported 
thicknesses in the range 56–130 m for the Wooden Duck 
Member. It is 62.2 m thick in Urapunga-1 and 68.2 m 
(incomplete) thick in Urapunga-6 (Figure 16). Sweet 
and Jackson (1986) logged just 17 m of the member in 
Urapunga-5.

Depositional environment
Abbott et al (2001) interpreted the mudrock-dominated 
lower portion of the Wooden Duck Member to have 
been deposited in a distal shelf setting. The remainder 
of the member contains coarser-grained beds and other 
sedimentary features, including hummocky cross-stratified 
sandstones at the top that are indicative of periodic current 
and wave activity. This succession is interpreted as a series 
of shallowing-upward cycles within an overall coarsening- 
and shallowing-upward, storm-dominated marine shelf 
succession (Sweet et al 1999, Abbott et al 2001). 

Showell Member

The Showell Member (Sweet in Abbott et al 2001) is a 
recessive mudrock-dominated unit at the top of the Mainoru 
Formation. It is named after Showell Creek, a tributary of 
the Wilton River in southeastern MOUNT MARUMBA. 
Exposures form low rises and pavements commonly littered 
with white- to cream-weathering (leached) mudrock tabular 
rubble. This unit was referred to as the Showell Creek 
Member in MOUNT MARUMBA (Sweet et al 1999). 

Type section
The type section is in southeastern MOUNT MARUMBA, 
approximately 4.5 km to the south-southwest of the 

confluence of Showell Creek and Jasper Creek, from 
442300mE 8464000mN (base) southeast to 443900mE 
8463200mN (top, Figure 16). 

Distribution
Exposures of the Showell Member are widely distributed 
from southeastern MOUNT MARUMBA in the north, 
through northwestern and southeastern URAPUNGA, to 
ROPER RIVER in the east (Figure 16). It is not known 
whether the member is present within the Mainoru 
Formation in other areas where descriptions of the formation 
predate definition of the member in URAPUNGA. 
However, unnamed intervals of fine-grained rocks have 
been reported from the top of the formation elsewhere in the 
McArthur Basin, including BAUHINIA DOWNS (Pietsch 
et al 1991b), ARNHEM BAY-GOVE (Rawlings et al 1997) 
and MOUNT YOUNG (Haines et al 1993); it is possible that 
these could be referred to the Showell Member. Descriptions 
of the Mainoru Formation in other areas are not sufficiently 
detailed  to determine whether or not the member might be 
present.

Relationships and boundary criteria
The lower contact of the Showell Member is sharp but 
concordant, and is easily recognised on aerial imagery. 
Abbott et al (2001) placed it at an abrupt change from 
medium-grained and thickly bedded glauconitic sandstone 
of the uppermost part of the underlying Wooden Duck 
Member to recessively weathering mudstone. The upper 
contact is gradational and conformable into the Crawford 
Formation except to the southwest of Mountain Valley 
homestead in northwestern URAPUNGA where the 
Crawford Formation is absent and the Showell Member is 
overlain disconformably by the Jalboi Formation. In places 
in southern URAPUNGA, a thick sill of Derim Derim 
Dolerite intrudes at about the contact between the Showell 
Member and the Crawford Formation with an altered contact 
zone both below and above the sill (Abbott et al 2001).

Lithology
The Showell Member is dominated by green-grey to 
green-black and black mudrocks; it also contains thinly 
interbedded and interlaminated, very fine-grained 
micaceous glauconitic sandstone, and minor limestone 
towards the base (Figure 28a, b). The mudrocks are 
commonly finely laminated and calcareous claystone and 
siltstone; they contain glauconite, sulfides and nodular 
carbonate-cemented laminae (Sweet and Jackson 1986), 
and become increasingly silty and glauconitic up-section. 
Coarser interbeds commonly have sharp bases and tops, or 
may be graded, and are often laminated and/or occasionally 
cross-laminated. Soft-sediment deformation features and 
water-escape structures may be present. The uppermost part 
of the member is non-calcareous, slightly recessive, coarser-
grained, strongly laminated, and forms excellent flagstones 
that have been quarried in URAPUNGA (Figure 28c). A 
thin section of slightly weathered siltstone from the upper 
part of the member in the type section (Figure 29a, b) 
comprises irregularly interlaminated siltstone and chert. 
Siltstone layers contain quartz and abundant muscovite, 
which is aligned with laminae, set in a fine chert mosaic 
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cement. Chert displays irregular cross-cutting relationships 
between laminae indicating that it is secondary.

Limestone beds occur only in the lower part of the 
member and are thin and relatively uncommon. They 
are laminated, grey, micritic, and quite distinct from the 
pelloidal or intraclastic limestone and dolostone of the 
lower members of the formation. Numerous thin beds 
of limestone occur in the lower part of the member in 
Urapunga-1. A prominent limestone bed up to 3 m thick is 
present at the base of the member throughout northwestern 
URAPUNGA and southern MOUNT MARUMBA (Abbott 
et al 2001, Sweet et al 1999). It is stylolitic and commonly 
associated with concordant to nodular, pink laminated chert 
that has replaced the limestone. In phelp in northwestern 
ROPER RIVER, the only outcrop of the Showell Member is 
a low ridge littered with chert rubble. This is probably the 

surface expression of the basal silicified limestone layer and 
the same interval forms the low ridge on which the Roper 
Bar Store is built (Abbott et al 2001). A similar interval is 
exposed along the bed of the Hodgson River some 15 km 
to the south. At this locality, the lower 50 m consists of 
ridge-forming interbedded limestone (20%) and calcareous 
siltstone (80%).

Thickness
The Showell Member thickens towards the east. In 
Urapunga-1 in northeastern URAPUNGA, the member 
is about 64 m thick, but the top few metres of the unit 
are missing in this drillhole (Figure 16). The member is 
154.6 m thick in Urapunga-5 to the east and thickens to 
an estimated 346 m in phelp in northwestern ROPER 
RIVER. An estimated maximum thickness of greater than 
700 m is possible near the northern margin of ROPER 
RIVER, but this figure may be unreliable as fault repetition 
of the member is possible (Abbott et al 2001). Sweet et al 
(1999) estimated a thickness of 130 m for the member in 
southeastern MOUNT MARUMBA. 

Figure 28. Showell Member of Mainoru Formation. (a–b) Drill 
core from Urapunga-5 (437712mE 8373601mN); HyLogger 3 
images derived from Smith (2015b). Arrows point up-section. 
Core diameter is 47.6 mm. (a) Laminated mudstone and siltstone 
at ca 439.1 m depth. (b) Thinly interbedded/interlaminated very 
fine-grained sandstone, siltstone and claystone, showing cross-
laminations and normal grading. (c) Flaggy, thin, laminated 
siltstone beds from near top of type section in southern MOUNT 
MARUMBA at 443290mE 8463490mN.

Figure 29. Photomicrographs of laminated siltstone from upper 
part of Showell Member (thin section MM14TJM0003, type 
section, southern MOUNT MARUMBA 443290mE 8463490mN). 
(a) Irregularly interlaminated light brown chert and micaceous 
siltstone. Elongate, aligned colourless mineral is muscovite; pale 
mineral is quartz; these are set in a fine chert mosaic cement. Dark 
brown mineral is interprveted to be siderite partially altered to 
iron oxides; note relict flattened crystal rhombs. PPL. (b) Same 
view under XN.
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Depositional environment
The mudrocks and fine-grained sandstone of the Showell 
Member, in combination with the presence of rare 
glauconite, is consistent with a marine storm-dominated 
shelf setting (Abbott et al 2001). 

Crawford Formation

The Crawford Formation (Sweet and Abbott in Abbott 
et al 2001, after Dunn 1963a) is widespread throughout the 
McArthur Basin area and is named after Crawford Creek, a 
minor tributary of the Hodgson River in central HODGSON 
DOWNS. It displays a distinctive chocolate to brown 
colour on aerial photographs, and typically outcrops as a 
series of low sandstone strike ridges separated by recessive 
intervals (Abbott and Sweet 2001), or as more recessive 
rubbly exposures on low rises. This unit was originally 
mapped by Dunnet (1965) as the upper sandy part of the 
former ‘Wigram Formation’ and the overlying ‘Pobassoo 
Formation’ of the ‘Malay Road Group’. These names have 
now been discarded in favour of the more widely applicable 
Roper Group nomenclature (Rawlings et al 1997). 

Type section
The type section of the formation is on the southern 
slope of Mount Faveng, to the west of the Wilton River 
in URAPUNGA (Figure 30). The base is at 452900mE 
8395100mN and the top is at 452200mE 8395700mN. This 
corresponds to section UP/05 of Abbott et al (2001).

Distribution
The Crawford Formation is one of the more widely 
distributed of the Roper Group units. Exposures occur as 
far north as Inglis Island in northeastern ARNHEM BAY 
(Rawlings et al 1997) and as far south as WALHALLOW 
(Darby et al 1994, Figure 30) where it has also been 
intersected in the subsurface beneath younger cover rocks. 
The most extensive exposures are in southeastern MOUNT 
MARUMBA and northeastern URAPUNGA (Abbott and 
Sweet 2001), and in central HODGSON DOWNS (Dunn 
1963a). The formation also occurs in western BLUE MUD 
BAY, ROPER RIVER, MOUNT YOUNG, northeastern 
TANUMBIRINI, BAUHINIA DOWNS and western 
ROBINSON RIVER. Abbott et al (2001) reported that it 
is also present in the subsurface throughout much of the 
Beetaloo Sub-basin, although it has not been intersected 
by drillholes in this area as all wells are terminated at 
shallower levels. 

Relationships and boundary criteria
The Crawford Formation conformably and gradationally 
overlies the Showell Member of the Mainoru Formation; 
the contact generally coincides with a shift from a shale- to 
a sandstone-dominated succession. It is placed at the first 
‘Crawford-type’ fine-grained sandstone (Abbott et al 2001), 
or at the knickline marking the top of the recessive Showell 
Member. In ARNHEM BAY, the contact is intruded 
by a dolerite sill (Rawlings et al 1997). The formation is 
overlain disconformably by the Arnold Sandstone or Jalboi 
Formation. The contact with the Arnold Sandstone is 
marked by an erosion surface veneered by a 15 cm-thick 

sandstone-clast conglomerate (Abbott and Sweet 2000). 
Where overlain by the Jalboi Formation, there is generally 
evidence of erosion and in some areas, such as much of 
northwestern URAPUNGA, the Crawford Formation has 
been completely eroded. In these areas, the Jalboi Formation 
unconformably overlies the Mainoru Formation (Showell 
Member). 

Lithology
The formation consists of distinctively flat to wavy 
laminated, and hummocky or swaley cross-stratified, thickly 
bedded, red-brown fine-grained sandstone, alternating 
with thinly interbedded sandstone, mudrocks, and minor, 
grey, trough cross-bedded medium-grained sandstone 
(Figure 31). These rock types are arranged in coarsening- 
and thickening-upward cycles (Abbott and Sweet 2000, 
2001) at both large- and small-scales (eg 150 m and several 
metres to several tens of metres respectively). Interbedded 
fine-grained sandstone, siltstone and mudstone occupy 
recessive intervals between sandstone units. Sweet et al 
(1999) reported a prominent recessive interval of mudrocks 
in the lower part of the formation in a small area of northern 
URAPUNGA and southeastern MOUNT MARUMBA 
that enabled a distinction to be made between a ‘lower’ 
sandstone interval and an ‘upper’ thicker sandstone interval. 
In drill core, both the swaley cross-bedded sandstone 
and thinly bedded lithologies are variably glauconitic; 
it is possibly the weathering products of glauconite that 
impart the distinctive red colouration to outcrops (Haines 
et al 1999, Abbott et al 2001). Siltstone and mudstone are 
parallel-laminated and are commonly lenticular where 
interlaminated with rippled sandstone. Thin, fine- to very 
fine-grained sandstone interbeds have sharp bases and are 
current ripple cross-laminated or micro-hummocky cross-
stratified (Figure 31b). Trough cross-bedded medium-
grained sandstone beds cap some hummocky sandstone 
intervals in the upper part of the Crawford Formation. 
These 1–5 m-thick sandstone beds are either resistant and 
scarp-forming or are karstically weathered (Figure 31d), 
friable and recessive. Locally developed sedimentary 
structures include low-angle planar cross-beds, normal 
grading in individual beds, wave ripples on bed tops, tool 
marks, gutter casts, flute casts, and other erosional features 
on the bases of beds. Other sedimentary structural features 
include mudstone intraclasts and clast imprints, rare beds of 
intraclast conglomerate, mudcracks, small sand dykes, soft-
sediment deformation features including convolute bedding 
(Figure 31e), and ball-and-pillow structures (Pietsch et al 
1991b, Rawlings et al 1997, Haines et al 1999, Sweet et al 
1999, Abbott et al 2001). 

Sandstone and siltstone vary in composition, but are 
always quartz-rich (Figure 32). Quartz varies from angular 
to well rounded, shows simple to undulose extinction and 
is commonly inclusion-rich. Polycrystalline quartz grains 
are absent. Other framework grains include fine bedding-
parallel detrital muscovite, chert, glauconite and feldspars 
[including both plagioclase and microcline (Figure 32b)]. 
Clay minerals may also be present in intergranular areas 
in finer-grained rocks. Grains are cemented by authigenic 
syntaxial quartz overgrowth, microcrystalline/chalcedony 
and/or ferruginous cements that impart the typical red-
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Figure 31. Crawford Formation. (a) Thinly bedded very fine-grained sandstone with more resistant tabular interbeds of fine-grained 
sandstone from base of type section at Mount Faveng in URAPUNGA (52 452799mE 8395158mN). (b) Laminated to thinly interbedded 
very fine-grained sandstone, a few metres up-section from (a), showing current ripples and micro-swaley and hummocky cross-strata 
(452748mE 8395223mN). (c) More thickly bedded, cliff-forming fine- to medium-grained sandstone from upper part of type section 
(452612mE 8395244mN). (d) Karstically weathered thickly bedded medium-grained quartz sandstone from near top of type section 
(452370mE 8395579mN). (e) Convolute bedding in thick sandstone bed at same locality as (c). (f) Hummocky cross-strata in medium-
grained sandstone (BAUHINIA DOWNS, 614654mE 8207630mN).
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brown colour shown by much of the formation. Dunn 
(1963a) also reported the presence of calcareous material 
within Crawford Formation rocks in HODGSON DOWNS 
with the carbonate minerals presumably occurring in 
cements.

Thickness
Abbott and Sweet (2001) reported a maximum measured 
thickness for the Crawford Formation of 235 m in eastern 
URAPUNGA where the type section is located. The 
thickness of the formation decreases to the west and 
southwest to about 67 m in Urapunga-5 (Figure 30); it is 
absent from much of western URAPUNGA probably due 
to erosion. The formation is estimated to be 200 –250 m 
thick in MOUNT MARUMBA (Sweet et al 1999) and 
is an estimated 200 m in the northernmost-known 
exposures on Inglis Island in northeastern ARNHEM 
BAY (Rawlings et al 1997). In the south and southeast of 
the McArthur Basin, the Crawford Formation is estimated 
to be about 120–140 m throughout BAUHINIA DOWNS 

(Pietsch et al 1991b), and it is about 200 m thick in 
northeastern TANUMBIRINI (Paine 1963). Abbott et al 
(2001) speculated that the formation probably thickens 
westwards into the subsurface Beetaloo Sub-basin, but it 
has not been intersected in this depocentre as all drillholes 
were terminated at shallower stratigraphic levels. The 
southeasternmost exposures of the formation in western 
ROBINSON RIVER are estimated to be about 100 m 
thick (Rawlings 2005). A relatively thick intersection of 
about 233 m was reported from the southernmost-known 
occurrence of the formation in drillhole BHP GSD6 in 
WALHALLOW (Darby et al 1994).

Depositional environment
The presence of fine- and coarse-grained lithofacies, 
including glauconitic sandstone, and a distinctive suite 
of sedimentary structures, including hummocky and 
swaley cross-stratification, and tool marks and other 
erosional features on the bases of beds, indicate a storm-
dominated marine shelf depositional setting (Pietsch 

Figure 32. Photomicrographs of Crawford Formation. (a) Fine-grained micaceous quartz sandstone from base of type section, showing 
quartz and aligned muscovite in ferruginous cement that has corroded quartz grains (thin section UR14TJM0009, URAPUNGA 452799mE 
8395158mN). XN. (b) Quartz-lithic sandstone showing quartz and minor chert, microcline feldspar (with grid twinning) and muscovite 
in a siliceous cement. Irregular boundaries between grains are partly due to compaction and partly due to mutual interference of crystals 
during growth of quartz overgrowth cement (thin section 3103, BAUHINIA DOWNS 619725mE 8187567mN). XN. (c) Fine-grained 
quartz sandstone (thin section 3383, MOUNT YOUNG 529826mE 8294666mN) showing well rounded quartz grains in authigenic quartz 
overgrowth cement with minor chert (yellow, dusty) and rare altered? glauconite (green, rounded). PPL. (d) Medium-grained karstified 
sandstone from near top of type section (thin section UR14TJM0013, URAPUNGA 452370mE 8395579mN) showing rounded, inclusion-
rich quartz grains with clear authigenic quartz overgrowth cements partially occluding porosity (blue). Note euhedral crystal faces where 
overgrowths do not interfere with one another. PPL.
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et al 1991b, Rawlings 2005, Rawlings et al 1997, Sweet 
et al 1999, Abbott and Sweet 2000, 2001, Abbott et al 
2001). Coarsening- and thickening-upward cycles may 
be indicative of prograding, aggradational sedimentary 
packages. 

Abner Sandstone

The Abner Sandstone is named after Abner Range in 
BAUHINIA DOWNS, but has never been properly 
defined and has no designated type section. This is one 
of four sandstone units forming spectacular parakarstic 
landforms within the Roper Group (Arnold, Hodgson 
and Bessie Creek sandstones are the others). The earliest 
mentions of this unit are brief descriptions in the First 
Edition explanatory notes for HODGSON DOWNS, 
ROPER RIVER-CAPE BEATRICE and URAPUNGA 
(Dunn 1963a, b, c), ROBINSON RIVER (Yates 1963) 
and TANUMBIRINI (Paine 1963). Dunn (1963a, c) 
recognised and named four mappable units as members 
of the formation; in ascending order, these were the 
Arnold Sandstone Member, Jalboi Member, Hodgson 
Sandstone Member and Munyi Member. Haines et al 
(1993) subsequently reassigned the Munyi Member to the 
Corcoran Formation. Abbott et al (2001) elevated the other 
three members to formation rank and formally defined 
them. The Arnold and Hodgson sandstones are very similar 
units and can only be distinguished by their stratigraphic 
position in relation to the intervening finer-grained Jalboi 
Formation. In the Abner Range (BAUHINIA DOWNS), 
the Jalboi Formation is not present, and the Arnold and 
Hodgson sandstones cannot be distinguished from one 
another. In this area, the term Abner Sandstone has been 
retained for the undivided succession of sandstone, as 
mapped by Smith (1964) and Pietsch et al (1991b). 

Type section
In the absence of a designated type section in the Abner 
Range area, type and reference sections for the equivalent 
Arnold and Hodgson sandstones (see below) are regarded 
as being representative of the Abner Sandstone as a whole. 

Distribution
The formation is restricted to eastern and southern 
BAUHINIA DOWNS, westernmost ROBINSON RIVER 
and eastern KATHERINE (Figure 33). In the first two areas, 
the Jalboi Formation is absent, the Arnold and Hodgson 
sandstones cannot be distinguished from one another, and 
the name Abner Sandstone has therefore been retained for 
the undivided succession. In KATHERINE, exposures of 
the formation are discontinuous, incomplete and undrilled; 
therefore they cannot be easily subdivided (Kruse et al 
1994). In all other areas, rocks originally mapped as Abner 
Sandstone have been divided into the Arnold and Hodgson 
sandstones and intervening Jalboi Formation (Abbott et al 
2001).

Relationships and boundary criteria
The Abner Sandstone is structurally concordant with 
the underlying Crawford (Figure 34a) and overlying 
Corcoran formations. The lower contact was not described 

by Pietsch et al (1991b) in BAUHINIA DOWNS, but was 
regarded as being conformable in adjacent ROBINSON 
RIVER by Rawlings (2005). Where the Arnold Sandstone 
forms the base of the equivalent succession, the lower 
contact is generally disconformable (Pietsch et al 1991b, 
Abbott et al 2001). In BAUHINIA DOWNS, undivided 
Abner Sandstone is conformably overlain by the Corcoran 
Formation (Pietsch et al 1991b). In other areas, the contact 
between the equivalent Hodgson Sandstone and the 
overlying Munyi Member of the Corcoran Formation is 
usually an erosional disconformity, locally veneered by 
10–50 cm of pebbly coarse-grained sandstone. However, 
in drillholes POG Golden Grove-1 and POG Lawrence-1, 
the upper contact is gradational over a few metres (Abbott 
et al 2001).

Lithology
The undivided Abner Sandstone in the Abner Range 
(BAUHINIA DOWNS) is a thick monotonous succession 
of fine- to medium-, less commonly coarse-grained 
quartz sandstone. The sandstone is strongly jointed and is 
medium to thickly bedded on a decimetre scale, with rare 
beds greater than 0.5 m (Figure 34b). Beds are typically 
trough and less-commonly planar-tabular cross-stratified 
throughout the succession, but a weathering crust tends to 
mask these structures (Figure 34c). Cross-beds indicate 
that palaeocurrent directions were mostly to the northwest, 
but in virtually all exposures, there is evidence for minor 
sediment transport in almost the opposite direction (Sweet 
1986). Although the formation is well bedded, bedding 
plane partings are generally poorly developed, and are 
commonly marked by faint, poorly preserved wave ripples 
(Sweet 1986, Figure 34d). 

The Abner Sandstone features a distinctive parakarstic 
landform (see Grimes 2011), created by partial solution 
weathering processes, accompanied by enhanced erosion 
along joint planes, so as to form structures known locally 
as ‘organ pipes’ (Figure 34e, cover photo). The solution 
weathering processes involve the dissolution of silica 
cement under seasonal wet conditions, with some of the 
silica brought to the rock surface under drier conditions to 
be partly redeposited as a hard crust on otherwise friable 
rock (Figure 34f). In thin section, an impregnated sample 
of friable medium-grained Abner Sandstone (Figure 35) 
lacks cement and is very porous. It has a supermature 
composition consisting almost entirely of sub-angular to 
rounded quartz with undulose, less commonly straight 
extinction and no, or only weakly, preserved authigenic 
quartz overgrowths. Irregular, sutured grain boundaries 
indicate that the rock has been compacted.

Thickness
Undivided Abner Sandstone thickens across its outcrop 
tract in the southern McArthur Basin from east to west, 
but the total thickness of the formation is uncertain. It has 
not been intersected in any drillholes in this area. Smith 
(1964) recorded thicknesses of 67 m in eastern BAUHINIA 
DOWNS and 220 m further to the west, whereas Sweet 
(1986) estimated ca 35 m ‘in the east (near Borroloola)’ 
and ca 700 m ‘in the southwest’. Rawlings (2005) indicated 
a thickness of at least 200 m in westernmost ROBINSON 
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RIVER. The thicknesses of equivalent formations (Arnold 
and Hodgson sandstones, Jalboi Formation) in other areas 
are reported below.

Depositional environment
The Abner Sandstone was discussed by Sweet (1986), who 
interpreted the environment of deposition to range from 
emergent to very shallow water shoreface to shallow-marine 
tide-dominated inner shelf. Evidence for tidal activity 
includes bimodal, bipolar cross-bedding with one mode 
dominant, suggesting regular reversals of currents. The 
abundance of cross-beds in the subtidal setting suggests a 
relatively uniform water depth and tidal current velocity, on 
which vast fields of megaripples developed. The formation 
can be included in the coastal tidal platform facies of 

Abbott et al (2001), like the equivalent Arnold and Hodgson 
sandstones in areas to the northwest.

Arnold Sandstone

The Arnold Sandstone (Dunn 1963a) is named after the 
Arnold River in HODGSON DOWNS and was originally 
defined as the basal Arnold Sandstone Member of the Abner 
Sandstone. Abbott et al (2001) elevated the unit to formation 
rank on the basis of its thickness, widespread distribution 
and other field characteristics. It is a resistant, strongly 
jointed scarp-forming unit dominated by white-weathering 
cross-bedded quartz sandstone. When weathered, it locally 
forms parakarstic landforms consisting of friable sandstone 
with a hard siliciclastic crust, similar to that described above 
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Figure 34. Abner Sandstone (BAUHINIA DOWNS, Abner Range, McArthur River Station). (a) Contact between Crawford Formation (dip 
slope on right) and Abner Sandstone (605224mE 8144664mN). (b) Medium to thickly bedded Abner Sandstone. Trough and less-common 
planar-tabular cross-beds occur throughout succession, but are commonly masked by weathering crusts (view north from ca 605224mE 
8144664mN). (c) Trough cross-bedded Abner Sandstone, partially masked by weathering crust (605456mE 8144348mN). (d) Partially 
eroded, interpreted wave ripples on bed surface (605224mE 8144664mN). (e) Parakarstic weathering of scarp of Abner Sandstone, 
showing spectacular structures known locally as ‘organ pipes’ (view west from ca 605224mE 8144664mN). (f) Typical weathered cross-
bedded sandstone. Silica cement is dissolved under seasonal wet conditions and brought to rock surface under drier conditions to be partly 
deposited as a hard crust on otherwise friable rock. Note loose sand cascading from chipped corner (605687mE 8144201mN). 
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for the Abner Sandstone. This is one of four sandstone units 
forming spectacular parakarstic landforms within the Roper 
Group (Abner, Hodgson and Bessie Creek sandstones are 
the others).

Type / reference sections
No type section has been designated for the Arnold 
Sandstone to date. Abbott et al (2001) noted that the best 
sections are in HODGSON DOWNS and that this would 
be the best location for a type area, but this area has not 
been mapped since the early 1960s (see Dunn 1963a). In the 
absence of a suitable type section, a reference area is here 
nominated in southern URAPUNGA where the formation 
is exposed in a range of hills that extends south from the 
Hell’s Gate area at 440100mE 8375600mN (Figure 33). 
Abbott et al (2001) reported a measured section along the 
Hell’s Gate Ridge near North Head (UP/13, 442600mE 
8362100mN) that is considered to be representative of the 
formation in this area. 

Distribution
This unit outcrops widely throughout the McArthur Basin, 
from eastern MOUNT MARUMBA and westernmost 
BLUE MUD BAY in the north, through southeastern 
URAPUNGA, HODGSON DOWNS and western MOUNT 
YOUNG, to northeastern TANUMBIRINI and BAUHINIA 
DOWNS in the south (Figure 33). It has not been 
recognised in the Abner Range in southern BAUHINIA 
DOWNS. It has also been intersected in the subsurface in 
a number of wells in southern URAPUNGA, and further 
south in MOUNT YOUNG and BAUHINIA DOWNS. 
The formation is likely to be present in the subsurface 
throughout much of the Beetaloo Sub-basin, although it 
has only been intersected in this area by a single drillhole, 
Hidden Valley-S2 (Pangaea 2015a), in the southwestern 
part of the sub-basin (DALY WATERS). All other wells 
in the sub-basin were terminated at shallower levels. An 
intersection from 129.3–117.7 m depth in Broughton-1 
in northwestern URAPUNGA, originally interpreted as 
basal Hodgson Sandstone by Abbott and Sweet (2001), was 
reinterpreted by Rawlings (2015) as Arnold Sandstone. If 

correct, this would be the only known occurrence of the 
Arnold Sandstone in this area. 

Relationships and boundary criteria
The lower contact of the Arnold Sandstone is sharp and 
structurally concordant with the Crawford Formation 
(Figure 36a). It was described as being disconformable 
by Abbott et al (2001) in URAPUNGA, but in most other 
areas is regarded as conformable (eg Dunn 1963a, Haines 
et al 1993, 1999, Sweet et al 1999). The upper contact with 
the Jalboi Formation was considered to be a significant 
sequence boundary (top of Sharn Sequence) by Abbott and 
Sweet (2000); it was described as a regional unconformity 
on the Arnold Sandstone south of the Roper River (see 
Jalboi Formation: Relationships and boundary criteria). 
Towards the northeast, a disconformable contact was 
described in MOUNT MARUMBA (Sweet et al 1999) 
and BLUE MUD BAY (Haines et al 1999). In most areas 
in the south of the McArthur Basin, the upper contact has 
been described as ‘sharp but conformable’ (eg Dunn 1963a, 
Pietsch et al 1991b, Haines et al 1993); the relationship 
appears to be concordant in these areas, but might be 
disconformable. In MOUNT YOUNG, sandstone beds at 
the top of the Arnold Sandstone are ferruginised below 
the contact with the Jalboi Formation (Haines et al 1993), 
suggesting subaerial exposure may have occurred and, in 
this case, the contact would be a disconformity.

Lithology
The formation consists predominantly of quartz sandstone 
that is mostly medium in grain size, but ranges from fine- to 
coarse-grained. Sandstone is white to grey-white, to light 
brown to occasionally red or dark purple in colour, and 
is typically white-weathering. Minor thin (cm scale) beds 
or partings of micaceous siltstone and/or mudstone occur 
within the succession, usually in widely spaced intervals 
(decimetres to metres). These intervals are observed in drill 
core (eg Urapunga-5) but are not generally recognised in 
exposures, although their occurrence is indicated by the 
terracing of strike ridges in some areas (Abbott et al 2001). 
Occasional layers rich in mudstone intraclasts (or their 

Figure 35. Photomicrographs of Abner Sandstone (thin section BD14TJM0007, BAUHINIA DOWNS 605676mE 8144188mN). 
(a) Sub-rounded to rounded, unconsolidated quartz grains and minor chert (‘cloudy’ texture) in blue resin, representing porosity. Note 
absence of cement and authigenic quartz overgrowths. Irregular sutured grain boundaries are interpreted to be due to compaction. Many 
grains have thin coating of ?iron oxides. PPL. (b) Same field of view under XN. 
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moulds), granules or pebbles are also present (Pietsch et al 
1991b, Sweet et al 1999, Figure 36b). Pebbles in coarser-
grained intervals are up to 1 cm in diameter; most are 
quartz, but some are white opaque (chert?) grains. 

The sandstone can appear to be massive and 
structureless, or well bedded. Beds are typically medium to 
thick and are tabular to lenticular. Sedimentary structures 
are often difficult to detect, due to a lack of contrast between 
individual laminae and masking by weathering crusts, 
but include common trough and planar-tabular cross-
beds (Figure 36c), small-scale current ripples, and large 
asymmetric ripples with wavelengths of 30–50 cm (Pietsch 
et al 1991b, Haines et al 1999). Prolapsed cross-beds, 
indicative of soft sediment deformation, were reported by 
Sweet et al (1999) from MOUNT MARUMBA and are also 
present in URAPUNGA (Figure 36d). Haines et al (1993) 

reported an overall coarsening-upward trend within the 
formation in northern MOUNT YOUNG, but in general, 
cyclicity within the formation is hard to discern in the field. 
Abbott et al (2001) noted the presence of three coarsening-
upward cycles separated by thin finer-grained intervals in 
Urapunga-5.

The Arnold Sandstone has a supermature composition, 
consisting almost entirely of rounded to sub-rounded 
quartz grains and minor chert (Figure 37). Sorting ranges 
from poor to good. Quartz consists of usually single, 
rarely composite crystals, with straight to undulose 
extinction and rare to abundant inclusions. Grains are set 
in an authigenic quartz overgrowth cement, but a slightly 
silty clay matrix may be present in places. Pietsch et al 
(1991b) reported scattered glauconite in samples from 
BAUHINIA DOWNS. 

Figure 36. Arnold Sandstone in Hell’s Gate Ridge in southeastern URAPUNGA near 444475mE 8364049mN. (a) Thinly bedded light 
brown Crawford Formation (foreground) overlain by thickly bedded Arnold Sandstone. Contact is concealed by vegetation and a few cm 
of rubbly soil. (b) White-weathering medium–coarse-grained sandstone with pebbly layer. (c) Planar-tabular cross-bedded sandstone. 
(d) Prolapsed cross-bedding in white-weathering thickly bedded medium-grained sandstone. This is a soft-sediment deformation feature 
characterised by folding with a near-horizontal axial plane within a bed with relatively undisturbed boundaries.
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Thickness
The Arnold Sandstone varies in thickness from a few 
tens of metres up to a maximum of 240–290 m in western 
BAUHINIA DOWNS (Pietsch et al 1991b), where a 
maximum intersected thickness of 291.5 m in Broadmere-1 
was recorded (Amoco 1985, Figure 33). The formation is 
about 180 m thick in exposures in TANUMBIRINI (Paine 
1963), suggesting that the formation thickens into the 
Beetaloo Sub-basin in the southwest. However, there are 
no measured sections in this area as all drillholes in the 
sub-basin are terminated at shallower levels. In most areas 
where the formation is exposed in the north and east of the 
McArthur Basin, it is a relatively thin unit with thicknesses 
generally in the range 20–60 m (Dunn 1963a, Pietsch et al 
1991b, Haines et al 1993, Sweet et al 1999, Haines et al 
1999, Abbott et al 2001).

Depositional environment
A tide-dominated shoreline to shallow marine setting 
similar to that of the Abner Sandstone is interpreted for 
this unit (Sweet 1986, Pietsch et al 1991b, Haines et al 
1999, Abbott et al 2001). Abbott et al (2001) included the 
formation in their coastal tidal platform facies.

Jalboi Formation

The Jalboi Formation (Sweet and Abbott in Abbott et al 
2001, after Dunn 1963a) is named after the Jalboi River, a 
tributary of the Roper River, that drains part of central and 
northern URAPUNGA. It was formerly the Jalboi Member 
of the Abner Sandstone, but was raised to formation status by 
Abbott et al (2001) on the basis of its thickness, widespread 
distribution and other field characteristics. The formation 
is characterised by red-weathering, thinly interbedded fine-
grained sandstone and siltstone, punctuated by medium 
to thick beds of white-weathering sandstone. It occupies a 
slightly recessive interval and forms a mainly soil-covered 
or rubbly zone with low sandstone outcrops between the 
resistant Hodgson and Arnold Sandstones. In areas of 
moderate to steeper dip and in scarps, the sandstone interbeds 
impart a terraced appearance to hill slopes (Figure 38a) and 

the alternation of rock types imparts a distinctively banded 
appearance in outcrop and on aerial imagery. In some 
areas where the unit is flat-lying (eg eastern BAUHINIA 
DOWNS), the formation is extensively exposed on the top 
of plateaux of Arnold Sandstone. Palynomorphs from the 
Jalboi Formation have been listed and briefly discussed by 
Javaux et al (2001) and Grey (2015).

Type section
The type section is part of measured section UP/14 of 
Abbott et al (2001) at 408300mE 8392300mN. It is located 
on a strike ridge to the west of the Jalboi River in central 
URAPUNGA, about 8 km to the north-northwest of Mount 
Chapman (Figure 33). 

Distribution
The Jalboi Formation outcrops extensively in the McArthur 
Basin from eastern MOUNT MARUMBA and westernmost 
BLUE MUD BAY in the north, through URAPUNGA, 
parts of ROPER RIVER, HODGSON DOWNS and 
MOUNT YOUNG, to northeastern TANUMBIRINI and 
western BAUHINIA DOWNS in the south (Figure 33). It 
has not been recognised in the Abner Range in southern 
BAUHINIA DOWNS. The most extensive outcrops are 
those north of the Roper River in URAPUNGA and eastern 
MOUNT MARUMBA (Sweet et al 1999). The formation 
is also likely to be present in the subsurface throughout 
much of the Beetaloo Sub-basin, although it has not 
been intersected by drillholes in this area as all wells are 
terminated at shallower levels. 

Relationships and boundary criteria
In central and northern areas of the McArthur Basin, the 
base of the Jalboi Formation is generally unconformable/
disconformable on the Arnold Sandstone, or where this 
is absent (eg in parts of URAPUNGA), on the Crawford 
or Mainoru formations (Haines et al 1999, Sweet et al 
1999, Abbott et al 2001). In the URAPUNGA area, the 
basal contact was described by Abbott et al (2001) as a 
regional unconformity that erodes progressively deeper 
towards the west into the underlying Crawford Formation 

Figure 37. Photomicrographs of Arnold Sandstone (thin section UR14TJM0015, URAPUNGA 444475mE 8364049mN). (a) Sub-rounded 
to rounded quartz grains, defined by dust rims, in authigenic quartz overgrowth cement with crystal terminations in intergranular pore 
spaces (blue). Rounded dusty yellow grain is chert. PPL. (b) Sub-rounded to rounded quartz grains in authigenic quartz overgrowth cement. 
Quartz grains are mostly single crystals showing straight to slightly undulose extinction. Note rare composite quartz grain (centre). XN.
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Figure 38. Jalboi Formation. (a) View down-dip of Jalboi Formation, 
showing prominent strike ridges of resistant sandstone (foreground, 
middle distance and ridge in background), separated by recessive strike 
valleys with no exposure, presumably of finer-grained rocks (section 
RR/04 of Abbott et al 2001, ROPER RIVER 507221mE 8402724mN). 
(b) Banded red- and white-weathering cross-bedded sandstone 
(URAPUNGA 442863mE 8363751mN). Resistant sandstone scarp 
in otherwise recessive hillside. Fine-grained rocks are not exposed 
at this locality. (c) Trough cross-bedded white sandstone overlying 
red sandstone (ROPER RIVER 507203mE 8402720mN). (d) Thinly 
interbedded fine sandstone, siltstone and claystone, showing graded 
bedding and ripple laminations (Urapunga-5 (437712mE 8373601mN) 
at ca 149.3 m depth. Core diameter is 47.6 mm. (e) Trough cross-beds in 
medium-grained sandstone (URAPUNGA 442863mE 8363751mN). 
(f) Ladderback ripples oriented at right angles to large ?symmetric, 
probable wave ripples in medium-grained sandstone. Symmetry 
of smaller ripples is difficult to determine due to weathering. 
(URAPUNGA 439565mE 8374410mN). 
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(Arnold Sandstone south of the Roper River) until in far 
western URAPUNGA, the Jalboi Formation lies directly 
on the Mainoru Formation. Locally, a basal conglomerate 
above an erosional surface includes clasts of fine-grained 
sandstone (reworked Crawford Formation) in a matrix of 
coarse-grained sandstone and quartz granule conglomerate. 
This contact was considered to be a significant sequence 
boundary (top of Sharn Sequence) by Abbott and Sweet 
(2000). However, in most areas in the south of the McArthur 
Basin, the basal contact has been described as ‘sharp but 
conformable’ on the Arnold Sandstone (eg Dunn 1963a, 
Pietsch et al 1991b, Haines et al 1993); the relationship 
appears to be concordant in these areas, but might be 
disconformable, as it is to the north. In MOUNT YOUNG, 
sandstone beds at the top of the Arnold Sandstone are 
ferruginised below the contact with the Jalboi Formation 
(Haines et al 1993), suggesting a disconformity. 

The upper contact commonly appears to be gradational 
in outcrop and is placed within the transition from the 
underlying Jalboi Formation. Abbott et al (2001) placed the 
contact at the change from mainly structureless sandstone 
of the Jalboi Formation to trough cross-bedded sandstone 
of the Hodgson Sandstone. However, the Jalboi Formation 
also contains trough cross-bedded sandstone and a better 
criterion for the position of the contact might be the topmost 
bed of the fine-grained succession of the Jalboi Formation, 
as suggested by Haines et al (1993, 1999). Abbott et al 
(2001) noted that in drillhole Urapunga-5, the contact 
between the two units appears to be an erosion surface 
mantled by a 15–20 cm-thick pebble conglomerate bed. 
This surface was interpreted by Abbott and Sweet (2000) to 
be an intrasequence erosion surface, rather than a sequence 
boundary.

Sills of the 1324 ± 4 Ma Derim Derim Dolerite intrude 
the Jalboi Formation (Abbott et al 2001).

Lithology
The Jalboi Formation consists of interbedded, mostly fine- 
to medium-grained sandstone, siltstone and mudrocks. The 
presence of fine-grained lithologies within this unit serves 
to distinguish it from the Arnold and Hodgson sandstones. 
The proportion of fine- to coarser-grained rocks within the 
formation varies laterally; for example, a basal siltstone in 
URAPUNGA is only a few metres thick, but dominates the 
succession in ROPER RIVER to the east, comprising 213 m 
of a total thickness of 230 m of the succession (Abbott et al 
2001). In URAPUNGA, the Jalboi Formation consists of 
thinly interbedded, fine-grained white sandstone and red 
siltstone, punctuated by white-weathering sandstone beds 
in intervals that are typically 0.5 m thick, although they can 
range up to several metres (Abbott et al 2001, Figure 38b, 
c). However, white-weathering sandstone is not diagnostic 
of the formation in all areas; for example, it has not been 
described in BAUHINIA DOWNS (Pietsch et al 1991b) and 
BLUE MUD BAY (Haines et al 1999). A basal sandstone-
clast cobble conglomerate, up to 30 cm thick, commonly 
occurs to the north of the Roper River in URAPUNGA 
(Abbott et al 2001). It contains variably rounded and 
poorly sorted clasts of fine-grained sandstone (reworked 
Crawford Formation) and rare chert pebble clasts, which 
are set in a matrix of coarse-grained sandstone and quartz-

granule conglomerate. Elsewhere, a thin interval of quartz-
granule conglomerate has been reported from the base 
of the formation in both BLUE MUD BAY (Haines et al 
1999) and BAUHINIA DOWNS (Pietsch et al 1991b). At 
some localities, such as in the type section, sandstone beds 
become amalgamated up-section and may form units up to 
5 m thick; the proportion of finer-grained, thinly bedded 
facies correspondingly decreases towards the top of the 
formation. The succession is also cyclic, at least in some 
areas; Pietsch et al (1991b) described a detailed section in 
eastern BAUHINIA DOWNS that consisted of a series of 
apparent fining-upward cycles of interbedded conglomerate, 
sandstone, siltstone and mudstone. 

In URAPUNGA, the finer-grained intervals of the 
formation consist of fine- to medium-grained, ripple cross-
laminated and sharply-based sandstone, and subordinate 
laminated siltstone and claystone (Figure 38d). This 
lithology is recessive and is usually expressed as skeletal 
soils containing abundant fragments of siltstone and 
sandstone flagstones (Abbott et al 2001). Overturned 
sandstone flagstones commonly display flute casts and 
toroids, or synaeresis cracks, particularly towards the 
base of the unit. Fine-grained sandstone and siltstone 
commonly contain fine, bedding-parallel detrital mica 
and are ferruginous at the surface. Mudrocks are rarely 
exposed, or are present as rubble or as remnants attached 
to sandstone bedding planes. A rare exposure of Jalboi 
Formation mudstone was described by Sweet et al (1999) 
from northern MOUNT MARUMBA. Several metres of 
green-brown, laminated micaceous shale contains regular 
wavy and lenticular 1–10 cm thick interbeds of siltstone. 
The bases of siltstone beds have small load casts and sinuous 
subparallel synaeresis cracks. In Urapunga-5, mudrocks are 
thinly to thickly interbedded or interlaminated with fine- 
to medium- grained sandstone. The mudrocks commonly 
consist of siltstone–claystone couplets that have sharp tops 
or are normally graded. Ripple cross-lamination is common 
in coarser lithologies (Figure 38d). 

Medium to thick sandstone beds are sharply based and 
contain medium- to coarse-grained sandstone. Abbott et al 
(2001) described them as being structureless, apart from 
ripple cross-stratification in their upper parts; planar-tabular 
and trough cross-beds are also common in places (Paine 
1963, Haines et al 1993, Sweet et al 1999, Figure 38c, e). 
Ripples preserved in bedding plane exposures are generally 
symmetric (Figure 38f), and are characterised by their large 
size (amplitude up to 20 cm, wavelength to 1 m). Trains of 
quartz granules and mud rip-up clasts are locally present 
within sandstone beds, particularly towards their bases. 
Hummocky cross-beds were described from the formation 
in BAUHINIA DOWNS (Pietsch et al 1991b), BLUE 
MUD BAY (Haines et al 1999) and from near the top of the 
unit in MOUNT MARUMBA (Sweet et al 1999), but are 
not developed to the extent that they are in the Crawford 
Formation. Sandstones are variably quartz-rich (Figure 39), 
and also contain minor chert, mica and glauconite; the 
glauconite may be altered to iron oxides. Grains are 
commonly sub-rounded to well-rounded and are moderately 
to well sorted. Intergranular porosity is generally partially to 
completely occluded by authigenic quartz overgrowth or iron 
oxide cements, or by clay minerals.
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Thickness
The Jalboi Formation is 152 m thick in the type section 
in central URAPUNGA (Figure 33). It thins to the 
northwest to 117 m in a poorly exposed section near 
Tolowan Waterhole in northwestern URAPUNGA (Abbott 
et al 2001) near the western margins of this mapsheet. The 
formation thickens to the east into central-western ROPER 
RIVER where a basal siltstone comprises 213 m of a 
total of 230 m of a measured section (Abbott et al 2001). 
There are no accurately measured sections to the north of 
URAPUNGA, but Sweet et al (1999) estimated 80–100 m 
for the unit in eastern MOUNT MARUMBA. To the 
south, a thickness of ca 120–180 m was estimated for the 
formation in HODGSON DOWNS by Dunn (1963a), and 
ca 180 m was estimated in northeastern TANUMBIRINI 
by Paine (1963) who noted that the unit thins to the 
southeast. In MOUNT YOUNG, the Jalboi Formation 
ranges from 70–180 m thick (Haines et al 1993), but in 
BAUHINIA DOWNS it is much thinner and ranges from 
10–30 m (Pietsch et al 1991b) before apparently lensing 
out to the north of the Abner Range. An intersection 
from 117.7–112.7 m depth in Broughton-1 in northwestern 
URAPUNGA, originally interpreted as a thin medial 
siltstone interval within the Hodgson Sandstone by Abbott 
and Sweet (2001), was reinterpreted by Rawlings (2015) as 
Jalboi Formation.

