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Minister’s foreword
Welcome to the 12th Annual Geoscience Exploration Seminar (AGES), which continues as the 
Territory’s premier exploration-focused conference. It forms a key element of the NT Government’s 
commitment to grow and develop the Territory’s exploration and mining sector. 

This year’s AGES conference is being held at a time when mineral exploration activity in the 
Territory is at record levels and is poised to grow further. The strength of mineral exploration 
is critical in growing the Northern Territory’s mining industry, which underpins much of our 
economic and regional development. The growing importance and popularity of AGES reflects 
the resurgence of exploration in the Territory. 

Of particular interest is the dramatic increase in the proportion of greenfields exploration 
now underway, at levels well above the Australian average. 

AGES remains a key part of the Northern Territory Geological Survey’s strategy to deliver 
the results and significance of its industry-focused geoscience programs and collaborations.

This year’s conference is being held in the culmination of the Territory Government’s four-year $14.4 million Bringing 
Forward Discovery initiative. Under this initiative, the Territory has embarked on major new geoscience programs to 
stimulate exploration. It has seen the coverage of the Territory with modern gravity coverage rise from 9% to 38%. 

The Territory Government has also provided $2.4 million in collaborative funding for greenfields exploration through 
the Geophysics and Drilling Collaborations program. The Territory has dedicated strategies to assist explorers in attracting 
international investment into their exploration projects, particularly from the major markets in Asia, and I am pleased to 
welcome a large delegation from China to AGES again in 2011. 

Thank you for travelling to Alice Springs for this year’s AGES conference. I am confident that you will be impressed by 
both the quality of NTGS’s geoscience programs and the opportunities that exist for more new discoveries here in the Territory. 

Hon. Kon Vatskalis MLA

Hon. Kon Vatskalis MLA
Minister for Primary Industry, 
Fisheries and Resources.
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Exploration statistics 

Despite an unusually wet year across most of the Northern 
Territory, 2010 was another strong year for mineral 
exploration. Mineral exploration expenditure in the NT 
in 2009/10 was a record $149.4M, up 2% on the previous 
record of $146.2M in 2008/09. Total Australian mineral 
exploration was $2.232B, almost unchanged from $2.223B 
in 2008/09. Mineral exploration in the Territory in 2009/10 
easily exceeded that in New South Wales ($130.4M) for the 
first time since 2001/02, and is now at comparable levels to 
SA ($166.6M; Figure 1). Queensland and the NT were the 
only two jurisdictions to have record levels of expenditure 
in 2009/10. As a percentage of total Australian expenditure, 
NT increased its share from 6.6% in 08/09 to 6.7% in 
2009/10. The Territory is the only Australian jurisdiction 
to have had steadily increasing exploration expenditure 
every year since 2003/04. The September quarter of 2010 
was a new record for quarterly exploration expenditure in 
the Northern Territory, with $55.8M spent, 13% higher than 
the previous record of $49.2M set in the September quarter 
of 2009.

Exploration in the Territory: The boom continues
Ian R Scrimgeour 1,2

Much of Australia's recent exploration expenditure is 
in brownfields areas (in and around an existing orebody). 
In Australia, the proportion of greenfields to brownfields 
exploration remained steady at 38% in 2009/10. In 
comparison, the proportion of greenfields exploration in the 
Territory is much higher than the national average and is 
continuing to rise (from 47% in 2008/09 to 59% in 2009/10). 
This continues a substantial upwards trend in the proportion 
of greenfields exploration in the Territory since 2006 
(Figure 2). This is a testament to the industry's appreciation 
of the greenfields potential of the Northern Territory, where 
so much prospective ground has not been tested by modern 
exploration techniques and/or is under shallow cover. This is 
also a measure of the success of the Territory Government's 
4-year, $4M Bringing Forward Discovery program, which 
has focused on stimulating greenfields exploration through 
new geoscience, collaborative grants, and promotion of the 
Territory's greenfields potential.