Depositional environment
The generally fine-grained sedimentary rocks of the Jalboi 
Formation are interpreted as having been mostly deposited 
in a lower shoreface to shallow-marine, storm-dominated 
environment, generally in a slightly deeper setting than 
the underlying Arnold and overlying Hodgson sandstones 
(Haines et al 1993, 1999, Abbott et al 2001). Sweet et al 
(1999) considered the Jalboi Formation to be part of an 
overall large-scale coarsening-upwards, shallowing-
upwards cycle, with the Hodgson Sandstone representing 
the shallowest part of the cycle. The Jalboi Formation is 
interpreted to be a deeper-water facies equivalent of the 
medial Abner Sandstone to the southeast. 

Hodgson Sandstone

The Hodgson Sandstone (Sweet in Abbott et al 2001, after 
Dunn 1963a) is named after the Hodgson River, which 
drains much of HODGSON DOWNS and flows into the 
Roper River in URAPUNGA. It was originally defined as 
the Hodgson Sandstone Member of the Abner Sandstone, 
but Abbott et al (2001) elevated the unit to formation rank 
on the basis of its thickness, widespread distribution and 
other mapping characteristics. It is a resistant, strongly 
jointed scarp-forming unit dominated by cross-bedded 
quartz sandstone that forms conspicuous strike ridges and 
mesas. When weathered, it commonly forms parakarstic 
landforms consisting of friable sandstone with a hard 
siliciclastic crust, similar to that described above for the 
Abner Sandstone. This is one of four sandstone units 
forming spectacular parakarstic landforms within the 
Roper Group (Abner, Arnold and Bessie Creek sandstones 
are the others, Figure 40).

Type section
The type section is part of measured section UP/14 of 
Abbott et al (2001) at 408300mE 8392300mN. It is located 
on a strike ridge to the west of the Jalboi River in central 
URAPUNGA, about 8 km to the north-northwest of Mount 
Chapman (Figure 33). 

Distribution
This unit outcrops widely throughout the McArthur Basin, 
from eastern MOUNT MARUMBA and westernmost 
BLUE MUD BAY in the north, through URAPUNGA, 
parts of ROPER RIVER, HODGSON DOWNS and western 
MOUNT YOUNG, to northeastern TANUMBIRINI and 
BAUHINIA DOWNS in the south (Figure 33). It has not 
been recognised in the Abner Range in southern BAUHINIA 
DOWNS. The most extensive exposures are those in central 
and eastern HODGSON DOWNS (Dunn 1963a). It has also 
been intersected in the subsurface in a number of wells in 
the URAPUNGA area and further south. It is likely to be 
present in the subsurface throughout much of the Beetaloo 

Figure 39. Photomicrographs of Jalboi Formation sandstone (thin section UR14TJM0016, URAPUNGA 442863mE 8363751mN), showing 
sub-rounded to rounded quartz grains, defined by dust rims, in authigenic quartz overgrowth cement with some crystal terminations in 
intergranular pore spaces (blue). Quartz grains are mostly single crystals showing straight to slightly undulose extinction. Minor iron 
oxides are present in intergranular spaces and as stains around grains. Brown rhombic crystals in intergranular space (right) are of (very 
rare) dolomite. (a) PPL. (b) XN.
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Sub-basin, although it has not been intersected by drillholes 
in this area as all wells are terminated at shallower levels.

Relationships and boundary criteria
The lower contact with the underlying Jalboi Formation 
generally appears to be conformable and gradational. 
It could be best placed at the change from mainly 
structureless sandstone of the Jalboi Formation to trough 
cross-bedded sandstone of the Hodgson Sandstone (Abbott 
et al 2001), or alternatively, at the topmost fine-grained 
bed of the Jalboi Formation (Haines et al 1993, 1999, see 
Jalboi Formation: Relationships and boundary criteria). 
However, in drillhole Urapunga 5, the gradational contact is 
interrupted by an erosion surface mantled by a 15–20 cm-
thick bed of pebble conglomerate. The conglomerate is 
composed of chert, sandstone, and mudstone clasts in a 
sandstone matrix. Abbott et al (2001) noted that a similar 
conglomerate occurs in float at about the same stratigraphic 
level at several other localities in URAPUNGA. The upper 
contact with the Munyi Member of the Corcoran Sandstone 
is usually an erosional disconformity, locally veneered by 
10–50 cm of pebbly coarse-grained sandstone (Haines et al 
1993, Abbott et al 2001). However in drillholes Golden 
Grove-1 and Lawrence-1, the contact is gradational over a 
few metres (Abbott et al 2001); it was also interpreted to 
be conformable in BAUHINIA DOWNS by Pietsch et al 
(1991b). 

Lithology
The main lithological features of the Hodgson Sandstone 
are very similar to those of the Abner and Arnold 
sandstones. The formation is dominated by thick intervals 
of cross-bedded quartz sandstone, punctuated by minor 
thin intervals of siltstone and mudrock. Sandstone beds are 
defined by cross-beds, or where structureless, by mudrock 
partings (Abbott et al 2001). They range from thin to thick, 
but are mostly medium in thickness (decimetre-scale, 
Figure 41a). Sedimentary structures include common 
trough and planar-tabular cross-beds, in sets of up to 20 m 

in thickness (Figure 41b), and straight-crested symmetrical 
ripples (Figure 41c). Asymmetrical ripples are rare. 
Large-scale ripples having a wavelength of 30–50 cm and 
amplitude of up to 15 cm were reported to be present in 
BAUHINIA DOWNS by Pietsch et al (1991b). Prolapsed 
cross-beds are also present locally. Quartz granules and 
pebbles are sometimes disseminated throughout the 
sandstone and may also segregated at the toes of foresets. 
Discrete thin pebbly layers, containing clasts of quartz and 
lithic fragments, are also occasionally present within beds 
(Figure 41d). Mudrock intraclasts or their moulds are also 
locally abundant on bedding planes (Figure 41e). 

The sandstone is white, pink, red or light brown, locally 
very friable, and is typically quartz-rich, although local 
occurrences of micaceous quartz sandstone have been 
reported from BLUE MUD BAY (Haines et al 1999). 
It ranges in grain size from fine- to coarse-grained, and 
sorting ranges from poor to good. Samples from the type 
section (Figure 42) have a supermature composition of 
>99% quartz, with rare chert, glauconite, ?tourmaline 
and ?amphibole. Minor iron-oxides occur in intergranular 
spaces and as stains around grains. Quartz ranges from 
rounded/sub-rounded to sub-angular, and has straight 
to undulose extinction. Grains are set in an authigenic 
quartz overgrowth cement, often defined by dust rims, but 
irregular sutured boundaries between grains, formed from 
compaction, are also present. 

Siltstone and mudrock occur as one or more thin intervals 
that punctuate thick sandstone bedsets. These finer-grained 
rocks are generally not exposed, but can be recognised by 
recessive intervals between sandstone benches that can 
produce a terraced outcrop pattern (Figure 41f). Abbott 
and Sweet (2001) interpreted a thin fine-grained interval 
from 117.7–112.7 m depth in Broughton-1 in northwestern 
URAPUNGA as a mudrock interval within the Hodgson 
Sandstone, but this was reinterpreted by Rawlings (2015) as 
Jalboi Formation.

Some cyclicity within the Hodgson Sandstone is 
evident at a number of locations, although broad-scale 

Figure 40. View west down-section 
showing similar parakarstic landforms 
of east-dipping Hodgson Sandstone 
(background) and Bessie Creek 
Sandstone (foreground). Intervening 
valley is of recessive Corcoran Formation 
(Southern Lost City in Limmen National 
Park, MOUNT YOUNG, 548470mE 
8252121mN). 



49 NTGS Record 2016-003 

sedimentological trends are difficult to determine. Cycles are 
expressed by finer-grained intervals within the succession, 
some of which separate coarsening-upward sandstone units. 
At least four broad cycles were interpreted by Abbott et al 
(2001) from outcrop patterns in western ROPER RIVER; 
Sweet et al (1999) reported a series of coarsening-up units, 
10–20 m thick, from outcrops in MOUNT MARUMBA. 

Thickness
The Hodgson Sandstone is about 100 m thick at its type 
section in central URAPUNGA (Abbott et al 2001). Abbott 
and Sweet (2001) recorded a minimum measured thickness 
of 31 m in Broughton-1 in northwestern URAPUNGA, 
but this was revised to only 7.7 m in a relog of this well by 
Rawlings (2015). The formation is 76 m thick in Urapunga-5 

Figure 41. Hodgson Sandstone at type section on strike ridge to west of Jalboi River in central URAPUNGA. (a) Thinly to thickly bedded, 
trough cross-bedded, medium-grained sandstone towards top of section near 408460mE 8392580mN. Cross-beds are largely masked by 
weathering patina. (b) Trough cross-beds in basal medium–coarse-grained sandstone at 408269mE 8392506mN. (c) Straight-crested, 
occasionally bifurcated, symmetrical wave ripples on bedding surface near 408460mE 8392580mN. (d) Rare coarse-grained pebbly 
sandstone with subrounded to subangular clasts of quartz and fine-grained sandstone on bedding surface near 408460mE 8392580mN. 
(e) Moulds of clay rip-up clasts in section near 408460mE 8392580mN. (f) View east down-section from 408364mE 8392552mN, showing 
recessive interval of no exposure between prominent sandstone benches. 
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and 130 m in the Sherwin Creek area (both in southeastern 
URAPUNGA). To the north, it is estimated to be about 
100 m thick in southeastern MOUNT MARUMBA (Sweet 
et al 1999), and to the south, its thickness is 30–90 m in 
HODGSON DOWNS (Dunn 1963a), 109–136 m in MOUNT 
YOUNG (Haines et al 1993) and ca 40 m in eastern 
BAUHINIA DOWNS (Pietsch et al 1991b). The formation 
thickens towards the Beetaloo Sub-basin in the southwest 
to be 266 m thick in Broadmere-1 (Pietsch et al 1991b) and 
ca 300 m in northeastern TANUMBIRINI (Paine 1963). 
Its thickness in the sub-basin further to the southwest is 
unknown as it has not been intersected in any drillholes, 
all of which are terminated at shallower stratigraphic levels. 

Depositional environment
A tide-dominated shoreline to shallow marine setting similar 
to that of the Abner Sandstone is interpreted for this unit 
(Sweet 1986, Pietsch et al 1991b, Haines et al 1999, Abbott 
et al 2001); Abbott et al (2001) included the formation in their 
coastal tidal platform facies. Coarsening-upward cycles 
were described from a number of localities and drillholes 
by Abbott et al (2001); these are probably indicative of 
shallowing-upward progradational sedimentary packages. 
Sweet et al (1999) considered the Hodgson Sandstone to 
be the upper part of a major depositional cycle of which 
the Jalboi Formation is the deeper-water lower-energy 
component. 

Maiwok Subgroup

The Maiwok Subgroup (Sweet and Abbott in Abbott et al 
2001, after Dunn 1963a) is named after Maiwok Creek, a 
major tributary of the Roper River in URAPUNGA. The 
subgroup forms the upper part of the Roper Group. It is 
dominated by mudrock-rich formations that alternate with 
thinner formations of cross-stratified quartz sandstone. 
A minor, but diagnostic lithology in the URAPUNGA 
area is oolitic ironstone (Abbott et al 2001). Dunn (1963a, 
1963c) described the Maiwok Subgroup as that part of the 
Roper Group from the base of the Velkerri Formation to 

the top of the Roper Group, but did not formally define 
it. Abbott et al (2001) redefined the subgroup to include 
the Corcoran Formation and Bessie Creek Sandstone. 
The alternating sandstone and mudrock formations of 
the subgroup form a ridge and valley topography due 
to the more recessive nature of the mudrocks. Much of 
the overall topography tends to be subdued due to the 
relatively low proportion of resistant rocks (sandstone, 
ironstone). The most extensive outcrops of the subgroup 
are in southwestern URAPUNGA and adjacent parts of 
KATHERINE and HODGSON DOWNS. A smaller area in 
northeastern HODGSON DOWNS extends eastward into 
MOUNT YOUNG (Figure 5). In the southern McArthur 
Basin, rocks previously mapped as Cobanbirini Formation 
(in western and northeastern BAUHINIA DOWNS) were 
included in the Maiwok Subgroup by Pietsch et al (1991b). 
The total area preserved in outcrop is some 15 000 km2, but 
its subsurface extent is considerably more. The subgroup 
is about 600 m thick, excluding the constituent Chambers 
River Formation, in southwestern URAPUNGA; the 
Chambers River Formation in KATHERINE is estimated 
at 2000 m (Kruse et al 1994). Drillhole Broadmere-1 
intersected 1154 m of the subgroup (Pietsch et al 1991b) 
and Falcon Shenandoah-1, -1A intersected ca 1840 m of the 
subgroup (Kyalla to Velkerri formations) in the centre of the 
Beetaloo Sub-basin; this is the thickest-known intersection. 
Abbott et al (2001) estimated that the Maiwok Subgroup 
might be up to 3000 m thick in the sub-basin, but this 
figure is probably excessive given that the total thickness 
of the entire Roper Group in this depocentre was estimated 
to be not much greater than ca 3000 m by Silverman et al 
(2007) and Silverman and Ahlbrandt (2011). A significant 
thickness of Maiwok Subgroup rocks was intersected in 
Santos Ltd Tanumbirini-1 in the OT Downs sub-basin 
(Johns et al 2015), but details are not publically available at 
time of writing. 

The Maiwok Subgroup overlies the Collara Subgroup, 
with the contact being an erosional disconformity in most 
sections, but it is apparently concordant and conformable in 
some areas. Abbott and Sweet (2000) considered the contact 

Figure 42. Photomicrographs of Hodgson Sandstone from type section on strike ridge to west of Jalboi River in central URAPUNGA 
(408460mE 8392580mN). (a) Rounded/sub-rounded to sub-angular quartz grains set in authigenic quartz overgrowth cement, defined 
by dust rims, with some crystal terminations in intergranular pore spaces (blue). Rounded green crystal is glauconite (thin section 
UR14TJM0035). XN. (b) As above, showing irregular sutured boundaries between quartz grains, formed from compaction (thin section 
UR14TJM0036). XN.
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to be a significant sequence boundary between their Jalson 
and Corbess sequences. The subgroup is unconformably 
overlain by an unnamed group of late Mesoproterozoic to 
Neoproterozoic units in the subsurface Beetaloo Sub-basin, 
by late early Cambrian volcanic rocks of the Kalkarindji 
Suite, and by Cretaceous strata. Sills of the 1324 Ma Derim 
Derim Dolerite intrude most formations of the subgroup. 

In ascending stratigraphic order, the constituent 
formations of the Maiwok Subgroup are the Corcoran 
Formation, Bessie Creek Sandstone, Velkerri Formation, 
Moroak Sandstone, Sherwin Formation, Kyalla Formation, 
Bukalorkmi Sandstone, and Chambers River Formation.

Corcoran Formation

The Corcoran Formation (Sweet in Abbott et al 2001, 
after Dunn 1963a) is named after Corcoran Creek, a minor 
tributary of the McArthur River in BAUHINIA DOWNS. 
It contains the sandstone-rich Munyi Member, which is 
always present at the base of the formation. The Corcoran 
Formation is predominantly fine-grained and recessive, 
and these intervals are either not exposed or are expressed 
as shaly skeletal soils. In areas where dips are steep, the 
formation occupies valleys between the upstanding Hodgson 
and Bessie Creek sandstones (Figure 40). In areas where 
dips are shallow, such as eastern and southern BAUHINIA 
DOWNS, exposures can be more extensive in drainage 
channels, and beneath Cretaceous buttes and plateaux and 
overlying sandstone-forming ridges (Pietsch et al 1991b). 
Sandstone-rich intervals at the base (Munyi Member) and 
top of the formation can form rubble-covered low hills and 
ridges. The Corcoran Formation was included in the lower 
Roper Group prior to redefinition of the Maiwok Subgroup 
to include the Corcoran Formation and the overlying Bessie 
Creek Sandstone (Abbott et al 2001). The basal Munyi 
Member was originally included as the topmost member of 
the Abner Sandstone by Dunn (1963a, c), but was reassigned 
to the Corcoran Formation by Haines et al (1993) who 
recognised a sharp and possibly disconformable contact 
with the underlying Hodgson Sandstone. Palynomorphs 
from the Corcoran Formation have been listed and briefly 
discussed by Javaux et al (2001) and Grey (2015).

Type section
In the eponymous Corcoran Creek, near Borroloola in 
northeastern BAUHINIA DOWNS, Smith (1964) recognised 
a condensed Roper Group section, which included only 
18 m of Corcoran Formation. Unpublished data from IP 
Sweet, as reported in Abbott et al (2001), recorded just 11 m 
of the formation in this area. However, Pietsch et al (1991b) 
remapped this interval as Jalboi Formation (‘member’ at 
the time) and referred overlying sandstone to the Hodgson 
Sandstone. Mapping by Dunn (1963a, 1963b), Paine 
(1963), Smith (1964), and Plumb and Paine (1964) made 
it clear that the unit given the name Corcoran Formation 
is the mudrock-dominated interval between the Hodgson 
and Bessie Creek sandstones. On that basis, Abbott et al 
(2001) concluded that the thin and unrepresentative section 
in the Corcoran Creek area was unsuitable to be the type 
section. In the absence of adequate surface exposures for 
this generally recessive formation, they nominated the 

type section to be a complete 230.9 m-thick intersection in 
Golden Grove-1, in URAPUNGA (431800mE 8359100mN, 
Figure 43), from 396.6 m (base) to 165.7 m (top). This 
type section excludes the Munyi Member in the interval 
from 396.6 –419.9 m depth; the type section for the Munyi 
Member is in Urapunga-5 (see below).

Distribution
Poor exposures are widely distributed in the McArthur Basin 
from easternmost MOUNT MARUMBA and westernmost 
BLUE MUD BAY in the north, through URAPUNGA, 
HODGSON DOWNS and MOUNT YOUNG, to 
northeastern TANUMBIRINI and BAUHINIA DOWNS 
in the south (Figure 43). Although not exposed, the unit 
is presumed to be present in KATHERINE beneath black 
soil plains separating ridges of the Hodgson and Bessie 
Creek sandstones (Kruse et al 1994). The unit has been 
intersected in a number of wells in these mapsheets and has 
also been intersected in POG Sever-1 (LARRIMAH) and 
POG Altree-2 (southwestern HODGSON DOWNS), on the 
northern and northeastern margins of the Beetaloo Sub-
basin respectively. The formation is presumed to continue 
to the south and southwest into deeper parts of this sub-
basin, but has not been intersected there in other wells as all 
are terminated at shallower stratigraphic levels. 

Relationships and boundary criteria
The lower contact of the formation coincides with that 
of the basal Munyi Member; it is a sharp erosional 
disconformity, locally veneered by 10–50 cm of pebbly 
coarse-grained sandstone in eastern URAPUNGA (Abbott 
et al 2001), MOUNT YOUNG (Haines et al 1993), drillhole 
Urapunga-5 (Sweet and Jackson 1986) and probably in 
MOUNT MARUMBA (Sweet et al 1999). Abbott and Sweet 
(2000) considered the lower contact of the formation to be 
a significant sequence boundary between their Jalson and 
Corbess sequences. In MOUNT YOUNG, the upper few 
metres of the Hodgson Member below the contact are often 
reddened and ferruginised, suggesting a period of subaerial 
exposure prior to deposition (Haines et al 1993). However, 
in drillholes Golden Grove-1 and Lawrence-1 (Figure 43), 
the contact with the Hodgson Sandstone is gradational over 
a few metres; in HODGSON DOWNS (Dunn 1963a) and 
BAUHINIA DOWNS (Pietsch et al 1991b), the contact has 
been described as conformable. 

The upper contact with the Bessie Creek Sandstone 
is generally regarded as conformable in most areas. In 
MOUNT YOUNG, a weakly coarsening-upward succession 
leading to a transitional and conformable contact with the 
Bessie Creek Sandstone was described by Haines et al 
(1993); the contact has been described as conformable in 
HODGSON DOWNS (Dunn 1963a), in drillhole POG 
Broadmere-1 (BAUHINIA DOWNS; see Abbott et al 2001) 
and over the southern McArthur Basin in general (Jackson 
et al 1987). However, the contact is sharp and erosional in 
BMR Urapunga-4 (Sweet and Jackson 1986); Haines et al 
(1999) also described an abrupt contact in BLUE MUD BAY 
where fine- and coarse-grained sandstones of the Corcoran 
Formation are overlain by medium-grained Bessie Creek 
Sandstone. This locally sharp contact was interpreted by 
Abbott and Sweet (2000) to be an intrasequence erosion 
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surface (disconformity) rather than a significant sequence 
boundary. 

Lithology
The Corcoran Formation above the Munyi Member is 
generally poorly exposed and is best observed in drill 
intersections, where it is shown to consist of interlaminated 
to finely interbedded siltstone, mudrock and minor fine-
grained sandstone (Figure 44). Mudrock is usually 
green-grey to black and finely parallel laminated; 
massive mudrock is uncommon. Siltstone is light grey to 
light brown and may be laminated and micaceous. Thin 
interbeds of very fine- to fine-grained, quartz-rich and 
lesser micaceous sandstone occur towards the base and 
top of the formation (Figure 44a), but are rarer through 
the remainder of the unit. These are usually from 1–2 cm 

up to a maximum of 20–30 cm in thickness, but a rare 
1.6 m-thick bed is present near the top of the formation in 
drillhole Golden Grove-1 (Weste et al 1988). Finer-grained 
intervals may be pyritic; glauconite has been identified 
throughout the formation in drillhole Broadmere-1 in 
BAUHINIA DOWNS (Pietsch et al 1991b). Siltstone and 
sandstone may be normally graded, ripple laminated and 
show soft-sediment deformation features such as slumped 
and convoluted beds (Figure 44b). Other sedimentary 
structures that have been described from exposed coarser 
intervals, particularly towards the top of the formation, 
include ripple marks that locally show interference patterns 
on the upper surfaces of beds, tool marks on the bases of 
beds, mudstone rip-up clasts, trough and hummocky cross-
beds, pinch-and-swell structures, symmetrical ripples and 
synaeresis cracks (Haines et al 1993, 1999, Abbott et al 
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2001). Lithological cycles have not been described from the 
formation, although coarser-grained intervals are typically 
present towards the base and top of the unit. Sweet and 
Jackson (1986) described an overall weakly coarsening-
upward succession in drillhole Urapunga-4; Jackson et al 
(1987) noted an overall fining trend within the formation 
towards the north. 

Thickness
In URAPUNGA, complete drill core intersections occur 
in drillholes Golden Grove-1 (230.9 m) and Lawrence-1 
(185 m). In Golden Grove-1, the type section, beds are dipping 
at about 25–30° (Weste et al 1988), indicating that the true 
thickness of the formation would be about 200–210 m; the 
Munyi Member is about 20 m thick in this drillhole (from 
396.6–419.9 m depth), giving a total estimated true thickness 
for the entire formation in the range 220–230 m. Partial 
drillhole intersections of the Corcoran Formation occur in 
Broughton-1 (105 m; see Rawlings 2015), BMR Urapunga-2 
(94 m), Urapunga 4 (134.3 m), and Urapunga-5 (24.1 m of 
Munyi Member). To the north, in MOUNT MARUMBA, 
the thickness of the Corcoran Formation, including the 
Munyi Member, was estimated by Sweet et al (1999) to be 
about 165 m from the width of the outcrop belt. To the south, 
a thickness of about 240 m is estimated for the formation in 
MOUNT YOUNG (Haines et al 1993) and 120–180 m in 
HODGSON DOWNS (Dunn 1963a). To the southeast, the 
formation thins markedly and its easternmost outcrops near 
Borroloola in northeastern BAUHINIA DOWNS are less 
than 20 m thick (see Type section above). The formation 
thickens towards the Beetaloo Sub-basin in the southwest, 
and reaches maximum-known thicknesses of 505 m in 
Broadmere-1 in western BAUHINIA DOWNS (Pietsch 
et al 1991b) and ca 430 m in northeastern TANUMBIRINI 
(Paine 1963). The thickness of the formation within deeper 
parts of the Beetaloo Sub-basin is unknown as all drillholes 
are terminated at shallower stratigraphic levels.

Depositional environment
The Corcoran Formation, excluding the Munyi Member, is 
interpreted to have been deposited in a storm-dominated 
shallow-marine shelf setting, mostly under relatively low-
energy, subtidal conditions. Rippled and graded coarser-
grained interbeds were deposited under the influence of 
periodic currents; symmetrical ripples and hummocky 
cross-strata show the influence of waves and storms. Abbott 
et al (2001) interpreted the mudrock-dominated portions of 
the formation to have been deposited in a distal shelf setting. 
Haines et al (1993) interpreted the upper, more sandstone-
rich part of the formation to represent a shallowing-upward 
succession from a shoreface environment into the very 
shallow conditions displayed by the Bessie Creek Sandstone.

Munyi Member

The Munyi Member (Abbott and Sweet in Abbott et al 2001, 
after Dunn 1963a) is named after Munyi Bluff in western 
URAPUNGA. It is the only named member of the Corcoran 
Formation and forms the base of this unit in all areas. The 
member is a thin heterolithic succession of dark red- to 
brown-weathering, locally ferruginous sandstone, siltstone, 

mudrock, minor conglomerate and minor ironstone. This 
is one of three units containing pisolitic ‘red-beds’ in the 
Roper Group, the other two being the Wadjeli Sandstone 
Member of the Mainoru Formation and the Sherwin 
Formation. The iron content imparts a distinctive dark tone 
on aerial photographs. Only the basal sandstone-dominated 
part of the Munyi Member is exposed, the remainder being 
recessive and best known from drill intersections. Exposed 
sandstone typically occurs as tabular rubble capping ridges 
and plateaux, or mantling dip slopes of the underlying 
Hodgson Sandstone. Some better-exposed sections occur 
along the Roper Highway in southern URAPUNGA 
(Figure 45a). The unit was originally included as the 
topmost member of the Abner Sandstone by Dunn (1963a, 
c), but was reassigned to the Corcoran Formation by 
Haines et al (1993), who recognised a sharp and possibly 
disconformable contact with the underlying Hodgson 
Sandstone.

Type section
In the absence of adequate exposed sections that show 
the entire range of rock types, a section of the member in 
drillhole Urapunga-5, at 437712mE 8373601mN, in south-
central URAPUNGA, was nominated as the type section by 
Abbott et al (2001). The base of the member is at 34.8 m; the 
top is placed in saprolite at 10.7 m depth.

Distribution
The Munyi Member is always present at the base of the 
Corcoran Formation and has a similar distribution, from 

Figure 44. Corcoran Formation; images derived from NTGS 
HyLoggerTM TSG dataset. Arrows point up-section. (a) Graded 
and ungraded fine-grained sandstone interbeds in laminated 
mudrock and siltstone, from near base of formation in type 
section. Sandstone dykes (centre) are possibly infilled synaeresis 
cracks. Golden Grove-1 (URAPUNGA 431662mE 8359064mN) 
at ca 390.3 m depth. Core diameter is 63.5 mm. (b) Laminated 
siltstone and claystone; graded, ripple laminated very fine-
grained sandstone (centre); and soft-sediment deformation 
(bottom). Urapunga-4 (423949mE 8374386mN) at ca 403.3 m 
depth. Core diameter is 47.6 mm.  
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Figure 45. Munyi Member. (a) Basal sandstone interval of thinly 
to medium bedded sandstone and minor siltstone in road cutting on 
Roper Highway. Red colouring of rocks is partly due to weathering 
and partly due to dust from vehicle traffic (URAPUNGA, 438029mE 
8373832mN). (b). Detail of sandstone in (a), showing thin to medium 
beds of sandstone and thin lenticular interbeds of siltstone. Note 
poorly defined, low-angle cross-strata in bed behind pen. (c) Detail 
of sandstone in (a), showing planar-tabular cross-bed in sandstone. 
(d –e) Drill core from Urapunga-5 (437712mE 8373601mN); 
HyLogger 3 images derived from Smith (2015b). Arrows point up-
section. Core diameter is 63.5 mm. (d) Thinly interbedded fine- to 
medium-grained sandstone and red-brown siltstone and mudstone at 
26.8 m depth. (e) Oolitic ironstone bed at 25.7 m depth.
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MOUNT MARUMBA and BLUE MUD BAY in the north 
to BAUHINIA DOWNS in the south (Figure 43). Exposures 
tend to be more resistant and are more widespread within 
these mapsheet areas than the finer-grained parts of the 
formation. The member is not intersected in drillholes 
Sever-1 (LARRIMAH) and Altree-2 (southwestern 
HODGSON DOWNS), on the northern and northeastern 
margins of the Beetaloo Sub-basin respectively, as these 
drillholes were both terminated at a higher level within the 
Corcoran Formation, but it is presumed to occur at depth 
within the sub-basin. 

Relationships and boundary criteria
The lower contact of the member coincides with that 
of the parent Corcoran Formation; it is a sharp erosional 
disconformity in most areas, but is conformable in others 
(see Corcoran Formation: Relationships and boundary 
criteria above). In all drill core intersections, the Munyi 
Member passes gradationally upwards into laminated 
siltstone and mudstone of the undivided Corcoran 
Formation. The top of the member is nominally placed at the 
last appearance of granule-conglomerate, but this contact is 
not exposed (Abbott et al 2001). Sills of the 1324 ± 4 Ma 
Derim Derim Dolerite intrude the Munyi Member (Abbott 
et al 2001).

Lithology
The Munyi Member consists of dark red- to brown-
weathering, locally ferruginous sandstone, siltstone, 
mudstone, minor conglomerate and minor ironstone. 
The sandstone is thinly to medium bedded, and fine- to 
coarse-grained (Figure 45a–c). Thin lenses of granular 
to pebbly sandstone/conglomerate occur throughout the 
succession, particularly towards the base of the member. 
Sandstone is commonly cross-bedded and has locally 
abundant symmetric and asymmetric ripple cross-laminae. 
A sample from a relatively well exposed section in a road 
cutting on the Roper Highway consists almost entirely 
of poorly sorted, quartz framework grains with a few 
rip-up clasts of micaceous siltstone (Figure 46). Thinly 
interbedded micaceous siltstone, mudstone and laminated 
to thinly bedded sandstone dominate the member above 
the sandstone-rich basal interval (Figure 45d). These 
rocks locally display ripple marks and desiccation cracks 
on parting surfaces. Finer-grained beds are grey to brown 
to red, whereas sandstone is usually white, grey, light 
purple, or light brown. Scattered ironstone ooids are locally 
present, as are mudstone intraclasts, some of which have 
pisolitic coatings (Abbott et al 2001). Siltstone and fine-
grained sandstone interbeds may show normally grading or 
are ungraded with sharp-tops. Minor ironstone beds are up 
to 1 m thick in the type section in Urapunga-5 and may be 
oolitic (Figure 45e). 

The succession is broadly upward-fining. Sandstone 
and minor granule conglomerate lenses are dominant 
towards the base of the member, but decrease in abundance 
up-section. In Urapunga-5, a basal 5 m-thick sandstone 
interval grades upward into a 19 m-thick siltstone-rich 
interval containing irregularly spaced thin to medium beds 
of sandstone and granule conglomerate (Abbott et al 2001). 
In MOUNT YOUNG, a basal thin granule conglomerate 

with scattered small pebbles and mud clasts is overlain by a 
roughly fining-upward succession dominated by coarse- to 
fine-grained white sandstone and leached white mudstone, 
interbedded with hematitic sandstone and mudstone 
(Haines et al 1993). In MOUNT MARUMBA, Sweet et al 
(1999) described a section that comprised a basal 10–20 cm-
thick pebbly sandstone, succeeded by poorly exposed 
mudstone, medium-grained laminated sandstone with large 
symmetrical ripples, and pebbly sandstone. Capping the 
succession is a metre or more of medium to thickly bedded, 
medium- to coarse-grained ferruginous sandstone with 
an iron oxide matrix, and many intraclasts of ferruginous 
mudstone.

Thickness
Jackson et al (1987) estimated the thickness of the Munyi 
Member to be up to 30 m. The unit is 24.1 m in the type 
section in Urapunga-5, although this is a minimum 
thickness as the upper boundary is in saprolite and difficult 
to place precisely (Abbott et al 2001). An intersection of 
23.3 m was measured in Golden Grove-1 (Weste et al 1988) 
and 36.3 m in Lawrence-1 (Ledlie and Maim 1989), which 
is the maximum measured thickness.

Depositional environment
The presence of cross-beds, intraclasts, pisolites and 
desiccation cracks indicates that the heterolithic assemblage 
of sandstone and mudstone comprising the Munyi Member 
was deposited in a variety of environments ranging from 
fluvial (red-weathering and intraclastic sandstone) to very 
shallow marine (pisolitic facies). The broadly upward-
fining succession is indicative of rapid transgression and 
deepening into the main part of the Corcoran Formation 
(Haines et al 1993, Abbott et al 2001). 

Bessie Creek Sandstone

The Bessie Creek Sandstone (Sweet and Abbott in Abbott 
et al 2001, after Dunn 1963a) is named after Bessie Creek, 
which drains the northern Abner Range area and flows 
northeastward to join the McArthur River near McArthur 
River homestead in BAUHINIA DOWNS. It is a resistant, 
characteristically jointed, cross-bedded, white- to grey-
weathering quartz sandstone unit that can be distinguished 
by its white tones with occasional dark bands visible on 
aerial photographs. In areas of higher dip, the formation 
forms a low strike ridge, reduced to sandy rises in places, 
between the recessive Corcoran and Velkerri Formations; 
in areas of low dip, it caps mesas and buttes above flat 
alluvial plains. When weathered, it commonly forms 
parakarstic landforms consisting of friable sandstone with 
a hard siliciclastic crust, similar to that described above for 
the Abner Sandstone. This is one of four sandstone units 
forming such landforms within the Roper Group (Abner, 
Arnold and Hodgson sandstones are the others, Figure 40). 
The most spectacular occurrence, named the Lost City, 
is characterised by joint-bounded, karstically weathered 
towers up to 50 m high (see Jennings 1979, Figure 47a). The 
Bessie Creek Sandstone was formerly referred to the lower 
Roper Group prior to redefinition of the Maiwok Subgroup 
to include the Bessie Creek Sandstone and underlying 
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Corcoran Formation (Abbott et al 2001). The formation has 
economic potential as both a conventional oil/gas reservoir 
at shallow–moderate depths, such as the margins of the 
Beetaloo Sub-basin and other relatively shallow areas in 
the McArthur Basin, and as an unconventional reservoir for 
basin-centred gas in deeper parts of the Beetaloo Sub-basin 
(Munson 2014). 

Type section
The type section is in the Abner Range in BAUHINIA 
DOWNS, to the northwest of Beetle Springs. The base is 
at 605000mE 8143700mN and the top is about 400 m to the 
southwest at 604800mE 8143500mN (Figure 48).

Distribution
Exposures are widely distributed in the McArthur Basin 
from easternmost MOUNT MARUMBA and westernmost 
BLUE MUD BAY in the north, through KATHERINE, 
URAPUNGA, HODGSON DOWNS and MOUNT 
YOUNG to northeastern TANUMBIRINI and BAUHINIA 
DOWNS in the south (Figure 48). The Bessie Creek 
Sandstone is the youngest Roper Group formation exposed 
in BLUE MUD BAY. The unit has been intersected in 
a number of wells in these mapsheets; it has also been 
intersected in Sever-1 (LARRIMAH), and in Altree-2 
and Walton-2 (southwestern HODGSON DOWNS) on the 
northern and northeastern margins of the Beetaloo Sub-
basin respectively. The formation is presumed to continue 
to the south and southwest into deeper parts of this sub-
basin, but has not been intersected there in other wells as all 
are terminated at shallower stratigraphic levels. In eastern 
BAUHINIA DOWNS, the Bessie Creek Sandstone and the 
overlying Roper Group formations are all missing from the 
succession due to erosion or non-deposition in this area. 

Relationships and boundary criteria
Contacts are not exposed in the type section in BAUHINIA 
DOWNS; boundaries are recognised by an abrupt cessation 
of outcrop at base and top. In URAPUNGA, the Bessie Creek 

Sandstone overlies the Corcoran Formation with a sharp 
contact; the boundary is mapped at the knickline between 
resistant sandstone and underlying recessive siltstone (Abbott 
et al 2001). Where it is intersected by Urapunga-4, Golden 
Grove-1 and Lawrence-1, the boundary is a disconformity 
(Abbott and Sweet 2001). The basal few decimetres of 
sandstone in these drillholes is relatively coarse-grained and 
contains abundant mudstone clasts of Corcoran Formation. 
To the north, the basal contact was described as conformable 
in MOUNT MARUMBA (Sweet et al 1999) and as ‘abrupt’ 
in BLUE MUD BAY (Haines et al 1999), whereas to the 
south, the basal contact was described as conformable in both 
HODGSON DOWNS (Dunn 1963a) and MOUNT YOUNG 
(Haines et al 1993). In BAUHINIA DOWNS, Pietsch 
et al (1991b) described a ‘rapid transition’ from Corcoran 
Formation at the base of the unit; in Broadmere-1 in western 
BAUHINIA DOWNS, this contact is gradational (Abbott 
and Sweet 2000). The upper contact is conformable with 
interbedded sandstone and mudstone of the lower Velkerri 
Formation; it is an abrupt transition in Urapunga-4 (Sweet 
and Jackson 1986) and was interpreted as a conformable 
sequence boundary by Abbott and Sweet (2000) between 
their Corbess and Veloak sequences.

Sills of the 1324 ± 4 Ma Derim Derim Dolerite intrude 
the Bessie Creek Sandstone (Abbott et al 2001).

Lithology
The Bessie Creek Sandstone is dominated by fine- to 
medium-, locally coarse-grained and granule-rich clean 
quartz sandstone; it is typically very friable when weathered, 
similar to the underlying Abner, Arnold and Hodgson 
sandstones. Mudstone partings and thin, locally abundant 
intraclast-rich intervals have been observed in drill core 
(Abbott et al 2001). The sandstone is generally white 
when fresh, but weathers to a range of colours, including 
white, grey, yellow, purple, light brown, red-brown and 
red (Haines et al 1993, Abbott et al 2001). Liesegang 
(concentric) banding is locally common. The sandstone is 
dominantly quartz-rich, but ferruginous, micaceous and 

Figure 46. Photomicrographs of Munyi Member sandstone from road cutting on Roper Highway (thin section UR14TJM0018, URAPUNGA 
438029mE 8373832mN). (a) Poorly sorted quartz sandstone with quartz-mica siltstone rip-up clast. Sandstone consists of rounded to sub-
angular quartz with simple to undulose extinction in chert/iron oxide cement (see b). Siltstone clast contains sub-angular to sub-rounded, 
poorly sorted quartz (85%) and bedding-aligned muscovite. Intergranular spaces are filled by clay-rich matrix in layers, or by siliceous/iron 
oxide cement. XN. (b) Detail of sandstone showing quartz grains in chert cement that has corroded some grains. Note rounded and abraded 
authigenic quartz overgrowths, which together with poor sorting, suggest this sandstone has been redeposited via density flow. XN.
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feldspathic sandstones have been reported locally (Pietsch 
et al 1991b, Haines et al 1999). A sample of a porous quartz 
sandstone from MOUNT YOUNG has a supermature 
composition of >99% quartz with very rare chert and mica 
(Figure 49). Quartz grains are generally well rounded and 
are set in quartz overgrowth cement that partially occludes 
pore spaces. Minor iron oxides and probably neoformed 
clay minerals occur in some intergranular spaces.

The lithological succession in the Bessie Creek 
Sandstone appears to be monotonous and lacks obvious 
paracycle development (Abbott et al 2001). Beds are mainly 
thin to medium (Figure 47a, b) and less commonly, thick 
to very thick. They are extensively cross-stratified and 
contain trough, planar-tabular and herringbone cross-
beds, but planar-laminated and structureless beds are also 
present (Figure 47c). Symmetrical or slightly asymmetrical 
wave ripples are locally common on bedding surfaces and 
partings (Kruse et al 1994, Abbott et al 2001, Figure 47d). 
Pietsch et al (1991b) reported probable prolapsed cross-
beds, which they described as ‘syndepositional slumping 
resulting in recumbent folded cross-bedding’, from 
BAUHINIA DOWNS. Desiccation cracks have also been 
reported by Haines et al (1993) from exposures in northern 
MOUNT YOUNG. 

Thickness
The Bessie Creek Sandstone is relatively thin in the north 
and northeast, but thickens considerably to the southwest 
towards the Beetaloo Sub-basin. In MOUNT MARUMBA 
in the north, an incomplete thickness of 10–20 m was 
estimated by Sweet et al (1999). In URAPUNGA, the 
formation is 25 m thick in Urapunga-4 and 33 m in Golden 
Grove-1 (Abbott et al 2001). The formation thins to less 
than 20 m in western URAPUNGA and KATHERINE 
(Kruse et al 1994). Exposures in HODGSON DOWNS 
to the south were estimated to be in the range 30–60 m 
by Dunn (1963a); this thickness has been subsequently 
confirmed by a number of drill intersections (Figure 48). 
Haines et al (1993) recorded 157 m in MOUNT YOUNG. 
The formation is 217 m in the type section in BAUHINIA 
DOWNS, but thickens towards the west of this mapsheet 
to be 367 m thick in Broadmere-1. It is an estimated 
365 m thick in northeastern TANUMBIRINI (Paine 
1963) and reaches a maximum-known thickness of 
417 m in drillhole Altree-2 in southwestern HODGSON 
DOWNS. The thickness of the formation in deeper parts 
of the Beetaloo Sub-basin is unknown, as all drillholes 
in this area are terminated at shallower stratigraphic 
levels. 

Figure 47. Bessie Creek Sandstone at Southern Lost City, Limmen National Park, MOUNT YOUNG. (a) Gently east-dipping thin to 
medium beds showing spectacular parakarstic landforms (near 548625mE 8252035mN). (b) Scarp slope showing thin to medium sandstone 
beds. Valley to RHS is underlain by recessive Corcoran Formation (view south from 548470mE 852121mN). (c) Planar-laminated and 
herringbone cross-beds (near 548625mE 8252035mN). (d) Slightly sinuous symmetric wave ripples on bedding plane. Note bifurcations 
(near 548625mE 8252035mN).
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Figure 48. Distribution of exposures of Bessie Creek Sandstone, derived from 1:250 000 mapsheet polygons in NTGS GIS database, and 
subsurface intersections (depth/thickness). Background map is NT geological regions from NTGS 1:2.5M GIS database. TS = type section.

Figure 49. Photomicrographs of Bessie Creek Sandstone (thin section MY14TJM002, Southern Lost City, Limmen National Park, 
MOUNT YOUNG, 548470mE 852121mN). Sandstone consists of moderately well rounded quartz with simple to undulose extinction. 
Intergranular spaces are porous (blue), or infilled with authigenic quartz overgrowth cement, dark brown iron oxides, or green/light brown 
authigenic clay minerals. (a) PPL. (b) XN. 
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Depositional environment
The Bessie Creek Sandstone was deposited in a high-
energy tide-dominated shoreline to shallow shelf setting 
(Pietsch et al 1991b, Haines et al 1993, Abbott et al 2001). 
Palaeocurrent patterns indicate strongly asymmetric tidal 
currents (Sweet 1986, Abbott and Sweet 2000). 

Velkerri Formation

The Velkerri Formation (Sweet in Abbott et al 2001, 
after Dunn 1963a) is a recessive fine-grained unit of 
mudrock, siltstone and minor sandstone, named after 
Velkerri Creek in northwestern URAPUNGA. It is 
rarely exposed, except as rare small outcrops of buff- 
to white-weathering laminated siltstone and mudstone, 
or fragments of these rock types in skeletal soil. The 
formation typically underlies broad valleys and extensive 
plains between more resistant exposures of the Bessie 
Creek and Moroak sandstones. It is also present in scarp 
slopes beneath the Moroak Sandstone and can form 
low, rounded bare hills in some areas. The formation is 
best known from drillhole interceptions. The Velkerri 
Formation is notable for its organic-rich beds, particularly 
in the medial part of the formation, which, despite their 
age, are prime petroleum source rocks (Munson 2014 and 
references therein). Palynomorphs from the formation 
are illustrated and discussed in Gorter and Grey (2012b) 
and Grey (2013a–g, 2015).

The Velkerri Formation was formerly mapped as the 
lower part of the Cobanbirini Formation of Paine (1963) 
and Smith (1964). The Cobanbirini Formation included all 
of the currently recognised Roper Group units above the 
Bessie Creek Sandstone and was therefore an equivalent 
of the Maiwok Subgroup, as originally defined by Dunn 
(1963a), with the Velkerri Formation constituting the 
basal unit; note that the Maiwok Subgroup has since 
been redefined to include the underlying Corcoran 
Formation and Bessie Creek Sandstone (Abbott et al 
2001). Following a revision of the nomenclature by 
Pietsch et al (1991b), the name Cobanbirini Formation 
was superseded and abandoned in most mapsheet areas, 
except in TANUMBIRINI, where the vintage of mapping 
(Paine 1963) is First Edition and precedes subdivision of 
the unit. In the 1980s, reports on exploration programs by 
Amoco Australia Petroleum Company in the BAUHINIA 
DOWNS area referred to the Velkerri Formation as the 
Lansen Creek Member of the Cobanbirini Formation (see 
Dorrins and Womer 1983). This name is a junior synonym 
of the Velkerri Formation and has subsequently been 
abandoned along with all of its variants (eg ‘Lansen Creek 
Shale’ of Powell et al 1987; Lansen Shale of Lindsey 
2001). 

Type section
Poor exposure precludes nomination of a surface type 
section and Abbott et al (2001) therefore nominated it to 
be a complete intersection of the formation in drillhole 
Urapunga-4 (Figure 50) from 372 m to 42 m depth (see 
Sweet and Jackson 1986). The core is housed in the National 
Offshore Petroleum Data & Core Repository at Geoscience 
Australia in Canberra.

Distribution
The formation does not occur north of URAPUNGA–
ROPER RIVER. Poor exposures of the formation occur in 
southern and western URAPUNGA, eastern KATHERINE, 
northern HODGSON DOWNS and northwestern MOUNT 
YOUNG (Figure 50). The formation might also be exposed 
in northeastern TANUMBIRINI as part of the undivided 
Cobanbirini Formation (Paine 1963). The formation 
has been intersected in the subsurface in numerous 
wells in URAPUNGA and mapsheets to the south and 
southwest, including LARRIMAH, HODGSON DOWNS, 
TANUMBIRINI, BAUHINIA DOWNS, and possibly 
BEETALOO. The southernmost drillhole interception 
in Western Desert Resources Ltd (WDR) 12BC001 in 
BEETALOO was inferred to be Velkerri Formation by 
Gaughan (2013), but might be a younger part of the Beetaloo 
Sub-basin succession. A drillhole interception in southern 
BAUHINIA DOWNS (BHP MD4) was interpreted to be 
Velkerri Formation by Darby and Brown (1993), but this is 
inferred and is open to reinterpretation. 

Relationships and boundary criteria
The Velkerri Formation is generally concordant between 
the Bessie Creek and Moroak sandstones. The basal contact 
is not exposed, but is conformable and gradational in 
several drillhole intersections. For example, in Urapunga-4, 
the gradation from cross-bedded Bessie Creek Sandstone 
into the mudstone-dominated Velkerri Formation occurs 
over an interval of about 1.5 m (Sweet and Jackson 1986, 
Figure 51). The upper contact with the Moroak Sandstone 
has been described as generally conformable (eg Dunn 
1963a, Pietsch et al 1991b), but is sharp and erosive in the 
type section in Urapunga-4 (Abbott and Sweet 2000). Abbott 
et al (2001) described an abrupt knickline at the base of the 
Moroak Sandstone in most outcrops that is consistent with 
a similar unconformable contact relationship throughout 
URAPUNGA. The contact was also described as being 
sharp and conformable in MOUNT YOUNG (Haines et al 
1993). However, Warren et al (1998) described the contact 
as being gradational in at least some wells; for example, 
it is marked by an alternation of fine- and coarse-grained 
lithologies over a number of decimetres in POG McManus-1. 

Sills of the Derim Derim Dolerite are recorded as 
intruding the middle Velkerri Formation in a number of 
wells in the Beetaloo Sub-basin (Hoffman 2015).

Lithology
The Velkerri Formation is a dominantly fine-grained 
unit consisting of interlaminated and thinly interbedded 
claystone and siltstone, minor fine-grained sandstone, and 
rare thin dolomitised limestone (Awwiller 2012). The rocks 
are generally laminated, but intervals that are structureless 
or characterised by abundant convoluted laminae are 
common. Calcite nodules and veins, and pyrite are present 
throughout. Laminae and thin intervals of sandstone are 
typically glauconitic (Abbott et al 2001). Lanigan et al 
(1994) recognised three conformable divisions of the unit 
(lower, middle and upper intervals) based on Pacific Oil 
and Gas Ltd drill intersections in the north of the Beetaloo 
Sub-basin and adjacent areas. This informal subdivision is 
present in most drill interceptions of the unit and is generally 
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accepted as being characteristic of the formation. The lower 
and upper intervals have a relatively high proportion of 
siltstone/sandstone and the organic content of the mudrocks 
is generally lean, whereas the finer-grained middle Velkerri 
Formation contains organic-rich mudrock intervals and is of 
considerable economic interest to petroleum explorers as a 
rich source rock and unconventional play (see Munson 2014 
and references therein). Hoffman (2015) noted that multiple 
highly correlative log markers can be identified throughout 

the formation that can be used to tie drill intersections into a 
regional framework. This shows that many intervals within 
the Velkerri Formation succession are laterally extensive in 
a regional scale. 

Warren et al (1998) described the mudrocks as generally 
consisting of superimposed sediment couplets made up 
of laminated, black organic-rich shale [with total organic 
carbon (TOC) ca 4–6%] and laminated, grey-green 
organically lean shale (TOC <2%). These couplets stack 
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at scales ranging from centimetres to metres. Glauconitic 
silty laminae and minor fine-grained sandstone occur 
within the shale, particularly in the lower and upper 
intervals. The mudrock is composed of quartz, illite, 
mixed-layer smectite/illite, chlorite, and lesser amounts of 
albite, diagenetic calcite, siderite, ferroan dolomite, pyrite, 
calcium phosphate, kaolin, and hydrocarbon films (Warren 
et al 1998). Beds in the upper portion of the lower Velkerri 
Formation and lower portion of the middle Velkerri 
Formation reflect a volcanogenic provenance that wanes 
up-section, as indicated by a decrease in albite content and 
an increasing abundance of coarser quartzo-feldspathic 
minerals.

The lower Velkerri Formation consists of laminated grey-
green to dark grey claystone, with interlaminated pale grey 
siltstone and thin sandstone intervals that are increasingly 
common towards the base (Lanigan et al 1994, Figure 52a). 
Its thickness in drill interceptions is quite variable and 
ranges from >10 m in the type section in Urapunga-4 to 
>300 m in POG Walton-2 (Figure 50). The lower contact 
with the Bessie Creek Sandstone is gradational over a few 
decimetres, whereas the upper contact with the middle 
Velkerri Formation is typically sharp and often marked by 
a thin calcite bed that might be the result to a hydrocarbon 
expulsion event in the middle Velkerri shale (Hoffman 
2015). Rare to uncommon sedimentary structures that are 
associated with coarser-grained layers include load and 
injection structures, flat pebble lithic intraclast breccias, 
normal grading and ripple marks (Figure 52b). The 
average mineralogy of the mudrocks, as determined from 
geochemical analyses (Revie 2015a, Figure 53a), is 87% 
quartz and clay in roughly equal proportions, 2% carbonates 
and 11% other minerals. 

The middle Velkerri Formation consists of interlaminated 
to thinly interbedded, grey-green and dark grey to brown-
black mudrock, lesser siltstone and rare fine-grained 
sandstone. Its thickness in drill interceptions ranges from 
102 m in POG Friendship-1 to a maximum of 350.7 m in 
McManus-1 (Figure 50). Lanigan et al (1994) and Warren 
et al (1998) subdivided this interval into three organic-rich 
units separated by two clay-rich, organically lean intervals, 
based on the successions in Altree-2 and McManus-1 in 
southwestern HODGSON DOWNS. The organic-rich units 
were informally numbered 1–3, in ascending stratigraphic 
order, and are equivalent to units A–C of Hoffman (2015) who 
noted that they can be recognised in other drill interceptions. 
Limited drilling data indicates that the proportion of siltstone 
and sandstone to organic mudrock within this interval 
increases to the south and west within the Beetaloo Sub-
basin (Gorter and Grey 2012b, Hoffman 2015). The organic-
rich mudrocks (Figure 54a) are dark-grey to black and finely 
laminated (millimetre-scale) to massive. They have a TOC 
of typically 4–6%. The organically lean mudrocks tend 
to be grey-green with a TOC of <2% (Warren et al 1998, 
Revie 2015b, 2016). Laminae typically consist of alternating 
organic-rich and -poor clay minerals and very fine quartz 
grains (Figure 55a–c); they may contain scattered muscovite 
flakes and silt-sized particles (Warren et al 1998, Awwiller 
2012). Siltstone occurs as laminae and thin intermittent beds 
within the mudrocks; siltstone laminae are continuous to 
discontinuous and have either sharp tops or are normally 

Figure 51. Gradational contact, marked by interbedded shale and 
fine-grained sandstone, between Bessie Creek Sandstone (base 
of image) and lower Velkerri Formation. Urapunga-4 (423949mE 
8374386mN) at ca 372 m depth; image derived from NTGS 
HyLoggerTM TSG dataset. Core diameter (uncut) is 47.6 mm. 
Arrow points up-section.
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Figure 52. Drill core from lower Velkerri Formation. Arrows 
point up-section. (a) Laminated grey-green to dark grey 
claystone with interlaminated light grey siltstone. Urapunga-4 
(423949mE 8374386mN) at 368 m depth; image derived from 
NTGS HyLoggerTM TSG dataset. Core diameter is 47.6 mm. 
(b) Cross-laminated fine-grained sandstone. Sever-1 (268430mE 
8313268mN) at 1110 m depth; HyLogger 3 image derived from 
Smith (2015a). Core diameter is 63.5 mm.

graded into claystone (Figure 54b–c). Normal grading 
from very fine quartz grains to clay minerals also occurs 
within laminated claystone (Figure 55b). Other common 
sedimentary structures include soft-sediment contortion 
and slumping, and ripple cross-lamination (Figure 54d–e). 
Ripple cross-lamination is present both in coarser layers 
and at smaller scales within claystone, where it is defined 
by inclined flakes of organic matter and by sublaminae 
(microlaminae) or microlenticles (Powell et al 1987) of silt 
and clay flocs (Figure 55c). The average mineralogy of the 
mudrocks, as determined from geochemical analyses (Revie 
2015a, Figure 53b), is similar to the rest of the formation 
in respect to quartz (47%); however, there is a much lower 
clay content (26%) and a relatively high carbonate content 
(9%). Warren et al (1998) reported the presence of occasional 
altered volcanogenic lithic clasts cemented by coarse fibrous 
chlorite in siltstones; they also noted that the middle Velkerri 
Formation, especially in its lowermost part, is characterised 
by widespread cone-in-cone cement. The upper boundary of 
the middle unit is gradational over several metres as organic 
content wanes upward; this feature is best picked using 
resistivity logs (Lanigan et al 1994).

The upper Velkerri Formation is 88.5 m thick in the 
type section in Urapunga-4, but increases to a maximum of 
461 m in McManus-1 (Figure 50). It consists of alternating, 
interbedded and interlaminated grey-green mudstone and 
pale grey siltstone (Figure 56a) with lesser, commonly 
glauconitic fine-grained sandstone that increases in 
proportion towards the top. Both sandstone and coarse-
grained siltstone can be cross-laminated and normal 
graded. Occasional scours and soft-sediment deformation 
features, including slumps, contorted beds and injection 
dykes, are also common, particularly towards the top 
(Figure 56b–c). Warren et al (1998) reported the presence 
of occasional rip-up clasts of organic matter and clay flakes, 
which are typically are flattened parallel to bedding and 
occasionally rounded. The bases of such clast-entraining 
beds are typically erosional and underlain by small-scale 
load structures. The upper Velkerri Formation contains 
little organic material except where it grades into the middle 
part of the formation (Lanigan et al 1994).

Thickness
The formation is 330 m thick in the type section in 
Urapunga-4 in URAPUNGA. To the west in KATHERINE, 
Kruse et al (1994) estimated a much lesser thickness of 
>50 m. It is about 300 m thick in HODGSON DOWNS (Dunn 
1963a) and reaches 449 m in Broadmere-1 in BAUHINIA 
DOWNS (Amoco 1985, Pietsch et al 1991b). The formation 
thickens southwards and westwards into the Beetaloo 
Sub-basin, where it reaches a maximum-known thickness 
of 880 m in McManus-1 in southwestern HODGSON 
DOWNS (Warren et al 1998: figure 2) and 754 m in Sever-1 
in LARRIMAH. An incomplete thickness of 514 m was 
intersected in Shenandoah-1A in TANUMBIRINI, which 
is the southernmost confirmed intersection of the unit. 

Depositional environment
There have been a number of studies to determine the 
depositional environment of the Velkerri Formation. 
Powell et al (1987) interpreted active currents within 
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Figure 53. Average mineral content (wt%) of (a) lower Velkerri Formation, (b) middle Velkerri Formation, and (c) upper Velkerri 
Formation, as determined from geochemical analyses (after Revie 2015a).

Figure 54. Drill core from middle Velkerri 
Formation from type section in Urapunga-4 
(423949mE 8374386mN); images derived 
from NTGS HyLoggerTM TSG dataset. 
Arrows point up-section. Core diameter is 
47.6 mm. (a) Massive black claystone with 
calcite veins from organic-rich interval 
(146.8 m depth). (b) Interlaminated dark 
grey claystone and pale grey siltstone. 
Siltstone laminae are continuous to 
discontinuous and have relatively sharp tops 
and bottoms (293.7 m depth). (c) Normally 
graded siltstone–claystone couplets 
(328.5 m depth). (d) Cross-laminated 
siltstone (328.9 m depth). (e) Soft-sediment 
slumping (346 m depth).
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Figure 56. Drill core from upper Velkerri Formation from type section in Urapunga-4 (423949mE 8374386mN); images derived from 
NTGS HyLoggerTM TSG dataset. Arrows point up-section. Core diameter is 47.6 mm. (a) Interlaminated and thinly interbedded siltstone 
and claystone (98.3 m depth). (b) Thin interbeds of ripple cross-laminated fine-grained sandstone in laminated mudrocks (71.8 m depth). 
(c) Soft-sediment slumping of thinly interbedded fine-grained sandstone in laminated mudrock (63.2 m depth).

Figure 55. Photomicrographs of middle Velkerri Formation 
laminated claystone from McManus-1 (HODGSON DOWNS 
353421mE 8239531mN) drill core samples; rephotographs of thin 
sections illustrated and briefly described in Awwiller (2012). Note 
that partings parallel to bedding (blue resin, representing porosity) 
are artefact of thin section preparation. PPL. (a) Laminae defined 
by dark brown clay minerals and very fine quartz grains. Rare 
elongate grains are muscovite mica. Thin section McMan052 
(1300.7 m depth). (b) Laminae defined by organic-rich clay (dark 
brown), organic-poor clay (light brown) and very fine quartz grains. 
Prominent quartz-rich layer with sharp base is normally graded to 
clay minerals. Thin section McMan023 (1490.0 m). (c) Laminae 
defined by organic-rich clay (dark brown) and organic-poor clay 
(light brown). Very fine dispersed quartz does not form distinct 
layers. Note low-angle cross-lamination in light brown layer, 
defined by inclined flakes of organic matter, and by sublaminae of 
clay flocs (clay particle aggregates that can form ripples via bedload 
transport; see Talling et al 2012). 
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the environment of deposition from the presence of very 
angular flakes of organic matter and microlenticles of silt; 
this indicates that most of the formation was probably 
deposited from muddy turbidites and mass flows rather 
than from suspension. They interpreted an outer shelf 
slope setting affected by periodic tectonic activity that 
produced abundant slumped bedding. Additional evidence 
for periodic and regular current activity includes the 
presence of cross-laminated sandstone, siltstone and 
claystone (Figures 52c, 54d, 55c), graded siltstone 
(Figure 54c, 55b), lithic intraclast breccias, and occasional 
scours. Donnelly and Crick (1988) conducted a detailed 
geochemical study of the formation and interpreted an 
initial low-sulfate oxidising environment from which 
they interpreted a lake or barred bay environment with 
limited marine influence that eventually became euxinic, 
resulting in the preservation of significant amounts of 
organic matter. Jackson and Raiswell (1991) conducted 
detailed facies analysis that indicated deposition in a 
variety of sub-environments on an epicratonic marine 
shelf. In most of these sub-environments, the depositional 
interface was beyond the effects of normal wave and tidal 
current activity. They considered the following features 
to be incompatible with the lacustrine-barred bay setting 
suggested by Donnelly and Crick (1988): the stratigraphic 
relationships between the Velkerri Formation and 
associated wave- and tide-deposited shoreface sandstones 
of the Bessie Creek and Moroak sandstones; and the 
widespread presence of glauconite throughout the Velkerri 
Formation. They also suggested that the succession 
represents two, subtle, coarsening-upward sedimentary 
cycles. Subsequent studies (eg Pietsch et al 1991b, Haines 
et al 1993, Warren et al 1998, Abbott and Sweet 2000, 
Abbott et al 2001) have generally followed Jackson et al 
(1987) in interpreting a subtidal marine shelf environment 
below wave base, generally in a distal outer shelf or slope 
setting, although Warren et al (1998) also considered the 
environment to have been restricted, or partly restricted, or 
anoxic at times (see also Basin overview). Gorter and Grey 
(2012b) proposed that deposition occurred in a ‘developing 
foredeep’ flanked by ‘rising mountains’ to the present-day 
south and by a ‘ramp margin’ to the present-day north. An 
observed southward-coarsening trend within the formation 
was considered to be the result of coarse clastic material 
being shed from the uplifted areas to the south.

Overall, the lower interval of the Velkerri Formation 
displays a predominantly fining-upward trend from the 
Bessie Creek Sandstone, whereas the upper interval 
coarsens-upwards towards the Moroak Sandstone. 
The middle Velkerri Formation also appears to show a 
coarsening trend towards the south in the Beetaloo Sub-
basin (Gorter and Grey 2012b, Hoffman 2015). Glauconite 
and acritarchs (Grey 2015) are present within the 
formation, indicating a marine setting. The depositional 
environment was therefore marine, subtidal, sub-wave 
base and generally quiet, but affected by regular current 
activity; this is consistent with the Powell et al (1987) 
interpretation of periodic turbidity currents. The deepest 
and most distal environments are represented in the middle 
Velkerri Formation, which has the highest proportion of 
claystone to siltstone and sandstone.

Moroak Sandstone

The Moroak Sandstone (Sweet in Abbott et al 2001, after 
Dunn 1963c) is a unit of cross-bedded quartz sandstone 
named after Moroak Station in southwestern URAPUNGA, 
presumably after Morok Creek (note spelling), a tributary 
of Maiwok Creek in central western URAPUNGA. The 
formation is a resistant unit that forms low cuestas, benches 
(Figure 57a) and pavements, depending on the dip, above 
plains covering recessive Velkerri Formation. Pietsch 
et al (1991b) reported the presence of parakarstically 
weathered landforms of Moroak Sandstone in BAUHINIA 
DOWNS. The formation was previously the Moroak 
Sandstone Member of the former McMinn Formation 
(Dunn 1963c), but Abbott et al (2001) raised this name 
to formation status, along with other former members 
(Sherwin Ironstone Member, Kyalla Member, Bukalorkmi 
Sandstone Member) and abandoned the name McMinn 
Formation. The Moroak Sandstone also replaces the 
informally named ‘Broadmere Sandstone member’ (Powell 
et al 1987), equivalent to Broadmere Sandstone of Dorrins 
and Womer 1983), within the Cobanbirini Formation in 
TANUMBIRINI and BAUHINIA DOWNS (Pietsch et al 
1991). Note that following a revision of the nomenclature 
by Pietsch et al (1991b), the name Cobanbirini Formation 
was superseded and abandoned in most mapsheet areas, 
except in TANUMBIRINI, where the vintage of mapping 
(Paine 1963) is First Edition and precedes subdivision of the 
unit. The Moroak Sandstone, as now defined, is probably 
more restricted than originally envisaged by Dunn (1963c) 
who included some of the (now) lower Sherwin Formation 
within the unit. 

Type section
The type section is on the northern slopes of Mount McMinn, 
just south of the Roper Highway, at 432800mE 8375100mN 
in URAPUNGA (Figure 58). The section includes the 
lowermost 6 m of exposures as measured by Jackson et al 
(1986: figure 65). This area is no longer accessible so a new 
type locality needs to be selected. Relatively well exposed 
representative sections of the Moroak Sandstone can be 
accessed on numerous scarps in the general area of the 
designated type locality in southern URAPUNGA.

Distribution
The Moroak Sandstone is exposed widely in eastern 
KATHERINE, southwestern URAPUNGA, HODGSON 
DOWNS, northwestern MOUNT YOUNG and western 
BAUHINIA DOWNS (Figure 58). The formation is also 
likely to be exposed in northeastern TANUMBIRINI, 
but is not differentiated from the Cobanbirini Formation 
in the first edition map (Paine 1963). In the subsurface, 
the formation has been intersected in a number of wells 
throughout these mapsheets and in the Beetaloo Sub-basin. 
The most westerly intersections are in Sever-1 and Pangaea 
Tarlee-S3 in LARRIMAH; the most southerly include 
Shenandoah-1A and POG Jamison-1 in TANUMBIRINI, 
and POG Elliot-1 in BEETALOO. Possible intersections 
in WDR 12BC001 in southernmost BEETALOO and BHP 
MD4 in southwestern BAUHINIA DOWNS are yet to be 
confirmed as Moroak Sandstone. 
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Relationships and boundary criteria
The lower contact with the Velkerri Formation has been 
described as generally conformable (eg Dunn 1963a, 
Pietsch et al 1991b, Haines et al 1993), but the contact is 
sharp and erosive in Urapunga-4 (Abbott and Sweet 2000). 
An abrupt knickline at the base of the formation in most 
outcrops is consistent with a similar unconformable contact 
relationship throughout URAPUNGA (Abbott et al 2001). 
The contact is also apparently gradational in at least some 
wells; for example, it is marked by an alternation of fine- 

and coarse-grained lithologies over a number of decimetres 
in McManus-1 (Lanigan et al 1994, Warren et al 1998). 
The Moroak Sandstone is conformably overlain by the 
Sherwin Formation in KATHERINE, URAPUNGA, 
northern HODGSON DOWNS and northwestern MOUNT 
YOUNG. In URAPUNGA, this contact was described 
as being gradational and laterally interfingering (Abbott 
and Sweet 2001, Abbott et al 2001). In other areas of the 
southern McArthur Basin (including the Beetaloo Sub-
basin) where the Sherwin Formation is absent, the Moroak 

Figure 57. Moroak Sandstone (URAPUNGA, 430184mE 8365941mN). (a) Bench-forming sandstone exposures and colluvium on scarp 
slope. (b) Thinly to medium bedded, massive, planar laminated and cross-bedded, medium-grained sandstone. (c) Trough cross-bedded 
medium-grained sandstone. (d) straight-crested current ripples on bedding surface. Palaeocurrent from left to right. (e) Strongly undulatory 
to lingoid current ripples on bedding surface. Relatively strong palaeocurrent in comparison to (d) in direction of tape. (f) Synaeresis 
cracks on bedding surface. 
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Sandstone is conformably overlain by the Kyalla Formation 
(Pietsch et al 1991b, Lanigan et al 1994). The contact is 
gradational over a few metres and is marked by the onset 
and gradual increase in abundance up-section of mudstone 
interbeds in thinly bedded fine-grained sandstone (Kyalla 
Formation) above thicker sandstone beds lacking mudrocks 
(Moroak Sandstone). Dunn (1963a) also described a 
lateral gradational relationship between the upper Moroak 
Sandstone and lower Kyalla Formation in an area just 
north and north-west of Hodgson Downs Homestead in 
HODGSON DOWNS. 

Sills of the 1324 ± 4 Ma Derim Derim Dolerite intrude 
the Moroak Sandstone (Abbott et al 2001).

Lithology
The Moroak Sandstone consists mostly of medium- to 
fine-grained quartz sandstone with minor quartz-granule-
rich coarse-grained sandstone, conglomerate and siltstone 
interbeds (Haines et al 1993, Lanigan et al 1994, Abbott et al 
2001). The sandstone ranges from thinly bedded and flaggy 
to medium bedded and blocky (Figure 57b), with some 
thicker beds also present. Colour varies from white, pale 
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yellow to purple; some beds are notably ferruginous. Haines 
et al (1993) reported the presence of minor sedimentary 
ironstone near the top of the unit in MOUNT YOUNG that 
is similar to that seen in the overlying Sherwin Formation. 
Sedimentary structures include massive bedding; planar 
lamination; abundant trough cross-beds (Figure  57b –c); 
symmetric, asymmetric and interference ripples on 
bedding surfaces (Figures 57d–e); moulds of rip-up clasts; 
and synaeresis cracks (Figure 57f). Pietsch et al (1991b) 
also reported the presence of mudcracks in BAUHINIA 
DOWNS. Soft-sediment deformation features are common 
in places and include slumps, convoluted bedding and 
dewatering structures (Lanigan and Ledlie 1991, Pietsch 
et al 1991b). Lanigan and Ledlie (1991) noted coarsening-
upward cycles from fine- to very fine-grained sandstone to 
siltstone in the lower half of the formation in McManus-1; 
Lanigan et al 1994 noted an overall coarsening-upward 
trend within the formation in a number of drill intersections 
from the Beetaloo Sub-basin; however, an overall fining-
upward succession was described by Pietsch et al (1991b) 
from a section in central-western BAUHINIA DOWNS. 

Fresh samples of Moroak Sandstone are very silicified. 
In thin section, the sandstone has a supermature composition 
consisting almost entirely of well sorted, sub-angular to 
rounded quartz grains with rare glauconite, zircon, chert 
and green amphibole, and very rare small muscovite grains 
(Figure 59a). Quartz grains are single crystals (no composite 
grains) with straight to undulose extinction. Some sandstones 
are rich in iron oxides; Abbott et al (2001) noted that cross-
stratified sandstone in URAPUNGA is characteristically 
defined by sub-millimetre thick laminae that are iron 
oxide-rich. Intergranular spaces are mostly infilled by an 
authigenic quartz overgrowth cement that occludes porosity 
(Figure 59b). Mutual interpenetration of some grains prior 
to cementation is indicative of burial compaction. Lanigan 
(1992) noted that the sandstone in Elliot-1 contains pressure 
solution features, oxidation effects and (near the top) brittle 
fracturing associated with anhydrite veins. 

Thickness
In southern URAPUNGA, the formation has a minimum 
thickness of just 2.5 m in Urapunga-4 and 6 m at the type 

area at Mount McMinn (Abbott et al 2001, Figure 58). 
Thicker sections are present to the southeast in northeastern 
HODGSON DOWNS (70 m in POG Scarborough-1) and 
western BAUHINIA DOWNS (154 m in AMOCO 82/1, 
as ‘Broadmere Sandstone member’). Kruse et al (1994) 
estimated about 100 m for the formation in KATHERINE. 
The unit thickens to the southwest into the Beetaloo Sub-
basin where it is 180 m in Sever-1, 407 m in Elliot-1 and 
482.9 m (maximum recorded thickness) in Sweatpea 
Shenandoah-1. However, thickness is quite variable and 
is considerably less in other wells within the sub-basin 
(eg 54.7 m in Jamison-1, 94.4 m in POG Burdo-1, 70.2 m in 
McManus-1). 

Depositional environment
The Moroak Sandstone is interpreted to have been deposited 
in a high-energy tide-dominated shoreline to shallow shelf 
setting (Jackson et al 1986, Pietsch et al 1991b, Haines et al 
1993, Kruse et al 1994, Abbott and Sweet 2000, Abbott et al 
2001). Pietsch et al (1991b) described mudcracks, mudstone 
clast imprints and ripple marks in BAUHINIA DOWNS 
that indicate a very shallow marine setting with periodic 
emergence. Abbott et al (2001) included the formation in 
their coastal tidal platform facies.

Sherwin Formation

The Sherwin Formation (Abbott and Young in Abbott et al 
2001, after Dunn 1963a) is characterised by the presence of 
oolitic ironstone intervals, but is dominated volumetrically 
by interbedded sandstone, siltstone and mudstone. It is 
named after Sherwin Creek, a minor tributary of the 
Roper River that drains a small area of south-central 
URAPUNGA. Exposure is generally poor and at most 
localities is characterised by one to four units of resistant 
ironstone that are usually exposed on dip slopes and 
occasionally as caps on mesas. The formation was previously 
the Sherwin Ironstone Member of the former McMinn 
Formation (Dunn 1963c), but was raised to formation status 
by Abbott et al (2001). Much of it was originally included 
within the underlying Moroak Sandstone until Abbott et al 
(2001) restricted the definition of the latter unit to a basal 

Figure 59. Photomicrographs of sample of Moroak Sandstone from southeastern URAPUNGA (thin section UR14TJM0026 430184mE 
8365941mN). (a) Sub-angular to rounded quartz grains in well developed siliceous cement that mostly occludes porosity (blue). Green 
crystal (upper RHS) is glauconite; high-relief crystal (upper LHS) is zircon. PPL. (b) Sub-angular to rounded quartz grains in authigenic 
quartz overgrowth cement, defined by dust rims. XN. 
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quartz sandstone and reassigned the overlying interval 
of interbedded sandstone, siltstone and mudstone to the 
Sherwin Formation. Palynomorphs from the formation 
were illustrated and briefly discussed by Norvick (1970 in 
Peat et al 1978) and Grey (2015). 

This is one of three units containing pisolitic ‘red-
beds’ in the Roper Group, the other two being the Wadjeli 
Sandstone Member of the Mainoru Formation and the 
Munyi Member of the Corcoran Formation.

Type area
Two type localities were assigned by Abbott et al 2001: 
one is in the headwaters of Sherwin Creek in the vicinity 
of Mount Lindsay (TA1 in Figure 60); the other (TA2) is at 
Mount McMinn. These areas are no longer accessible and 
a new type section or type area should be selected for this 
unit. Relatively well exposed representative sections of the 
Sherwin Formation can be accessed on numerous scarps in 
the general area of the designated type localities in southern 
URAPUNGA. 

Distribution
The Sherwin Formation is restricted to easternmost 
KATHERINE, central and southern URAPUNGA, northern 
HODGSON DOWNS and northwestern MOUNT YOUNG 
(Figure 60). It is absent in the Beetaloo Sub-basin and other 
areas in the south of the McArthur Basin, although iron-rich 
sedimentary rocks (not oolitic ironstone) do occur at possibly 
equivalent stratigraphic levels in other formations in these 

areas. These include ‘interbedded micaceous hematitic 
siltstone’ in the Cobanbirini Formation in TANUMBIRINI 
(Paine 1963), a ‘fine-grained ferruginous quartzarenite’ 
in the upper ‘Moroak Sandstone Member’ in west-central 
BAUHINIA DOWNS (Pietsch et al 1991b); and an ‘iron-
rich matrix’ in the Kyalla Formation in the Beetaloo Sub-
basin (Lanigan et al 1994). 

Relationships and boundary criteria
The Sherwin Formation has conformable lower and upper 
boundaries. In URAPUNGA, the lower boundary with the 
Moroak Sandstone (as defined by Abbott et al 2001) was 
described by Abbott and Sweet (2001) and Abbott et al 
(2001) as being gradational and laterally interfingering; 
however, Abbott and Sweet (2000) also described an 
erosional contact in the Harts Range (URAPUNGA). 
The contact is mapped at the top of the uppermost quartz 
sandstone of the Moroak Sandstone. The upper boundary 
with the Kyalla Formation is defined as the last occurrence 
of oolitic ironstone. Because the ironstone beds tend to 
be laterally discontinuous, the stratigraphic level of this 
upper boundary varies from place to place, resulting in 
an interfingering relationship between the two units. In 
practice, the upper boundary of the formation is mapped at 
the uppermost ironstone unit visible at map scale (Abbott 
et al 2001). In Urapunga-4, the boundary is sharp, with 
Kyalla Formation mudrock overlying ferruginous sandstone 
and oolitic ironstone of the Sherwin Formation (Figure 61a). 
In the Roper Bar mine in northwestern MOUNT YOUNG, 
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ROPER RIVERURAPUNGAKATHERINE
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Figure 60. Distribution of exposures of Sherwin Formation, derived from 1:250 000 mapsheet polygons in NTGS GIS database, and 
subsurface intersections (depth/thickness). Background map is NT geological regions from NTGS 1:2.5M GIS database. Data from 
Sherwin Iron Ltd drillholes (prefixed with ‘RR’) are quoted with permission from Ryall and Lewis (2011). 
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interbedded fine-grained sandstone and mudrocks become 
increasingly more frequent up-section within the upper few 
metres of the Sherwin Formation below a sharp contact 
with Kyalla Formation mudrocks (Figure 61b). 

Lithology
The Sherwin Formation is a succession of sandstone, 
siltstone and claystone characterised by interbeds and 
lenses of sandy, oolitic and pisolitic ironstone, ferruginous 
sandstone and hematitic shale. Sandstones and ironstones 
tend to form resistant benches on scarp slopes (Figure 62a), 
whereas finer-grained rocks are recessive, poorly exposed 
and often covered in rubble from more resistant beds. 

Sandstone is fine- to medium- to rarely coarse-grained, 
and ranges from thinly bedded and tabular to thickly bedded 
and blocky (Figure 62b–c). Sedimentary structures include 
massive and planar laminated beds, trough cross-beds, 
current and interference ripples, basal scours and tool marks, 
normal grading, and synaeresis cracks (Figure 62d –f). 
Cross-stratification in some beds is defined by iron oxide-
rich laminae. Sandstone is generally dominated by quartz, 
but also contains chert, muscovite, and in some beds, 

Figure 61. Contact between Sherwin and Kyalla formations. 
(a) Sharp contact between Kyalla Formation mudrock and 
underlying ferruginous sandstone and oolitic ironstone of 
Sherwin Formation in Urapunga-4 (423949mE 8374386mN) 
at 29.5 m depth; top of RHS core continuous with base LHS 
core; images derived from NTGS HyLoggerTM TSG dataset; 
arrow points up-section. Core diameter is 63.5 mm. (b) Sharp 
contact between dark grey mudrocks of Kyalla Formation 
(LHS) and underlying ferruginous rocks of Sherwin Formation 
at WDR’s Roper Bar Mine in northwestern MOUNT YOUNG. 
Proportion of interbedded light grey fine-grained sandstone 
and mudrock increases within Sherwin Formation up-section 
towards contact. Locally steep to overturned dips are due to 
drag folding associated with major E–W thrust fault to north of 
mine. High-grade oolitic ore zones are to right of figures. View 
west of western end of Area F East open-cut pit (507553mE 
8325283mN). 

ferruginous and silicified ooids set in a siliceous and/or 
ferruginous cement (Figure 63a–c). Haines et al (1993) 
also noted the presence of discoidal pseudomorphs of 
siderite probably after gypsum in sandstone in MOUNT 
YOUNG. Siltstone and claystone are grey to black when 
fresh (Figure 64), but are generally weathered to brown or 
olive-green in exposures. Siltstone and very fine-grained 
sandstone may be laminated or cross-laminated, and may 
show normal grading to claystone (Figure 63c). Mudrock 
contains quartz, clay minerals and minor muscovite; it 
ranges from dark grey to black and carbonaceous and 
pyritic, to red-brown and hematitic (Haines et al 1993, 
Abbott et al 2001, Figure 63d). Peat et al (1978) reported 
on microfossil assemblages and the organic geochemistry 
of Sherwin Formation black shales from BHP drill core; 
sandstone is locally bituminous (Peat et al 1978, Sweet and 
Jackson 1986). 

Four distinct ironstone units are present in the succession 
in the vicinity of Sherwin Creek in URAPUNGA. Iron ore 
in this area was mined by Sherwin Iron Ltd in 2013–2014. 
The ironstones have been well described in a number 
of previous studies, including Cochrane and Edwards 
(1960), Canavan (1965), Ferenczi (1997), and a number 
of company reports (eg Cochrane 1955, Ryall and Lewis 
2011). The massive ironstone beds are best exposed on 
scarps at the front of long cuesta ridges. They display some 
lateral variation in thickness, but are typically in the range 
1–12 m. The ironstone unit with the highest iron grades 
occurs towards the base of the formation in this area. It is 
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composed of ochreous, red, hematite-rich oolitic to pisolitic 
material that typically consists of red, closely packed 
hematite ooids (0.5–5 mm in diameter) varying amounts 
of well rounded quartz grains (0.1–1.5 mm in diameter) 
cemented by ochreous or specular hematite (Figure 65). 
Below a depth of 30 m, the iron mineralisation consists 
of predominantly concentrically zoned hematite ooids 

and dispersed quartz grains in a hematitic and/or sideritic 
cement (Cochrane and Edwards 1960, Ferenczi 1997). 
Quartz grains commonly form the nuclei of the hematite 
ooids. The three ‘upper’ oolitic sandy ironstone beds 
contain lower amounts of iron compared to the lower unit, 
due to the presence of more siderite, greenalite (a variety 
of chamosite) and quartz in the primary mineralisation. 

Figure 62. Sherwin Formation. (a) Scarp slope with two prominent benches of ferruginous sandstone at middle and top of ridge. Recessive 
shale occurs in intervening scree-covered slope. URAPUNGA, near 422200mE 8375000mN. (b) Thinly bedded ferruginous sandstone 
from lower bench shown in (a). (c) Thickly bedded trough cross-bedded sandstone; laminae accentuated by remobilised iron-oxides that 
also form cross-cutting veinlets and irregular patches. Height of outcrop ca 1.3 m. URAPUNGA, 430121mE 8365930mN. (d) Trough 
cross-bedded ferruginous sandstone. Locality same as (c). (e) Massive sandstone bed with basal scour overlying poorly exposed shale. 
Locality same as (a). (f) Well developed synaeresis cracks on bed surface. Locality same as (a).
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Figure 63. Photomicrographs of Sherwin Formation. (a) Sandstone with sub-angular to sub-rounded, well sorted quartz and yellow dusty 
chert in authigenic syntaxial silica cement defined by inclusion rims. Some minor ferruginous cement (opaque) at top left. Thin section 
MY14TJM0004C, Western Desert Resources Ltd, Roper Bar Mine, western end of Area F East 3 pit (MOUNT YOUNG 507553mE 
8325283mN). PPL. (b) Sandstone as above with late-stage iron oxides corroding both quartz grains and earlier-formed siliceous cement 
(thin section UR14TJM0007, scarp slope north of Roper Highway, URAPUNGA 422200mE 8375000mN). PPL. (c) Low-angle cross-
laminated, very fine-grained quartz sandstone, overlain by two, thin, normally graded siltstone–claystone couplets, overlain by fine-
grained quartz-hematite ooid sandstone. Width of field of view about 20 mm. Thin section MY14TJM0004B, location as for (a). Normal 
light scan of thin section. (d) Silty claystone, consisting of sub-angular to sub-rounded quartz, elongate platy muscovite, dusty yellow-green 
clay minerals and ferruginous opaques. Bedding parallel fabric is defined by aligned and elongated grains. Thin section UR14TJM0007, 
location as for (b). PPL. (e) Oolitic sandy ironstone, consisting of recrystallised ooids and quartz grains set in ferruginous cement. Late-
stage microcrystalline quartz has replaced both ooids and ferruginous cement in places. Blue areas are voids. Thin section UR14TJM0008, 
location as for (b). XN. (f) As for (e), but with concentric structure of ooids partially preserved. Nucleus of large ooid (centre top) is quartz. 
Thin section UR14TJM0008, location as for (b). XN.
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Thickness
Abbott et al (2001) estimated that the Sherwin Formation 
reaches a maximum thickness of up to 100 m around 
Sherwin Creek in central URAPUNGA. The formation 
was reported by Abbott et al to be about 100 m thick in 
BHP DDH B7, which is located about 5 km to the southeast 

Figure 64. Sherwin Formation dark grey shale interbedded 
with very fine-grained light grey sandstone from Urapunga-4 at 
ca 31.7 m depth. Irregularly shaped sandstone-filled structures 
are synaeresis cracks in section; these were incorrectly described 
in original drill log (Sweet and Jackson 1986) as ‘molar tooth’ 
structures (an enigmatic Proterozoic carbonate fabric characterised 
by variously shaped voids filled with uniform, equant microspar). 

Figure 65. Sherwin Formation iron ore samples from Roper Bar 
area in URAPUNGA (after Ahmad et al 2013a: figure 15.52, A 
Wygralak collection, precise location unknown). (a) Cemented 
pisolitic ore. (b) Cemented oolitic ore.

Microcrystalline to chalcedonic quartz often replaces the 
original sideritic cement via diagenetic processes, so in 
cases where the ooids have been leached out by surficial 
weathering, a dark, siliceous cellular textured rock is 
formed (Cochrane and Edwards 1960, Ferenczi 1997). 
These ironstones are commonly cross-bedded and are 
characterised by a finer ooid grain size (0.5 –1 mm) and 
a dark brown-grey colour. They are interbedded with 
siderite- and chamosite-bearing, coarse-grained quartz 
sandstone and sandy mudrock. In northwestern MOUNT 
YOUNG, the formation varies in thickness in the range 
ca 25–50 m and consists of 1–2 oolitic ironstone units up 
to 10 m-thick (Figure 61b) within a succession of oolitic 
sandstone, quartz sandstone and mudrock. The highest 
grade ironstone consists of ochreous, red, hematite-rich 
oolitic ore similar to that from the Sherwin Creek area, but 
occurs higher within the succession, in the medial part of 
the formation (WDR 2013a, b). Iron in this area was mined 
by Western Desert Resources Ltd (WDR) in 2013–2014. 
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of Urapunga-4, but the core for this hole has been lost 
and this figure was obtained from unpublished logs. Also 
in this general area, the formation is at least 60 m thick 
in drillholes in the vicinity of the Sherwin Iron Mine 
(Figure 60). However, the formation is apparently quite 
variable in thickness over short distances and it is only 
10 m thick in Urapunga-4 (Sweet and Jackson 1986). 
Thicknesses in some other mapsheet areas are somewhat 
uncertain due to poor exposure and the vintage of mapping 
which predates redefinition of the unit in Abbott et al (2001); 
Kruse et al (1994) estimated that no more than about 5 m of 
the formation is preserved in KATHERINE; the formation 
is up to ca 50 m thick at WDR’s Roper Bar ore body in 
northwestern MOUNT YOUNG (WDR 2013a). It is 10.7 m 
thick in Sherwin Iron RCW00174 in northern HODGSON 
DOWNS (Ryall and Lewis 2011). 

Depositional environment
Ferenczi (1997) classified the oolitic iron formations as being 
of the Sandy, Clayey, and Oolitic, Shallow island-dotted-sea 
Iron Formations (SCaS-IF) type in the classification scheme 
of Kimberley (1978, 1989). The ironstones were interpreted 
to have been formed via a process of mechanical accretion 
of iron-rich gelatinous coats on to fine-grained nuclei of 
quartz or rock fragments during gentle rolling on the sea 
floor at a time of reduced sediment influx. The process was 
probably facilitated by microbial activity. The ironstones 
are interbedded with mudrocks and quartz sandstones 
containing sedimentary features that also indicate an 
energetic, shallow-marine setting. These clastic rocks were 
interpreted as proximal storm-dominated shelf deposits by 
Abbott et al (2001). Most interpretations of the depositional 
environment (Ferenczi 1997, Haines et al 1993, Kruse et al 
1994) have regarded the formation as being entirely shallow 
marine. However, Abbott et al (2001) described ‘desiccation 
cracks’ and red cross-bedded sandstone with abundant 
mudstone rip-up clasts in URAPUNGA; they interpreted 
these as indicating a subaerial/fluvial environment, at least 
in part. Abbott and Sweet (2000) included the formation 
within their ‘paralic to fluvial redbeds’ facies. 

Kyalla Formation

The recessive Kyalla Formation (Sweet, Young and Abbott 
in Abbott et al 2001, after Dunn 1963c) is named after 
the Kyalla Waterholes on Morok Creek (note spelling), a 
tributary of Maiwok Creek, in central western URAPUNGA. 
Exposures are generally poor, and are generally expressed as 
displaced flagstones and slabs of sandstone within skeletal 
soils in broad flat valleys (mudrock-rich lithologies) and less 
commonly as low, rounded rubble-strewn hills (sandstone-
rich lithologies). Coarser-grained intervals near the top of 
the formation are relatively well exposed in road cuttings 
along the Roper Highway in URAPUNGA. The formation 
is notable for its organic-rich beds that, despite their age, 
have potential as petroleum source rocks (Munson 2014 
and references therein, Revie in prep). Palynomorphs from 
the formation were illustrated and discussed in Gorter and 
Grey (2012a) and Grey (2013a–g, 2015).