According to ABS figures, 2009/10 saw a substantial 
increase in exploration for gold ($44.4M compared to 26.7M 
in 2008/09), and, to a lesser extent, base metals ($15.5M 
compared to $11.4M in 2008/09), at the expense of uranium 
($38.6M compared to $54.5M in 2008/09). Gold, uranium 
and base metals remain the most important commodities for 
exploration in the Territory, although expenditure for iron 
ore was $6.4M in the September 2010 quarter alone. 
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Figure 1. Mineral exploration expenditure 
by Australian jurisdictions, excluding 
Western Australia.

Figure 2. The proportion of exploration 
expenditure spent on greenfields 
exploration in the Northern Territory 
against the average across the whole of 
Australia. 

1 Northern Territory Geological Survey, PO Box 3000, Darwin, 
NT 0801, Australia. 

2 Email: ian.scrimgeour@nt.gov.au.
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At the end of 2010, there were 1254 granted non-
extractive exploration licences (compared with 1166 at the 
end of 2009) and 1119 exploration applications. During 
2010, 432 applications were received and 294 were granted. 

Exploration and mining highlights

In the following summary, all resources stated are 
JORC-compliant or NI43-101-compliant unless stated 
otherwise. Most material cited here has been sourced from 
company websites, news releases and Stock Exchange 
announcements by companies. The Northern Territory 
Department of Resources also maintains a database of 
Northern Territory exploration news which can be accessed 
from: http://apps.minerals.nt.gov.au/explornews/.

Copper

The location of copper, copper-gold and gold deposits and 
projects discussed below is shown in Figure 3.

Redbank Copper Ltd has a substantial land holding in 
the McArthur Basin near the Queensland border, including 
the Redbank project, where copper mineralisation is 
hosted in breccia pipes. Total Indicated and Inferred 
JORC resources for the Redbank project area are 6.24 Mt 
@ 1.5% Cu for 95 900 t of Cu. During 2010, the company 
undertook resource definition drilling at the Double Bluff, 
Prince, Charlie, An11, An9, An6, An4 and TZ16 prospects. 
At Prince, intersections included 21 m @ 2.5% Cu and 25 m 
@ 2.2% Cu. The company released a Development Study 
in May 2010, which confirmed the economic viability of 
a copper cathode and concentrate project. The company 
plans to commence initial oxide ore processing in 2011 at 
a throughput rate of 220 000 t per year producing 2500 t 
of LME Grade A copper cathode. Sulfide production 
is proposed to commence in 2013 from the refurbished 
onsite concentrator, at an initial rate of 300 000 t per year 
producing 20 000 t of 27.5% copper concentrate. 

In the Pine Creek Orogen, carbonaceous shale within 
the Whites Formation, close to the contact with the 
underlying Coomalie Dolostone, hosts several prospects 
and orebodies, variously including Cu, Pb, Zn, U, Cu, 
Co and Ni. The polymetallic Browns orebody lies at the 
southwestern extremity of a shear zone connecting the 
Dysons, Whites, Whites East and Intermediate orebodies. 
Compass Resources NL/HNC (Australia) Resources Pty 
Ltd (HAR)'s Browns Oxide project in the Pine Creek 
Orogen is currently under care and maintenance, and has a 
JORC resource of 9.4 Mt @ 0.82% Cu, 0.14% Co and 0.14% 
Ni. Their Browns Sulfide project has a resource of 45.1 Mt 
@ 0.35% Cu, 3.74% Pb, 0.73% Zn, 0.09% Co and 0.07% 
Ni. In December 2009, HAR submitted a notice of intent 
to mine the Area 55 orebody, 3.5 km southwest of Browns, 
which has a 4.7 Mt polymetallic oxide resource. Mining at 
Area 55 was planned to occur in association with the re-
commencement of mining at Browns. However, following 
the issuing of guidelines for the EIS to the mine proponents 
in mid-2010, the project was placed in long-term care and 
maintenance. 