The formation was previously the Kyalla Member of the 
former McMinn Formation (Dunn 1963c) until Abbott et al 

(2001) raised this name to formation status, along with other 
former members (Moroak Sandstone Member, Sherwin 
Ironstone Member, Bukalorkmi Sandstone Member) and 
abandoned the name McMinn Formation. The Kyalla 
Formation also replaces the informally named ‘Cat Creek 
member’ (Dorrins and Womer 1983) within the Cobanbirini 
Formation in TANUMBIRINI and BAUHINIA DOWNS 
(Pietsch et al 1991b). Following a revision of the 
nomenclature by Pietsch et al (1991b), the name Cobanbirini 
Formation was superseded and abandoned in most mapsheet 
areas except in TANUMBIRINI, where the vintage of 
mapping (Paine 1963) precedes subdivision of the unit. 
The Kyalla Formation forms the top of the Maiwok Sub-
group and Roper Group in the southern McArthur Basin 
and the Beetaloo Sub-basin; it is overlain by at least one 
younger unit (Bukalorkmi Sandstone) in some areas to the 
north and northeast. A prominent sandstone-rich interval 
intersected in a number of wells in the lower part of the 
formation in the Beetaloo Sub-basin has been given the 
informal name Elliott sandstone member (Gorter and Grey 
2012a, Figure 66). 

Type section
In the absence of adequate exposed sections, a section of the 
formation in diamond drillhole POG Shea-1, at 366526mE 
8333623mN in northeastern HODGSON DOWNS, was 
nominated by Abbott et al (2001) as the type section 
(Figure 67). The base of the formation is at 245.42 m; the 
top is at 20.0 m depth (Hibbird 1991). A reference section 
of upper Kyalla Formation, figured by Jackson et al (1986), 
is in a road cutting along the Roper Highway near the 
Strangways River, about 80 km west of Mount McMinn at 
368000mE 8351000mN3. 

Distribution
The Kyalla Formation is widely, but poorly exposed in 
eastern KATHERINE, southwestern URAPUNGA, 
northwestern and northeastern HODGSON DOWNS, and 
northwestern MOUNT YOUNG (Figure 67). The formation 
is possibly exposed in northeastern TANUMBIRINI, but 
is not differentiated from the Cobanbirini Formation in 
the first edition map; Paine (1963) described the ‘youngest 
lithology seen’ as ‘thinly interbedded buff quartz sandstone 
and thin mudstone showing injection structures’; this might 
be Kyalla Formation. It is possibly exposed in southwestern 
BAUHINIA DOWNS, where Pietsch et al (1991b) described 
a ‘unit of brown-grey micaceous siltstone interpreted 
as the basal portion of the Kyalla Member’ overlying 
Moroak Sandstone. In the subsurface, the formation has 
been intersected in a number of wells throughout these 
mapsheets and in the Beetaloo Sub-basin, as far south as 
western BEETALOO (Lanigan 1992) and as far west as 
central LARRIMAH (Pangaea 2015b). The formation is 
absent (presumably removed by erosion) in some wells 
along the northern margins of the Beetaloo Sub-basin, 
along the Walton High (eg Walton-2, Altree-2, see Basin 
architecture and tectonic development for discussion of 
this structural feature). 

3   Note that the grid coordinates given for this reference section in 
Abbott et al (2001: appendix 1) are incorrect.
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Relationships and boundary criteria
The Kyalla Formation conformably overlies the Sherwin 
Formation, or where this is absent in the Beetaloo Sub-
basin and other parts of the southern McArthur Basin, 
the Moroak Sandstone. The boundary with the Sherwin 
Formation is mapped at the top of the uppermost ironstone 
unit visible at map scale (Abbott et al 2001). Because 

the ironstone beds tend to be laterally discontinuous, the 
stratigraphic level of the boundary varies from place to 
place, resulting in an interfingering relationship between 
the two units. The boundary is usually sharp, but the 
frequency of finer-grained rocks within the upper Sherwin 
Formation increases up-section towards the contact in 
some localities (see Sherwin Formation: Relationships 
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and boundary criteria, Figure 61). The contact with the 
Moroak Sandstone is generally gradational up-section over 
a few metres; a lateral gradational relationship might also be 
present in places (see Moroak Sandstone: Relationships 
and boundary criteria). 

The Kyalla Formation is overlain by the Bukalorkmi 
Sandstone in eastern KATHERINE, southwestern 
URAPUNGA and northern HODGSON DOWNS. The 
contact is placed at the base of the lowermost coarse-
grained sandstone that is characteristic of the Bukalorkmi 
Sandstone; it was considered to be disconformable by 
Abbott et al (2001). The contact is generally not exposed 
except in a few road-cuttings along the Roper Highway in 
URAPUNGA (includes the type section) where it is sharp 
and erosional (see Jackson et al 1986: figure 66); it appears 
to be unconformable in at least one locality (Figure 68). In 
other areas, including the Beetaloo Sub-basin, the formation 
is unconformably overlain by the informally named Jamison 
sandstone (Lanigan et al 1994, Figure 66), which is the 
basal unit of a late Mesoproterozoic or Neoproterozoic 
succession of uncertain affinities (see Ungrouped units 
overlying Roper Group, below). In Elliot-1, the basal 
Jamison sandstone is a conglomerate above a sharp and 
reasonably planar contact. Lanigan (1992) tentatively 
interpreted this contact as suggesting that the underlying 
mudstone may have been indurated when the conglomerate 
was deposited, thus implying a significant hiatus, at least in 
this area. 

Sills of the 1324 ± 4 Ma Derim Derim Dolerite intrude 
the Kyalla Formation (Abbott et al 2001). 

Lithology
The Kyalla Formation consists of medium bedded to thinly 
interbedded and interlaminated siltstone, silty claystone, 
claystone and less common, very fine-grained sandstone. 
Some intervals of the formation are relatively sandstone-
rich. In northern areas where the formation is exposed, more 
resistant sandstone-rich intervals occur in the lower part of 
the formation and towards the top (Figure 69a, b). In the 
Beetaloo Sub-basin, gamma logs suggest that the medial 

part of the formation is generally slightly coarser-grained 
overall than the upper and lower parts; this provides the 
basis for an informal tripartite subdivision of the formation 
into lower, middle and upper units (Gorter and Grey 2012a, 
Figure 66). A relatively thick interval of sandstone that 
occurs in the lower part of the formation in a number of 
wells in the sub-basin (Lanigan et al 1994) is up to 70 m 
thick and has been informally named the Elliott sandstone 
member (Gorter and Grey 2012a). 

The mudrock-rich facies of the Kyalla Formation is 
poorly exposed; its character is known only from drillholes, 
road cuttings along the Roper Highway and mine open-
cuts. The finer-grained lithologies are light to very dark 
grey and brown, laminated to more rarely massive, and are 
variably carbonaceous and micaceous. Thick intervals of 
massive claystone are relatively rare; it is more commonly 
interlaminated or thinly interbedded with sharply based 
light grey siltstone and fine-grained sandstone, either 
normally graded, or ungraded with sharp tops (Figure 70a). 
Bedding is broadly planar to wavy planar. Coarser-grained 
laminae and interbeds often have scoured bases and may be 
massive, laminated or cross-laminated. Synaeresis cracks, 
load casts, soft-sediment slumps and dewatering structures 
are common to very abundant (Pietsch et al 1991b, Lanigan 
et al 1994, Abbott et al 2001). Sandstone-rich intervals are 
common towards the base and top of the formation, but 
can occur at other levels in some sections; there appears 
to be an increasing sandstone content to the south to the 
extent that it is quite abundant throughout the succession 
in Elliot-1 (Lanigan 1992). Sandstone is thinly to medium 
bedded and rarely thickly bedded; it is generally very 
fine- to fine-grained, rarely medium- and coarse-grained. 
It locally displays cross-bedding, ripple cross-lamination, 
interference rippled tops, tool marked and scoured bases, 
and synaeresis cracks (Abbott et al 2001, Figure 69c–d). 
Hummocky to swaley cross-stratified sandstone beds, up to 
4 m thick, are present in the upper part of the formation 
in road cuttings along the Roper Highway (Jackson et al 
1986, Abbott et al 2001, Figure 69e). Other sedimentary 
structures reported from the formation include intraclast 
breccias, rare carbonate-cemented concretions with 
cone-in-cone structures (Dunn 1963a, Abbott et al 2001, 
Figure 69f), and possible glendonites from near the top of 
the section in Jamison-1 (Gorter and Grey 2012a). Minor 
rare occurrences of sedimentary ironstone, similar to that 
of the Sherwin Formation, were reported by Haines et al 
(1993) from MOUNT YOUNG, and by Lanigan et al (1994) 
from the Beetaloo Sub-basin. Lanigan et al described 
these as consisting of thin beds of coarser, well rounded 
(pisolitic–oolitic) grains with a relatively iron-rich sideritic/
glauconitic matrix. 

The average mineralogy of the mudrocks, as determined 
from geochemical analyses (Revie 2015a, Figure 71), 
comprises roughly equal proportions of quartz (44%) and 
clay minerals (43%), a relatively low carbonate content (2%) 
and 11% other minerals. In thin section (Figure  72a –e), 
sandstone typically has a supermature composition, being 
almost entirely composed of quartz, with rare chert, 
glauconite and tourmaline; grains are set in a siliceous, 
sometimes ferruginous cement. Siltstone has a similar 
composition, but may contain minor muscovite. Claystone 

Figure 68. Resistant sandstone beds of Bukalorkmi Sandstone 
(left) overlying thinly interbedded mudrocks and fine-grained 
sandstone of Kyalla Formation. Contact appears to be at least 
locally erosional in this exposure (road cutting on Roper 
Highway in URAPUNGA, 363768mE 8350567mN; image Dan 
Revie, NTGS).
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Figure 69. Kyalla Formation. (a) Basal beds of thinly interbedded mudrocks and fine-grained sandstone exposed at Western Desert 
Resources Ltd Roper Bar Mine in northwestern MOUNT YOUNG. Contact with Sherwin Formation just to right of image. Locally 
overturned dips are due to drag folding associated with major E–W thrust fault to north of mine. View west of western end of Area F East 
open-cut pit (507553mE 8325283mN). (b) Thinly interbedded mudrocks and fine-grained sandstone at top of formation in road cutting on 
Roper Highway in URAPUNGA (363768mE 8350567mN). Interval with more abundant and thicker sandstone beds (left) occurs a few 
metres below contact with Bukalorkmi Sandstone, to left of image (see Figure 68). (c) Trough cross-stratified sandstone with basal scour 
in upper part of succession in road cutting on Roper Highway in URAPUNGA (368075mE 8350979mN). (d) Synaeresis cracks on bedding 
surfaces from same locality as (b). (e) Hummocky and swaley cross-stratification from same locality as (b). (f) Cone-in-cone structures in 
concretion from road cutting on Roper Highway in URAPUNGA (383926mE 8352507mN).
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has a pervasive fabric defined by a preferred alignment of 
clay minerals, muscovite and elongate ?feldspar grains.  

The informally named Elliott sandstone member is a 
prominent, relatively thick interval dominated by sandstone 
in the Beetaloo Sub-basin. It occurs towards the top of 
the lower part of the formation; Gorter and Grey (2012a) 

correlated it between a number of wells, from Elliot-1 in 
the south of the sub-basin, through Jamison-1, Sweatpea-
Falcon Shenandoah-1, -1A, to POG Chanin-1 in the north 
(Figure 66). This interval is up to 70 m thick and comprises 
beds and bedsets, in varying proportions, of thinly to 
medium bedded, fine- to coarse-grained quartz sandstone, 
with minor interbedded mudrocks (Lanigan 1992, Lanigan 
et al 1994, Figure 70b). Beds are massive, laminated and 
cross-bedded, and may have scoured bases. The contacts 
with adjacent mudrocks were described as ‘gradational 
transitions’ in Elliot-1 (Lanigan 1992).

Thickness
The Kyalla Formation is 29.5 m thick in Urapunga-4 
(south-central URAPUNGA), 52 m thick in Scarborough-1 
(northeastern HODGSON DOWNS) and 225 m in the type 
section in Shea-1 (northwestern HODGSON DOWNS, 
Figure 67). Outcrop thicknesses of ca 100 m, ca 200 m and 
ca 500 m have been estimated in MOUNT YOUNG (Haines 
et al 1993), BAUHINIA DOWNS (Pietsch et al 1991b), 
and KATHERINE (Kruse et al 1994) respectively. The 
formation thickens to the south and west into the Beetaloo 
Sub-basin to a maximum of 843.4 m in Shenandoah-1, -1A. 
Other significant occurrences of the formation include 
197 m in AMOCO 82/1 (central HODGSON DOWNS), 
395.2 m in Burdo-1, 380 m in Chanin-1 and 745.5 m in 
Jamison-1 (TANUMBIRINI), 173.5 m in the most westerly 
intersection, PangaeaTarlee-S3 (central LARRIMAH, 
Pangaea 2015b), and 657.5 m in the most southerly 
intersection, Elliot-1 (western BEETALOO). The lower 
Kyalla Member thins over a broad north–south-trending 
antiform, informally called the Arnold High (or Arnold 
Arch), in the central northeast of the Beetaloo Sub-basin 
(Lanigan et al 1994); it is absent (presumably removed by 
erosion) in some wells along the northern margins of the 
sub-basin along the Walton High (eg Walton-2, Altree-2, 
see Basin architecture and tectonic development for 
discussion of this structural feature).

Depositional environment
Deposition in a storm-dominated, marine shelf environment 
is interpreted for the Kyalla Formation from the presence 
of interbedded and interlaminated siltstone, claystone and 
very fine-grained sandstone, along with a diagnostic suite of 
sedimentary structures including tool marks, gutter casts, 
flute casts, and hummocky and swaley cross-stratification 
(Powell et al 1987, Abbott and Sweet 2000, Abbott et al 
2001). The presence of graded and cross-laminated siltstone 
(Figure 72b) and sandstone is indicative of periodic and 
regular current activity. Gorter and Grey (2012a) reported 
the presence of carbonate nodules with squared crystal 
terminations from near the top of the Kyalla Formation in 
Jamison-1 as possible glendonites; they interpreted these as 
indicating that the sediment at that stratigraphic level may 
have accumulated under near-freezing, highly alkaline, 
phosphate-rich bottom water conditions. 

Bukalorkmi Sandstone

The Bukalorkmi Sandstone (Sweet and Abbott in Abbott 
et al 2001, after Dunn 1963a) is named after Bukalorkmi 

Figure 70. Kyalla Formation drill core; images derived from 
NTGS HyLoggerTM TSG dataset. Arrows point up-section. Core 
diameters are 63.5 mm. (a) Thinly interbedded and interlaminated 
siltstone and claystone. Siltstone is both lenticular and continuous, 
and shows planar lamination, cross-lamination, normal grading 
and soft-sediment deformation features (Jamison-1: 1258.5 m, 
TANUMBIRINI, 368612mE 8144943mN). (b) Elliott sandstone 
member. Fine- and medium-grained quartz sandstone overlying thin 
claystone interbed. Note low-angle cross-bedding and scoured bases. 
Elliott-1: 1137.5 m, western BEETALOO (368248mE 8076997mN). 
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Figure 71. Average mineral content (wt%) of Kyalla Formation, 
as determined from geochemical analyses (after Revie 2015a). 
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Creek, a minor tributary of Morok Creek that drains a small 
area in eastern KATHERINE and western URAPUNGA. 
This is the youngest of the quartz sandstone formations in 
the Roper Group. It typically forms low cuestas, scarps and 
associated dip slopes that cap the sandstone-rich upper part 
of the Kyalla Formation. In KATHERINE, the formation 

commonly forms two low, parallel strike ridges of quartz 
sandstone separated by a flat area containing a distinctive 
red-purple soil resulting from the complete weathering of a 
dolerite sill (Kruse et al 1994). The Bukalorkmi Sandstone 
was formerly known as the Bukalorkmi Sandstone Member 
of the former McMinn Formation (Dunn 1963c) until the unit 

Figure 72. Photomicrographs of Kyalla Formation. (a–b) Sub-angular to rounded quartz grains, defined by dust rims, in authigenic 
quartz overgrowth cement that occludes porosity. Secondary ferruginous cement (opaque) is replacing and corroding siliceous cement and 
quartz grains respectively. Green crystal is glauconite; chert grain centre left (thin section UR14TJM0006C, URAPUNGA 368075mE 
8350979mN). (a) PPL. (b) XN. (c) Interlaminated siltstone and claystone couplets, showing normal grading (arrows), penecontemporaneous 
slumping (S), load cast (L) and indistinct cross-lamination (dashed lines). Box shows location of (d). Normal light scan of thin section. 
Width of field of view about 20 mm. Thin section MY14TJM004A, Western Desert Resources Ltd Roper Bar Mine, northwestern MOUNT 
YOUNG, western end of Area F East open-cut pit (507553mE 8325283mN). (d) Portion of (c), showing graded and laminated siltstone–
claystone. (e) Claystone, showing quartz grains in pervasive fabric defined by a preferred alignment of brown clay minerals, muscovite 
(high interference colours) and elongate ?feldspar grains. XN.
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was raised to formation status by Abbott et al (2001) along 
with other former members (Moroak Sandstone Member, 
Sherwin Ironstone Member, Kyalla Member). Abbott and 
Sweet (2000) interpreted the Bukalorkmi Sandstone to be 
the uppermost part of their Shermi Sequence (comprising 
the Sherwin Formation, Kyalla Formation and Bukalorkmi 
Sandstone), and interpreted the sharp erosional base to be 
an intrasequence erosion surface.

The stratigraphic relationships between the Bukalorkmi 
Sandstone and strata at a similar stratigraphic position within 
the Beetaloo Sub-basin to the south are unclear. Lanigan 
et al (1994) considered the succession overlying the Kyalla 
Formation in the sub-basin to be considerably younger than 
the Roper Group (possibly Neoproterozoic) and divided it 
into two informally named new units: the Jamison sandstone 
and overlying Hayfield mudstone. Abbott and Sweet 
(2001) and Abbott et al (2001) considered the Bukalorkmi 
Sandstone to be a probable stratigraphic equivalent of the 
Jamison sandstone, but noted that more work was required 
to test the relationship. Gorter and Grey (2012a) subsequently 
subdivided the sandstone-rich succession in the sub-basin 
into two units separated by an unconformity, and restricted 
the name Jamison sandstone to the upper one; the lower 
unit was tentatively reinterpreted as Bukalorkmi Sandstone. 
However, new geochronological evidence presented herein 
(see Detrital-zircon geochronology) supports the original 
view of Lanigan et al (1994) that all of the sandstone-rich 
succession overlying the Kyalla Formation in the Beetaloo 
Sub-basin is part of a younger post-Roper Group succession. 
These formations are therefore described separately below 
under Ungrouped units overlying Roper Group.

Type section
The type section is in a road cutting along the Roper 
Highway near the Strangways River, about 80 km west of 

Mount McMinn at 368000mE 8351000mN4 (Figure 73). 
This section is shown in Jackson et al (1986: figure 66). 

Distribution
The formation is extensively exposed in eastern 
KATHERINE, southwestern URAPUNGA and 
northwestern HODGSON DOWNS (Figure 73). Minor 
strike-ridge exposures are also mapped in northeastern 
HODGSON DOWNS. Second edition mapping (eg Pietsch 
et al 1991b, Haines et al 1993) indicates that the formation is 
not present in the southern McArthur Basin, unlike the other 
former members of the now defunct ‘McMinn Formation’. 

The Bukalorkmi Sandstone was interpreted to be 
present in some drillholes in the Beetaloo Sub-basin in 
original drillhole logs [eg NT Mines Department DWD-1 
(Frances 1994), Jamison-1 (Lanigan and Torkington 1991)]; 
these units were later interpreted as Jamison sandstone 
by Lanigan et al (1994) and as possible Bukalorkmi 
Sandstone by Abbott et al (2001). Gorter and Grey (2012a) 
subsequently considered both units to be present above the 
Kyalla Formation in the sub-basin, with the Bukalorkmi 
Sandstone unconformably below the Jamison sandstone. 
However, new data presented here (see Detrital-zircon 
geochronology) suggests that the Bukalorkmi Sandstone is 
not present in the sub-basin, either from non-deposition or 
erosion, and that the units above the Kyalla Formation are 
all part of a younger, possibly Neoproterozoic succession as 
originally interpreted by Lanigan et al (1994). 

Relationships and boundary criteria
The Bukalorkmi Sandstone overlies the Kyalla Formation 
in eastern KATHERINE, southwestern URAPUNGA and 

4   Note that the grid coordinates given for this reference section in 
Abbott et al (2001: appendix 1) are incorrect.
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northern HODGSON DOWNS. The contact is placed at 
the base of the lowermost coarse-grained sandstone that is 
characteristic of the Bukalorkmi Sandstone; it was considered 
to be disconformable by Abbott et al (2001). The contact is 
generally not exposed, except in a few road-cuttings along 
the Roper Highway in URAPUNGA; this location includes 
the type section where the contact is sharp and probably 
erosional (see Jackson et al 1986: figure 66, Figure 68). The 
upper contact with the Chambers River Formation is not 
exposed, but is marked by a ‘sudden topographic change’ 
that indicates that it is abrupt (Abbott et al 2001). It was 
presumed by Abbott et al to be conformable by analogy with 
underlying sandstone–mudstone transitions in the Roper 
Group, but might be disconformable should the Chambers 
River Formation prove to be significantly younger than 
the Bukalorkmi Sandstone (see Age of successions and 
correlations). 

Sills of the 1324 ± 4 Ma Derim Derim Dolerite intrude 
the Bukalorkmi Sandstone (Abbott et al 2001).

Lithology
The formation is thinly to medium bedded and 

consists of white to light grey to red-brown and brown, 
fine- to coarse-grained and locally granule-rich quartz 
sandstone with lesser fine-grained micaceous sandstone 
(Figure 74a –b). Beds commonly have erosive bases and 
are cross-bedded, but may be massive or planar-laminated. 
A range of sedimentary structures includes abundant 
trough cross-beds, symmetric and asymmetric ripple 
marks (Figure 74c–d), hummocky and swaley cross-
beds, prolapsed cross-beds, rip-up mud flakes and moulds, 
synaeresis cracks, and ball and pillow structures (Kruse 
et al 1994, Abbott et al 2001, Figure 74e–f). 

A thin section of a typical fine-grained quartz sandstone 
has a supermature composition, dominated by moderately 
to well sorted quartz, with minor chert, glauconite and 
zircon, set in a authigenic quartz overgrowth cement 
(Figure 75a–b). A sample of a finer-grained more immature 
micaceous sandstone contains abundant quartz with lesser 
bedding-aligned muscovite, feldspar, chert, and rare biotite 
and amphibole (Figure 75c–d). 

Thickness
The Bukalorkmi Sandstone is between 10 and 20 m thick 
in most outcrops in URAPUNGA (Abbott et al 2001). It is 
ca 8 m thick in the type section, but this is incomplete as the 
top is intruded by a dolerite sill. Dunn (1963a) estimated an 
exposed thickness of about 12 m in HODGSON DOWNS; 
the formation is ca 20 m thick in Shea-1 in the northeast 
of this mapsheet (Hibbird 1991). It ranges from just 5 m 
thick to a maximum cumulative thickness of ca 40 m in 
KATHERINE in an area where it is divided into two 
sandstone bodies separated by a dolerite sill (Kruse et al 
1994). 

Depositional environment
The Bukalorkmi Sandstone, as with to other Roper Group 
sandstones, is interpreted to have been deposited in a 
high-energy tide-dominated shoreline to shallow shelf 
setting (Abbott et al 2001). Abbott et al (2001) included the 
formation in their coastal tidal platform facies.

Chambers River Formation

The predominantly fine-grained Chambers River Formation 
(Sweet in Abbott et al 2001, after Dunn 1963a) is named 
after Chambers River, an east- to south-flowing tributary 
of the Roper River in southeastern KATHERINE. The 
formation commonly forms low, rubble-strewn rounded 
hills with resistant sandstone beds forming low rises. 
Exposure is generally poor, except where it is cut by the 
Chambers River and its major tributaries in KATHERINE. 
In its northernmost exposures, the formation occurs in steep 
slopes beneath plateau-capping Cretaceous sandstone. The 
Chambers River Formation was first mapped by Walpole 
(1958) who referred to it informally as the Chambers River 
Beds.

The Chambers River Formation is the youngest-known 
component of the Maiwok Sub-group and Roper Group, 
as currently defined. However, its age and stratigraphic 
affinities have not been established with any certainty and 
are unclear. In particular, the stratigraphic relationship 
between the formation and the informally named Hayfield 
mudstone (Lanigan et al 1994) of the Beetaloo Sub-basin is 
still to be determined. Lanigan et al did not recognise the 
Chambers River Formation in the Beetaloo Sub-basin and 
considered the Hayfield mudstone to be part of a younger 
(?Neoproterozoic) succession that unconformably overlies 
the Roper Group in this depocentre (see Ungrouped 
units overlying Roper Group below). However, Abbott 
and Sweet (2001) and Abbott et al (2001) argued that the 
evidence for a younger age is inconclusive and considered 
the two units to be probable correlatives within the 
Roper Group. This schema was followed by Gorter and 
Grey (2012a), who gave name priority to the Chambers 
River Formation as the senior synonym. The Chambers 
River Formation has always been included within the 
Roper Group by analogy with the underlying sandstone–
mudstone units of the Roper Group (Abbott et al 2001) and 
on the basis of apparent conformity with the underlying 
Bukalorkmi Sandstone. However, the contact with the 
Bukalorkmi Sandstone is not exposed, and therefore a 
disconformable relationship cannot be ruled out. New 
geochronological evidence presented herein (see Detrital-
zircon geochronology) supports the view of Lanigan et al 
(1994) that the Hayfield mudstone is part of a younger 
post-Roper Group succession. If the correlation with the 
Chambers River Formation is eventually shown to be 
valid, it is possible that the latter unit might need to be 
also excluded from the Roper Group as part of a separate 
younger succession. Two additional lines of evidence 
support a possible younger age for the formation: (1) it 
is the only unit of the Maiwok Sub-group that is not 
known to be intruded by the Derim Derim Dolerite, and 
therefore this upper age constraint on the sub-group is not 
applicable to the formation; (2) the main depocentre is in 
KATHERINE, where the formation reaches a thickness of 
ca 2000 m (Kruse et al 1994), whereas the main depocentre 
for the rest of the Maiwok Subgroup is well to the south of 
this area, in the Beetaloo Sub-basin.

Exposures of the Chambers River Formation were not 
visited as a part of the present study, and the following 
description is therefore a summary of previous work.
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Figure 74. Bukalorkmi Sandstone. (a) Hummocky cross-stratified light grey sandstone overlain by planar-laminated and trough cross-bedded 
red sandstone (Roper Highway road cutting, URAPUNGA, 366109mE 8350651mN). (b) Fissile fine-grained quartz-mica sandstone from same 
locality as (a). (c) Straight-crested and (d) undulatory asymmetric current ripples on bed surface (Roper Highway road cutting, URAPUNGA, 
363768mE 8350567mN). (e) Hummocky and swaley cross-beds and (f) prolapsed cross-bed from same locality as (a). 

Type section
The type section is in the vicinity of the Chambers River 
in KATHERINE (Abbott et al 2001, Figure 76). The 
base is located at 306200mE 8386800mN. The section 
tracks northwestward, at the edge of low hills of lower 
Chambers River Formation about 1–2 km to the southwest 
of the Chambers River, and reaches the river at 306200mE 
8386800mN. It continues along the west bank of the river 
northward to a small tributary at 306500mE 8388500mN, 

then upstream along the tributary to the youngest strata, at 
304900mE 8390700mN. Outcrop is poor in the type section 
and vehicular access into this area is limited. 

Distribution
The formation is exposed in eastern KATHERINE, parts 
of western URAPUNGA and northwestern HODGSON 
DOWNS (Figure 76). There are no confirmed drillhole 
intersections. A unit that was originally identified as 
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Chambers River Formation in Jamison-1 (Lanigan and 
Torkington 1991) and NT Mines Department DWD-1 
(Frances 1994), both in the Beetaloo Sub-basin, was 
reinterpreted as Hayfield mudstone by Lanigan et al 
(1994). If these units are eventually demonstrated to be 
synonymous, then a wider distribution throughout the 
Beetaloo Sub-basin would be established.

Relationships and boundary criteria
The Chambers River Formation sensu stricto overlies the 
Bukalorkmi Sandstone, but the contact is not exposed. 
Previous mapping (eg Dunn 1963a, Walpole et al 1968, 
Kruse et al 1994, Abbott et al 2001) has suggested a 
conformable relationship, based on the strata being 
broadly regionally concordant, and by analogy with 
underlying sandstone–mudstone successions within the 
Roper Group; however, a disconformity is also possible as 
Abbott et al (2001) noted a ‘sudden topographic change’ 
at the contact that indicates it is ‘abrupt’. The formation 
is unconformably overlain by the late early Cambrian 

Antrim Plateau Volcanics and by Cretaceous sandstone in 
more northerly areas, and by the probably Neoproterozoic 
Bukalara Sandstone in northeastern HODGSON DOWNS 
(Dunn 1963a). 

Lithology
The Chambers River Formation comprises mudrocks, 
siltstone and subordinate sandstone in varying proportions. 
In KATHERINE, the formation consists mainly of quartz-
rich siltstone and sandstone, and rarely exposed quartz-
poor claystone (Kruse et al 1994). Walpole et al (1968) 
described the overall succession as grading upwards 
and noted that quartz sandstone constitutes about one-
half of the succession in the upper parts of the formation. 
The lower part of the type section in KATHERINE is 
dominated by thinly to medium interbedded, laminated 
siltstone and claystone, and subordinate very fine-grained 
sandstone, whereas the upper part has a higher proportion 
of thick beds of fine- to very coarse-grained and granule-
rich sandstone with intercalated recessive intervals. In 

Figure 75. Photomicrographs of Bukalorkmi Sandstone. (a–b). Fine-grained quartz sandstone from type section in Roper Highway road 
cutting (thin section UR14TJM0006C, URAPUNGA 368075mE 8350979mN). (a) Sub-angular to rounded quartz grains, defined by dust 
rims, in authigenic quartz overgrowth cement that occludes porosity. Microcrystalline chert crystals (upper right); rounded glauconite 
crystal (right). Irregular line boundaries between some grains are a compaction feature. XN. (b) Large quartz grain with Boehm 
lamellae, resulting from strain deformation. Compactional deformation of rock is indicated by smaller quartz grains embaying margins. 
XN. (c –d) Relatively immature, fine-grained micaceous sandstone from Roper Highway road cutting (thin section UR14TJM00047, 
URAPUNGA 366109mE 8350651mN, thin section cut from sample shown in Figure 74b). (c) Clear quartz and feldspar grains, cloudy 
yellow-brown chert grains and cement, elongate clear muscovite aligned with bedding, brown biotite and green amphibole (lower left). 
PPL. (d) As for (c), but with XN. Feldspar grains show multiple twins.



85 NTGS Record 2016-003 

Shenandoah-1
[405.5 / 450.5]

[Hs: 780 / 12.4]

Balmain-1
[404 / 450]

Burdo-1
[454.9 / 132.7]

Chanin-1
[622.4 / 252.6]

Mason-1
[472.3 / 404.2]

Jamison-1
[501.46 / 369.58]

Shortland-1
[490.6 / 400.7]

CR: TS

DWD-1
[181 / 396]

Ronald-1
[559.3 / 214.4]

12LE002
[328.4 / 36.2]

McManus-1
[264 / 203.3]

TANUMBIRINI

HODGSON DOWNS

URAPUNGAKATHERINE

LARRIMAH

DALY WATERS

MOUNT MARUMBAMOUNT EVELYN

WALHALLOWBEETALOO

BAUHINIA DOWNS

ROPER RIVER

MOUNT YOUNG

NEWCASTLE WATERS

BLUE MUD BAY

Walton High

He
len

 S
pr

ing
s H

igh

A15-085.ai

0 50 km

exposure

Chambers River Formation (CR)

Mesozoic–Cenozoic
covering rocks

Neoproterozoic–
Palaeozoic basin

early Cambrian
Kalkarindji Province

McArthur Basin

Proterozoic orogen

main road

railway

well [formation top /
thickness in m]

Shortland-1
[981 / 37]

Chambers River Formation /
Hayfield mudstone (Hm) /
Hayfield sandstone (Hs)

Beetaloo Sub-basin

1:250 000 mapsheet
LARRIMAH

Beetaloo Sub-basin

133°30’ 135°00’

-14°

-13°

-15°

-16°

Figure 76. Distribution of exposures of Hayfield mudstone, derived from 1:250 000 mapsheet polygons in NTGS GIS database, of 
Chambers River Formation and subsurface intersections (depth/thickness). Background map is NT geological regions from NTGS 1:2.5M 
GIS database. TS = type section.

URAPUNGA, the formation is dominated by thinly 
to medium bedded, laminated micaceous siltstone and 
claystone, and subordinate very fine-grained sandstone 
(Abbott et al 2001), whereas in HODGSON DOWNS, Dunn 
(1963a) described the succession as consisting of flaggy 
fine-grained sandstone and siltstone with some intervals of 
blocky medium-grained sandstone. 

Finer-grained siliciclastic rocks dominate much of the 
formation and form thick intervals or are intercalated with 
coarser-grained sandstone beds. They comprise thinly 
interbedded (centimetre-scale) siltstone, laminated siltstone 
to claystone and very fine- to fine-grained sandstone beds. 
Kruse et al (1994) reported that virtually all sandstone beds 
greater than 2–3 cm thickness have sandstone dykes at 
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their margins, and that bed tops are commonly current and 
wave rippled. The beds are wavy and lenticular, with some 
ball-and-pillow structures. Walpole et al (1968) noted that 
the lower part of the formation in KATHERINE includes 
calcareous and micaceous green and purple siltstone, 
veined in places by calcite and siderite. 

Sandstone beds range from tabular to blocky, depending 
on thickness, and commonly have erosional bases. They 
range from friable to strongly silicified and may be 
ferruginous. The sandstone is grey to buff to red-brown 
in colour and ranges from structureless to strongly cross-
bedded and rippled. It is generally very fine- to medium-
grained, but ranges through coarse- and very coarse-
grained to well sorted granule and fine-grained pebble 
conglomerate (grainsize up to 5 mm). The sandstone is 
generally quartz-rich, but can also be micaceous; some beds 
contain a large amount of labile material (Walpole et al 
1968). Scattered pyrite and limonite pseudomorphs after 
pyrite are also present in places (Kruse et al 1994, Abbott 
et al 2001). There is a wide range of sedimentary structures 
in sandstone including abundant trough cross-beds, 
ubiquitous current and wave ripples, mudstone intraclast 
layers, gutter casts, synaeresis cracks, sandstone dykes 
(synaeresis crack infills?) and polygonal mudcracks (Kruse 
et al 1994, Walpole et al 1968, Abbott et al 2001). Ripple 
marks vary considerably in size and direction between 
overlapping surfaces; interference ripple marks have been 
formed in places. Kruse et al (1994) reported the presence 
of large wave ripples, some with a wavelength of 20 cm and 
height 5 cm in KATHERINE.

Thickness
The thickness of the formation is difficult to assess because 
of low dips and poor exposures. From the evidence of aerial 
photographs and measured dips, it is in the order of 2000 m 
in KATHERINE (Kruse et al 1994). The formation thins 
considerably to the east and southeast to be less than 300 m 
in URAPUNGA (Abbott et al 2001) and is about the same 
in HODGSON DOWNS (Dunn 1963a).

Depositional environment
The interbedding of thinly bedded, fine- and coarser-
grained siliciclastic rocks in much of the Chambers River 
Formation represents variable depositional energy levels 
and periodic current activity. Wave ripples, synaeresis 
cracks and rip-up clasts indicate that deposition mostly 
occurred in a storm-dominated marine shelf environment 
above wave base (Kruse et al 1994, Abbott and Sweet 
2000, 2001, Abbott et al 2001). However, this formation 
also includes cross-bedded sandstone intervals that Abbott 
et al (2001) interpreted as being representative of coastal 
tidal platform facies. Walpole et al (1968) noted a broadly 
upward-coarsening trend within the Chambers River 
Formation that suggests an overall upward-shallowing 
depositional environment.

ungrouped unitS overlying roper group

A subsurface sedimentary succession unconformably 
overlying the Kyalla Formation in the Beetaloo Sub-basin 
and adjacent areas is not formally included within a named 

group. This succession comprises two sandstone-rich units 
(Gorter and Grey 2012a), collectively referred to by Lanigan 
et al (1994) as the ‘Jamison Sandstone’, and an overlying finer-
grained siliciclastic unit, the ‘Hayfield Mudstone’. Lanigan 
et al (1994) considered these units to be considerably younger 
than the Roper Group and possibly of Neoproterozoic age, 
and new geochronological evidence presented herein (see 
Detrital-zircon geochronology) supports this contention. 
The Jamison sandstone–Hayfield mudstone succession is 
therefore considered to be a distinct sedimentary package 
of latest Mesoproterozoic to Neoproterozoic age; however, 
none of the units can be formally defined, or placed within a 
named group until their intrabasinal stratigraphic affinities 
are better resolved. This would mainly involve determining 
their relationships with the exposed succession at the top 
of the Roper Group to the north and east (Bukalorkmi 
Sandstone and Chambers River Formation), which is beyond 
the scope of the present study. For descriptive purposes, the 
original informal nomenclature of Lanigan et al (1994) is 
retained in this report. 

Another ungrouped unit, the Derim Derim Dolerite, 
which intrudes the middle and upper Roper Group, is briefly 
discussed below under Igneous rocks.

Jamison sandstone

The Jamison sandstone (originally described as ‘Jamison 
Sandstone’) is an informal unit proposed by Lanigan et al 
(1994) in a summary report on an extensive drilling program 
by Pacific Oil & Gas Ltd in the Beetaloo Sub-basin in the 
late 1980s and early 1990s (Figure 77). It refers to a thick, 
sandstone-rich subsurface succession that is unconformable 
between the Kyalla Formation (below) and Hayfield 
mudstone (above). The origin of the name is a reference 
to Jamison-1, which intersects 97.8 m of the formation 
(Silverman et al 2007). Abbott and Sweet (2001) and Abbott 
et al (2001) considered the Jamison sandstone to be a probable 
stratigraphic equivalent of the Bukalorkmi Sandstone that 
is exposed to the north of the Beetaloo Sub-basin. It was 
originally described as Bukalorkmi Sandstone in a number 
of wells, including NT Mines Department DWD-1 (Frances 
1994) and Jamison-1 (Lanigan and Torkington 1991). The 
formation has also been misidentified as Moroak Sandstone 
in Altree-2 and as the probably Neoproterozoic Bukalara 
Sandstone in POG Balmain-1, McManus-1 and Walton-2 (see 
Lanigan et al 1994). Gorter and Grey (2012a) subsequently 
subdivided the formation into two mappable units separated 
by an unconformity, and restricted the name Jamison 
sandstone to the upper one; the lower unit was tentatively 
identified as Bukalorkmi Sandstone. However, new age 
determinations (see Detrital-zircon geochronology) 
indicate that both of these units postdate the Bukalorkmi 
Sandstone and Derim Derim Dolerite, and are therefore 
unrelated to the Roper Group. The name Jamison sandstone 
is retained for both intervals in this report; for descriptive 
purposes, they are referred to as the lower and upper Jamison 
sandstone respectively. 

Distribution
The formation is only known from a number of wells in the 
subsurface Beetaloo Sub-basin in eastern LARRIMAH, 
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southwestern HODGSON DOWNS, TANUMBIRINI and 
northwestern BEETALOO (Figures 66, 77). 

Relationships and boundary criteria
The formation is unconformable on the Kyalla Formation at 
various stratigraphic levels (Figure 66) except in Altree-2 
and Walton-2 where it is unconformable on Velkerri 
Formation. Gorter and Grey (2012a) considered the topmost 
beds of the underlying Kyalla Formation to be a possible 
palaeosol (Figure 78a). In most parts of the sub-basin, it is 
conformably overlain by the Hayfield mudstone (Lanigan 
et al 1994, Silverman et al 2007, Gorter and Grey 2012a). 
The contact was considered to be transitional by Silverman 
et al (2007) who described the unit as becoming shalier 
up-section until it becomes indistinguishable from the 
overlying Hayfield mudstone. However, the contact appears 
to be relatively sharp in some intersections (eg Jamison-1, 
Figure 78b). In the north (Walton High) and south (Helen 
Springs High) of the sub-basin, seismic evidence shows 
that the formation is truncated by ?Neoproterozoic to 
Cambrian sedimentary and volcanic rocks (Lanigan et al 
1994: figure 10; see Basin architecture and tectonic 
development for discussion of these structural features).

Lithology
The sandstone is light to medium grey and consists of 
structureless to cross-bedded, variably very fine- to coarse-
grained quartz sandstone, containing minor, thin green-grey 
mudstone-rich interbeds and a thin basal conglomerate. Beds 
range from very thin to medium to thick, and can form thick 

bedsets to tens of metres in thickness. The sandstone ranges 
from massive to planar laminated to trough cross-bedded. 
Sedimentary structures include occasional claystone rip-
up intraclast intervals a few centimetres thick, occasional 
graded bedding, rare ripple lamination in finer and thinner 
sandstone beds, possible hummocky cross-bedding (Gorter 
and Grey 2012a) and synaeresis cracks (Figure 79a–f). 

Gorter and Grey (2012a) subdivided the Jamison 
sandstone into two, regionally correlateable lithofacies, 
based mainly on their gamma log signatures. They 
interpreted a possible unconformity between these two 
units; this is difficult to pick visually, although Gorter and 
Grey stated that it is marked by a thin conglomerate in 
some wells. The two lithofacies are lithologically similar 
in that they are dominated by sandstone, but there is a 
gradual fining-upward character to the upper interval; this 
is reflected by a reduction in sandstone grain size and an 
increase in the frequency of mudrock interbeds (Silverman 
et al 2007) as is evident in gamma ray logs (Gorter and 
Grey 2012a). 

In thin section, samples of the lower and upper Jamison 
sandstone from Balmain-1 are both of moderately to well 
sorted quartz-lithic sandstone; both are distinctly less 
mature than typical Roper Group sandstones from lower 
in the succession (Figure 80). The most abundant mineral 
is sub-angular to sub-rounded quartz; the grains have no 
obvious syntaxial overgrowth rims, but there is also a 
significant quantity (10–15%) of sub-rounded to sub-angular 
chert, up to 5% microcline and plagioclase feldspar, and 
minor muscovite and other minerals. Grains are commonly 

Figure 77. Subsurface intersections (depth/thickness) of Jamison sandstone in Beetaloo Sub-basin. Background map is NT geological 
regions from NTGS 1:2.5M GIS database. TS = type section.
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sutured with irregular boundaries, indicating compaction. 
The lower Jamison sandstone sample has a cherty cement, 
whereas the upper sample has both a cherty and calcareous 
cement. 

Thickness
Through much of the Beetaloo Sub-basin, the Jamison 
sandstone is up to about 100 m thick. It reaches its greatest 
thicknesses towards the margins of the sub-basin: ca 154 m 
thick in WDR 12LE001 in the north, ca 141 m in Elliot-1 in 
the south and ca 162 m in Burdo-1 in the east (the maximum 
recorded intersection).

Depositional environment
The presence of trough cross-beds, normal grading, possible 
hummocky cross-beds and synaeresis cracks indicates that 
the Jamison sandstone was deposited in a high-energy 
shoreline to shallow-marine inner shelf setting, subjected to 
storm deposition and fluctuating salinities. Gorter and Grey 
(2012a) reported a widespread, thin basal conglomerate 
in the lower Jamison sandstone (identified by them as 
Bukalorkmi Sandstone) unconformably overlying shallow 
marine siliciclastic rocks of the Kyalla Formation, with 
some evidence of an underlying palaeosol. Lanigan (1992) 
noted that the basal contact of this conglomerate in Elliot-1 
is sharp and reasonably planar; this suggests that the 
underlying mudstone may have been indurated when the 
conglomerate was deposited. These features are indicative 
of a significant hiatus between the two units. Gorter and 
Grey (2012a) speculated that the basal conglomerate in 
Jamison-1 might be a diamictite, perhaps representing a 
glacially transported deposit. The top of the lower Jamison 
sandstone is a regionally abrupt unconformity marked by 
another possible palaeosol development; Gorter and Grey 
(2012a) interpreted the overlying succession as consisting 
of possible fluvial sandstones at the base that fine up-section 
with increasing amounts of mudrocks in a transgressive 
systems tract. 

Hayfield mudstone

The Hayfield mudstone (originally described as ‘Hayfield 
Mudstone’) is an informal unit proposed by Lanigan et al 
(1994) for a subsurface mudrock-rich succession in the 
Beetaloo Sub-basin between the Jamison sandstone and 
unconformably overlying Neoproterozoic or Cambrian 
strata. The origin of the name was not specified, but 
is presumably after Hayfield Station, near Dunmarra 
in southeastern DALY WATERS. Lanigan et al (1994) 
considered the Hayfield mudstone to be part of a younger 
(?Neoproterozoic) succession that unconformably overlies 
the Roper Group in the sub-basin; this view is supported 
by new geochronological evidence presented herein (see 
Detrital-zircon geochronology). Abbott and Sweet (2001), 
Abbott et al (2001) and Gorter and Grey (2012a) considered 
the formation to be a probable stratigraphic equivalent and 
junior synonym of the Chambers River Formation that 
is exposed to the north of the Beetaloo Sub-basin. This 
correlation might be valid as there are some indications of a 
substantial hiatus between the Chambers River Formation 
and the Roper Group (see Chambers River Formation) 

that might eventually lead to the formation being excluded 
from the group as part of a separate overlying succession. 
However, until the Chambers River Formation is better dated 
and its affinities clarified, the name Hayfield mudstone is 
retained for the succession in the Beetaloo Sub-basin. The 
Hayfield mudstone was originally described as Chambers 
River Formation in NT Mines Department DWD-1 (Frances 
1994) and Jamison-1 (Lanigan and Torkington 1991), and 

Figure 78. (a) Unconformable contact between Kyalla Formation 
and thin (ca 1 m thick) basal conglomerate of Jamison sandstone 
(Jamison-1, TANUMBIRINI, 368612mE 8144943mN). 
Conglomerate interpreted as a diamictite and underlying rock 
as a possible palaeosol by Gorter and Grey (2012a). Contact at 
ca 968.9 m depth compares with 968.8 m depth in original log 
(Lanigan and Torkington 1991); depth discrepancy is a function of 
age of core and handling errors between time of drilling and time 
of scanning. (b) Relatively sharp conformable contact between 
massive medium-grained sandstone of Jamison sandstone and 
thinly interbedded sandstone, siltstone and claystone of overlying 
Hayfield mudstone (Jamison-1). Cross-cutting sandstone 
structures in claystone are possibly infilled synaeresis cracks (see 
caption Figure 64). Contact at ca 871.2 m depth compares with 
871.04 m depth in original log. HyLogger 3 images derived from 
Smith (2010). Core diameter is 63.5 mm.
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Figure 79. Jamison sandstone drill 
core. Arrows point up-section. Core 
diameter is 63.5 mm. (a) Typical 
massive medium-grained sandstone. 
Balmain-1 (TANUMBIRINI 348384mE 
8162054mN) at 891.7 m depth; image 
derived from NTGS HyLoggerTM 
TSG dataset. (b–f) Drill core from 
Jamison-1 (TANUMBIRINI 368612mE 
8144943mN); HyLogger 3 images 
derived from Smith (2010). (b) Trough 
cross-bedded medium-grained 
sandstone from lower part of formation 
at 961.2 m depth. (c) Mudrock rip-up 
clasts in medium-grained sandstone 
from lower part of formation at 952.8 m 
depth. (d) Thin interbed of ripple-
laminated very fine-grained sandstone 
overlain by graded medium- to fine-
grained sandstone from lower part of 
formation at 966.3 m depth. (e) Thinly 
interbedded fine-grained sandstone, 
siltstone and claystone from upper 
part of formation at 874.9 m, showing 
cross-lamination and normal grading. 
(f)  s for (e) at 874.2 m’ showing infilled 
synaeresis cracks in silty claystone (see 
also caption Figure 64). 

was misidentified as Cox Formation in McManus-1 (see 
Lanigan et al 1994). 

The lower part of the formation contains a thin, laterally 
persistent sandstone-rich interval that has been correlated 
between a number of wells (Gorter and Grey 2012a). The 
term ‘Hayfield sands/sandstone’ has been used by some 
petroleum explorers (eg Menpes 1993a, b, Hoyer et al 
2012) for this sandy interval within a broader ‘Hayfield 
mudstone’ unit. Gorter and Grey (2012a) restricted the 
name ‘Hayfield’ to this sandstone interval, which in effect, 
made the ‘Hayfield sandstone’ a member of the Chambers 
River Formation, as defined by them. The informal name 
Hayfield sandstone member is used herein for this interval 
within the Hayfield mudstone.

Marine palynomorphs from the Hayfield mudstone, 
under the name Chambers River Formation, were 
illustrated and discussed in Gorter and Grey (2012a) and 
Grey (2013a –g, 2015).

Distribution
The Hayfield mudstone is only known from a number of wells 
in the subsurface Beetaloo Sub-basin in eastern LARRIMAH, 
southwestern HODGSON DOWNS and TANUMBIRINI 
(Figure 76). If the Chambers River Formation is a correlative, 

then its distribution would be extended to include exposures 
in eastern KATHERINE, western URAPUNGA and 
northwestern HODGSON DOWNS.

Relationships and boundary criteria
The Hayfield mudstone is considered to be conformable and 
transitional on the Jamison sandstone (Lanigan et al 1994, 
Silverman et al 2007, Gorter and Grey 2012a, Figure 66), 
but the contact appears to be relatively sharp in some 
intersections (eg Jamison-1, Figure 78b). In the vicinity of 
the Walton and Helen Springs highs in the north and south 
of the sub-basin respectively (see Depocentres: Beetaloo 
sub-basin), seismic evidence shows that the formation is 
truncated by ?Neoproterozoic to Cambrian sedimentary 
and volcanic rocks (see Lanigan et al 1994: figure 10). In 
McManus-1 and Chanin-1, the formation is overlain by the 
late early Cambrian Antrim Plateau Volcanics; in Balmain-1, 
Shenandoah-1, Mason-1 and Jamison-1, the formation is 
unconformably overlain by the probably Neoproterozoic 
Bukalara Sandstone. 

Lithology
The Hayfield mudstone is a mudrock-dominated unit 
that consists of claystone, subordinate thinly interbedded 
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Figure 80. Photomicrographs of Jamison sandstone drill core samples from Balmain-1 (TANUMBIRINI 348384mE 8162054mN). 
(a) Well sorted quartz-lithic sandstone from lower part of formation at 920.5 m depth, showing sub-angular quartz, chert and microcline 
(centre) with cross-hatch twinning in chert cement (thin section TN15TJM003). Sandstone is markedly less mature than typical Roper 
Group sandstone (eg Figure 75a). XN. (b) As for (a), but with grains set in calcite cement, from upper part of formation at 867.61 m depth 
(thin section TN15TJM002). XN.

and interlaminated siltstone to fine-grained sandstone, 
and minor fine- to rarer medium-grained sandstone in 
decimetre- to metre-scale bedsets. Sandstone appears to be 
more common towards the base of the unit, but occurs at 
a number of levels throughout the formation. Claystone is 
green-grey to patchily dark red-brown, massive to fissile, 
well indurated, commonly silty, and is generally organic-
poor (Silverman et al 2007, Figure 81a). Siltstone and fine-
grained sandstone are pale grey, commonly micaceous, 
and occur as continuous to discontinuous to crinkly 
laminae and thin lenticular to wavy interbeds that are 
commonly laminated or cross-laminated, and/or normally 
graded (Figure 81b–c). Gorter and Grey (2012a) reported 
a possible shale dropstone from this lithotype in the basal 
Hayfield mudstone at McManus-1. Thicker and coarser 
sandstone intervals are light grey to cream to light brown, 
and are massive to planar laminated to more rarely cross-
bedded. They are occasionally normally graded and have 
rare mudrock rip-up clasts (Figure 81d–f). 

The Hayfield sandstone member is a prominent, laterally 
persistent, coarser-grained interval (Figure 66), occurring 
about 60 m above the base of the formation. It reaches a 
maximum thickness of about 12 m in Shenandoah-1 and 
comprises interbedded and interlaminated medium-grained 
sandstone, fine-grained sandstone, siltstone and minor 
intercalated claystone; the sandstone is massive, laminated 
and low-angle cross-bedded in places (Figure 81d–e). 
Gorter and Grey (2012a: unnumbered figure) reported 
the possible presence of the trace fossil Skolithos in 
the Hayfield sandstone member in Mason-1, but this is 
somewhat contentious; similar structures in the overlying 
Bukalara Sandstone were reinterpreted as abiogenic 
dewatering structures by Rawlings et al (1997). A thin 
section of the sandstone (Figure 82) shows it to be similar 
to sandstones of the Jamison sandstone (see above), all of 
which are relatively immature compared to those of the 
underlying Roper Group. It contains mostly quartz, with 
minor feldspar (plagioclase and orthoclase) and muscovite, 
and rare tourmaline and zircon. The quartz is angular to 
sub-rounded and lacks syntaxial overgrowth rims. At least 

two stages of cement are present; these include an earlier 
chert cement and a patchily developed secondary calcite 
cement associated with iron oxides; the latter imposes a 
spotted brown colour to the sandstone. Glauconite has been 
reported as a common, but minor constituent of the Hayfield 
mudstone (Silverman et al 2007, Gorter and Grey 2012a).

Gamma logs show a relatively clear cyclicity through 
the Hayfield mudstone that is generally correlateable 
between wells (Lanigan et al 1994, Gorter and Grey 
2012a). These include up to four or more broadly fining-
upward cycles within the unit. The logs also show two 
prominent coarsening-upward cycles in the lowermost part 
of the middle portion of the formation above the Hayfield 
sandstone member that can be recognised wherever the 
section has been intersected (Figure 66).

Thickness
The Hayfield mudstone generally has a fairly uniform 
thickness of ca 400 m in the central portion of the Beetaloo 
Sub-basin. The thickest intersection of ca 450 m is in 
Shenandoah-1 (Figure 76). It is increasingly truncated or 
absent towards the margins of the sub-basin, especially to 
the south (Silverman et al 2007) and is absent in Elliot-1. 
Intersections of ca 214 m and 133 m were recorded from 
Ronald-1 (Menpes 1993b) and Burdo-1 (Hibbird 1993) on 
the northeastern margins of the sub-basin. In the north, 
a reported (incomplete) intersection of 36.2 m in WDR 
12LE001 (Gaughan 2012) is only tentatively assigned to the 
Hayfield mudstone.

Depositional environment
Much of the formation is very fine-grained, which in 
combination with the presence of glauconite and marine 
palynomorphs, is consistent with a subtidal shallow-marine 
shelf setting. The presence of cross-laminated and graded 
coarser-grained interbeds is indicative of periodic current 
activity. Fining- and coarsening-upward cycles indicate 
variations in water depth through time; thicker sandstone 
intervals (eg Hayfield sandstone member) indicate 
occasional shallowing to a nearshore environment. Gorter 
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and Grey (2012a) reported a possible shale dropstone in 
rhythmically bedded shale and siltstone in the basal part 
of the formation at McManus-1, suggesting cold glacial 
conditions with floating ice, at least at that stratigraphic 
level.

igneouS rockS

Derim Derim Dolerite

The Derim Derim Dolerite (Sweet and Young in Abbott 
et al 2001) is a fine- to coarse-grained dolerite that intrudes 
middle and upper Roper Group formations as sills and 
rarer dykes. It is named after Derim Derim Creek, which 
drains the valley around Mountain Valley homestead in 
northwestern URAPUNGA; it was originally referred to as 
‘Basic Intrusives’ by Dunn (1963b). The dolerite is exposed 
as low hills strewn with variably altered and weathered 
(‘onion-skin’ weathering) rounded boulders. Highly 
weathered dolerite forms mainly red soils close to outcrops 
and heavy black clay soils on nearby flats. 

The Derim Derim Dolerite has yielded a U-Pb SHRIMP 
baddeleyite age of 1324 ± 4 Ma (Abbott et al 2001). It is 

correlated with unnamed dolerite sills that intrude the 
Renner Group in the Tomkinson Province (see Unnamed 
dolerite below), and with the Galiwinku Dolerite and 
peralkaline phonolites in Arnhem Land to the north 
(Whelan et al 2016). The large volume and wide geographic 
extent across northern Australia of this alkaline magmatism 
is at the scale of a large igneous province (LIP), emplaced 
after the deposition of the Wilton package and prior to the 
onset of sedimentation in the Arafura and Georgina basins 
(Whelan et al 2016).

Type section
The type section is in Derim Derim Creek, between 
371800mE 8433500mN and 370700mE 8430900mN. These 
coordinates are the lower and upper contacts respectively 
of a sill in northwestern URAPUNGA (Abbott et al 2001). 

Distribution
The Derim Derim Dolerite is widely exposed in the northern 
McArthur Basin, including MOUNT MARUMBA, 
URAPUNGA, westernmost ROPER RIVER, eastern 
KATHERINE and northern HODGSON DOWNS 
(Figure 83). Minor exposures also occur in western 

Figure 81. Hayfield mudstone 
drill core. HyLogger 3 images 
for Jamison-1 (TANUMBIRINI, 
368612mE 8144943mN) and Balmain-1 
(TANUMBIRINI, 348384mE 
8162054mN), derived from Smith (2010) 
and NTGS HyLoggerTM TSG dataset 
respectively. Arrows point up-section. 
Core diameter is 63.5 mm. (a) Green-
grey and dark red-brown interlaminated 
siltstone and silty claystone in upper part 
of formation. Balmain-1 at 607.7 m depth. 
(b) Thinly interbedded and interlaminated 
very fine-grained sandstone, siltstone 
and claystone in upper part of formation, 
showing ripple cross-lamination and 
normal grading. Jamison-1 at 717.8 m 
depth. (c) Interlaminated very fine-
grained sandstone, siltstone and 
claystone in upper part of formation, 
showing discontinuous and irregular 
crinkly laminae. Note lenticular 
(isolated) ripple of very fine-grained 
sandstone, indicative of insufficient 
sand supply to cover the whole substrate. 
Jamison-1 at 528.7 m depth. (d) Massive 
medium-grained sandstone in Hayfield 
sandstone member. Spotted texture is 
due to patchy iron oxides in cement (see 
(see Figure 82b). Balmain-1 at 786.9 m 
depth. (e) Cross-bedded medium-grained 
sandstone with rare rip-up shale clasts in 
Hayfield sandstone member. Jamison-1 
at 814 m depth. (f) Unconformable 
contact, as interpreted by Gorter and 
Grey (2012a) from log data, in upper 
Hayfield mudstone, between fine-grained 
micaceous sandstone and siltstone at top 
of coarsening-upward cycle and normally 
graded medium- to fine-grained 
sandstone at base of overlying fining-
upward cycle. Jamison-1 at 622.5 m 
depth. 
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MOUNT YOUNG and northernmost BAUHINIA DOWNS. 
In the subsurface, the dolerite has been intersected west and 
south of the main areas of exposure in a number of wells 
in LARRIMAH, HODGSON DOWNS and BAUHINIA 
DOWNS.

Relationships
The Derim Derim Dolerite intrudes middle and upper 
Roper Group formations, mostly as sills (Abbott et al 2001, 
Figure 84). The magmas probably intruded at relatively 
shallow depths, but there is no evidence of associated 
extrusive rocks. Although most intrusive bodies are 
sills, several dykes are included in the formation. They 
are rarely exposed, and are best identified from their 
magnetic signatures on aeromagnetic images. Most sills 
are concordant and can be traced laterally over tens of 
kilometres, although they commonly step up through the 
succession. Contact effects consist of displacement and 
minor alteration: mainly silicification within a metre or 
so of the contact, but also sub-millimetre-scale spotting 
in mudrocks caused by recrystallisation of clay minerals. 
Structural effects in enclosing rocks include tight folds and 
local faults (Sweet et al 1999, Abbott and Sweet 2001). The 
contact zones of dykes have not been observed.

Sills of Derim Derim Dolerite intrude the following 
Roper Group formations (Abbott et al 2001): upper 
Mainoru Formation, Jalboi Formation, Munyi Member of 
Corcoran Formation, Bessie Creek Sandstone, Velkerri 
Formation (Hoffman 2015), Moroak Sandstone, Sherwin 
Formation (Ryall and Lewis 2011), Kyalla Formation and 
Bukalorkmi Sandstone. Some of these sills were probably 
once continuous and stepped up across bedding planes to 
younger formations. Significantly, the dolerite does not 
intrude the Chambers River Formation at the top of the 
Maiwok Subgroup, nor any of the units in the Beetaloo 
Sub-basin above the Kyalla Formation.

Lithology
The dolerite consists mainly of plagioclase, clinopyroxene 
and opaque minerals (mostly magnetite). Plagioclase forms 
laths up to 4 mm, but usually 0.5–2 mm, and is intergrown 

with coarser clinopyroxene (up to 5 mm but usually 1–4 mm) 
in ophitic to subophitic textures. Plagioclase is slightly 
to completely altered to sericite; pyroxenes are slightly 
to extensively replaced by epidote and chlorite; minor 
quartz is also present (Abbott et al 2001). The dolerites 
are chemically differentiated continental tholeiites, with 
SiO2 contents in the range 50–55% and MgO contents of 
3.7 –6.8% (Sweet et al 1999, Abbott and Sweet 2001).

Thickness
Most sills range in thickness from about 20 m to 100 m. The 
most accurate data come from drillhole intersections; eg a 
73.3 m sill in Urapunga-5 (Sweet and Jackson 1986) and a 
173.4 m sill in Broadmere-1, the thickest intersection known 
(AMOCO 1985, Figure 83). The thickest intersection in 
the Beetaloo Sub-basin is 108.8 m in Walton-2. Dykes 
are generally narrow and are usually less than 10 m wide 
(Abbott et al 2001). 

toMkinSon province

renner group

The Renner Group (Hussey, Beier, Crispe and Donnellan in 
Hussey et al 2001) is an interpreted equivalent of the Roper 
Group that outcrops in the Tomkinson Province, Tennant 
Region, central Northern Territory (Figure 85). It is 
exposed as a generally northerly-trending belt of rocks in the 
Ashburton Ranges, mostly in eastern HELEN SPRINGS, 
southwestern BEETALOO, easternmost NEWCASTLE 
WATERS, and possibly northern TENNANT CREEK. 
Two small isolated inliers also outcrop in the Georgina 
Basin about 25 km northeast of Renner Springs. The group 
was named after Renner Springs in northwestern HELEN 
SPRINGS and was originally described under the informal 
name Ashburton Sandstone (Noakes and Traves 1954) and 
later as the upper part of the Tomkinson Creek beds (Randal 
et al 1966, Brown and Randal 1969, Randal and Brown 
1969). The Renner Group unconformably overlies the 
Namerinni and Tomkinson Creek groups of the Tomkinson 
Province (Tennant Region). It is intruded by dolerite sills and 

Figure 82. Photomicrographs of Hayfield sandstone member (thin section TN15TJM001, Balmain-1, TANUMBIRINI 348384mE 
8162054mN at 787.6 m depth). (a) Sub-angular to sub-rounded quartz grains, microcline feldspar with cross-hatched twinning and 
muscovite in microcrystalline chert cement. XN. (b) As for (a), showing secondary calcite cement (high interference colours) associated 
with brown iron oxides replacing chert cement and corroding grains. XN. 
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is unconformably overlain by the early Cambrian Muckaty 
Sandstone Member of the Helen Springs Volcanics (Hussey 
et al 2001).

The subsurface extent of the group is unknown as it has 
not been intersected in any stratigraphic drillholes nor has it 
been imaged in seismic lines. The northernmost exposures 
of Renner Group rocks in southwestern BEETALOO 
are less than 30 km to the southeast of Elliot-1, where 
subsurface Roper Group rocks have been intersected in 
the southern Beetaloo Sub-basin. It is possible that parts of 

these successions are continuous in the subsurface across 
the intervening Helen Springs High to the south of the sub-
basin. However, seismic images indicate that most or all of 
the Roper Group is truncated in the vicinity of this feature 
(see Lanigan et al 1994: figure10); any direct connection, 
if it exists, is likely to involve only the lowermost parts of 
these successions.

Constituent units of the Renner Group, in ascending 
stratigraphic order, are the Gleeson Formation, Baralandji 
Formation (comprising Sweetwater and Grayling 
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members), Powell Formation, Wiernty Formation, 
Jangirulu Formation and Lake Woods beds. The only 
comprehensive account of these formations is in the 
second edition HELEN SPRINGS explanatory notes 
(Hussey et al 2001) and the following descriptions draw 
heavily from this source. 

Gleeson Formation

The Gleeson Formation (Hussey, Beier, Crispe and 
Donnellan in Hussey et al 2001) is named after Gleeson 
Creek in western helen (HELEN SPRINGS). It is 
dominated by sandstone or pebbly sandstone and forms 
variably upstanding, mostly low-relief strike ridges, except 
for the lowermost interval which is recessive. Exposures are 
either indurated, rounded, and boulder-strewn, or friable and 
benched. Friable sandstone is deeply weathered and supports 
a residual deposit of distinctive iron-stained quartzitic and 
micaceous red sandy soil, or scree (Hussey et al 2001). The 
formation was originally mapped as undivided Tomkinson 
Creek beds across its area of distribution (Randal et al 
1966, Randal 1969, Brown and Randal 1969, Randal and 
Brown 1969). 

Type and reference sections
The type section (Figure 86) is in central helen 
(northwestern HELEN SPRINGS) from 354900mE 
7980200mN (base) to 356400mE 7981500mN (top). 

Hussey et al (2001) designated a reference section mostly 
in southwestern MonMoona (central northern HELEN 
SPRINGS), from its base in northwestern brunchilly 
(central southern HELEN SPRINGS) at 397400mE 
7953600mN along strike to 397000mE 7955500mN, then 
up-section to the top at 398300mE 7955400mN.

Distribution
Outcrops of Gleeson Formation are distributed throughout 
the northern parts of the Ashburton Ranges in western 
HELEN SPRINGS (mostly helen, but also Muckaty, 
brunchilly, MonMoona) and southwestern BEETALOO 
(elliott, Figure 86). Hussey et al (2001) noted that the 
formation is also exposed in easternmost NEWCASTLE 
WATERS, but it has not been distinguished in published 
maps of this area (see Randal 1969). Two isolated inliers of 
Gleeson Formation sandstone are exposed in the Georgina 
Basin about 25 km northeast of Renner Springs (Hussey 
et al 2001). Donnellan et al (1995, 1999) considered 
that some or all of the outcrops mapped as Rising Sun 
Conglomerate in TENNANT CREEK  may be part of the 
Gleeson Formation, particularly those in central-eastern 
Short range. They also noted that sandstone intersected 
at the base of cored drillhole NTGS96/1 is similar to that of 
the lower Renner Group and might be Gleeson Formation. 

Relationships and boundary criteria
The Gleeson Formation overlies both the Tomkinson 
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Creek and Namerinni groups of the Tennant Region with 
an angular unconformity. It is conformably overlain by the 
Baralandji Formation with the contact being transitional 
and typically covered by scree. In the type section, the 
contact is placed at the top of a fining-upward cycle (Hussey 

et al 2001). Two isolated inliers of Gleeson Formation 
sandstone to the northeast of Renner Springs are onlapped 
by the middle Cambrian Anthony Lagoon Formation of the 
Georgina Basin and might represent remnant topographic 
highs (Hussey et al 2001).
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Lithology
The Gleeson Formation consists of variably sorted and 
micaceous, thinly to very thickly cross-bedded sandstone 
and pebbly sandstone, with some laminated micaceous 
mudstone and minor conglomerate. Hussey et al (2001) 
informally divided it into three laterally extensive lithofacies 
in HELEN SPRINGS; the lower and middle lithofacies form 
an overall coarsening- and thickening-upward succession, 
whereas the upper lithofacies consists of several fining-
upward cycles. 

The 20–40 m-thick lower lithofacies is generally 
recessive and grades upward into the more resistant middle 
lithofacies. It consists of distinct orange-tan to red-brown, 
very fine- to medium-grained, micaceous quartz-lithic 
sandstone and siltstone (Figure 87a), with minor amounts 
of thinly interbedded red-brown mudstone or shale, and 
thin to thick beds of coarse-grained to pebbly sandstone. 
Rare conglomerate lags and normally graded, thinly to 
medium-bedded pebbly sandstone intervals are also present. 
Locally, the lower lithofacies is very thin or absent (eg in 
southeastern helen). In central-eastern Muckaty, this 
unit is represented by trough cross-bedded sandstone and 
conglomerate containing pebbles and cobbles. Typically, 
the rocks are well planar laminated, thinly bedded and 
often exposed in decimetre-scale to metre-scale tabular 
exposures on scree slopes (Hussey et al 2001). 

The middle and upper lithofacies consist of weakly 
graded to massive, mostly fine- to medium-grained 
sandstone or pebbly sandstone that is grey, orange-tan, or 
cream to red-purple. Beds are typically medium to thick 

and are low-angle cross-stratified. Although most are 
tabular in appearance, pinching and swelling is relatively 
common. Minor very thickly bedded sandstone (about 
1–2 m thick) occurs at intervals throughout the succession 
and is relatively common in the upper lithofacies. 
Conglomerate beds and lenses are common and, locally, are 
more than 20 m thick, particularly in the upper lithofacies 
in Muckaty (Figure 87b). The more upstanding, but 
variably dissected middle lithofacies typically contains 
medium- to very coarse-grained sandstone (eg Figure 87c) 
and pebbly sandstone, along with minor conglomerate and 
rare siltstone. Upstanding thin to medium beds of medium-
grained sandstone usually form the base of this unit. Despite 
variations in grainsize and bedding thickness, it remains 
relatively uniform in composition throughout HELEN 
SPRINGS. The upper lithofacies sharply overlies the middle 
lithofacies, particularly in northern HELEN SPRINGS, and 
is benched in appearance with the benches corresponding to 
more resistant coarser-grained intervals. It is highly variable 
in texture and composition, and consists of several fining-, 
maturing- and thickening-upward sedimentary intervals. 
The number of cycles appears to vary from region to region, 
but generally decreases to the south. In some areas (eg in 
southwestern MonMoona), individual cycles up to 100 m 
thick thin and disappear over several kilometres of strike 
length. 

A variety of sedimentary structures are present in the 
Gleeson Formation. Simple and tabular trough cross-beds 
are very common throughout. Most troughs are typically 
metre-scale or greater, with open basin shapes and low-
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angle cross-stratification. High-angle cross-stratification 
is not common. Laminations are mostly asymptotic. 
Reactivation surfaces are common, and convolute and 
overturned laminations are locally abundant throughout 
all lithofacies. Erosional U-shaped troughs up to 3 m deep 
occur in eastern Muckaty; in central eastern Muckaty, 
broader channel-like structures tens of metres across 
contain imbricated pebbles and cobbles. Parallel lamination 
is typical of the lower lithofacies and very low-angle, 
climbing and leeward-dipping cross-laminations are also 
present. Other sedimentary features include toolmarks, 
minor low-amplitude current ripple marks, desiccation 
features, local convolute laminations and sand volcanoes. 
Straight crested, bifurcating, linguoid and cuspate ripples 
as well as dunes (megaripples) are prevalent in various 
intervals, often near the tops of individual cycles in the 
upper lithofacies. Sandstone in these intervals contains 
intraclasts of siltstone, mudstone and shale, as well as 
desiccation features (Hussey et al 2001). 

Sandstones of the Gleeson Formation are variably 
mature; Hussey et al (2001) described them as ranging from 
quartz sandstone to lithic sandstone or sublithic sandstone. 
More mature quartz sandstone becomes increasingly 
abundant up-section in the middle and upper lithofacies 
(Figure 87d). Hussey et al (2001) also noted an increase in 

compositional and textural maturity towards the north for 
sandstones of the upper lithofacies. Sandstones are variably 
sorted and mostly have a low matrix component. The most 
abundant framework grain type is angular to subangular 
to rounded quartz (between 80% and 98%, Figure 88) in 
both monocrystalline and polycrystalline forms. Other 
constituent grains include variable amounts of chert, 
microcline (microperthite), plagioclase feldspar, muscovite, 
green to brown biotite, tourmaline, zircon and probable Fe-Ti 
oxides. Metasedimentary lithic and probable granitic grains 
(quartz containing mica and/or tourmaline microlites) are 
locally abundant (up to about 15%). The feldspar content is 
generally low (<5% and typically <1%) in coarser-grained 
sandstone units, but less mature, finer-grained sandstone 
and siltstone intervals often have elevated feldspar contents 
up to 10%. Detrital coarse white mica content is extremely 
variable, but usually less than 10%, although individual 
laminations in some finer-grained rocks may contain as 
much as 40–50% mica. Several different types of cement 
including syntaxial authigenic quartz, pink kaolinite and 
green chlorite? (or clay?) are present (Hussey et al 2001). 

Almost all (up to 99%) of the clast types in 
conglomerates of the Gleeson Formation are of quartz-rich 
metasedimentary rocks. Other components include minor 
quantities of quartz-veined metasedimentary rocks, white 

Figure 87. Gleeson Formation. (a) Planar laminated to thinly bedded micaceous fine-grained sandstone and mudstone of lower lithofacies 
(helen 360200mE 7982800mN, after Hussey et al 2001: figure 12a). (b) Metasedimentary (predominantly quartzite) clast-rich pebble 
and cobble conglomerate from upper lithofacies (Muckaty 394300mE 7922200mN, after Hussey et al 2001: figure 12c). (c) Trough 
cross-bedded, medium- to very coarse-grained sandstone from upper lithofacies at (helen 362000mE 7985900mN, after Hussey et al 
2001: figure 12b). (d) Blocky exposure of medium-grained, grey to purple quartz sandstone with weakly expressed very low-angle cross-
bedding, from probable upper lithofacies (helen 365040mE 8003621mN, photo V Normington NTGS).
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vein quartz, white chert and jasper. Rare pebbles of phyllite 
and mafic igneous rocks also occur in Muckaty. Most clasts 
were regarded by Hussey et al (2001) as being sourced from 
the underlying Tomkinson Creek and Namerinni groups.

Thickness
The thickness of the Gleeson Formation ranges from about 
30 m to about 650 m (Hussey et al 2001). It is approximately 
525 m thick in the type section in central helen. A reference 
section in southwestern MonMoona is approximately 
600 m thick. Its thickness has not been clearly determined in 
mapsheets to the north of HELEN SPRINGS (BEETALOO, 
NEWCASTLE WATERS), where the vintage of mapping 
predates the definition of the unit. 

Depositional environment
Hussey et al (2001) interpreted a broadly transgressive, 
fluvial to shallow-marine depositional environment for 
this formation. It was deposited in mostly moderate- to 
very high-energy shallow-water environments, although 
lower-energy environments were also present. The lower 
lithofacies most likely represents fluvial overbank deposits, 
given the close association of fine-grained sandstone 
and mudstone with localised high-energy channels and 
the absence of tidal, evaporitic and carbonate facies. 
Coarsening-upward, predominantly trough cross-bedded, 
texturally immature sandstone and pebbly sandstone of 
the middle lithofacies were probably also deposited in a 
fluvial setting. The numerous large-scale channel deposits 
and ripple marked intervals of the upper lithofacies may be 
fluvial in part, but a prograding marine delta or marginal-
marine setting was favoured by Hussey et al (2001). 

Baralandji Formation
The Baralandji Formation (Hussey, Beier, Crispe and 
Donnellan in Hussey et al 2001) consists of very fine- to 
medium-grained sandstone, siltstone and claystone, and minor 
coarse- to very coarse-grained sandstone and conglomerate. 
It is a predominantly recessive unit (Figure 89) with variably 
upstanding strike ridges in the middle and upper parts. The 
name is derived from the traditional aboriginal name for a 
distinct mesa (also known as Mount Castle or Lubras Lookout) 

in HELEN SPRINGS. The distinction between the Gleeson 
and Baralandji formations is fairly subtle, and is based on 
sedimentary characteristics in the lowermost Baralandji 
Formation that are indicative of hypersalinity and periodic 
exposure, although the relationship is essentially transitional. 
The top of a distinct upstanding sandstone unit marks the 
boundary between two distinct members with notably 
different lithofacies: the lower Sweetwater Member, and 
the upper Grayling Member (Hussey et al 2001, Donnellan 
2013c). The formation was originally mapped as undivided 
Tomkinson Creek beds across its area of distribution (Randal 
et al 1966, Randal 1969, Brown and Randal 1969, Randal and 
Brown 1969). 

Type and reference sections
The type section of the formation in helen (northwestern 
HELEN SPRINGS) also includes the type sections of the 
two constituent members. The base of the formation and of 
the Sweetwater Member is at 361000mE 7992700mN; the 
type section tracks up-section to 360600mE 7993600mN, 
then up-section to 360900mE 7994200mN, then along 
strike to 363000mE 7989900mN (boundary between 

Figure 88. Photomicrographs of quartz sandstone from Gleeson Formation (thin section HS14VJN0012, helen 365040mE 8003621mN). 
(a) Well rounded quartz and minor chert (dusty brown) in authigenic quartz overgrowth cement. Minor ferruginous cement is also present 
around some grains. PPL. (b) As for (a) but with sub-angular to subrounded quartz, microcrystalline chert (lower left) and muscovite. XN.

Figure 89. View northwest from resistant sandstone ridge of upper 
Grayling Member showing wide strike valley of poorly exposed 
to subcropping Baralandji Formation. More resistant strike 
ridge in distance is Gleeson Formation (Muckaty, 392268mE 
7924887mN).
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Sweetwater and Grayling members), then up-section to 
the top of the formation and of the Grayling Member at 
364500mE 7988000mN (Figure 90). 

Hussey et al (2001) designated three reference sections 
for the Baralandji Formation (referred to here as RS1–3): 
RS1 is in helen from 356400mE 7981500mN (base) to 
356000mE 7984700mN (top); RS2 is in central eastern 
Muckaty (southwestern HELEN SPRINGS), from 391600mE 
7923900mN (base) to 392200mE 7924900mN (top); RS3 is in 
southern elliott (southwestern BEETALOO), from 361700mE 
8020600mN (base) to 360700mE 8020200mN (top).

Distribution
The Baralandji Formation outcrops extensively in the 
Ashburton Ranges in western HELEN SPRINGS, mostly in 
helen but also in brunchilly, Muckaty and MonMoona 
(Figure 90). It also outcrops in the Ashburton Ranges in 
BEETALOO and NEWCASTLE WATERS.

Relationships and boundary criteria
The formation has conformable gradational contacts 
with the underlying Gleeson Formation and overlying 
Powell Formation. It is unconformably overlain by the 
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Muckaty Sandstone Member of the late early Cambrian 
Helen Springs Volcanics (Kalkarindji Suite), and by 
undifferentiated Early Cretaceous rocks and Cenozoic 
sediments.

Lithology
The Baralandji Formation is a laminated to thickly bedded 
succession consisting mostly of micaceous, predominantly 
fine- to medium-grained sandstone and mudrocks, minor 

Figure 91. Sweetwater Member. (a) Poorly exposed, laminated to thinly planar bedded fine-grained sandstone from lower part of member 
(BEETALOO, elliott 361528mE 8020681mN, image V Normington NTGS). (b) Granular to pebbly medium-grained sandstone from 
upper part of member in type section (HELEN SPRINGS, helen 363090mE 7989800mN, image V Normington NTGS). (c) Tabular 
cross-bed in medium-grained sandstone from road cutting on abandoned stretch of Stuart Highway, just west of new highway (elliot 
361573mE 8019969mN). Site is stratigraphically just below exposure shown in f. (d) Pebbly conglomerate from same locality as (c). Sub-
angular to sub-rounded clasts are of siltstone, sandstone and chert in medium- to coarse-grained sandstone matrix. (e) Megaripples in 
texturally immature, pebbly sublithic or lithic sandstone from uppermost part of member. Similar well exposed dunes and current ripples 
are widespread at this stratigraphic level and mark the top of the unit. In HELEN SPRINGS, they indicate north-northeasterly-trending 
palaeocurrents (helen 363000mE 7990100mN, after Hussey et al 2001: figure 13). (f) Weathered current ripple marks on bed surface near 
top of member, stratigraphically just above exposure shown in c (image V Normington NTGS). 
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pebbly sandstone and conglomerate. It contains halite 
pseudomorphs in the lower parts and glauconitic in the 
upper part (Hussey et al 2001). Refer below to the sections 
on the Sweetwater and Grayling members for a more 
detailed description.

Thickness
The formation varies in thickness from ca 100 m up to 
ca 700 m in HELEN SPRINGS (Hussey et al 2001). Its 
thickness has not been clearly determined in mapsheets 
to the north of HELEN SPRINGS (BEETALOO, 
NEWCASTLE WATERS), where the vintage of mapping 
predates the definition of the unit. 

Depositional environment
The overall depositional environment for this formation 
changes up-section from periodically exposed, locally 
saline shallow water (base), to intertidal, to subtidal, high-
energy shallow-marine (top). 

Sweetwater Member

The Sweetwater Member (Hussey and Crispe in in Hussey 
et al 2001) was named after Sweetwater Bore in elliott 
(southwestern BEETALOO). It is a coarsening-upward 
siliciclastic succession that forms the lower part of the 
Baralandji Formation. The finer-grained lower half of the 
member is recessive and typically occupies valleys and 
low-lying areas commonly overlain by Cenozoic sediments; 
exposures are typically tabular to blocky and are often 
benched (Figure 91). The more resistant, coarser-grained 
upper interval forms an upstanding strike ridge, flanked by 
rubble scree. 

Type and reference sections
The type section of the Sweetwater Member corresponds 
to the lower part of the type section for the formation (see 
above, Figure 90). This section is nearly complete, although 
poorly exposed in parts, and is almost 300 m thick; the 
upper interval attains its maximum known thickness of 
ca 225 m. Hussey et al (2001) also designated a reference 
section in southeast Elliott, from 361700mE 8020600mN 
(base) to 361200mE 8020400mN (top).

Distribution
The Sweetwater Member outcrops in western HELEN 
SPRINGS, where it is best exposed in helen (Figure 90). 
It also occurs in Muckaty in wide flat valleys generally 
covered in Cenozoic sediments that are not mapped as 
Sweetwater Member. It does not outcrop in southeastern 
helen, nor in southwestern MonMoona and northwestern 
brunchilly. To the north, the member is exposed in 
southwestern BEETALOO (elliott) and easternmost 
NEWCASTLE WATERS, but members are not distinguished 
within the Baralandji Formation in these mapsheets, the 
publication of which predates definition of the unit. 

Relationships and boundary criteria
The Sweetwater Member is conformable with the underlying 
Gleeson Formation and overlying Grayling Member. At a 
locality where the lower contact is well exposed, Hussey 

et al (2001) placed it at the base of a very micaceous fine-
grained sublithic sandstone containing siltstone and shale 
interbeds that overlies thinly bedded quartz sandstone of 
the Gleeson Formation. The upper lithofacies of the Gleeson 
Formation consists of fining- and maturing-upward cycles, 
which distinguish it from the coarsening and thickening-
upward Sweetwater Member. The upper contact with the 
typically recessive, lowermost Grayling Member is rarely 
exposed, but a sharp and conformable relationship was 
described by Hussey et al (2001) from one locality. The 
Sweetwater Member is also flanked by the unconformably 
overlying late early Cambrian Helen Springs Volcanics to 
the east of Renner Springs, and is unconformably overlain 
by undivided Early Cretaceous rocks. 

Lithology
The Sweetwater Member is a coarsening- and thickening-
upward succession, consisting of a lower interval of variably 
micaceous, fine-grained sandstone and minor interbedded 
mudrocks, which is overlain by a succession of quartz to 
sublithic sandstone (Hussey et al 2001, Donnellan 2013c).

Sandstone from the recessive, poorly exposed lower 
interval is cream to red-brown well laminated to thinly 
planar bedded (Figure 91a); it commonly contains 
chert, intraformational tabular shale clasts and rare, thin 
laminated granular beds. A thin section of a sample of the 
sandstone is dominated by quartz and chert grains with 
accessory glauconite, tourmaline, zircon and muscovite 
(Figure 92a–c). Interstitial spaces are filled with quartz 
overgrowth cement and clay minerals. The mudrocks are 
poorly exposed and consist of red-brown to green-grey 
siltstone and claystone. Typical sedimentary structures from 
this interval include ripple marks, low-angle bidirectional 
cross-stratification, locally abundant desiccation features 
and halite pseudomorphs. Tool marks and current lineations 
are commonly developed on bedding surfaces. Asymmetric 
current ripple marks are dominant over symmetric wave 
ripples, which are in places beveled. Hussey et al (2001) 
reported the presence of elongate gutter casts that are 
20 –30 cm deep and up to 50 cm wide. These were formed 
in thinly bedded mudstone and fine-grained sandstone and 
typically contain graded immature coarse- to fine-grained 
sandstone and imbricated flat-pebble breccia infill. 

Sandstone of the upper interval is typically thinly to 
medium bedded and very fine- to medium-grained in the 
lower parts, but coarsens up-section into medium to thickly 
bedded, well indurated, granule- to pebble-bearing, medium- 
to very coarse-grained sublithic and quartz sandstone, and 
minor conglomerate (Figure 91b–d). Most is pink-brown, 
but towards the top of the unit, the sandstone is a lighter 
cream or grey. Sand-grade clasts are predominantly of 
monocrystalline quartz, although polycrystalline quartz 
grains and metasedimentary lithic grains become more 
abundant up-section (Figure 92d). Tourmaline and zircon 
are common accessory minerals. Typical sedimentary 
structures include abundant trough or tabular cross-beds, 
well developed parallel, sinuous and bifurcating current 
megaripples with consistent north-northeasterly-trending 
palaeocurrent directions, and asymmetric current ripple 
marks (Figure 91e–f). Conglomerate clasts include pebbles 
and cobbles of siltstone, sandstone, stromatolitic carbonate 
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rock, silicified dololaminite and chert, together with 
probable vein quartz pebbles (Figure 91d). Clasts may have 
been variably derived from intraformational sources, from 
underlying units of the Renner Group (particularly in the 
case of angular chert and tabular siltstone and shale pebbles 
in the lowermost Sweetwater Member), or from Namerinni 
and Tomkinson Creek group rocks (Hussey et al 2001, 
Donnellan 2013c).

Thickness
The member varies in thickness within the range 50–300 m. 
It thickens notably to the north and displays considerable 
east-west thickness variations in HELEN SPRINGS 
(Hussey et al 2001). It is 225 m thick in the type section in 
southern elliott.

Depositional environment
Hussey et al (2001) interpreted an upward increase in 
depositional energy and water depth through the member. 
The lower interval was probably deposited in a periodically 
exposed, locally saline shallow-water environment. The 
depositional environment changes up section through 
intertidal, to a high-energy subtidal setting in the upper 
part. Hussey et al noted uniform northward palaeocurrent 
directions in the upper unit. 

Grayling Member

The Grayling Member (Hussey and Crispe in in Hussey 
et al 2001) is named after Mount Grayling in helen and is 
readily identified by its red-brown to red-purple or cream to 
green-grey (ie apparently variably oxidised), well laminated 
micaceous sandstone or siltstone. The upper units typically 
form rounded or benched, sparsely vegetated strike ridges 
(Figure 93a), whereas the remainder of the member tends 
to be recessive. 

Type section
The type section of the Grayling Member corresponds to the 
upper part of the type section for the Baralandji Formation 
(see above). 

Distribution
The Grayling Member mostly outcrops in helen in western 
HELEN SPRINGS, but is also exposed in brunchilly, 
Muckaty and MonMoona (Figure 90). To the north, the 
member is exposed in southwestern BEETALOO (elliott) 
and easternmost NEWCASTLE WATERS, but members 
are not distinguished within the Baralandji Formation in 
these mapsheets, which predate definition of the unit.

Figure 92. Photomicrographs of Sweetwater Member. (a) Fine-grained quartz-lithic sandstone with abundant quartz and dusty yellow-grey 
chert grains in siliceous quartz overgrowth cement (thin section BE14VJN004, elliott 361528mE 8020681mN). PPL. (b) Same view as 
(a), but with XN. Cryptocrystalline chert grains are nearly isotropic. Speckled material with higher order interference colours is interstitial 
clay. (c) Detail of thin section shown in (a), showing accessory blue-green tourmaline and muscovite (with perfect cleavage). Note quartz 
grain with tourmaline microlites indicating probable granitic source. PPL. (d) Poorly sorted granular sandstone containing simple and 
composite quartz grains, chert, tabular fine-grained siliciclastic lithic fragments and fine-grained muscovite, in chert/chalcedony cement 
(thin section BE14VJN005, elliott 361373mE 8020515mN). XN.
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Relationships and boundary criteria
The Grayling Member conformably overlies the Sweetwater 
Member and is conformably overlain by the Powell 
Formation.

Lithology
The Grayling Member is composed of interbedded 
laminated mudrocks and thinly to thickly bedded, fine- 
to medium- or rarely, coarse-grained sandstone. The 
sandstone includes feldspar-bearing sublithic and quartz-
rich types. Detrital white mica up to 3 mm is common 
along bedding planes (Figure 94a–b); glauconite is 

present higher in the succession. Other significant grains 
include chert and tourmaline. Iron oxide pseudomorphs 
are abundant, particularly lower in the succession, and 
impart the characteristic brown colour to the sandstone; 
these were considered to be possibly after glauconite 
or pyrite by Hussey et al (2001). Mudrocks comprise 
laminated siltstone and claystone, and are generally very 
poorly exposed (Figure 93b); they consist of clay minerals, 
quartz, muscovite and feldspar (Figure 94c –d). 