Thundelarra Exploration Ltd discovered copper 
mineralisation during uranium exploration at the Lucas 
prospect, part of their Allamber project northeast of Pine 
Creek, with an intersection of 7 m @ 9.69% Cu. Copper 
mineralisation was also intersected, associated with 
uranium, at the Cliff South prospect, with 2 m @ 2.45% 
Cu within an intersection of 9 m @ 440 ppm U3O8 and 
0.87% Cu. 

Mithril Resources Ltd have continued drilling at their 
Basil copper prospect, within their Huckitta project area in 
the Harts Range. Basil is a greenfields discovery made in 
2009, and comprises a 10 km-long trend of copper-bearing 
gossanous outcrop and hydrothermal alteration, associated 
with a large-scale EM anomaly. Drilling of the prospect 
has yielded best intersections of 59 m @ 0.63% Cu and 
0.07% Co and 41 m @ 0.6% Cu and 0.04% Co (including 
9 m @ 1.0% Cu and 336 ppm Co). Mineralisation is 
associated with massive (20 –50%) and stringer sulfides, 
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Figure 3. Location of copper, copper-gold and gold deposits and 
projects discussed in the text. 
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comprising pyrrhotite, pyrite and chalcopyrite, within 
mafic amphibolite of the Irindina Province, close to the 
structural contact with the Aileron Province. Additional 
parallel zones containing copper-bearing gossans occur at 
the nearly Polly and Manuel prospects. Mithril Resources 
have raised $12M in late 2010 to aggressively explore the 
Huckitta project area in 2011.

TNG Ltd announced the discovery of copper-bearing 
gossans at their Mount Peake project, with grab samples 
assaying up to 6.07% Cu. At Tommys Gap, rock-chip 
sampling of gossans by Rum Jungle Resources yielded 
high-grade copper, gold and silver results including 28.5% 
Cu and 44 g/t Ag, and 10.3% Cu and 0.23 g/t Au. However, 
results of drilling at Tommys Gap were disappointing, 
with a best result of 4 m @ 0.4% Cu. ABM Resources NL 
announced the results of limited rock-chip sampling from 
the Reward prospect at their Stafford Gold project, with 
results including 17.8% Cu, 0.55 g/t Au and 271 g/t Ag, and 
20.3% Cu, 0.33 g/t Au and 191 g/t Ag. 

Copper-gold

Tennant Creek-style iron-oxide copper gold (IOCG) 
orebodies are believed to have resulted from mineralised 
hydrothermal fluids passing along shear zones and reacting 
with Proterozoic iron-rich sedimentary rocks of the 
Warramunga Formation, resulting in what are now steeply 
plunging, zoned, high-grade Au-Cu-Bi sulfide orebodies. 
Exploration for this style of orebody is focused in the 
historic Tennant Creek mineral field, and in the Rover field, 
where Tennant Creek-style mineralisation occurs beneath 
150 –300 m of overlying Wiso Basin sedimentary rocks.

The Rover field, 70 km southwest of Tennant Creek, has 
been the focus of considerable recent success in exploration 
for Tennant Creek-style orebodies. The most advanced 
exploration project in the Rover field is the Rover 1 deposit, 
which straddles tenements owned by Westgold Resources 
Ltd, who have the majority of the defined orebody, and 
Adelaide Resources Ltd. In early 2010, Westgold Resources 
announced a maiden resource for Rover 1, of 5.3 Mt @ 
2.1 g/t Au, 1.0% Cu, 2.2 g/t Ag, 0.1% Bi and 0.1% Co 
for 1.037 Moz AuEq (gold equivalent), with a high-grade 
zone of 2.45 Mt @ 4.0 g/t Au, 1.5% Cu, 2.5 g/t Ag, 0.2% 
Bi and 0.1% Co. This resource was limited to the Jupiter 
and Western zones. During 2010, Westgold Resources 
undertook a significant drilling program, designed to 
define down-plunge extensions of the Jupiter Zone (Jupiter 
Deeps) and extensions of the Jupiter and Western Zone 
resources, along with infill within existing resources. At 
Jupiter Deeps, a 200 m down-plunge extension of the 
Jupiter Zone has been interpreted from drilling, including 
intersections of 88 m @ 1.2% Cu, 0.3 g/t Au and 0.5% Bi 
(including 26 m @ 2.3% Cu, and a bismuth-rich zone of 
15 m @ 2.2% Bi), 7 m @ 5.26 g/t Au and 1.19% Cu and 12 m 
@ 1.87% Cu, 0.66 g/t Au and 0.58% Bi. Drilling within the 
existing Jupiter resource further defined gold and copper 
lodes within the resource, with drill results including 
17 m @ 4.9 g/t Au and 1.73% Cu. Drilling of the Western 
Zone by Westgold Resources has resulted in significant 