Sedimentary structures in the Grayling Member 
include current lineations, tool marks, and quasi-planar 
and hummocky cross-stratification (Figure 93c).The upper 

Figure 93. Grayling Member. (a) View east of scarp slope of ridge-forming upper part of member, showing subtle sandstone benches and 
underlying colluvial slope (type section Baralandji Formation, helen 364410mE 7988617mN). (b) Poorly exposed, weathered laminated 
siltstone and shale near base of member (type section Baralandji Formation, helen 364220mE 7988532mN). (c) Typical outcrop of 
hummocky cross-stratified, micaceous fine- to medium-grained sandstone from upper part of member (type section Baralandji Formation, 
helen 364200mE 7988000mN, after Hussey et al 2001: figure 14). (d) Small-scale fining-upward succession, from hummocky cross-
stratified medium-grained sandstone (base of image) to fine-grained sandstone (type section Baralandji Formation, helen 364380mE 
7988258mN).
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units of the member are usually subtly benched reflecting 
several small-scale fining-upward cycles (Figure 93d) in an 
overall, slightly coarsening-upward succession. 

Thickness
The member varies in thickness in the range 100–500 m 
in HELEN SPRINGS, but its thickness is uncertain in 
other mapsheets to the north, where it has not been clearly 
differentiated from the Sweetwater Member. 

Depositional environment
The Grayling Member was deposited in a shallow-marine 
shelf environment below fair-weather base, but above storm 
wave base (Hussey et al 2001). 

Powell Formation

The Powell Formation (Hussey, Beier, Crispe and Donnellan 
in Hussey et al 2001) is a sandstone-dominated unit that 
is named after Powell Creek in helen. It forms extensive 
exposures throughout the Tomkinson Province, particularly 
in the north where it is the main outcropping Proterozoic 

unit. Three informal subdivisions (lower, middle and upper 
lithofacies) are recognised (Hussey et al 2001), but have not 
been distinguished on maps. The resistant lower and upper 
lithofacies display lighter phototones and typically form 
more upstanding, benched strike ridges, in comparison with 
the more recessive middle lithofacies. Exposures are often 
heavily jointed and have some rounded tor-like features, 
particularly in the middle lithofacies. The formation was 
originally mapped as undivided Tomkinson Creek beds 
across its area of distribution (Randal et al 1966, Randal 
1969, Brown and Randal 1969, Randal and Brown 1969). 

Type section
The type section is located on the western side of the 
Ashburton Range, just north of Gleeson Creek, in western 
helen (HELEN SPRINGS, Figure 95), from 354200mE 
7983400mN (base) to 353300mE 7984500mN (top).

Distribution
The formation forms an extensive, almost continuous, 
upstanding strike ridge in the northern part of the 
Ashburton Province, north of Morphett Creek in western 

Figure 94. Photomicrographs of Grayling Member. (a) Fine-grained quartz-lithic sandstone from near top of member, showing grains of 
quartz with syntaxial cement rims, dusty yellow chert, elongate muscovite and iron oxide pseudomorphs; blue areas are voids (thin section 
HS14TJM0011A, type section Baralandji Formation, helen 364410mE 7988617mN). PPL. (b) As for (a), but with XN. (c) Weathered 
shale from near base of member, showing abundant grey-green clay minerals and iron oxide weathering patches; elongate clear grains are 
muscovite; more equant grains are quartz and minor feldspar; blue areas are voids (thin section HS14TJM0010, type section Baralandji 
Formation, helen 364220mE 7988532mN). PPL. (d) Detail of (c) showing quartz, muscovite and feldspar (with simple twin) grains, in 
matrix of clay minerals/iron oxides. XN. 
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HELEN SPRINGS (Figure 95). In northern HELEN 
SPRINGS, outcrop is more extensive and continuous, and 
persists northward into BEETALOO and NEWCASTLE 
WATERS where it is the dominant outcropping Proterozoic 
unit (Hussey et al 2001). 

Relationships and boundary criteria
The Powell Formation has conformable and transitional 
upper and lower contacts with the Wiernty Formation and 
Baralandji Formation respectively. The contact with the 
underlying Grayling Member of the Baralandji Formation 
is well exposed at numerous localities in a 1–3 m-thick 
transition from laminated red-brown or maroon micaceous 
sublithic sandstone. For mapping purposes, it is placed at 
the base of the first white, thinly to medium-bedded quartz 

sandstone (Hussey et al 2001), although it should be noted 
that these basal beds often pinch out laterally. The contact 
with the overlying Wiernty Formation is conformable and 
transitional to a thinly bedded fine-grained sandstone 
and mudrock succession (Figure 96). The formation is 
also unconformably overlain by the Muckaty Sandstone 
Member of the late early Cambrian Helen Springs 
Volcanics and by undivided Early Cretaceous rocks. 

Lithology
The Powell Formation consists of fine- to very coarse-
grained quartz sandstone, lesser sublithic sandstone, minor 
granular to pebbly quartz-clast conglomerate, and rare 
cream to green-grey siltstone and mudstone. Sandstone is 
typically cream to white, variably silicified, moderately 
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to well sorted, and thinly to thickly bedded. It is typically 
very quartz rich, but also contains small amounts of chert, 
muscovite, claystone lithic fragments, and other accessory 
minerals in a siliceous or cherty cement (Figure 97).

The three informal lithofacies within the formation 
(lower, middle and upper) can be distinguished on the 
basis of facies associations, bedding and grain size 
characteristics, and textural and compositional maturity 
(Hussey et al 2001).

The lower lithofacies is 50–350 m thick and displays 
considerable variations in grain size, sorting, bed thickness, 
and textural and compositional maturity; it initially 
coarsens, but then gradually fines upward. It is a succession 
of numerous, cyclic, large-scale, lenticular channel deposits 
with sharp erosional bases (Figure 98a). This stacked array 
of channels weathers to form benched units, the thicker of 
which form prominent strike ridges. Each channel cycle 
contains medium to thick, trough or tabular cross-bedded, 
granular to fine-grained pebble conglomerate or coarse-
grained sandstone in medium to thick bed sets at the base; 
this fines and thins upward over a 1–5 m-thick interval 

to a fine- or medium-grained sandstone, and locally, to 
mudrock at the top (Figure 98b). Pinch-and-swell bedding 
structures are common; prolapsed cross-beds and fluid 
escape structures that are indicative of rapid sedimentation 
occur in some of the thicker sandstone beds. Sandstone 
near the top of each cycle, and particularly in the middle 
and upper part of the succession, is commonly ripple-
marked and contains abundant desiccation features and 
halite pseudomorphs. Other sedimentary structures include 
megaripples and tabular to bidirectional low-angle cross-
beds. Mudrock is laminated to thinly bedded and commonly 
silicified. It is rare in outcrop (Figure 98b), but is common 
as intraformational tabular rip-up clasts in sandstone at the 
top of each channel cycle (Hussey et al 2001, Donnellan 
2013c). 

The middle lithofacies typically consists of medium- to 
coarse-grained sandstone, moderately to very well sorted 
and medium to thickly bedded throughout. It is at least 
locally disconformable on the lower lithofacies. Planar 
bedding and low- to high-angle, simple and less commonly 
tabular cross-strata are typical. Reactivation surfaces are 
common in some intervals. These sedimentary features 
and the more recessive weathering characteristics of this 
unit (Figure 98c) clearly distinguish it from the lower and 
upper lithofacies. Tabular mudstone lithoclasts are absent 
in this lithofacies (Hussey et al 2001, Donnellan 2013c).

The upper lithofacies (Figure 98d) is similar to the lower 
lithofacies and represents one major fining- and shallowing-
upward cycle with less pronounced channels. In helen, the 
lowermost interval usually contains angular to subangular, 
tabular green-grey to cream to brown, laminated to massive 
mudrock clasts up to 8 cm across (Figure 98e). Mudrock 
rip-up intraclasts are also present at various other levels 
throughout this lithofacies. Other sedimentary structures are 
similar to those in the lower lithofacies, and include tabular 
and trough cross-beds, and graded bedding (Figures 98f –g). 
The uppermost sandstone of the upper lithofacies is 
often prolifically rippled and contains synaeresis cracks 
(Figure 98h). Halite pseudomorphs are locally abundant 
and are commonly associated with desiccated finer-grained 
sandstone and mudstone intervals near the top of the 
formation (Hussey et al 2001, Donnellan 2013c).

Figure 96. Contact between thickly bedded, medium-grained 
grey–cream sandstone of Powell Formation (left) and overlying, 
thinly interbedded, fine-grained red-brown sandstone and 
mudrock of Wiernty Formation (top of type section Powell 
Formation, helen 353473mE 7984743mN).

Figure 97. Photomicrographs of Powell Formation. (a–b) Quartz-sandstone, showing quartz grains in syntaxial authigenic overgrowth 
cement, poorly defined by dust rims in some grains. Irregular sutured boundaries between quartz grains are due to compaction (thin 
section HS14TJM0018, type section Powell Formation, middle lithofacies, helen 353850mE 7984368mN). (a) PPL. (b) XN. 



107 NTGS Record 2016-003 

Figure 98. Powell Formation. (a) Medium to very thickly bedded, medium- to very coarse-grained sandstone of lower lithofacies at 364400mE 
7990800mN; note that beds pinch out laterally (after Hussey et al 2001: figure 16a). (b) Medium to thickly bedded sandstone overlying 
laminated to thinly bedded mudstone, lower lithofacies in road cutting near 364900mE 7989800mN. Note irregular scoured contact between 
sandstone and mudstone in middle of photograph near scale (after Hussey et al 2001: figure 16b). (c) Typical, more recessive boulder-strewn 
sandstone exposure of middle lithofacies from type section (helen 353848mE 7984367mN). (d) Thickly bedded medium- to coarse-grained 
sandstone of upper lithofacies forming extensive, prominent strike ridge (helen 396549mE 7922983mN). (e) Bedding surface in upper 
lithofacies showing abundant, large, angular to subangular rip-up intraclasts (helen 396491mE 7922978mN, photo V Normington NTGS). 
(f) Trough cross-beds in medium-grained sandstone from upper lithofacies from same locality as (d). (g) Thin bed of very coarse-grained 
pebbly sandstone normally graded to medium-grained sandstone in upper lithofacies from same locality as (d). (h) Bedding surface showing 
weathered straight-crested ripples of uncertain type and synaeresis cracks in upper lithofacies from same locality as (d).
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Thickness
The total thickness of the Powell Formation is in the range 
300–850 m in HELEN SPRINGS, and about 750 m in the 
type section in western helen. Its thickness has not been 
clearly determined in mapsheets to the north of HELEN 
SPRINGS (BEETALOO, NEWCASTLE WATERS) where 
the vintage of mapping predates the definition of the unit.

Depositional environment
The Powell Formation was deposited in a marginal, 
shallow-marine to supratidal setting (Hussey et al 2001). 
Channeling is evident on all scales in the lower lithofacies 
and individual beds are locally erosional. There is also 
evidence for localised hiatuses, episodic subaerial exposure 
and hypersaline environments near the top of the lower and 
upper lithofacies. Ripple trains indicate a tidal influence, 
but palaeocurrents are clearly polymodal, particularly in 
the lower lithofacies, and suggest other influences such as 
longshore drift or river dominance. Ripple marks also vary 
from long-wavelength, high-amplitude, straight and sinuous 
crested current varieties (high-energy tidally? influenced) 
to lower-energy, shallow-water varieties.

The lower lithofacies was deposited in a shallowing-
upward marine environment. It probably represents 
initial sedimentation in an open, higher-energy, subtidal 
environment that passed abruptly upward into a tidally 
influenced, prograding marine delta setting with localised 
supratidal environments in the upper parts. The middle 
lithofacies represents a return to intertidal and possibly 
subtidal settings. The maturity of this lithofacies suggests 
significant winnowing and a setting that is probably 
mostly distal or longshore to the delta systems expressed 
in the lower lithofacies. The upper lithofacies reflects 
sedimentation shallowing towards supratidal settings and 
probably continued progradation.

Wiernty Formation

The Wiernty Formation (Hussey, Beier, Crispe and 
Donnellan in Hussey et al 2001) is named after Wiernty Bore 
in Muckaty. It is a recessive unit consisting of mostly fine-
grained siliciclastic and rare carbonate rocks. Exposures 
are typically poor and occur in a wide valley between the 
more upstanding ridges of the underlying Powell Formation 
and the overlying Jangirulu Formation (Figure 99). The 
formation was originally mapped as undivided Tomkinson 
Creek beds across its area of distribution (Randal et al 
1966, Randal 1969, Brown and Randal 1969, Randal and 
Brown 1969).

Type and reference sections
The type section is in southern elliott (southwestern 
BEETALOO), from 362700mE 8010700mN (base) to 
361300mE 8011500mN (Figure 100). Hussey et al (2001) 
designated a reference section for the formation in helen 
(northwestern HELEN SPRINGS) from 389200mE 
7959000mN (base) to 388000mE 7954500mN.

Distribution
This formation outcrops throughout the Ashburton Ranges 
between the vicinity of Muckaty homestead and Elliott; 

Figure 99. Typical recessive exposures of Wiernty Formation, 
consisting mainly of rubbly float and sparse, more resistant 
thin sandstone beds on flanks of shallow gully. Better-exposed 
beds in foreground are at base of formation adjacent to resistant 
beds of uppermost Powell Formation (see Figure 96). Ridge in 
background is of overlying Jangirulu Formation (helen, view 
west up-section from 353473mE 7984743mN).

probable outcrops occur north and northwest of Banka 
Banka homestead (Figure 100). The most complete 
section of the Wiernty Formation is exposed on the flanks 
of dissected hills of low relief which are partly capped by 
more resistant Early Cretaceous rocks in northernmost 
helen and southernmost elliott. The formation is also 
interpreted to be present further to the north in easternmost 
NEWCASTLE WATERS, where the vintage of mapping 
predates the definition of the unit. 

Relationships and boundary criteria
The formation conformably overlies the Powell Formation 
with a transitional relationship (Figure 96). Hussey et al 
(2001) placed the mapped contact at the base of the lowest 
thinly bedded, tan coloured, very fine-grained sandstone 
and mudstone in a transition from white quartz sandstone 
below. The relationship with the overlying Jangirulu 
Formation is transitional conformable to disconformable. 
Hussey et al (2001) placed the mapped contact at the base 
of a continuous quartz sandstone succession that overlies 
cyclic sandstone to mudstone of the Wiernty Formation. The 
formation is also unconformably overlain by the Muckaty 
Sandstone Member of the late early Cambrian Helen 
Springs Volcanics, undivided Early Cretaceous rocks and 
Cenozoic sediments. It is also intruded by locally exposed 
dolerite sills (Donnellan 2013). 

Lithology
The Wiernty Formation consists of laminated to thinly 
bedded fine- to medium-grained sandstone and mudrock 
(Figure 101a–b), minor coarse- to very coarse-grained 
sandstone and granular conglomerate, minor dolomitic 
mudrock and minor chertified dolostone (Hussey et al 
2001, Donnellan 2013c). Hussey et al (2001) subdivided 
the formation into lower and upper lithofacies on the basis 
of variations in bedding characteristics and lithological 
associations. The lower lithofacies is composed mainly 
of planar to low-angle cross-laminated (Figure 101c), 
predominantly thinly bedded, fine- to medium-grained 
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sandstone and red, green and purple siltstone and claystone. 
In places, symmetric and asymmetric ripple marks are 
abundant. There is a minor interval of thinly bedded 
dolomitic mudstone, calcareous siltstone and shale in the 
upper part of the lower lithofacies that is best exposed in 
southern elliott.

The upper lithofacies provides the best exposures of 
the formation and forms rounded low-relief benches. This 
unit has a distinctly greater proportion of intercalated, 
often coarser-grained sandstone than the lower lithofacies. 
Desiccation cracks and halite pseudomorphs are often 
present in the finer-grained intervals, and intraformational 
shale clasts are locally abundant. Asymmetric and 
symmetric ripple marks and parallel and ripple cross-
laminations are relatively common; coarser-grained 
sandstone is trough cross-bedded in places. These rocks 
form shallowing- and maturing-upward cycles (interpreted 
as parasequences by Hussey et al 2001) that are typically 
1–10 m thick. 

Sandstones of the Wiernty Formation are less texturally 
and compositionally mature, and are typically more 
micaceous than those of the underlying Powell Formation 
(Figure 101d); most are classified as sublithic or quartz 
sandstone (Figure 102a–b). The majority of labile grains 
are degraded and leached, but feldspars and biotite, the 
latter mostly altered to chlorite, were identified by Hussey 
et al (2001). Sandstone may be normally graded and 
water escape structures are also present. Intraformational 
mudstone clasts are common in some localities; contorted 
laminae and bedding with rollover structures occur in the 
lower 10–15 m of the formation at one locality in helen 
(Hussey et al 2001). A thin section of a silty claystone 
from southeastern helen contains quartz and muscovite 
interlaminated with clay minerals (Figure 102c–d). 

Thickness
The Wiernty Formation is about 400–500 m thick in 
HELEN SPRINGS, but is interpreted to be substantially 
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thinner (ca 100–200 m) in the south, near Banka Banka 
homestead. Hussey et al (2001) estimated the formation to 
be about 500 m thick in southernmost elliott where the 
type section is located. Its thickness has not been clearly 
determined in areas to the north of this in BEETALOO and 
NEWCASTLE WATERS, where the vintage of mapping 
predates the definition of the unit. 

Depositional environment
Sediments of the Wiernty Formation were deposited in 
low-energy, very shallow-marine to supratidal marginal-
marine and fluvial, or possibly lacustrine environments. 
A shift towards episodic, higher-energy environments is 
evident in the uppermost parts (Hussey et al 2001).

Jangirulu Formation

The Jangirulu Formation (Hussey, Beier and Crispe in 
Hussey et al 2001) is a sandstone-dominated unit that is 
named after an outstation in northern helen. The formation 
is a prominent ridge-forming unit, but good exposure is 
often confined to creeks or the edges of strike ridges. The 
formation was originally mapped as undivided Tomkinson 
Creek beds across its area of distribution (Randal et al 

1966, Randal 1969, Brown and Randal 1969, Randal and 
Brown 1969). 

Type and reference sections
The type section is 4 km east of Fergusson Bore in ELLIOTT, 
from 357600mE 8023900mN (base) to 356600mE 8024200mN 
(Figure 103). This well exposed section is the most complete 
known, but is intruded by dolerite sill. Hussey et al (2001) also 
designated a reference section for the formation in HELEN from 
352200mE 7989600mN (base) to 350000mE 7992700mN 
(top). The top and bottom contacts, and medial parts of the 
formation are not exposed in this section due to scree cover.

Distribution
The formation is widely exposed throughout the Ashburton 
Ranges in western HELEN SPRINGS, southwestern 
BEETALOO and easternmost NEWCASTLE WATERS 
(Figure 103). The most extensive exposures are in western 
helen and continue north into elliott. Widespread 
exposures also occur in Muckaty. 

Relationships and boundary criteria
The formation has a transitional conformable to 
disconformable relationship with the underlying Wiernty 

Figure 101. Wiernty Formation. (a) Thinly interbedded light brown fine-grained sandstone, and more recessive light purple siltstone 
from middle of formation (bank of gully, southeastern helen, 389272mE 7957570mN, photo V Normington NTGS). (b) Medium bedded 
medium-grained sandstone from near base of type section (elliott, 362640mE 8011086mN). (c) Cross-laminated and planar-laminated 
fine-grained sandstone thinly interbedded with darker siltstone from same locality as (b). (d) Light purple, tabular, micaceous fine-grained 
sandstone slab, derived from adjacent exposure in creek bed from same locality as (a). Height of field of view ca 15 cm.
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Formation. It is conformably and transitionally overlain by 
the Lake Woods beds. It is also intruded by locally exposed 
dolerite sills (Hussey et al 2001, Donnellan 2013c). 

Lithology
The Jangirulu Formation consists of white to cream to 
grey-purple quartz sandstone, minor conglomerate and 
rare mudrock (Figure 104a–b). The sandstone is grain 
size-laminated, relatively uniform and moderately to very 
well sorted. It is typically medium- to coarse-grained 
to granular, but finer-grained rocks occur in the lower 
and uppermost parts of the formation. A representative 
sample of sandstone from the type section consists almost 
entirely of rounded quartz grains in a siliceous cement 
(Figure 105). Conglomerate contains sub-angular to sub-
rounded clasts of presumably intraformational sandstone 
up to cobble size (Figure 104b). Bedding throughout 
the majority of the unit is thin to medium, and in places 
medium to very thick. However, very thin to thin beds 
occur in the lower and uppermost parts, where ripple marks 
are abundant. Halite pseudomorphs and desiccation cracks 
are usually restricted to the uppermost interval. Tabular 
cross-beds (Figure 104c –d) are common and trough 
cross-beds are also present, but are much less abundant. 

Minor pinch and swell bedding occurs in places. Other 
sedimentary structures include prolapsed cross-beds and 
fluid escape structures (Hussey et al 2001), indicative of 
rapid sedimentation. 

Thickness
The Jangirulu Formation ranges from ca 350–400 m up to 
ca 700 m in thickness in HELEN SPRINGS, and reaches a 
maximum measured thickness of 845 m in the type section 
in southern elliott (Hussey et al 2001). The thickness of the 
formation has not been clearly determined in areas to the north 
of this in BEETALOO and NEWCASTLE WATERS, where 
the vintage of mapping predates the definition of the unit.

Depositional environment
Most of this formation was deposited in a shallow intertidal 
to subtidal open-marine environment, apart from the 
uppermost part where intertidal to supratidal environments 
dominated (Hussey et al 2001).

Lake Woods beds

The Lake Woods beds (Hussey in Hussey et al 2001) 
forms the top of the Renner Group and is named after Lake 

Figure 102. Photomicrographs of Wiernty Formation. (a) Micaceous fine-grained quartz sandstone, with angular to sub-angular quartz, 
minor dusty yellow chert and very elongate muscovite in ill-defined siliceous quartz overgrowth cement (thin section HS14TJM0008A, 
helen 389270mE 7957583mN). Interstitial spaces are infilled with iron oxide-rich clay minerals that are possibly weathering products 
of labile grains. PPL. (b) As for (a), but with XN. (c) Micaceous silty claystone, with laminations poorly defined by aligned muscovite, 
quartz grains and clay minerals; blue areas are voids; dark brown minerals along laminations are iron oxides interpreted to be weathering 
products  [thin section HS14TJM0008B, same locality as (a)]. (d) As for (c), but with XN. 
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Woods in NEWCASTLE WATERS and SOUTH LAKE 
WOODS. Exposures of this generally very recessive 
fine-grained unit are sparse, forming low-relief, rubbly 
strike ridges. The formation was originally mapped as the 
middle Cambrian Gum Ridge Formation (Georgina Basin) 
in HELEN SPRINGS (Randal et al 1966, Randal and 
Brown 1969) and BEETALOO (Brown and Randal 1969). 
It was subsequently reassigned to the middle Cambrian 
Montejinni Limestone (Wiso Basin) by Kennewell and 
Huleatt (1980) and then to the Renner Group by Hussey 
et al (2001). 

Exposures of the Lake Woods beds were not visited as a 
part of the present study; the following brief description is a 
summary of previous work.

Type section
No type or reference sections have been designated for this 
informal unit. Hussey et al (2001) noted that the base occurs 
in northern helen (northwestern HELEN SPRINGS) at 
352700mE 8008000mN. The top of the formation is not 
known.

Distribution
Sparse low-relief exposures occur in northwest helen and 
southwest elliott  and eastern NEWCASTLE WATERS 
(Figure 106). 

Relationships and boundary criteria
The Lake Woods beds conformably and transitionally overlie 
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Figure 104. Jangirulu Formation. (a) Typical exposure of grey-purple medium-grained quartz sandstone from middle part of formation on 
flanks of ridge in type section (elliott, 356999mE 8024055mN). (b) Matrix-supported conglomerate with sub-angular to sub-rounded 
cobble-sized clasts of of presumably intraformational sandstone similar to medium-grained sandstone matrix (northwesternmost helen, 
357251mE 8024049mN). (c) Tabular cross-beds in mostly medium-grained sandstone; note thin layers of coarse-grained sandstone, one 
showing rare normal grading, forming bottomsets, from same locality as (a). (d) Tabular cross-beds in medium-grained sandstone, from 
same locality as (a).

Figure 105. Photomicrographs of Jangirulu Formation from middle part of formation in type section (thin section BE14TJM0022, 
elliott, 356940mE 8023840mN). (a) Quartz sandstone, composed almost entirely of rounded to sub-rounded quartz and rare, dusty grey-
yellow chert grains in siliceous cement; blue areas are voids. Note mostly clear authigenic quartz overgrowths, some with sharp crystal 
edges, indicating growth into original pore spaces. Fine grey granular texture in some interstitial spaces is secondary chert cement. PPL. 
(b) Detail of (a), showing rounded to sub-rounded quartz, some with numerous inclusions and one with biotite microlite (top left); mostly 
clear authigenic overgrowth rims; and dark, nearly isotropic secondary chert cement that has corroded edges of some grains and rims (eg 
centre, top left). XN. 
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the Jangirulu Formation. Aeromagnetic data suggests the 
unit underlies Lake Woods, where it is gently folded into 
an open syncline (Hussey et al 2001). It is interpreted to 
be unconformably overlain by the Montejinni Limestone 
of the Georgina Basin, which outcrops in southeastern 
NEWCASTLE WATERS (Kruse 1998). The lower parts of 
the formation are intruded by unnamed dolerite sills.

Lithology
The formation consists of sandstone, mudstone, dolostone 
and chert. The lowermost parts are recessive and comprise 
fine- to medium-grained, thinly bedded, ripple-marked 
sandstone, siltstone and shale. Quartz sandstone occurs 
in an overlying strike ridge and is fine- to coarse-grained, 
ferruginous, thinly to medium bedded and poorly to 
moderately sorted. In places, this interval features graded 
beds, bidirectional cross-beds and grain size laminations. 
Sparse outcrops of sandstone, mudstone and chert in 
slightly higher stratigraphic intervals occur in northwestern 
helen, southwestern elliott and in excavations along the 
Alice Springs to Darwin gas pipeline. The cherty rocks are 
probably stromatolitic dolostone. Nodular chert, probably 

after anhydrite, together with barite and/or gypsum, is also 
present (Hussey et al 2001).

Thickness
The Lake Woods beds are probably at least 250 m thick 
in helen and elliott, although the top is not exposed 
(Hussey et al 2001). 

Depositional environment
The Lake Woods beds were probably deposited in a tidally 
influenced shallow-marine to supratidal setting (Hussey 
et al 2001). 

igneouS rockS

Unnamed dolerite

Poorly exposed, recessive, ferruginised, coarse-grained 
dolerite sills intrude the upper Renner Group (Wiernty 
and Jangirulu formations, Lake Woods beds, Figure 85). 
The unnamed stratiform dolerite can be traced in airborne 
magnetic data, but where it is relatively flat-lying in 
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northwestern helen, it is difficult to distinguish from the 
late early Cambrian Helen Springs Volcanics, which has a 
similar high-frequency magnetic expression (Hussey et al 
2001). The sills predate the unconformity at the base of the 
Helen Springs Volcanics and were folded together with the 
Renner Group. Co-funded drilling by Crossland Uranium 
Mines Ltd (now Crossland Strategic Metals Ltd) under the 
NT Government’s Geophysics and Drilling Collaborations 
program intersected a sill in a drillhole along strike from 
the exposed dolerite described by Hussey et al (2001). 
SHRIMP U-Pb baddeleyite dating of a sample of this rock, 
described as an alkali gabbro, yielded a 207Pb/206Pb age 
of 1295 ± 14 Ma (Melville 2010). Hussey et al (2001) and 
Whelan et al (2016) considered the sills to be a probable 
correlative of the 1324 Ma Derim Derim Dolerite that 
intrudes the Roper Group. 

birrindudu baSin

tijunna group

The Tijunna Group (Beier and Dunster in Beier et al 
2002a) is an interpreted equivalent of the Roper Group that 
forms the top of the Birrindudu Basin succession in the 
northwestern Northern Territory (Figure 107). The group is 
named after Tijunna Bore in northern VICTORIA RIVER 
DOWNS. It comprises the Wondoan Hill and overlying 
Stubb formations, both of which are sandstone and mudrock 
assemblages that are locally difficult to differentiate in 
outcrop because of the similarity in appearance of fine-
grained units in each formation. Generally, the Tijunna 
Group is poorly exposed in low rises and in slopes adjacent 
to hills and plateaux capped by the Neoproterozoic? Jasper 
Gorge Sandstone of the Victoria Basin (Figure 108), but 
prominent sandstone units also form ridges and low-relief 
mesas and plateaux. The Tijunna Group is contained within 
low-angle unconformities between several formations 
of the underlying Bullita Group and the overlying Jasper 
Gorge Sandstone of the Auvergne Group (Victoria Basin). 
The Tijunna Group is widely distributed in DELAMERE 
and VICTORIA RIVER DOWNS, but is confined to 
only minor outcrops in southern FERGUSSON RIVER, 
northeastern WATERLOO and central WAVE HILL. 
Characteristically, the thickness of the group varies 
considerably; it reaches an estimated maximum of 230 m in 
VICTORIA RIVER DOWNS, and 300 m in FERGUSON 
RIVER and DELAMERE. West of the Stokes and Bynoe 
Ranges in DELAMERE, the Tijunna Group is absent and 
the Jasper Gorge Sandstone unconformably overlies the 
Bynoe Formation of the Bullita Group. 

The Wondoan Hill and Stubb Formations were 
originally included by Traves (1955) in the former ‘Victoria 
River Group’ and by Laing and Allen (1956) in the former 
‘Coolibah Formation’. The Stubb Formation was placed in 
the Auvergne Group on the first edition DELAMERE (Sweet 
1972) and VICTORIA RIVER DOWNS (Sweet 1973) 
geological maps. Although Sweet et al (1974b) excluded it 
from the Auvergne Group, they did not assign it to another 
group. The Wondoan Hill Formation, as defined by Sweet 
et al (1974b) and represented on the first edition maps, was 
recognised to be unconformable on the Bynoe Formation of 

the Bullita Group and conformably overlain by the Stubb 
Formation, but was also not assigned to a group. 

The subsurface extent of the Tijunna Group is poorly 
known, as it has only been intersected in one stratigraphic 
drillhole (99VRNTGSDDH2) and has not been imaged in 
seismic lines. 

Wondoan Hill Formation

The Wondoan Hill Formation (Sweet et al 1974b) 
consists of interbedded glauconitic and quartz sandstone, 
siltstone and claystone. It is named after Wondoan Hill, a 
prominent mesa near Fitzroy homestead in central western 
DELAMERE, but does not occur at this location; exposures 
previously assigned to the formation at the top of this hill 
were subsequently mapped as Jasper Gorge Sandstone by 
Beier et al (2002a). The formation is generally poorly to 
moderately well exposed as subtle terraces in the flanks of 
slopes capped by the Jasper Gorge Sandstone; it also forms 
low-relief rounded ridges and plateaux (Sweet et al 1974b, 
Sweet 1977, Beier et al 2002a, b). It was previously included 
in the ‘Victoria River Group’ of Traves (1955) and in the 
‘Coolibah Formation’ of Laing and Allen (1956).

Type section
The type locality is at the eastern end of the Fitzroy Range 
(Figure 107). The section was measured by Sweet et al 
(1974b) up the southern side of the range, 9 km due south 
of Wondoan Hill. This area is no longer accessible and it is 
recommended that a new type locality be selected for this 
unit.

Distribution
The Wondoan Hill Formation outcrops in the central 
and southwestern parts of DELAMERE, northwestern 
and central parts of VICTORIA RIVER DOWNS and 
northeasternmost WATERLOO; there is also an isolated 
outcrop in central-western WAVE HILL (Figure 107). The 
subsurface extent is uncertain due to a lack of drillhole 
intersections. 

Relationships and boundary criteria
In more northerly outcrops in VICTORIA RIVER 
DOWNS and DELAMERE, the Wondoan Hill Formation 
unconformably overlies strata of the Bullita Group that 
generally increase in age from east to west (Battle Creek 
Formation, Weaner Sandstone, Bynoe Formation). In 
drillhole 99VRNTGSDD2, the basal contact is sharp from 
interbedded mudrock and dolomitic sandstone of the Battle 
Creek Formation to homogenous purple mudrock of the 
Wondoan Hill Formation (Beier et al 2002b). In WAVE 
HILL to the south, the formation unconformably overlies 
both the Nero Siltstone and the Mount Gordon Sandstone 
(Bullita Group). 

The formation is conformably overlain by the Stubb 
Formation and unconformably by the Neoproterozoic? 
Jasper Gorge Sandstone of the superimposed Victoria Basin. 
In drillhole 99VRNTGSDD2, the contact with the Stubb 
Formation is sharp from interbedded sandstone and siltstone 
of the Wondoan Hill Formation to overlying, homogenous, 
green, laminated micaceous claystone (Beier et al 2002b). 
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Where the upper and lower contacts are unconformable, 
they are both marked by slight angular discordances that 
are not always readily apparent in one outcrop. However, 
older formations are clearly truncated when the contacts are 
followed along strike. This is evident to the south of Jasper 
Gorge (VICTORIA RIVER DOWNS), where progressively 
lower beds of the Wondoan Hill Formation are truncated by 
the Jasper Gorge Sandstone (Sweet et al 1974a). 

Lithology
The Wondoan Hill Formation consists of glauconitic and 
quartz sandstone, glauconitic siltstone, claystone and minor 
dolomitic siltstone. The formation shows considerable 
lateral variation in composition (Sweet et al 1974a, b, Beier 
et al 2002a, b). In Jasper Gorge (northeastern VICTORIA 
RIVER DOWNS), a basal unit of massive glauconitic 
sandstone with minor specular hematite bands is overlain by 
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interbedded sandstone, siltstone and shale. In DELAMERE, 
in the vicinity of Wondoan Hill, the formation is represented 
by up to 30 m of blocky plateau-forming sandstone. In 
southern VICTORIA RIVER DOWNS adjacent to the 
Victoria River, it locally contains at least three prominent 
sandstone units. In the Gordon Creek area in the southern 
part of VICTORIA RIVER DOWNS, the formation forms 
plateaux of fine- to medium-grained sandstone underlain 
by shale, siltstone and thin glauconite sandstone units. In 
drillhole 99VRNTGSDD2 (northern VICTORIA RIVER 
DOWNS), the formation can be broadly divided into lower 
mudstone and siltstone, and upper sandstone intervals 
(Beier et al 2002b, Dunster and Cutovinos 2002). In areas 
where it is thin, the Wondoan Hill Formation is almost all 
sandstone, with subordinate shale and siltstone only in the 
lower section (Sweet 1977, Dunster and Ahmad 2013).

Sandstone varies in colour from white to purple to red-
brown to green (glauconitic), and is often brown-weathering. 
It is commonly massive, less commonly planar laminated, 
and forms tabular to blocky, thinly to thickly bedded 
exposures (Figure 109a). The sandstone is usually medium- 
to fine-grained, more rarely coarse-grained, granular and 
pebbly. It ranges from friable to highly indurated, and is 
generally quartz rich, less commonly quartz-lithic or 
micaceous. Sorting is moderate to good, and grains are 
rounded to sub-rounded. Glauconite is a common accessory 
mineral and is abundant in some layers, particularly towards 
the base of the formation in some sections. Grains are set in 
authigenic quartz overgrowth, with cherty and late-stage 
ferruginous cements (Figure 110a–b).

Finer-grained mudrocks tend to be recessive and typically 
form poor tabular to fissile exposures (Figure 109b). In 
scarps, they are commonly overlain by scree in intervals 
between more resistant sandstone benches. Siltstone 
and claystone display a wide range of colours, including 
cream, grey, fawn, red-brown, dark brown, purple, green 
(glauconitic), red (hematitic) and yellow (dolomitic). They 
are finely banded to laminated, and are commonly thinly 
interbedded with fine-grained sandstone. The mudrocks 

are typically quartz-rich, and may be glauconitic and/or 
micaceous (Figure 110c–d). 

The Wondoan Hill Formation contains a wide range of 
sedimentary structures (Figure 109c–h) including small-
scale trough cross-beds, tabular cross-beds, slumped 
and convolute bedding, mudclasts (some weathered to 
moulds), rare load casts, gutter casts, skip casts, groove and 
flute marks, current and interference ripples, pebbly and 
granular lags, cone-in-cone structures, diagenetic nodules 
and synaeresis cracks (Sweet et al 1974a, b, Sweet 1977, 
Beier et al 2002a, b).

Thickness
The Wondoan Hill Formation is over 90 m thick near Jasper 
Gorge (northeast VICTORIA RIVER DOWNS), but thins 
rapidly to the east and south. A composite section in the 
Jasper Gorge area totals over 145 m (Sweet et al 1974b), 
but further south, the unit is commonly only 30 m thick. At 
the type section in DELAMERE, the formation reaches a 
maximum thickness of 108 m. Drillhole 99VRNTGSDD2 
in northern VICTORIA RIVER DOWNS intersected a 
111 m-thick section of the formation (Dunster and Cutovinos 
2002, Figure 107).

Depositional environment
The Wondoan Hill Formation was deposited in a shallow-
marine inner shelf to shoreface environment. Sedimentary 
structures in the sandstone provide evidence for energetic 
shallow-water conditions, whereas the siltstone and 
claystone lithofacies indicate deposition under lower-
energy, deeper-water conditions, possibly below storm wave 
base. The presence of glauconite indicates deposition under 
marine conditions (Sweet et al 1974a, b, Sweet 1977, Beier 
et al 2002a, b). Sweet (1977) proposed that the Wondoan 
Hill and Stubb formations represent one major episode 
of sedimentation in which the basal sandstones of the 
Wondoan Hill Formation represent a marine transgression 
followed by a lengthy period of deposition in moderately 
deep water, and finally, shoaling or uplift at the top of the 
Stubb Formation.

Stubb Formation

The Stubb Formation (Sweet et al 1974b) consists of brown, 
white, and purple micaceous quartz siltstone, grading 
upwards into white and brown sandstone with siltstone 
interbeds. Black and dark grey shale forms the lower part 
of the succession in some areas. It is named after Stubb 
yard, which is located immediately to the south of the 
Victoria Highway, 5 km east-southeast of the Victoria 
River road bridge in DELAMERE. Exposures of the Stubb 
Formation are variable; they include recessive plains, 
low ridges capped by its upper sandstone facies, flaggy 
rubble overlying low-relief undulose hills dissected by 
steep runnels, smooth and vaguely terraced slopes, scarp 
slopes below cliffs of resistant plateau-forming Jasper 
Gorge Sandstone, and cliffs capping mesas (Sweet et al 
1974a, Sweet 1977, Beier et al 2002a, b). The formation 
was previously included in the ‘Victoria River Group’ of 
Traves (1955) and in the ‘Coolibah Formation’ of Laing 
and Allen (1956). It was initially thought to be conformable 

Figure 108. Typical scarp exposures of Tijunna Group, comprising 
lower interval of Wondoan Hill Formation (pale tones, lower 
slope), overlain by Stubb Formation (slightly darker tones, upper 
slope) below well exposed resistant cap of Jasper Gorge Sandstone 
(Auvergne Group) at top of ridge (VICTORIA RIVER DOWNS, 
view west from 52 679093mE 8227499mN).
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Figure 109. Wondoan Hill Formation. (a) View east up-section from 52 678981mE 8227358mN (VICTORIA RIVER DOWNS), showing 
exposures of blocky medium to thickly bedded sandstone, including a prominent sandstone bench. Cap of Jasper Gorge sandstone forms 
dark exposures at top of succession on ridge in background. (b) Thinly bedded, red-brown fine-grained sandstone from recessive interval 
near top of formation (VICTORIA RIVER DOWNS, 52 724263mE 8180138mN). (c) Thin layer of mudclasts on bedding surface of fine-
grained sandstone from same locality as (b). (d) Current and interference ripples on bedding surface (VICTORIA RIVER DOWNS, 52 
679051mE 8227417mN). (e) Synaeresis cracks on bedding surface, from same locality as (d) (image CJ Edgoose). (f) Bulbous flute moulds 
on bedding surface on large colluvial block derived from upslope bench exposure from same locality as (d) (continued next page).
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Figure 109. Wondoan Hill Formation (continued from previous page). (g) Massive medium-grained sandstone overlain by planar-tabular 
cross-bedded sandstone. Bed surface shows weathered ripples and synaeresis cracks (VICTORIA RIVER DOWNS, 52 679067mE 
8227456mN). (h) Groove marks on bedding surface from same locality as (g).

Figure 110. Photomicrographs of Wondoan Hill Formation. (a) Quartz sandstone (thin section VR14TJM0003, VICTORIA RIVER 
DOWNS 52 679093mE 8227499mN). Sub-angular, sub-rounded and rounded, inclusion-rich quartz grains, partially cemented by syntaxial 
quartz overgrowth cement and late-stage ferruginous cement that is corroding some grains; blue areas are voids. PPL. (b) Quartz-lithic 
sandstone (thin section VR14TJM0005A, VICTORIA RIVER DOWNS 52 724299mE 8180335mN). Quartz (single and composite grains), 
rarer chert and muscovite, and elongate rounded claystone clasts in siliceous cement. Dark areas around clasts are voids. Other grains noted 
in this rock (but not in image) include glauconite, microcline and biotite. XN. (c) Silty claystone, with angular to sub-angular quartz and 
elongate muscovite grains, opaque to dark red-brown iron-oxides and birefringent, very fine clay minerals [thin section VR14TJM0005B, 
same locality as (b)]. XN. (d) As for (c), showing grains of quartz (clear), elongate muscovite and slightly deformed glauconite (bright 
green, right), and very fine, green clay minerals. PPL.
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with the Jasper Gorge Sandstone and was included in the 
Auvergne Group (Morgan et al 1970, Pontifex and Mendum 
1972, Sweet 1972), but the contact was recognised as being 
unconformable by Sweet et al (1974b) and the unit was 
excluded from the group. It was subsequently included in 
the Tijunna Group by Beier et al (2002a).

Type section
The type section is located in the valleys of Sullivan Creek 
and the Victoria River in DELAMERE. The base is at 
52 723532mE 8276218mN (in scarp south of Victoria River) 
and the top is at 52 752241mE 8285144mN (near Sullivan 
yard).

Distribution
The Stubb Formation outcrops extensively westwards from 
Delamere homestead to the Victoria River, in DELAMERE 
(Figure 107). Minor outcrops occur in adjacent mapsheet 
areas in southern FERGUSSON RIVER to the north and 
VICTORIA RIVER DOWNS to the south. There is a small 
area of exposure in central-easternmost WATERLOO 
further to the southwest.

Relationships and boundary criteria
The Stubb Formation is conformable on the Wondoan Hill 
Formation, or where this is absent, unconformable on the 
Bynoe Formation (Bullita Group). It is overlain with a 
slight angular unconformity by the Jasper Gorge Sandstone 
(Auvergne Group).

Lithology
The Stubb Formation typically consists of a lower interval 
of fissile, laminated, dark grey, green, red-brown and purple 
micaceous claystone and coarse-grained quartz siltstone that 
grades upwards into a thinner interval of white and brown 
medium-grained quartz sandstone (Figure 111a). Minor 
thin (up to 1 m-thick) beds of hematitic sandstone breccia 
are also present in some localities (Sweet et al 1974b). The 
lower interval of thinly interbedded claystone and siltstone 
is more than 150 m thick in the type section. It contains 
minor, 2.5 cm to 60 cm-thick lenticular interbeds of massive 
or cross-bedded fine- to medium-grained sandstone that 
often have scoured bases (Figure 111b). NTGS drillhole 
99VRNTGSDD2 (northern VICTORIA RIVER DOWNS, 
Figure 107) intersected 39 m of the lower part of the 
formation, which consists of homogenous green claystone 
and rare siltstone. These beds are planar laminated and 
contain rare slump structures, fault breccia and micro-
faults that are infilled by calcite and pyrite (Dunster and 
Cutovinos 2002, Beier et al 2002b). Sedimentary structures 
described from this interval include gutter and load casts, 
synaeresis cracks, calcite-lined cone-in-cone structures 
and runzel marks (Sweet et al 1974b, Beier et al (2002a). 
A thin section of micaceous siltstone from near the base 
of the formation contains interlaminated fine and coarse 
quartz grains, with lesser muscovite and rare glauconite 
in a clay mineral matrix, partially replaced by iron oxides 
(Figure 112a–b). 