intersections outside the existing resource, including 6 m 
@ 78.7 g/t Au and 1.0% Cu, 12 m @ 2.3% Cu and 0.2 g/t 
Au, and 8 m @ 1.22% Cu and 1.74 g/t Au. 

The Western Zone of Rover 1 extends into an 
adjacent tenement held by Adelaide Resources. Drilling 
by Adelaide Resources during 2010 has confirmed 
that a significant volume of prospective ironstone and 
mineralised zones are present on Adelaide Resources' 
tenement. Highlights of the 2010 drilling program include 
57 m @ 3.16% Cu (including 7 m @ 10.4% Cu), 15 m @ 
5.72 g/t Au and 1.73% Cu (including 7 m @ 11.2 g/t Au), 
5.25 m @ 4.46 g/t Au and 1.14% Cu, and 26 m @ 3.87% Cu. 
Through a co-drilling program with Westgold Resources, 
a hole through the Western Zone on both tenements has 
a combined intersection of 17 m @ 28 g/t Au and 2% Cu 
(including 11.4 m @ 2.63% Cu and 1.42 g/t Au on Adelaide 
Resources' tenement).

Westgold Resources have announced the results of a 
scoping study based on the initial resource for the Rover 1 
deposit. The study suggested that Rover 1 is viable as 
a stand-alone underground mine, accessed by a single 
decline, producing 35 000 oz of gold and 4000 t of copper 
per annum, with cobalt and bismuth credits. The study did 
not take into account the positive impact of likely resource 
extensions from recent drilling. In October 2010, Westgold 
Resources announced that it had retained 100% ownership 
of their Rover 1 project, after AngloGold Ashanti Australia 
Ltd chose not to exercise a clawback option. 

At Rover 4, 2 km north of Rover 1, Adelaide Resources 
have drilled a copper-gold system of similar style to that 
at Rover 1. Six holes totalling 2455 m were completed at 
Rover 4 in 2010. Drilling of the 'eastern target' at Rover 4 
intersected 22 m @ 1.30 g/t Au and 1.87% Cu (including 
6 m @ 3.56 g/t Au and 2.90% Cu, within a broader 
intersection of 71 m @ 1.16% Cu). Drilling of the 'western 
target', 400 m to the west, intersected 9 m @ 2.12 % Cu 
and 0.35 g/t Au.

Westgold Resources also recommenced drilling 
at their Explorer 142 prospect, a Tennant Creek-style 
IOCG system 28 km west of Rover 1. The copper-rich 
mineralisation at Explorer 142 is hosted in a magnetite-
rich ironstone and associated chlorite alteration up to 
40 m thick. The drilling expanded the known extent of the 
plunging zone of copper mineralisation (>1% Cu) to over 
approximately 200 m of strike length and 200 m down 
plunge, with a best intersection in 2010 drilling of 6 m @ 
2.21% Cu and 0.12 g/t Au. 

Emmerson Resources Ltd, in joint venture with 
Ivanhoe Australia Ltd, have continued to drill exploration 
targets in the Tennant Creek field, including at Red Bluff, 
where substantial widths of magnetite-hematite ironstone 
with chlorite alteration were intersected; at Coltrane, 
where anomalous copper and gold were intersected 
in narrow zones of magnetite-chlorite alteration and 
chlorite-magnetite-hematite ironstone; and at Tinto, 
where thick zones of magnetite and hematite alteration 
with minor chalcopyrite were intersected. The company 
also undertook a second round of diamond drilling at 
Pinnacles North and Rising Star. Despite the presence 
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of highly encouraging alteration systems, no significant 
economic mineralisation was intersected during 2010.