Medium to thickly bedded medium-grained quartz 
sandstone at the top of the unit (Figure 111c–d) is 
variably friable and indurated, and can form caps on hills 

that are indistinguishable on aerial photographs from the 
overlying Jasper Gorge Sandstone (Sweet et al 1974b). 
Minor thin siltstone interbeds and thin hematite bands 
are occasionally present in this 30–40 m-thick interval 
(Beier et al 2002a, b). Exposures are tabular to blocky 
and beds are massive or cross-bedded. A wide variety of 
other sedimentary structures have been described from 
this coarser-grained interval, including flute marks, skip 
marks, current lineations, load and slump structures (see 
Sweet et al 1974b: figure 16), mud flakes, synaeresis and 
mud cracks, wave, current and interference ripple marks, 
megaripples, dune cross-beds, tabular and trough cross-
beds and micro-hummocky cross-strata (Figure 111c–h), 
Sweet et al 1974a, b, Beier et al 2002a, b). The sandstone 
is fine-grained, usually well sorted and quartz-rich, and 
sometimes micaceous and/or glauconitic (Figure 112c –d). 

Thickness
The Stubb Formation has a maximum thickness of about 
210 m; it is ca 190 m thick in the type area in DELAMERE 
(Sweet et al 1974b, Beier et al 2002a). In VICTORIA 
RIVER DOWNS, the formation attains a maximum 
thickness of ca 115 m (Sweet et al 1974b, Beier et al 2002b). 
An incomplete intersection of 66.5 m (from surface) 
of the Stubb Formation was encountered in drillhole 
99VRNTGSDD2 in northern VICTORIA RIVER DOWNS 
(Dunster and Cutovinos 2002, Figure 107). 

Depositional environment
The Stubb Formation represents an overall regressive 
sedimentary cycle. Initial deposition was in a low-energy, 
moderate- to deep-water marine shelf setting above storm 
wave base as indicated by the presence of hummocky 
cross-stratification (Sweet et al 1974a, b, Sweet 1977, Beier 
et al 2002a, b). The upper more sandstone-rich part of the 
formation represents energetic shallower conditions above 
wave base, possibly an upper shoreface setting. 

GEOCHEMISTRY 

Samples from 17 Wilton package sandstones, corresponding 
to those submitted for detrital zircon geochronology, were 
submitted for whole-rock geochemical analysis; ten of these 
were from the Roper Group, six were from the Renner Group 
and the remaining sample was from the Tijunna Group. 
Sample locations and stratigraphic context are provided 
below in Detrital-zircon geochronology. The aim was 
to build a baseline geochemical dataset that supplements 
the detailed geochemical analyses of finer-grained Wilton 
package units reported in Revie (2016). Analytical results 
are available in the NT geochemical datasets (Northern 
Territory Geological Survey 2016).

Samples were collected from fresh exposures and drill 
cores. Where necessary, the outer weathered surface of 
samples was removed to avoid contamination by surface 
material and weathering minerals. All samples were sent 
to Intertek Genalysis Laboratories in Maddington, Western 
Australia for preparation and lithogeochemical analysis. 
Geochemical data for 70 elements were collected using 
several analytical methods: major elements by X-Ray 
Fluorescence (XRF), trace elements and rare earth elements 
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by Inductively Coupled Plasma–Mass Spectrometry 
(ICP – MS), and platinum group elements by lead collection 
fire assay with ICP–MS and halogens by CS analyser. 
Genalysis Laboratories sample preparation involves 
crushing then pulverising each sample in a low-chromium 
steel mill until 85% of the material passes through a 75 µm 
mesh. The smaller fraction (or analytical pulp) is then used 
in all analyses. Major oxides were analysed by XRF, which 
requires a lithium meta-tetraborate fusion process prior 

to XRF analysis. FeO requires acid digestion and titration 
prior to XRF analysis. Trace and rare earth elements were 
also subjected to lithium tetraborate fusion prior to analysis 
by ICP–MS, whereas the platinum group elements were 
analysed via lead collection fire assay with an ICP–MS 
finish. 

The analytical data acquired was investigated to 
assess whether any characteristics or diagnostic features 
could provide further information regarding depositional 

Figure 111. Stubb Formation. (a) Thinly interbedded dark grey claystone, siltstone and minor sandstone grading up-section to more 
thickly bedded brown medium-grained sandstone at top (road cutting on Victoria Highway, DELAMERE 52 737080mE 8274130mN). 
(b) Detail of lower part of section in (a) showing thinly interbedded claystone, weathering to flakes, more resistant thin tabular siltstone and 
minor medium-grained sandstone. Thicker sandstone bed behind tape is subtly tabular cross-bedded (foresets dip left) and has a scoured 
base. (c) Medium to thickly bedded brown medium-grained sandstone at top of formation. Note planar-tabular cross-bed and thin recessive 
fine-grained sandstone bed behind hammer (DELAMERE, 52 744708mE 8280906mN, image P-O Bruna). (d) As for (c) showing large-
scale dune cross-beds (DELAMERE, 52 766437mE 8279353mN, image P-O Bruna). (e) Synaeresis cracks and (f) mudcracks on sandstone 
bedding surface from near top of section at same locality as (a) (continued next page).



122NTGS Record 2016-003

Figure 111. Stubb Formation (continued from previous page). (g) Symmetric wave ripples showing bifurcations on sandstone bedding 
surface from same locality as (e). (h) Slightly sinuous current ripples on bed surface, from same locality as (d). Palaeocurrent direction 
towards viewer (image P-O Bruna).

Figure 112. Photomicrographs of Stubb Formation. (a) Micaceous siltstone from near base of formation, consisting of thinly interlaminated 
fine and coarse quartz grains and elongate muscovite in clay matrix, partially replaced by opaque late-stage iron oxides that have corroded 
some quartz grains (thin section DM14TJM0002B, DELAMERE 52 737080mE 8274130mN). XN. (b) As for (a), showing green clay 
minerals in matrix, partially replaced by opaque iron oxides, and glauconite grain (green, centre). PPL. (c) Quartz sandstone from lower 
part of formation [thin section DM14TJM0002A, same location as (a)]. Note abundant quartz grains and small muscovite grains in chert 
cement; matrix has been partially replaced by iron oxide minerals (small opaque areas in upper left and lower right). XN. (d) Fine-grained 
quartz sandstone from upper part of formation [thin section DM14TJM0002C, same location as (a)]. Grains are all rounded to sub-rounded 
quartz with abundant inclusion trails. Cement is formed from narrow syntaxial authigenic rims on quartz grains, and chert (fine dusty 
texture). Small patch of opaque late-stage iron oxide minerals is replacing chert (centre left). PPL. 
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environments or provenance. However, such a small dataset 
on relatively uniform, quartz-dominated sedimentary rocks 
did not yield any plots or elemental ratios that provided 
useful information.

AGE OF SUCCESSIONS AND CORRELATIONS 

The ages of the Roper, Renner and Tijunna groups, and of 
the unnamed group above the Roper Group in the Beetaloo 
Sub-basin, are broadly constrained by relatively well dated 
underlying and overlying sedimentary successions and by 
well dated intrusive rocks. There has been a few attempts 
to determine absolute radiometric ages of formations 
within the Roper Group (Jackson et al 1999, Creaser and 
Kendell 2007, Kendall et al 2009), but not those of the other 
groups. Radiometric dating of detrital zircons to determine 
maximum depositional ages has been conducted on the 
Velkerri Formation of the Roper Group (Fanning 2012) and 
Stubb Formation of the Tijunna Group (Carson 2013). Some 
work has also been conducted on the palynology of various 
formations of the Roper Group (Grey 2013a–g, 2015), with 
mixed results. These studies are briefly summarised in the 
following sections. 

Munson et al (in prep) conducted LA–ICP–MS detrital 
zircon analyses on representative samples of sandstones 
from all three groups; these analyses results are interpreted 
and discussed in Detrital-zircon geochronology.

overview of previouS work

Roper Group

A minimum age constraint on Roper Group sedimentation 
is provided by a U-Pb SHRIMP baddeleyite age of 
1324 ± 4 Ma for the Derim Derim Dolerite (Abbott et al 
2001), which intrudes the upper part of the group. This date 
superseded a previous minimum age of 1280 Ma, derived by 
K-Ar dating of the dolerite by McDougall et al (1965). The 
1324 Ma date also provides a maximum age for post-Roper 
Group deformation because the dolerites were deformed 
with the Roper Group (see Figure 84) and therefore 
were clearly intruded before this event. A maximum age 
constraint for the group is provided by a SHRIMP U-Pb 
zircon age of 1589 ± 3 Ma for a tuff in the upper part of 
the unconformably underlying Nathan Group (Page et al 
2000). The unconformity at the base of the Roper Group 
is considered to be related to a post-1590 Ma inversion 
event (Syn-Isan Orogeny of Betts et al 2015), which was 
a distal expression of the ca 1620–1500 Ma Isan Orogeny 
in the Mount Isa Province (O’Dea et al 1997, Betts et al 
2013). Jackson et al (1999) estimated a break in deposition 
of 80–90 million years at this time. The Roper Group thus 
spans the Calymmian to lower Ectasian systems of the 
Mesoproterozoic. 

The earliest attempt to date formations within the 
group was by McDougall et al (1965) who conducted 
analyses on glauconite from the Crawford Formation. 
Seven Rb-Sr analyses gave various model ages in the range 
1243 –1370 Ma and six K-Ar determinations gave even 
younger ages in the range 1095–1270 Ma. These ages are 
all minima and were affected by ‘weathering phenomena 

and impurities in the glauconite concentrates’ (Kralik 
1982). Kralik (1982) interpreted a 1429 ± 31 Ma Rb-Sr date 
from illite separated from carbonate of the former McMinn 
Formation (Kyalla Fm; see Abbott and Sweet 2000), near 
the top of the Roper Group; this age provides a minimum 
estimate for diagenesis of the formation. 

Absolute dating of the Roper Group by U-Pb methods 
is limited to the few volcanic rocks within the succession. 
Jackson et al (1999) obtained SHRIMP U-Pb zircon ages 
of 1492 ± 4 Ma and 1493 ± 4 Ma from rare tuffs in the 
Showell Member of the Mainoru Formation. These remain 
the best depositional ages obtained to date from the Collara 
Sub-group and lower Roper Group. For the Maiwok 
Subgroup, mature organic-rich shales from the lower and 
upper Velkerri Formation have been dated by the Re-Os 
method at 1417 ± 29 Ma and 1361 ± 21 Ma respectively; 
these are interpreted as relatively robust depositional ages 
for this unit (Creaser and Kendall 2007, Kendall et al 
2009). SHRIMP U-Pb dating has also been conducted 
on detrital zircon from the upper Velkerri Formation in 
drillhole Altree-2 (Fanning 2012, see Detrital-zircon 
geochronology). The results give a maximum depositional 
age of ca 1585 Ma, with the youngest concordant grain 
dated at ca 1510 Ma. Fanning commented that given the 
small number of zircon grains analysed (n = 17), it is 
difficult to confidently place any geological significance 
to these dates. 

Palynological studies have been conducted on a number 
of formations of the Roper Group, including the Corcoran, 
Jalboi and Mainoru formations of the Collara Subgroup 
(Javaux et al 2001), and the Sherwin, Kyalla and Velkerri 
formations of the Maiwok Subgroup (Peat et al 1978, 
Gorter and Grey 2012a, Grey 2013a–g). These studies are 
summarised in Grey (2015). The microbiota assemblages 
include numerous well preserved filaments and acritarchs 
that are generally indicative of the Mesoproterozoic. 
Although the assemblages show potential for 
biostratigraphic correlation, most of the specimens cannot 
be readily be assigned to existing species, or precisely 
dated. Grey (2015) concluded that a more extensive study is 
needed to better define the taxa present and document their 
chronostratigraphic distribution.

Renner Group

The Renner Group is also intruded by dolerite sills, dated at 
1295 ± 14 Ma (Melville 2010) that are broadly correlated with 
the ca 1324 Ma Derim Derim Dolerite (Hussey et al 2001, 
Whelan et al 2016); this provides a minimum age constraint 
on deposition of the group. A maximum age constraint is 
provided by the unconformably underlying Namerinni 
Group of the Tennant Region, deposition of which is poorly 
constrained to the time interval 1660–1610 Ma (Ward 1983, 
Donnellan 2013c). Lithostratigraphic and seismic evidence 
supports a broad correlation between the Renner Group and 
the Roper Group (Ward 1983, Hussey et al 2001); this would 
indicate a Mesoproterozoic depositional age in the range 
ca 1500–1430 Ma.

No detailed geochronological studies have been 
conducted on the Renner Group prior to the present study 
(see below).
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Tijunna Group

The Tijunna Group is unconformable between the overlying 
Jasper Gorge Sandstone of the Auvergne Group (Victoria 
Basin) and several formations of the underlying Bullita 
Group. The ages of these overlying and underlying units are 
not very tightly constrained. The Auvergne Group is regarded 
as being Neoproterozoic in age and is included as one of the 
sedimentary units of the Centralian A Superbasin (Munson 
et al 2013). SHRIMP U-Pb dating of detrital zircons from 
the basal Jasper Gorge Sandstone have given a conservative 
maximum depositional age of 1332 ± 22 Ma, with two 
isolated younger grains at ca 1243 Ma and 1171 Ma (Carson 
2010, 2013). 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); this is the best existing estimate of the age of the 
group. The Bullita Group is similarly poorly dated. SHRIMP 
U-Pb analysis of detrital zircons from the Weaner Sandstone 
(upper Bullita Group) has yielded a tentative maximum 
depositional age of 1600 ± 24 Ma with a youngest concordant 
zircon at ca 1590 Ma (Carson 2013). 

Webb and Page (1977) conducted K-Ar and Rb-Sr isotopic 
age determinations on both the Wondoan Hill and Stubb 
formations. Isotopic age determinations on mudstone from 
the upper part of the Wondoan Hill Formation yielded a Rb-Sr 
age of 1431 ± 440 Ma; glauconite from the basal sandstone 
yielded ages of 1080 ± 14 Ma (K-Ar method) and 1190–
1124 Ma (Rb-Sr method). Micaceous shale from the Stubb 
Formation yielded a Rb-Sr age of 1347 ± 150 Ma; however, 
the shale ages have large errors, and there are uncertainties as 
to whether or not the mica is detrital. The glauconite ages are a 
minimum age for sedimentation, but are also not particularly 
reliable due to the possibility of weathering and presence of 
K-bearing impurities in the glauconite concentrates.

Carson (2010, 2013) conducted SHRIMP U-Pb dating of 
detrital zircons from the Stubb Formation and determined 
a conservative maximum depositional age estimate of 
1618 ± 13 Ma. There were also two scattered younger 
individual analyses at ca 1485 and 1307 Ma (see below).

Ungrouped units overlying Roper Group

This succession comprises the Jamison sandstone and 
overlying Hayfield mudstone. It was considered by Lanigan 
et al (1994) to be younger than the Roper Group and possibly 
of Neoproterozoic age, based on three criteria: 

(1) The sandstone contains feldspar and lithic grains 
(see Figure 80), and is compositionally immature in 
comparison with the mature Roper Group sandstones.

(2) The sandstone is unconformable on Roper Group 
strata at different stratigraphic levels, suggesting that 
deposition was preceded by a period of uplift and 
erosion.

(3) Dolerite sills that intrude all units of the Maiwok 
Sub-group (excluding the topmost Chambers River 
Formation) are absent.

A maximum age constraint on these units is provided 
by the 1324 Ma Derim Derim Dolerite that intrudes the 

unconformably underlying Roper Group succession. A 
poorly constrained minimum age constraint is provided 
by the unconformably overlying Bukalara Sandstone 
(Kiana Group) at the base of the Georgina Basin succession 
(Figures 66, 113). The age of the Kiana Group is considered 
to be Ectasian (late Neoproterozoic) to earliest Cambrian, 
with a post-glacial Neoproterozoic (Ediacaran) age 
favoured (Rawlings et al 2008). Grey (2015) reported that 
microfossil assemblages within the Hayfield mudstone are 
known to be long ranging (from the early Mesoproterozoic 
to the Neoproterozoic), but that several forms seem to be the 
oldest known records of those taxa. The age of the Jamison 
sandstone–Hayfield mudstone succession is therefore litho- 
and biostratigraphically constrained within the interval 
latest Ectasian (Mesoproterozoic) to Ediacaran.

No detailed geochronological studies have been 
conducted on these ungrouped units prior to the present study 
(see below).

detrital-zircon geochronology

LA–ICP–MS detrital zircon analyses were conducted on 
samples from representative sandstone units of the Roper, 
Renner and Tijunna groups with the aim of determining 
maximum depositional ages and interpreting possible 
provenances. Analytical procedures and basic results are 
documented in Munson et al (in prep). The locations and 
stratigraphic levels of the analysed samples are shown in 
Figures 114 and 115 respectively. Fifteen samples were 
collected for analysis from the type or representative sections 
of formations at strategic stratigraphic levels. In addition to 
these samples, existing SHRIMP detrital zircon analytical 
data for the Stubb Formation (Carson 2013) and upper Velkerri 
Formation (Fanning 2012) were included and reinterpreted 
in the context of the entire dataset. A comparative relative 
probability diagram of detrital zircon data from all samples 
is presented in Figure 116; the probability-density plots are 
arranged in ascending stratigraphic position within groups 
and subgroups:

•• Roper Group, Collara Subgroup: Phelp Sandstone; 
Limmen Sandstone; Arnold Sandstone; Hodgson 
Sandstone. 

•• Roper Group, Maiwok Subgroup: Bessie Creek 
Sandstone; upper Velkerri Formation; Moroak Sandstone; 
Bukalorkmi Sandstone.

•• Unnamed group overlying Roper Group in Beetaloo Sub-
basin: lower Jamison sandstone; upper Jamison sandstone; 
Hayfield sandstone member of Hayfield mudstone. 

•• lower Renner Group: Gleeson Formation; Grayling 
Member of Baralandji Formation.

•• upper Renner Group: Jangirulu Formation.
•• Tijunna Group: Wondoan Hill Formation; Stubb 

Formation.

Discussion

Roper Group

Relative probability spectra for the Collara and Maiwok 
subgroups display characteristic signatures that enable the 
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Figure 113. Distribution of Neoproterozoic units in McArthur Basin area, showing exposures of Bukalorkmi Sandstone, Chambers River 
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Figure 114. Location of sampling points for detrital zircon geochronology (after Munson et al in prep: figure 1). Stratigraphic levels of 
samples shown in Figure 115. Background map is NT geological regions from NTGS 1:2.5M GIS database.
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subgroups to be readily distinguished from each other and 
from younger units (Figure 117). These signatures have 
some potential to be a useful tool for intrabasinal correlation. 

Collara Subgroup
Maximum depositional ages for the five Collara Subgroup 
samples are generally ca 1600 Ma or greater. More than 90% 
of analysed zircons are older than 1700 Ma (Figure 117); 
the majority form prominent peaks with maxima in 
the range 1950–1700 Ma. Isolated and small clusters of 

analyses return younger Mesoproterozoic ages with older 
ages extending into the Archaean. 

The relative probability spectra for the Phelp and Limmen 
sandstones are similar in that both units have broad, complex 
irregular peaks with maxima in the range 1820–1810 Ma 
(Figure 116). Those for the younger Collara Group units 
(Crawford Formation, Arnold and Hodgson sandstones) 
also resemble one another in that they are less complex and 
have younger maxima in the range ca 1770–1755 Ma. The 
spectra for the Arnold and Hodgson sandstones are almost 
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identical and are dominated by nearly symmetrical peaks at 
ca 1760 Ma, indicating similar source regions. Older peaks 
in the 1800–1900 Ma range that characterise the Phelp and 
Limmen sandstones are much reduced or absent in these 
younger units. However, peaks in the range 1700–1800 Ma 
are present throughout the group, except for the Limmen 
Sandstone, where zircons of this age are under-represented 
in the sample set.

Transgressive sediments of the Phelp Sandstone sampled 
a wide range of basement terranes, as shown by presence 
of numerous scattered individual and clustered analyses 
ranging through the Palaeoproterozoic to the Archaean. This 
is interpreted as indicating that underlying Palaeoproterozoic 
sedimentary units and Archaean basement terranes were 
extensively exposed during the Syn-Isan Orogeny and resultant 
hiatus corresponding to the significant unconformity at the 
base of the Roper Group. The marked decrease in the number 
of analyses >1800 Ma up-section through the subgroup is 
indicative of a significant shift in sediment pathways and/
or in provenance, as source areas were progressively buried 
through deposition of the subgroup. 

Maiwok Subgroup
Maximum depositional ages for the four Maiwok Subgroup 
samples are generally in the range ca 1590–1530 Ma. The 
relative probability spectra form very broad, complex 
irregular peaks with a number of maxima in the range 
ca 1900–1550 Ma. Isolated and small clusters of analyses 
return both younger Mesoproterozoic ages and older ages 
extending into the Archaean. 

The percentage of analysed zircons older than 1700 Ma 
is markedly less than that of the Collara Subgroup, and is 

generally in the range ca 70–80% (Figure 117), with the 
exception of the Velkerri Formation sample, which returned 
only 35% of analysed zircons older than 1700 Ma; however, 
this figure is based on very small sample number (n = 17). 
The younger peaks in the relative probability spectra are 
not present in the Collara Subgroup spectra and indicate a 
significant new source of magmatic zircons during deposition 
of the Maiwok Subgroup. Older maxima of the Maiwok 
Subgroup spectra are similar in age to those of the basal units 
of the Collara Subgroup (Phelp and Limmen sandstones); there 
is a significant shift of peaks to the older end of the spectra 
compared to the younger Collara Group units (Crawford 
Formation, Arnold and Hodgson sandstones). The relative 
probability spectrum for the Bessie Creek Sandstone also 
has a wider range of Palaeoproterozoic to Archaean analyses 
than those for the upper units of the Collara Subgroup. These 
data collectively indicate that the disconformity between the 
subgroups might have regional significance and corresponds 
to a change in sediment pathways and/or provenance, such 
as a new magmatic source, possible recycling of older 
sedimentary rocks, or exposure of previously buried source 
areas in response to regional uplift.

Unnamed group overlying Roper Group in Beetaloo 
Sub-basin
The relative probability spectra for this group indicate that it 
is a distinct sedimentary package, significantly younger than 
the Maiwok Subgroup (Figure 116). Maximum depositional 
ages for the upper Jamison sandstone and Hayfield sandstone 
member are ca 1153 Ma and 1135 Ma respectively. The lower 
Jamison sandstone has an older conservative maximum 
depositional age of ca 1357 Ma, but also has two younger 

McArthur Basin
Roper Group, Collara Subgroup
combined spectra, 5 samples 

McArthur Basin
Roper Group, Maiwok Subgroup
combined spectra, 4 samples 

Birrindudu Basin
Tijunna Group
combined spectra, 2 samples 

McArthur Basin
ungrouped units
(Jamison sst / Hayfield mdst)
combined spectra, 3 samples 

Tomkinson Province
lower Renner Group
(Gleeson Fm / Grayling Mbr)
combined spectra, 2 samples 

Tomkinson Province
upper Renner Group
(Jangirulu Formation), 1 sample
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Figure 117. Comparative relative probability diagram of detrital zircon data with spectra for samples combined to show typical signatures 
for Collara and Maiwok subgroups (green polygons), lower and upper Renner Group (yellow), Tijunna Group (pink) and ungrouped units 
overlying Roper Group (mauve). Spectra arranged in ascending stratigraphic order. Red vertical dashed line is 1700 Ma; percentages (on 
right) indicate proportion of analysed zircons >1700 Ma for each sample set. 
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grains with ages of ca 1130 Ma and 1282 Ma. An older 
prominent peak at ca 1595 Ma is very distinctive and common 
to all three units. The upper Jamison sandstone and Hayfield 
sandstone member have relatively young prominent peaks 
at ca 1186 Ma and 1162 Ma respectively. The conservative 
maximum depositional ages and youngest zircons are all late 
Mesoproterozoic (Stenian); this supports other evidence (see 
above) for a latest Mesoproterozoic to Neoproterozoic age for 
this group.

Fewer than 12% of analysed zircons are older than 
1700 Ma (Figure 117), which compares to greater than 
ca 70% for the majority of the Roper Group spectra. There are 
very few older Palaeoproterozoic and no Archaean zircons. 
This indicates a fundamental shift in provenance, sediment 
pathways, or both, and shows that the unconformity at the 
top of the Roper Group is a significant regional surface. 

The lower Jamison sandstone was identified as probable 
Bukalorkmi Sandstone by Gorter and Grey (2012a), but the 
detrital zircon spectrum differs significantly from that of 
the Bukalorkmi Sandstone (sampled from the type section), 
and from the typical signature of the Maiwok Subgroup 
in general, particularly in lacking broad complex peaks 
with maxima between 1900 and 1700 Ma. The spectrum 
also lacks a prominent younger peak at <1200 Ma; this 
provides indirect evidence for a significant unconformity 
between it and the upper Jamison sandstone, as indicated 
by Gorter and Grey (2012a). Gorter and Grey correlated 
this unconformity between a number of wells within the 
Beetaloo Sub-basin (Figure 66); it possibly corresponds 
to a regional-scale structural event and a new source of 
magmatic zircons, represented by the younger peaks in the 
overlying units. 

Renner Group
Relative probability spectra for the lower two units sampled 
from the Renner Group (Gleeson Formation, upper Grayling 
member of Baralandji Formation) are very similar to those 
of the Collara Subgroup: they are dominated by broad 
irregular peaks with maxima in the range 1950–1700 Ma, 
and more than 90% of zircon analyses older than 1700 Ma 
(Figure 117). This supports a general correlation of these 
units with formations of that subgroup, as proposed by 
Hussey et al (2001: table 4, see Inter- and intrabasinal 
correlations). Conservative maximum depositional 
ages for the two formations are ca 1755 Ma and 1650 Ma 
respectively, but there are also isolated younger zircon 
analyses returning ages of <1500 Ma for both units. Isolated 
and small clusters of analyses return older ages extending 
into the Archaean. However, older zircons are slightly more 
abundant in the Gleeson Formation spectrum, suggesting 
that Palaeoproterozoic and Archaean basement terranes 
were uplifted and exposed during the deformation event 
and resultant hiatus that correspond to the unconformity at 
the base of the Renner Group. 

The relative probability spectrum for the Jangirulu 
Formation more closely resembles those of the Maiwok 
Subgroup than the Collara Subgroup (Figure 116). It is most 
similar to that of the Bessie Creek Sandstone with which it 
was tentatively correlated by Hussey et al (2001: table 4). 
The spectrum is dominated by a very broad, irregular 
and complex peak with a number of maxima in the range 

ca 1950–1550 Ma. About 70% of zircon analyses are older 
than 1700 Ma, a similar proportion to those of the Maiwok 
Subgroup. Isolated and small clusters of analyses return 
younger Mesoproterozoic ages to ca 1414 Ma; there is a long 
tail of older ages extending through the Palaeoproterozoic 
into the Archaean, which is less prominent in the older 
units. These analyses might reflect a change in sediment 
pathways and/or provenance with possible recycling of older 
sedimentary rocks. 

Tijunna Group
Relative probability spectra for the two units of the Tijunna 
Group (Wondoan Hill Formation, Stubb Formation) most 
closely resemble those of the Maiwok Subgroup: they 
have somewhat similar shapes and are dominated by 
broad irregular peaks with maxima in the range ca 1950–
1550 Ma. Conservative maximum depositional ages for 
the two formations are: ca 1575 Ma for the Wondoan Hill 
Formation, with isolated younger grains at ca 1496 Ma and 
1452 Ma; and ca 1618 Ma for the Stubb Formation, with 
isolated younger grains at ca 1307 and 1485 Ma. About 85% 
of zircon analyses are older than 1700 Ma (Figure 117); 
this is a greater percentage than for the Maiwok Subgroup, 
but this figure is slightly positively skewed as the Tijunna 
Group contains the highest numbers of Archaean zircons of 
the entire dataset, including the oldest individual analysis at 
ca 3114 Ma (Stubb Formation). 

Zircon provenance

Older Palaeoproterozoic and Archaean zircons are present 
throughout the Roper, Renner and Tijunna groups; 
they are strongly represented in the Phelp and Limmen 
sandstones (Collara Subgroup), Bessie Creek Sandstone 
(Maiwok Subgroup), Gleeson and Jangirulu formations 
(Renner Group), and both formations of the Tijunna Group 
(Figure 116). Their widespread distribution supports 
previous interpretations (eg Cawood and Korsch 2008, 
Hollis and Glass 2012, Kositcin et al 2013, Carson 2013, 
Whelan et al 2014, Kraus et al 2015) that rocks of these 
ages formed a widespread contiguous basement underlying 
the North Australian Craton (NAC). Older zircons tend to 
be more abundant towards the bases of successions above 
significant unconformities and were presumably derived 
from Archaean terranes or older sedimentary rocks that 
were uplifted and exposed during deformation events. 
The small cluster of older zircons at ca 3100 Ma in the 
Stubb Formation (Tijunna Group) indicates a source older 
than any rocks yet recognised in the NT. The nearest 
provenance for rocks of that age is the Pilbara region of 
Western Australia, although a non-Australian source 
area is also possible. The relative abundance of Archaean 
zircons in the Tijunna Group is consistent with its closer 
geographical proximity to potential sources areas in 
Western Australia. 

There is a conspicuous lack of older Palaeoproterozoic 
and Archaean zircons in the ungrouped units overlying the 
Roper Group; this indicates a significant shift in provenance 
for this younger sedimentary package, either through a 
change in sediment pathways, or burial of older source 
areas, or both. 
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Major peaks for the Collara Subgroup and Renner 
Group are present in the range 1950–1700 Ma, and for the 
Maiwok Subgroup and Tijunna Group, in the range 1950–
1550 Ma. These all form a typical NAC basement signature 
that cannot be easily refined on these data. There are a 
number of source terranes in the NAC that were producing 
magmatic zircons at these times. Examples include the 
Tanami Region (which experienced several periods of 
igneous activity from ca 1910–1780 Ma, Ahmad et al 
2013b); the Mount Isa Province (ca 1870–1500 Ma, Hutton 
and Withnall 2013); Pine Creek Orogen and Arnhem 
Province (ca 1870 –1820 Ma, Ahmad and Hollis 2013, 
Kraus et al 2015); Aileron Province (ca 1810–1530 Ma, 
Scrimgeour 2013a); Warumpi Province (ca 1680–1600 Ma, 
Scrimgeour 2013b); Tennant Region (ca 1850–1700 Ma, 
Donnellan 2013a, b) and the Musgrave Province (the 
oldest rocks of which have igneous protolith ages in the 
range ca 1600–1540 Ma, Close 2013). Sedimentological 
and palaeogeographic interpretations (see Provenance 
of sedimentary successions) indicate a general, non-
specific southerly to southeasterly source, at least for the 
successions of the Roper and Renner groups.

Major peaks for the ungrouped units overlying the 
Roper Group occur at ca 1590 Ma and ca 1090–1160 Ma. 
Several possible provenances for zircons of this age occur 
to the south of the greater McArthur Basin. Magmatic 
and metamorphic zircons were produced within the 
Musgrave Province at a number of times from ca 1600 to 
1040 Ma (Close 2013, Kirkland et al 2013); the generalised 
detrital zircon spectrum (see Pell et al 1997: figure 3) has 
significant peaks at ca 1600–1540 Ma (protolith ages) and 
ca 1220–1120 Ma (intrusion of Pitjantjatjara Supersuite) 
that closely corresponds to those of the ungrouped units. 
The Arunta Region is another possible source for zircons 
of these ages (Wong et al 2015). The 1590 Ma peak could be 
associated with high-grade metamorphic rocks and minor 
felsic magmatism in the Aileron Province related to the 
1590–1520 Ma Chewings Orogeny; whereas the younger 
ages could be associated with magmatism and high-grade 
metamorphism related to the Teapot Event, which affected 
the Warumpi Province and southern Aileron Province. 
There are several other Australian basement terranes that 
could also have contributed zircons of this age. 

inter- and intrabaSinal correlationS

The Wilton package, as here described, includes the 
successions of the Roper, Renner and Tijunna groups 
(Figure 2). It has long been proposed that they (and older 
groups of the greater McArthur Basin) might be linked at 
depth beneath younger covering rocks (eg Dunn et al 1966, 
Ward 1983, Powell et al 1987, Queensland Department of 
Mines and Energy et al 2000, Hussey et al 2001, Abbott 
et al 2001, Ahmad and Scrimgeour 2013, Hoffman 2014, 
2015). However, detailed stratigraphic relationships 
between these groups have not been previously clearly 
established due to poor or nonexistent intervening outcrop 
and inadequate time constraints. Based on the new work 
detailed in this report, a Wilton package correlation chart 
that summarises previous work and incorporates new 
interpretations is presented in Figure 118. 

Roper Group

The Roper Group is the most geochronologically 
constrained succession of the Wilton package (see Age of 
successions and correlations: Roper Group). Deposition 
of the succession is constrained to the interval ca 1500–
1324 Ma, but absolute dates have only been determined for 
two units (Wooden Duck Member of Mainoru Formation 
and upper Velkerri Formation). Most formations are widely 
distributed across the area of Roper Group deposition and 
can be readily correlated by lithostratigraphic methods, 
although a few units (eg Sherwin Formation) have a limited 
areal extent. Members of the Mainoru Formation, defined in 
the URAPUNGA area (Abbott et al 2001), have an uncertain 
distribution as their definition either postdates mapping of 
other areas, or drilling has ceased before reaching their 
stratigraphic level (eg in most of the Beetaloo Sub-basin). 

Seismic data demonstrates the lateral continuity of 
the Roper Group at depth and extends the geographic 
distribution of the group towards equivalent strata in other 
basins, but resolution at formation level is difficult due to a 
lack of stratigraphic drilling and well-to-seismic ties. The 
group has been imaged through the Batten Fault Zone, where 
it is structurally deformed, and for some distance to the east 
of this feature (Rawlings et al 2004); however, there is no 
seismic coverage of areas to the southeast towards the South 
Nicholson Basin. In the Beetaloo Sub-basin, the group has 
been imaged southwards as far as the Helen Springs High 
(Lanigan et al 1994, Silverman et al 2007) where most or 
all of it is truncated by younger sedimentary rocks. The 
nearest outcrops of the Renner Group are less than 10 km 
to the southwest of this line. West of the Daly Waters High 
(Figure 119), Pangaea (NT) Pty Ltd’s (Pangaea) seismic 
line PB13-20 has imaged the Roper Group as continuing 
towards the Birrindudu Basin (Hoffman 2014, 2015), but 
there is no direct link to the Tijunna Group, as the top of the 
Roper Group is progressively truncated beneath Palaeozoic 
strata towards the west; neither the Roper nor the Tijunna 
Group are present at the western end of this section (T 
Hoffman, Pangaea, pers comm 2016). Hoffman (2014) 
noted that the unconformity at the base of the Roper Group 
truncates the underlying Wattie and Bullita groups of the 
Birrindudu Basin towards the east in Pangaea Resources 
tenements in this area.

The repetitiveness of the Roper Group succession, 
coupled with a lack of seismic coverage and sparsity of wells 
in many areas, can present some difficulties in determining 
the stratigraphic level of units, particularly if there is only 
a limited section present and there are no ties to known 
outcrops or well intersections. Grey (2015) has suggested 
that palynological studies would offer potential for high-
resolution regional correlation, but noted that considerable 
further work is required to refine the biostratigraphic 
succession before a useful correlation scheme can be 
applied. Chemostratigraphy also has potential for regional 
correlation, whereby units are characterised using inorganic 
geochemical data to determine a high-resolution zonation 
of sedimentary units. Chemostratigraphic analyses of 
the Roper Group are being undertaken by a number of 
exploration companies, but these datasets are not publically 
available at the time of writing. NTGS has conducted 
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extensive geochemical sampling of Roper Group shales. 
The NTGS results have been combined with legacy data 
compiled from open file company reports to form an 
integrated organic geochemical dataset available as an 
NTGS digital information package (Revie 2016). However, 
these results have not been interpreted from the perspective 
of chemostratigraphic correlation. 

Renner Group

The first attempt to correlate between the Renner and Roper 
groups at formation level was by Ward (1983), who assigned 
all the rock units of the Renner Group to various formations 
of the Roper Group. The nomenclature of the formations and 
their interpreted stratigraphic relationships with the Roper 
Group were revised by Hussey et al (2001: table 4); this 
scheme is followed in Figure 118. The lowermost Gleeson 
Formation was considered to be probably equivalent to the 

basal Phelp Sandstone of the Roper Group, whereas the 
topmost Lake Woods beds was considered to be equivalent 
to the lower Velkerri Formation. Under this scheme, the 
Renner Group contains no units equivalent to overlying units 
of the Maiwok Subgroup. There are no absolute radiometric 
dates for the Renner Group, but detrital zircon data supports 
the tentative correlations of Hussey et al (2001): relative 
probability spectra for two analyses from the lower part of 
the Renner Group (Gleeson Formation and upper Grayling 
Member) resemble those of the Collara Subgroup, whereas 
that for the Jangirulu Formation is closer to those of the 
Maiwok Subgroup (see Detrital-zircon geochronology: 
Renner Group). 

Tijunna Group

The Tijunna Group has been broadly equated with the 
Roper Group (Beier et al 2002a), but is not easily correlated 
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at formation level as sandstone and mudrock successions of 
the Wondoan Hill and Stubb formations could be equivalent 
to any of a number of similar stacked units within the Roper 
Group. However, detrital zircon geochronology analyses 
for the Wondoan Hill Formation (this report) and Stubb 
Formation (Carson 2013) produce relative probability 
spectra with a signature that more closely resembles that 
of the Maiwok Subgroup rather than that of the Collara 
Subgroup (see Detrital-zircon geochronology: Tijunna 
Group). The Tijunna Group is therefore regarded as a 
probable correlative of the upper parts of the Roper and 
Renner groups.

No equivalents of the Collara Subgroup are currently 
recognised in the Birrindudu Basin, but there is some 
possibility that the uppermost units of the unconformably 
underlying Bullita Group might be equivalent to this 
subgroup. The Bullita Group, along with the Wattie Group, 
is generally considered to be an equivalent of the Nathan 
Group, which unconformably underlies the Roper Group. 
However, detrital zircon analyses of a sample from the 
Weaner Sandstone at the top of the Bullita Group (Carson 
2013) have returned a tentative maximum deposition 
age of ca 1600 Ma that is in the range of maximum 
depositional ages of the Roper Group (see Detrital-zircon 
geochronology: Roper Group). In addition, the upper 
Bullita Group, like the Roper Group, is dominated by 
siliciclastic rocks, whereas the upper units of the Nathan 
Group are dominantly carbonate rocks. Seismic evidence 
(Hoffman 2014, 2015) indicates that the Bullita Group is 
truncated by the base of the Roper Group in areas to the east 
of the Birrindudu Basin towards the Daly Waters High, but 
it is currently unclear as to whether the unconformity at the 
base of the Roper Group is equivalent to that at the base of 
the Tijunna Group, or to an underlying surface. 

Ungrouped units overlying Roper Group

The Jamison sandstone and Hayfield mudstone are possibly 
equivalent to the Chambers River Formation to the north 
of the Beetaloo Sub-basin (see Hayfield mudstone above). 
They have no known equivalents in other areas of the 
greater McArthur Basin. 

South Nicholson Group

The South Nicholson Group (South Nicholson Basin) was 
not included in the field program for the present study. This 
group is poorly dated and its interbasinal relationships are 
poorly understood, although a general correlation with the 
Roper Group has long been interpreted (eg Dunn et al 1966) 
and is the basis for the definition of the Roper Superbasin 
of Jackson et al (1999). Correlations at formation level are 
largely speculative, but some attempts have been made in 
previous studies, and these are collated and summarised in 
Figure 118. However, it should be noted that the correlations 
are very tentative and likely to be refined when the South 
Nicholson Group is better dated. 

Early attempts to correlate the Roper and South 
Nicholson groups in detail included Jackson et al (1999), 
Queensland Department of Mines and Energy et al 2000 
and Abbott et al (2001). All of these postulated a general 

correlation of the Mullera Formation at the top of the South 
Nicholson Group with the Maiwok Subgroup and the 
underlying Constance Sandstone with the Collara Subgroup. 
The stratigraphic succession in the South Nicholson Basin 
was subsequently revised and substantially modified by 
Rawlings et al (2008), who divided it into the Wild Cow 
and overlying Accident subgroups; these subgroups are 
separated by a disconformity or unconformity, at least in 
part. Intrabasinal correlations were revised and a number 
of new units introduced, particularly in the lower half of 
the succession. Rawlings et al (2008) tentatively correlated 
the new units at the base of the Wild Cow Subgroup with 
sandstones low in the Roper Group, and the overlying 
Crow Formation with the Mainoru Formation, at least in 
part. A very broad correlation then remains, as originally 
proposed, between the Constance and Mittebah sandstones 
of the South Nicholson Group and the sandstone-rich upper 
Collara Group, and the Mullera Formation with the Maiwok 
Subgroup (Figure 118). 

There are a number of problems with this interpretation 
of the stratigraphic relationships. Correlations between 
the two groups are largely based on broadly matching 
lithotypes, but this assumes that facies persist laterally and 
synchronously from relatively distal settings in the Roper 
Basin to presumably more proximal depositional areas in the 
South Nicholson Basin. Lateral facies changes are evident 
even within the South Nicholson Group, so this approach 
needs to be used with caution. There are also a number of 
units in both groups that have no apparent counterparts. 
Another problem is that the regional disconformity at the 
base of the Maiwok Subgroup is not present at the same 
level in the South Nicholson Group, where the succession 
is regarded as being conformable (Rawlings et al 2008). 
The most likely correlative surface is the disconformity at 
the base of the Accident Subgroup, but correlating these 
surfaces produces an obvious mismatch of lithotypes, 
in both the underlying and overlying successions. These 
issues can only be resolved with better dating of the South 
Nicholson Group succession.

BASIN ARCHITECTURE AND TECTONIC 
DEVELOPMENT

Rocks underlying the Wilton package are Palaeoproterozoic 
to early Mesoproterozoic in age and consist of relatively 
unmetamorphosed, and mildly to moderately structurally 
deformed sedimentary and minor volcanic rocks of the 
Favenc, Glyde and older packages of the greater McArthur 
Basin. A major deformation event, which corresponds to 
unconformities underlying the Roper, Renner and probably 
Tijunna groups, affected all areas prior to deposition of 
the Wilton package. This deformation event (or series of 
events) represents the distal effects of the ca 1620–1500 Ma 
Isan Orogeny in the Mount Isa Province in Queensland 
(Betts et al 2013) and the broadly coeval ca 1590–1560 Ma 
Chewings Orogeny in the Aileron and Warumpi provinces 
in central Australia (Scrimgeour 2013a). In the McArthur 
Basin, this deformation was termed the ‘Post-Nathan 
Shortening’ inversion event by Plumb in Rawlings et al 
(1997) and the Syn-Isan Orogeny by Betts et al (2015). 
The main effects of this event were focused in the Batten 
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and Walker fault zones. Interpreted northwest–southeast 
to east–west crustal shortening resulted in reverse-oblique 
movement on reactivated north–south-trending faults and 
reverse faulting on northeast-trending faults (Betts et al 
2015). Away from the faults, only minor gentle folding is 
associated with this event. In the Tomkinson Province, the 
event produced regional faulting and tilting (Hussey et al 
2001); in the Birrindudu Basin, it resulted in minor folding 
and regional uplift prior to Tijunna Group deposition (Beier 
et al 2002). In areas to the west of the Daly Waters High, 
seismic data indicates that basement was regionally tilted to 
the west prior to deposition of the Roper Group (Hoffman 
2014). The deformation event is associated with a significant 
hiatus and erosion, with the time break estimated to be in 
the range 80–90 million years (Jackson et al 1999, Hussey 
et al 2001). 

Deposition of the Wilton package most likely occurred in 
the interval ca 1500–1325 Ma (see Age of successions and 
correlations). This corresponds to a relatively quiescent 
period in the tectonic development of the North Australian 
Craton (NAC) with little active tectonism occurring at its 
margins. 

depocentreS

The term ‘depocentre’ is defined as the area or site of 
maximum deposition of a succession, or the geographic 

location of the thickest part of any specific geological unit in 
a depositional basin. The principle depocentre for the Roper 
Group is the Beetaloo Sub-basin where significantly greater 
thicknesses of sediment accumulated relative to adjacent 
areas. A number of other ‘sub-basins’ have also been defined 
within the Roper Group in previous studies dating back as 
far as the 1960s. These sub-basins were originally defined 
on the outcrop distribution, as then mapped, of the former 
McMinn Formation, which at the time was considered to 
incorporate the Velkerri Formation, Moroak Sandstone, 
Sherwin Formation, Kyalla Formation and Bukalorkmi 
Sandstone as members. They include the Maiwok, Saint 
Vidgeon, Borroloola and Broadmere sub-basins. Although 
they have not previously been identified on maps, the 
approximate positions of these historical sub-basins are 
shown in Figures 2, 119, with information sourced from 
various maps and descriptions (eg Jackson and Raiswell 
1991: figure 1, Abbott et al 2001: appendix 1). Abbott et al 
(2001) described these sub-basins as erosional or structural 
features, and discussed whether or not they all correspond 
to significant depocentres. Geophysical interpretation has 
identified several depositional features across the McArthur 
Basin related to structures and tectonic history; these are 
described below (see Basin architecture from geophysical 
interpretation).

No sub-basins have been defined that involve the Wilton 
package in the Tomkinson Province or Birrindudu Basin.
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Beetaloo Sub-basin

The Beetaloo Sub-basin (LARRIMAH, DALY WATERS, 
TANUMBIRINI, NEWCASTLE WATERS, BEETALOO) 
is entirely in the subsurface, but has been imaged on seismic 
lines and penetrated by a number of wells. The sub-basin 
coincides with a prominent regional Bouguer gravity 
anomaly, originally referred to as the Dunmarra Regional 
Gravity Low (Flavelle 1965) and later subdivided into 
the Elsey and Arnungee Gravity lows (Whitworth 1970). 
Flavelle (1965) interpreted the anomaly as being due to a 
thickened Roper Group succession and this was supported 
by magnetotelluric modelling (Cull 1982) and deep seismic 
sounding (Collins 1983) over part of the larger gravity low; 
it was subsequently named the Beetaloo Sub-basin (Plumb 
and Wellman 1987, Jackson et al 1987).

Figure 119 shows the location of the Beetaloo Sub-basin 
and significant structural features on the SEEBASETM 
depth-to-basement image of Pryer and Loutit (2005). The 
sub-basin is divided into smaller depocentres (Beetaloo, 
Gorrie and OT Downs sub-basins) by the approximately 
north–south-trending Daly Waters and Arnold highs, 
sometimes referred to as ‘arches’. The westernmost of 
these smaller depocentres has been informally named the 
Gorrie sub-basin; the easternmost has been informally 
named the OT Downs sub-basin; the central is referred to as 
Beetaloo Sub-basin. The Walton and Helen Springs highs 
border the northern and southeastern margins of the sub-
basin respectively. The Daly Waters High is a significant 
palaeogeographic feature bounded by north–south-trending 
faults that was interpreted by Betts et al (2015) to comprise 
Redbank package rocks of the oldest McArthur Basin 
succession. The Mallapunyah Fault Zone forms a major 
northeast-trending transverse fault system that largely 
controlled the distribution of Wilton package sediments 
within the sub-basin (Betts et al 2015). 

Gorrie sub-basin

The informally named Gorrie sub-basin (see Krassay et al 
2013) is the westernmost of three smaller depocentres that 
comprise the Beetaloo Sub-basin. It is a broadly north-
northwest–south-southeast-trending depocentre located 
to the northwest of the Daly Waters High (Figure 119) 
that broadly corresponds to a significant depression in the 
SEEBASE image. The sub-basin is flanked to the north by 
the Mallapunyah Fault Zone. 

OT Downs sub-basin

The OT Downs sub-basin (Watters et al 2014) is the 
easternmost of three smaller depocentres that comprise the 
Beetaloo Sub-basin. It is a broadly northwest–southeast-
trending depocentre located to the east of the Arnold High 
(Figure 119) that broadly corresponds to a significant 
depression in the SEEBASE image. The sub-basin is flanked 
to the north by the southeastern portion of the Mallapunyah 
Fault Zone. Significant thicknesses of Roper Group rocks 
are interpreted to have accumulated in this depocentre and 
were intersected in Tanumbirini-1, which was drilled to a 
total depth of nearly 4000 m (Johns et al 2015). 

Broadmere Sub-basin 

The Broadmere Sub-basin was recognised on the basis 
of greatly increased thicknesses of Roper Group rocks in 
Broadmere-1 (Jackson and Raiswell 1991) and appears to be 
a significant depocentre located around and to the west of 
this well. It broadly corresponds to a deep depression in the 
SEEBASE image; it is bordered to the north by a significant 
normal fault, the Lagoon Creek Fault Zone, which controlled 
the distribution of upper Roper Group sediments within the 
sub-basin (Betts et al 2015, Figure 119). 

Maiwok Sub-basin

The Maiwok Sub-basin incorporates extensive outcrops 
of the Maiwok Subgroup in the URAPUNGA and 
KATHERINE areas. Dunn (1963c) indicated that the 
sub-basin was formed by (presumably post-depositional) 
‘lateral warping and faulting’, whereas Walpole et al (1968) 
explained the distribution of outcrops by their development 
‘in a sub-basin or possibly in a deltaic environment’ and 
clearly intended usage of the term in a depositional sense. 
Abbott et al (2001) noted that the lack of conspicuous 
lateral facies and thickness changes within the outcropping 
succession precluded their origin within small discrete 
sedimentary basins and considered the present-day 
distribution of the Maiwok Subgroup in these areas to be 
an artifact of post-Roper Group folding and faulting. There 
is no significant low in the vicinity of the sub-basin in the 
SEEBASE depth-to-basement image (Figure 119). 

Drill intercepts indicate that significant thicknesses of 
the upper Maiwok Subgroup have accumulated in the area of 
the ‘Maiwok Sub-basin’, but it is unclear on present data as 
to whether or not it constitutes a separate subtle depocentre, 
or whether it is a condensed Beetaloo Sub-basin succession 
deposited in more slowly subsiding areas to the north. The 
upper parts of the Maiwok Subgroup are absent across the 
Walton High (which separates these two depositional areas), 
either from non-deposition or erosion. 

Saint Vidgeon Sub-basin

The Saint Vidgeon Sub-basin encompasses an area of 
outcropping Maiwok Subgroup rocks in URAPUNGA, 
HODGSON DOWNS and MOUNT YOUNG. It is unclear 
on present data as to whether or not this is a genuine 
depositional sub-basin or a younger structural feature. It 
does appear to coincide with a shallow depression in the 
SEEBASE image (Figure 119), but it is possible that this 
also includes underlying Palaeoproterozoic depocentres. 

Borroloola Sub-basin 

The Borroloola Sub-basin is centred on outcrops in 
the Borroloola area (BAUHINIA DOWNS) that were 
mismapped by Smith (1964) as the former Cobanbirini 
Formation, a junior synonym of the Velkerri Formation. 
However, the youngest unit of the Maiwok Sub-group in 
both the Borroloola and Abner Range areas is the Corcoran 
Formation, which is well below the level of the Velkerri 
Formation, so the original definition of the sub-basin is 
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flawed. It coincides with a much larger sub-basin involving 
Collara Subgroup rocks. It is interpreted from geophysical 
data to have been controlled by movements on the northeast-
trending Calvert Fault Zone to the south (Betts et al 2015).

baSin architecture froM geophySical 
interpretation

Betts et al (2015) conducted potential-field interpretation 
of the greater McArthur Basin, including the Wilton 
package; they delineated the greater McArthur Basin’s 
geographical extent, the positions of interpreted sub-basins, 
and the locations of faults that were active before, during 
and after deposition. The results of this study are shown in 
Figure 120a, b, and the following sections provide a brief 
summary of their principle observations and interpretations.

Syn-Wilton package basin development

Syn-Wilton package faults mainly comprise: (1) north–
south-trending normal faults; (2) northeast-trending normal 
faults; and (3) northwest-trending strike-slip faults and 
transverse normal faults (Figure 120a).

North–south-trending normal faults accommodated 
stratal growth of the Wilton package. These faults are 
prominent in the central part of the greater McArthur Basin 
and are less prominent in western areas. They also border 
major palaeogeographic highs containing interpreted 
underlying successions (Redbank package), such as the 
Daly Waters High. These structures might be reactivated 
older faults. The syn-Wilton package basin architecture 
to the north of the Mallapunyah and Lagoon Creek fault 
zones and in the Beetaloo Sub-basin to the east of the Daly 
Waters High, is dominated by north–south-trending normal 
faults and northwest-trending transverse faults. This fault 
architecture was probably inherited from the older Goyder 
package basin system that is preserved to the northeast in 
the Walker Fault Zone. 

The Daly Waters High is a prominent, fault-bounded, 
north–south-trending palaeogeographic high in the central 
part of the greater McArthur Basin that exerted a major 
control over the basin architecture from the Beetaloo Sub-
basin to the Tomkinson Province in the south. Hoffman 
(2014) considered that the base-Roper Group unconformity 
to the west of the Daly Waters High represents tilting of 
the basin to the west with the high acting as a hinge line. 
Northeast-trending normal faults to the west of the Daly 
Waters High controlled localised sub-basins bounded by 
northwest-trending transverse faults. These collectively 
define a substantial basin depocentre (Birrindudu Basin and 
western Beetaloo Sub-basin).

In the northern Batten Fault Zone near the present-
day coastline, there are several relatively small Wilton 
package sub-basins preserved that were mainly controlled 
by activity along northeast-trending normal faults and 
northwest trending, intrabasinal transverse faults that link 
in with the regional Urapunga Fault Zone. Wilton package 
sedimentation in the southeastern McArthur Basin is 
restricted to the development of a regional sub-basin that is 
bounded by major northwest-trending transverse faults (eg 
Calvert Fault Zone) and northeast-trending normal faults.

Northwest-trending transverse normal faults and major 
strike-slip faults appear to have acted as sidewall faults in 
domains of basin subsidence. An example of a significant 
normal fault is the Lagoon Creek Fault Zone, which 
accommodated growth of the upper Wilton package in 
the Broadmere Sub-basin. Prominent examples of major 
transverse faults include the Mallapunyah Fault Zone, which 
controlled deposition in the Beetaloo Sub-basin to its south, 
and the Calvert Fault Zone, which controlled deposition in 
the ‘Borroloola Sub-basin’ area to the north. 

The inferred extension direction during deposition of 
the Wilton package is approximately northwest–southeast 
to locally east-northeast–west-southwest (Figure 120a). 
The interpreted extension direction may be influenced by 
the underlying fault architecture inherited from previous 
phases of basin development.

Discussion
Betts et al (2015) noted a significant change in polarity of 
Wilton package sub-basin depocentres across the north–
south-trending Batten Fault Zone (Figures 119, 120a). To 
the west of this structure, the main depocentres, including 
the Beetaloo Sub-basin, are located to the south of northeast-
trending fault zones that controlled their development (eg 
Mallapunyah Fault Zone), whereas to the east, the main 
depocentre (‘Borroloola Sub-basin’) developed to the 
north of the northeast-trending Calvert Fault Zone. Major 
north-trending faults within the intervening Batten Fault 
Zone, such as the Emu Fault Zone, may have acted as syn-
depositional, basin-scale accommodation zones (Betts et al 
2015). The ‘Borroloola Sub-basin’ (Figure 119) contains 
mostly Collara Subgroup rocks, so it is possible that the 
change in polarity in sub-basin development was associated 
with a regional tectonic event or events that also terminated 
deposition in this sub-basin. If so, this tectonism might 
correspond to the regional disconformity between the 
Collara and Maiwok subgroups.

Plumb (in Rawlings et al 1997, in Haines et al 1999) 
identified four structural events in the McArthur Basin 
within the Walker Fault Zone of eastern Arnhem Land: the 
‘Walker Trough Extension’ and ‘Post-Nathan Shortening’ 
events that preceded deposition of the Wilton package, and 
the ‘Post-Roper Extension and Dykes’ and ‘Post-Roper 
Inversion’ events that postdated the package. The ‘Post-
Roper Extension and Dykes’ event was inferred to be 
related to extension in an east–west to east-northeasterly–
west-southwesterly direction. Many dykes were clearly 
emplaced into pre-existing faults. Abbott et al (2001) 
considered the dykes to be comagmatic with the Derim 
Derim Dolerite sills and included them in the Derim 
Derim Dolerite suite. Betts et al (2015) noted that although 
the extension direction during deposition of the Wilton 
package is dominantly northwest–southeast, some regions 
to the north of the Mallapunya Fault Zone experienced 
east-northeast–west-southwest directed extension; this 
is similar to the orientation of the extensional stress field 
reported by Plumb above. This similar extension direction 
implies that the Derim Derim Dolerite suite was intruded 
during a late stage of extension-related basin development 
rather than being a separate tectonic event; it also suggests 
that the time break between the end of Roper Group 
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deposition and emplacement of the dolerite is likely to 
have been brief. 

Post-Wilton package deformation

The Post-Wilton package deformation of Betts et al (2015) 
is equivalent to the ‘Post-Roper Inversion’ structural event 
of Plumb in Rawlings et al (1997). 

Post-Wilton faults comprise: (1) approximately east–
west-trending reverse faults; (2) northwest-trending strike-
slip faults and reverse faults; and (3) north–south- to 
northeast-trending sidewall faults (Figure 120b). 

Northwest-trending reverse faults are interpreted to be 
reactivated normal faults that were active during deposition 
of the older Glyde package. They locally partitioned strain 
and controlled the orientation of folds in the hangingwalls 
of these normal faults. North–south- to northeast-trending 
sidewall faults appear to compartmentalise northwest- 
and east–west-trending reverse faults. Major north–south 
strike-slip faults, inherited from Glyde package time, were 
active in the Batten Fault Zone.

In the Birrindudu Basin and the western Beetaloo 
Sub-basin, the post-Wilton package fault architecture is 
dominated by a series of east–west-trending reverse faults 
and northwest-trending oblique transverse faults. In the 
western McArthur Basin, to the north of the Mallapunyah 
Fault Zone, the fault architecture is dominated by another 
series of east–west-trending reverse faults. The Urapunga 
Fault Zone represents one of the major zones of movement 
in which deeper basin levels are juxtaposed with the Wilton 
package. In central-southern areas in the Tomkinson 
Province region, north-south- and northwest-trending 
strike-slip faults are dominant.

The inferred shortening direction is north–south in most 
areas of the greater McArthur Basin, except in the Batten 
Fault Zone where localised northeast–southwest shortening 
is interpreted.

Discussion
Betts et al (2015) interpreted the age of the post-
Wilton package deformation to be constrained between 
Mesoproterozoic deposition of the package and late early 
Cambrian basaltic volcanism of the Kalkarindji Suite. It 
is further constrained by the probably late Neoproterozoic 
Kiana Group at the base of the Georgina Basin 
(Figure 113), which is an essentially flat-lying undeformed 
succession overlying the McArthur Basin. The timing of 
the deformation is uncertain in relation to the unnamed 
late Mesoproterozoic–Neoproterozoic group overlying 
the Roper Group in the Beetaloo Sub-basin (Jamison 
sandstone–Hayfield mudstone). There are significant 
unconformities both above and below this group, which 
suggests that the deformation might have involved two or 
more discrete events in this area. Elsewhere, the age of the 
post-Wilton package deformation is very speculative. In the 
western NT, the deformation probably corresponds to the 
regional unconformity between the Tijunna Group and the 
overlying Neoproterozoic Auvergne Group, neither of which 
are particularly well dated. In the Tomkinson Province, 
the corresponding regional unconformity at the top of the 
Renner Group is even less well constrained between the 

Mesoproterozoic and late early Cambrian (Kalkarindji 
Suite). Betts et al (2015) considered it most likely that the 
timing of the deformation is coeval with Mesoproterozoic 
orogenesis that affected large tracts of central Australia 
at ca 1300–1050 Ma; they interpreted the structures as 
representing the distal effects of ‘crustal shortening’. The 
most significant tectonic events at this time in central 
Australia were the ca 1200–1160 Ma Musgrave Orogeny in 
the Musgrave Province, the coeval ca 1150 Ma Teapot Event 
in the Arunta Region, and the 1085–1040 Ma Giles Event, 
which affected both provinces, but which was particularly 
significant in the Musgrave Province. The possible far-field 
relationships between this tectonism and the post-Wilton 
package deformation to the north are yet to be investigated.

PALAEOGEOGRAPHY AND 
PALAEOENVIRONMENTS

baSin overview

The Wilton package was deposited in a vast anorogenic 
intracratonic basin (Figure 2), floored entirely by the NAC. 
The various successions were deposited in a relatively 
narrow range of environments from marine shelf to shoreline 
to, rarely, continental or fluvial. They are characterised by a 
repetitive alternation of fine- and coarse-grained intervals, 
and lateral continuity of units over hundreds to thousands 
of square kilometres. 

In a large-scale regional sense, the Wilton package is 
thickest in southern and central areas (Tomkinson Province 
and Beetaloo Sub-basin); the package thins away from 
these areas to west, north and east. The Renner Group in 
the central-south of the depositional area has a maximum 
(composite) thickness of greater than ca 3500 m (Hussey 
et al 2001) and thicknesses are greater than ca 3000 m in 
the central areas of the Beetaloo Sub-basin (Silverman et al 
2007, Silverman and Ahlbrandt 2011). The package thins 
northwards to ca 1800 m in central URAPUNGA (Abbott 
et al 2001), and to ca 900 m in MOUNT MARUMBA 
(Sweet et al 1999) and ARNHEM BAY (Rawlings et al 
1997). However, it should be noted that the apparent 
thinning of the group to the north of URAPUNGA is due 
to absence of the majority of the Maiwok Subgroup above 
the Bessie Creek Sandstone in these areas, so that only the 
lower four formations of the group (to Crawford Formation) 
are present in ARNHEM BAY. It is unclear as to whether 
the missing sections in these areas are due to erosion or to 
non-deposition. To the west, the Wilton package thins to 
less than 300 m in the Birrindudu Basin (Tijunna Group). 
To the east of the Beetaloo Sub-basin, the thickness of 
the package decreases under cover to about 1000 m at the 
limits of seismic coverage to the east of the Batten Fault 
Zone in BAUHINIA DOWNS (Rawlings et al 2004). The 
thickest  Mesoproterozoic succession in the region is the 
South Nicholson Group, to the southeast of the McArthur 
Basin, which is up to 6500 m thick (Rawlings et al 2008). 
The depositional relationship between this group and the 
correlative Wilton package is uncertain. 

The depositional limits of the package are unclear. 
Marginal (eg shoreline, emergent) facies are recognised in 
the vertical succession, but do not generally form mappable 
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areas that delineate palaeoshorelines from laterally more 
distal facies for any particular time period. Marginal facies 
are more abundant in the Renner Group than elsewhere 
in the basin, suggesting that more of this succession was 
deposited at or closer to palaeoshorelines than other parts of 
the exposed Wilton package. The only Roper Group unit to 
show a conspicuous lateral change in facies associated with 
the thinning of the group is the Mountain Valley Limestone 
Member in URAPUNGA. This unit thickens slightly to the 
northwest and shows a progressive increase in limestone 
content toward the north and northwest, as the thickness of 
other units decreases. Abbott et al (2001) interpreted these 
stratigraphic trends as indicating either proximity to a basin 
margin or to an intrabasinal basement high. 

Bathyal depths were not attained anywhere in the basin, 
including the main depocentres. There is no evidence for 
continental slope and deep basin deposits that are typical 
outboard of present-day open marine continental shelves. 
In the Beetaloo Sub-basin, a greater rate of subsidence is 
indicated by greater thicknesses of strata, but the succession 
of facies is the same as in other areas of deposition (eg 
URAPUNGA), indicating that rates of deposition generally 
kept pace with rates of subsidence. 

At the commencement of Wilton package deposition, 
the regional depositional surface is interpreted to have been 
of generally low to moderate relief, with localised highs and 
depressions. In the McArthur Basin, the unconformity at 
the base of the Roper Group sits at various levels within 
the Nathan Group and its equivalents, which is suggestive 
of some palaeotopographic relief on the unconformity 
surface. The presence of silicified dolostone-clast breccia/
conglomerate, locally derived from underlying rocks, in 
the basal Phelp Sandstone in the Roper Bar area indicates 
the presence of a local palaeotopographic high in that area 
(Abbott et al 2001). The basal unit of the Roper Group 
at any given locality in the McArthur Basin is either the 
Phelp Sandstone, Mantungula Formation or Limmen 
Sandstone. The presence of different units overlying the 
basal unconformity was considered by Abbott et al (2001) 
to reflect a combination of regional subsidence-driven 
onlap and local topographic relief on the pre-Roper Group 
unconformity surface.

In the Tomkinson Province, Hussey et al (2001) 
reported minor palaeotopographic relief of about 5–10 m 
from detailed mapping of the unconformity surface at 
the base of the Gleeson Formation, but indicated that the 
surface appears to be relatively planar in many areas. Most 
clast types in conglomerates of the Gleeson Formation are 
of quartz-rich metasedimentary rocks, which Hussey et al 
interpreted as being locally derived from the underlying 
Tomkinson Creek and Namerinni groups. 

No rocks equivalent to the basal Wilton package 
are recognised in the Birrindudu Basin (see Inter- and 
intrabasinal correlations: Tijunna Group), suggesting 
that the initial transgression and related deposition was 
restricted to areas further to the present-day east, and 
that the maximum extent of deposition within the basin 
was only reached during the later stages of deposition of 
the package. The unconformity at the base of this group is 
marked by a very low-angle discordance (Beier et al 2002a), 
indicating a relatively low-relief depositional surface. The 

Wondoan Hill Formation unconformably overlies strata of 
the Bullita Group that generally increase in age from east 
to west. This relationship was interpreted by Beier et al 
(2002b) to possibly be related to a basin inversion event 
prior to deposition of the group. It is possible that this event 
might correspond to the disconformity between the Collara 
and Maiwok subgroups in the McArthur Basin.

Early studies of the lithofacies of the Roper Group 
(eg Sweet and Jackson 1986, Jackson et al 1987, 1988) 
interpreted the depositional basin to have been a widespread 
epicratonic sea, which implies a relatively unrestricted 
connection to the open ocean. The evidence for a marine 
setting is compelling and includes the presence of glauconite 
(commonly altered to chlorite and berthierine) and marine 
microfossils at numerous stratigraphic levels, and the 
high compositional maturity and lateral extensiveness of 
the sandstone facies. However, carbon-sulfur (C/S) and S 
isotope geochemical studies of shales from the Velkerri 
Formation indicate limited sulfate in the depositional 
system, at least at that level of the succession, and suggest 
a depositional environment that at times was restricted 
or partly restricted, or anoxic (Donnelly and Crick 1988, 
Lambert and Donnelly 1992, Revie 2015a, b, in prep). A 
relatively restricted palaeoenvironment with fluctuating 
salinities is also indicated by the presence of synaeresis 
cracks at numerous stratigraphic levels within the Wilton 
package successions. 

The depositional setting most able to satisfy all the 
above conditions is an enclosed marine basin, physically 
restricted to some extent, by land or by chains of islands, 
but retaining some connection with the open ocean. Water 
exchange is limited in enclosed basin systems; they are 
therefore prone to water stratification and hence anoxic 
conditions. Variations in the inflow of seawater and outflow 
of freshwater from rivers can result in fluctuating salinities. 
The water balance largely determines whether the enclosed 
basin is oxic or anoxic (Allen and Allen 2013). A positive 
water balance occurs where the outflow of freshwater as 
a surface layer exceeds the inflow of deeper saline water, 
allowing water stratification in deeper layers and leading to 
anoxic conditions. Examples of present-day anoxic enclosed 
basins include the Baltic and Black seas. Oxic enclosed 
basins result from a negative water balance, where inflow 
of seawater exceeds the outflow of freshwater. They often 
develop in arid climates where high evaporation losses at 
the surface cause the sinking of oxygenated waters. Present-
day examples include the Red Sea, Mediterranean Sea and 
Persian Gulf. 

A probably analogous Australian example of an enclosed 
basin is the Neoproterozoic Centralian A Superbasin (Walter 
et al 1995, Munson et al 2013, Figure 121), which partially 
geographically overlaps the Wilton package, and which had 
a similar vast areal extent, relatively shallow interpreted 
depths and a restricted connection to open ocean waters. 

Provenance of sedimentary successions 

The thickest Mesoproterozoic successions in the Northern 
Territory are in the Tomkinson Province, Beetaloo Sub-
basin and South Nicholson Basin. The Wilton package thins 
to the north, west and east from these areas (Figure 1), 
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which generally indicates that the main source regions 
were most probably to the south and possibly southeast of 
Wilton package depositional areas. A general southerly 
provenance is also indicated by: more proximal sedimentary 
characteristics of the Renner Group (see below); the 
increasing coarseness of some Roper Group formations 
to the south (Gorter and Grey 2012b, Hoffman 2014); and 
the mostly south-to-north palaeocurrent measurements 
available from a few formations of the Roper Group (Sweet 
1986, Powell et al 1987, Abbott et al 2001) and Renner Group 
(Hussey et al 2001). Detrital zircon analyses of zircons 
from sandstone units of the Wilton package indicate a non-
specific North Australian Craton (NAC) Palaeoproterozoic 
basement source; there are a number of terranes of this age to 
the south and southeast of depositional areas that could have 
potentially supplied material to the successions (see Zircon 
source areas). Limited palaeocurrent measurements from 
the Tijunna Group (Sweet et al 1974b) in the west of the NT 
suggest a general west to southwest provenance for this part 
of the Wilton package.

A more local source of sediment from underlying 
sedimentary strata is also indicated for some formations of 
the Roper and Renner groups by the composition of clasts 
in coarser-grained units. For example, several formations 
towards the base of the Roper Group, including the Phelp 
and Limmen sandstones, and Mantungula Formation 
contain clasts of laminated chert (silicified carbonates), 
interpreted as being derived via erosion from the underlying 
McArthur (Glyde package) and Nathan Groups (Goyder 
package) (Powell et al 1987, Sweet et al 1999, Abbott et al 

2001). Hussey et al (2001) similarly interpreted the most 
likely source for chertified carbonate clasts, and tabular 
mudrock pebbles in the Sweetwater Member of the Renner 
Group to be the underlying Namerinni or Tomkinson 
Creek groups, although it was noted that the source might 
also be intraformational. A ‘nearby granitic provenance’ 
(possibly Warramunga Province of Tennant Region) was 
also considered likely for relatively immature sedimentary 
components of the basal Gleeson Formation. 

Some inferences can be made about sediment transport 
mechanisms from the general characteristics of the 
sedimentary successions. No fluvial deposits representing 
the river systems that fed the Wilton package depositional 
system are preserved. However, the vast areal extent and 
thickness of most mudrock-rich intervals indicate that 
the source rivers must have been of substantial size, in 
terms of discharge. In present-day shelf systems, muddy 
subaqueous deltas can be linked directly to either silty 
large-scale subaerial deltas (eg Yangtze, Amazon rivers), 
or to subaerial deltas dominated by fine-grained sands (eg 
Po, Ganges–Brahamaputra rivers; see Orton and Reading 
1993, Bhattacharya 2006). Most detrital labile grains in the 
mudrocks have broken down, indicating a relatively distant 
source area. The slightly greater angularity of resistant 
detrital grains (eg quartz), when compared to the well 
rounded grains from coarser-grained sandstone intervals in 
the succession, reflects the mode of transport (in suspension 
rather than as bed load). 

In present-day shoreline settings, sandy subaerial 
deltas develop along coastlines where relatively short river 
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systems drain a steep, mountainous hinterland (Orton and 
Reading 1993, Bhattacharya 2006). Shoreline sandstones 
of the Wilton package are typically supermature and 
well rounded, indicating either a complex transportation 
history involving distant source areas, lengthy transport 
and redeposition, or considerable reworking in an energetic 
shoreline depositional environment, or both. 

depoSitional environMentS

Facies associations

Abbott and Sweet (2000) and Abbott et al (2001) interpreted 
six facies associations within the Roper Group, based on 
studies of both drill core and outcrop sections. These are 
listed and briefly described below, from the most distal to 
most proximal depositional settings: 

1. Distal shelf facies. This facies is characterised by black or 
grey mudstone and minor siltstone, and was interpreted 
as being deposited in a low-energy distal shelf setting 
where organic matter accumulated, relatively undiluted 
by storm-emplaced silts and sands. The facies was 
interpreted as being present in the lower Wooden Duck 
Member (Collara Subgroup), and the Velkerri Formation 
and Corcoran Formation (Maiwok Subgroup).

2.  Storm-dominated shelf facies. This facies is common and 
widespread, particularly within the Maiwok Subgroup, 
and is characterised by interbedded mostly fine-grained 
sandstone, siltstone and mudstone. A diagnostic suite 
of sedimentary structures includes tool marks, gutter 
casts, flute casts, and hummocky and swaley cross-
stratification. The facies was interpreted as indicating 
a spectrum of storm dominated shelf environments. 
It is represented in the Mantungula Formation, Gibb 
Member, Wooden Duck Member, Showell Member and 
Crawford Formation (Collara Subgroup), and the upper 
Corcoran Formation, Kyalla Formation, and Chambers 
River Formation (Maiwok Subgroup).

3. Coastal tidal platform facies. This facies dominates 
the sandstone units of the Roper Group, and is 
characterised by trough cross-bedded quartz sandstone. 
It was interpreted as being deposited in relatively high-
energy environments in a tidally influenced inner 
shelf to shoreline setting. A  fluvial setting was also 
considered possible for minor intervals in a few units. 
Formations that were referred to this facies include 
the Phelp, Limmen, Arnold and Hodgson sandstones 
(Collara Subgroup), and the Bessie Creek, Moroak and 
Bukalorkmi sandstones (Maiwok Subgroup). 

4. Tidal flat facies. This minor facies is characterised by 
interbedded limestone and calcareous siltstone and 
mudstone deposited in an intertidal environment. It 
includes the Mountain Valley Limestone Member and 
carbonate-rich intervals in the Showell Member (Collara 
Subgroup).

5. Fluvial floodplain facies. This minor facies is 
characterised by siltstone ‘fitted’ breccia that occurs in 
association with mottled siltstone, laminated siltstone and 
minor intraclastic siltstone. Calcareous mottles, in situ 
brecciation, carbonate-filled veins, and slickenside-

like fractures were interpreted as features associated 
with soil formation. The calcareous composition 
indicates caliche soil development similar to that found 
in modern semi-arid environments. The preservation 
of cycles consisting of breccia and laminated siltstone 
bounded by deeply desiccated surfaces was interpreted 
by Abbott et al (2001) as indicating episodicity in 
deposition, desiccation and pedogenesis, consistent 
with an aggradational floodplain environment. The 
facies was interpreted as being present in the Nullawun 
Member and part of the Mantungula Formation (Collara 
Subgroup).

6. Fluvial to marginal marine facies. This minor facies 
is characterised by a heterolithic association of oolitic 
ironstone and associated red beds. The oolitic ironstone 
is diagnostic of microbial activity in an agitated shallow-
marine environment, and is intercalated with proximal 
storm-dominated shelf deposits. A minor fluvial setting 
was interpreted for some beds. The facies is present 
in the upper Wadjeli Sandstone Member (Collara 
Subgroup), and the Sherwin Formation and Munyi 
Member (Maiwok Subgroup).

The Tijunna Group contains alternating mudrock 
and cross-bedded quartz sandstone units similar to those 
that dominate the Roper Group. These were deposited in 
marine shelf to shoreface settings that are interpreted as 
corresponding to the storm-dominated shelf and coastal 
tidal platform facies of Abbott et al (2001). 

The Renner Group is characterised by having a 
relatively high proportion of interpreted intertidal, 
supratidal and fluvial facies (Hussey et al 2001), as well 
as shallow-marine shelf and coastal tidal platform facies. 
Deeper (more distal?) shelf environments do not appear to 
be represented within the group. Intertidal to supratidal 
environments were interpreted by Hussey et al (2001) as 
being represented in the Sweetwater Member, parts of 
the Powell, Wiernty and Jangirulu formations, and the 
Lake Woods beds; whereas fluvial facies are represented 
in the lower Gleeson Formation and possibly in parts 
of the Wiernty Formation. These interpreted shallow to 
emergent palaeoenvironments occur throughout the group 
and might indicate either a general proximity to a basin 
margin, or that the Daly Waters High may have been a 
significant topographic high at the time of deposition. A 
more proximal depositional setting for this group relative 
to the Roper Group is also indicated by the generally 
coarser and slightly less mature sedimentary rocks of this 
succession. 

Sediment transport mechanisms in shelf settings

Sediment is introduced into marine shelf environments 
from river discharge and from shorefaces, after which 
dispersal across the shelf is largely controlled by basin 
dynamics (eg waves, tides and currents). These processes 
are relatively well documented (eg see Driscoll and Karner 
1999, Swenson et al 2005, McAnally et al 2007, Patruno 
et al 2015, see Figure 122a). The architectural components 
of shelf sedimentary deposits are discussed below in 
Shoreline–shelf depositional model. 
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Although some claystone-dominated intervals within 
the Wilton package would undoubtedly have been deposited 
from suspension, a significant proportion is likely to have 
been deposited as density flows or turbidity currents, as 
interpreted by Powell et al (1987). It is now well documented 
that turbidity currents and mass flows are common in 
mud-prone shelf environments, even in inner shelf settings 
(eg  right et al 2001, Scully et al 2002, Wright and Friedrichs 
2006, Macquaker et al 2010). Fine-grained sediment is 
initially suspended by wave and current activity, and as flood 
sediment plumes, then transported across the shelf under the 
influence of gravity as mud-rich density (densite mud) flows 
on very low-gradient slopes, and deposited via a variety of 

complex depositional processes, as summarised in Talling 
et al (2012). Current- and wave-enhanced densite mud flows 
can produce both laminated and massive mud deposits; mud 
is able to drain for very long distances to the lowest point in 
a basin, resulting in ponding and locally thickened deposits. 

The evidence for periodic and regular current activity 
in the Velkerri and other mudrock-dominated formations 
of the Wilton package is compelling. In discussing the 
depositional setting for the Velkerri Formation, Powell et al 
(1987) noted the presence of ‘very angular flakes of organic 
matter and microlenticles of silt’ in claystones within the 
succession. They interpreted active currents within the 
environment of deposition and concluded that most of the 
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formation was probably deposited from muddy turbidites, 
which at the time, was a departure from traditional 
interpretations of muddy shelf environments that invoked 
deposition to be mainly from suspension and storm activity. 
As well as the features noted by Powell et al (1987), these 
formations contain cross-laminated sandstone, siltstone and 
claystone, graded siltstone and claystone, lithic intraclast 
breccias, and occasional scours, all of which are current-
related sedimentary features (eg see Figures 52b, 54c, d, 
55b, c, 71b). 

Shoreline–shelf depositional model

The dominant architectural components of most present-
day shoreline to shelf successions are clinoform-bounded 
stratal packages (clinothems sensu Rich 1951) that form at 
shorelines and in subaqueous settings. Overall aggradation 
of shelfal strata is generated by vertical stacking of 
successive shoreline and subaqueous clinothem sets 
(Bullimore et al 2008, Helland-Hansen and Hampson 2009); 
the repeated, regressive–transgressive transit of deltas and 
shorelines across a shelf is the main process responsible for 
the outbuilding of present-day continental-shelf successions 
(Johannessen and Steel 2005). 

Clinoforms are ubiquitous basinward-dipping, 
chronostratigraphic stratal surfaces that occur over a range 
of spatial scales (Patruno et al 2015, Figure 122a). They 
usually consist of a central seaward-dipping foreset and 
two more gently dipping parts, respectively updip (topset) 
and downdip (bottomset) of the foreset (Steel and Olsen 
2002). Their cross-sectional profiles vary from planar to 
sigmoidal to concave-upward (or ‘oblique’), in response to 
various environmental factors. In present-day shoreline–
shelf settings, paired subaerial (shoreface/delta front) and 
subaqueous delta clinoforms (or ‘delta-scale compound 
clinoforms’) are very common depositional morphologies. 
Compound clinoforms are genetically and morphologically 
linked, such that the bottomset of one clinoform in an up-
dip location corresponds to the topset of a larger-scale 
clinoform in a down-dip location (Figure 122a). 

The principle characteristics of present-day subaerial 
and subaqueous delta clinothems were described and 
quantified in Patruno et al (2015); some of the more 
significant features are briefly summarised below. In 
subaerial deltas (or shorelines), the clinoform topset is 
composed of subaerial delta top or coastal plain deposits 
(not always preserved in a stacked succession), a topset-
to-foreset rollover that approximates the shoreline-break 
position, a foreset that corresponds to the shoreface or delta 
front; and a bottomset that is contiguous with the inner 
shelf or prodelta. In contrast, subaqueous delta clinoforms 
occur within regressive wedges, largely deposited below 
fairweather wave base. They are characterised by a 
subaqueous topset dominated by sediment bypass across 
the inner shelf, a shoreline-detached, topset-to-foreset 
rollover situated in water-depths approximating fairweather 
wave base, a subaqueous delta slope (or prodelta slope), and 
a bottomset that is contiguous with the mid-to-outer shelf.

Figure 122 shows typical cross-sectional morphology 
and geometry of present-day subaerial and subaqueous 
delta clinothems, and summarises the oceanographic 

environmental features controlling their development. 
Laterally extensive, alongshore geometries, with little 
along-strike variability and only minor protuberances 
that correspond to the position(s) of feeder rivers, are 
characteristic of subaqueous delta-scale clinothems, and 
are also common in shoreline clinothems. Both subaerial 
and subaqueous delta-scale clinoforms are characterised 
by vertical relief of tens of metres. In subaerial deltas, the 
clinoform topset-to-foreset rollover point is the shoreline 
break; in subaqueous deltas, the rollover point is at water 
depths of up to 40–60 m. Subaqueous clinothems are 
formed during relative sea-level stillstands, and typically 
occur within progradational–retrogradational cycles of 
102–105 years duration. Their stratigraphic architecture 
and facies character are dominated by basinal processes 
(waves, currents, tides), and are quite uniform. They can 
be mud-prone, sand-prone or heterolithic, and can extend 
over very large areas of sea floor; in present-day settings, 
mud-prone subaqueous clinothem successions can prograde 
well over 100 km from the shoreline on wide, gently-sloping 
(0.01–0.38°) shelves. It is important to note that clinothem 
successions are diachronous in the progradational 
(basinward) direction, as well as vertically; paired subaerial 
and subaqueous (compound) delta clinoforms may prograde 
synchronously, although at very different rates, and can 
therefore be synchronous at widely separated points along 
their length. 

Application to Wilton package

As the shoreline–shelf depositional model described above 
applies to most present-day shoreline–shelf sedimentary 
environments (Patruno et al 2015), it should also be 
applicable to ancient rock successions deposited in a 
similar environmental setting, such as the Wilton package. 
However, compared to their modern equivalents, there 
are relatively few documented examples of ancient delta-
scale clinothem packages. This is due to a combination 
of factors, not the least being that this is an evolving field 
of earth science and has not been applied to many ancient 
geological successions to date. Clinoforms are commonly 
gently dipping large-scale features that are very difficult to 
distinguish in the rock record at outcrop scale, particularly 
if exposures are widely spaced or poor. Seismic profiles 
are usually required for them to be confidently identified. 
Visualisation of a clinoform in seismic data is heavily 
reliant on seismic resolution and the acoustic impedance 
contrast across it. However, for the Wilton package, there 
is only limited open file seismic coverage available, and the 
resolution of those seismic profiles is generally insufficient 
to distinguish clinoforms within stratal packages. Clinoform 
types can also be diagnosed using geomorphological, 
sedimentological and stratigraphic features that are readily 
applicable to subsurface data (cores, wireline logs, seismic 
data, biostratigraphic and other chronostratigraphic 
data). Fortunately, the sedimentological and stratigraphic 
characteristics of the Wilton package successions are 
sufficiently well documented to test whether the model 
could be applicable. The initial step is to determine the 
nature of any large-scale progradational/aggradational 
cycles within the Wilton package succession. 
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Cycles and sequence stratigraphy in Wilton package
The lowermost units of the Wilton package (Phelp 
Sandstone to Mountain Valley Limestone Member and 
equivalents in the Roper Group) were deposited a range of 
palaeoenvironments from fluvial/continental, to intertidal, 
to coastal tidal platform, to subtidal shallow marine 
shelf. Abbott et al (2001) commented that any large-
scale sedimentary cyclicity in the lower Roper Group 
succession is complicated by lateral facies changes and 
the absence of some units due to erosional truncation. 
They interpreted some of these aspects to have arisen 
from the tectonostratigraphic effects associated with 
the initiation of the Roper group basin architecture, such 
as topographic irregularities of the basal unconformity 
surface and active synsedimentary tectonism, which would 
have presumably involved movements on the active faults 
that controlled subsidence (see Syn-Wilton package 
basin development). The basal Gleeson Formation of the 

Renner Group contains a number of fining-upward cycles 
(Hussey et al 2001), interpreted as progressive deepening 
of the palaeoenvironment in a transgressive regime at the 
start of deposition of the group. Coarsening-upward cycles 
are present in the overlying units and are indicative of 
aggradation and possible progradation of shallow-water 
to intertidal/emergent facies (Sweetwater Member) and 
shallow-marine shelf facies (Grayling Member). 

The overlying Wilton package successions are 
characterised by the cyclic alternation of mudrock- and 
sandstone-dominated units. This is apparent at various 
scales for all of the successions, but has been best studied 
in the Roper Group. Powell et al (1987) and Abbott 
and Sweet (2000) interpreted the mudstone–sandstone 
couplets in this succession as a large-scale coarsening- 
and shallowing-upward sedimentary cycles, although with 
minor differences in the positions of some cycle boundaries 
(Figure 123). Abbott and Sweet (2000) used a sequence 
stratigraphic approach to define and name six depositional 
sequences in the URAPUNGA area; these sequences range 
between 170 m and 330 m in thickness. Recurring patterns 
of sedimentation within the sequences were generalised 
into a Roper sequence motif that consists of, in ascending 
stratigraphic order: distal storm-dominated shelf facies 
with basinal black shale, proximal storm-dominated shelf 
facies, and cross-bedded tidal platform sandstone. A unit 
characterised by non-marine to marginal marine red bed 
facies may straddle the boundary between sequences. 
The sharp erosional bases of sandstones were generally 
interpreted to be intrasequence erosion surfaces. This 
sequence stratigraphic interpretation was limited to the 
identification of significant surfaces and systems tracts, 
and did not attempt to map them. The sequences are only 
partially applicable outside the URAPUNGA area; for 
example, the Jalboi and Sherwin formations, which define 
the bases of the Jalson and Shermi sequences respectively, 
are not present in all areas of the basin. Likewise, the various 
members of the Mainoru Formation, including the Wooden 
Duck Member, which defines the Wood Sequence, are only 
recognised in URAPUNGA and adjacent areas. 

Although clinoforms cannot be recognised in the 
Roper Group on the limited data available, the shoreline–
shelf depositional model outlined above is still useful as 
an interpretive template that can be applied to reevaluate 
the cycles of Powell et al (1987) and sequences of Abbott 
and Sweet (2000). Both of these schemes are broadly 
progradational and aggradational in aspect; lithologies 
and sedimentary structures (see Facies associations) 
are consistent with interpretations that individual cycles/
sequences comprise a lower shelf facies overlain by a 
shoreline facies. The cycles/sequences can be respectively 
interpreted as representing muddy to heterogeneous 
subaqueous and subaerial sand-prone clinothem packages. 
The model is consistent with the dimensions of the units 
in that they are laterally very extensive and have average 
thicknesses of tens of metres for shoreline facies and tens 
to hundreds of metres for the subaqueous facies, which is 
analogous to modern deposits. The repeated cycles present 
in the Roper and other groups of the Wilton package, can be 
equated to the vertical stacking of successive progradational 
cycles, as is typical of many present-day shelf settings. 
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Significant differences between the cycles of Powell 
et al (1987) and sequences of Abbott and Sweet (2000) 
relate to their interpretations of the Munyi Member and 
Sherwin Formation, and Nullawun Member/Mountain 
Valley Limestone Member (see Figure 123). Abbott 
and Sweet included the first two units in their ‘paralic to 
fluvial redbed assemblages that include ooidal ironstone’ 
facies association; they interpreted them as transgressive 
strata at the bases of sequences. However, by analogy with 
modern successions, these are probably better interpreted 
as the delta top and terrestrial facies capping the subaerial 
delta, which would place them at the top of the prograding/
aggradational cycle, as proposed by Powell et al (1987), 
rather than at the base. A repositioning of the sequence 
boundary towards the top of the Munyi Member might 
have implications for the positioning of the stratigraphic 
boundary between the Collara and Maiwok subgroups, 
which is currently at the base of the member, but on the 
other hand, would be consistent with the lack of a significant 
angular unconformity between the subgroups. 

Abbott and Sweet (2000) included the Nullawun 
Member/Mountain Valley Limestone within their 
‘undifferentiated lower Roper Group’, and positioned the 
base of their lowermost Wood Sequence above these units 
to include the shallowing-upward Wooden Duck Member 
(see Figure 123). They noted that their large-scale cyclic 
motif is complicated in this part of the succession by the 
presence of ‘thick intervals of pedogenic mudstone, paralic 
limestone, lateral facies change, and erosional truncation’; 
they commented that additional study is required to 
adequately define sequences. However, application of the 
above shoreline–shelf depositional model to this part of 
the succession might enable the definition of at least one 
additional progradational/aggradational cycle, which 
would include the Gibb Member (shelf facies), overlain 
by the Wadjeli Sandstone Member (shoreline facies), 
capped by Nullawun Member/Mountain Valley Limestone 
(delta top and terrestrial facies). An additional cycle or 
cycles involving the underlying Mantungula Formation 
and Limmen Sandstone might also be present, above the 
transgressive facies of the basal Phelp Sandstone.
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