In April 2010, Excalibur Mining Ltd announced a 
substantial reduction in the resource estimate for the 
historic Nobles Nob and Juno mines in the Tennant Creek 
mineral field along with the M10, Nobles Nob West and 
Rising Sun prospects, from 1.177 Moz of contained gold 
to 272 300 oz. This was attributed to number of flaws in 
the previous electronic database inherited from Normandy 
Mining Ltd, which had been used for previous resource 
estimates over a number of years. The resource for Juno 
now stands at 1.32 Mt @ 4.4 g/t Au, and the resource at M10 
(Juno Deeps) is 0.485 Mt @ 4.2 g/t Au. On the basis of this 
downgrade, the company is undertaking a project review to 
develop a future strategy for exploration and potential mine 
development at Tennant Creek.

Truscott Mining Corporation Ltd continued drilling 
at their Westminster Project, which covers 5.96 km2 just 
west of Tennant Creek township, targeting high-grade 
shoots along the Big Ben–Peter Pan–Wheal Doria trend. 
The Westminster system appears to consist of a number 
of mineralised shoots over an estimated strike length 
of 2.2 km. Truscott reported that the mineral zonation 
evident at Westminster demonstrates a transition from talc-
chlorite-magnetite to massive magnetite chlorite. The latter 
zone is often associated with high gold grades and is located 
approximately 200 m below surface. Best intercepts during 
2010 included 6 m @ 5.45 g/t Au from Shoot F and 6 m @ 
12.3 g/t Au from Shoot G.

Gold

Pine Creek Orogen
Following their purchase of GBS Gold Australia Pty Ltd's 
Pine Creek gold assets in 2009, Crocodile Gold Australia 
Pty Ltd have resumed production, and have identified 
additional resources. Production from the Union Reefs mill 
during 2010 totalled 1.86 Mt at an average grade of 1.55 g/t 
Au, producing 81 793 oz of gold. Production was from open 
cut operations at Princess Louise, North Point and Howley, 
and from high-grade, low-tonnage underground operations 
at Brocks Creek. Crocodile Gold projects in the Pine Creek 
Orogen have combined Measured and Indicated Resources 
of 57 Mt @ 1.9 g/t Au, and Inferred Resources of 38 Mt @ 
1.8 g/t Au, for a total resource of 5.7 Moz Au. The bulk of 
production in 2010 came from the Howley mine, which has an 
Indicated Resource of 11.45 Mt @ 1.54 g/t Au and an Inferred 
Resource of 5.27 Mt @ 1.52 g/t Au, using a 0.7 g/t cutoff. 
At Brocks Creek, resource definition drilling yielded a best 
result of 4.1 m @ 14.4 g/t Au. Underground development 
of the Cosmo Deeps deposit commenced during 2010, with 
first production expected during 2011. The Cosmo Deeps 
deposit has an Indicated Resource of 4.24 Mt @ 4.9 g/t Au 
and an Inferred Resource of 4.50 Mt @ 3.9 g/t Au, for a total 
resource of 1.24 Moz Au. Exploration highlights at Cosmo 
Deeps during 2010 included the discovery of down-dip 
extensions of the known resource with drill intersections 
of 19.1 m @ 7.69 g/t Au and 17.7 m @ 6.85 g/t Au. Also 
during 2010, Crocodile Gold announced a resource increase 

at the Pine Creek project, which includes the historical 
mines at Enterprise and International. This project has an 
Indicated Resource of 5.52 Mt @ 1.6 g/t Au and an Inferred 
Resource of 2.35 Mt @ 2.4 g/t Au, for 288 600 oz Au. 
Crocodile Gold has commenced the permitting process to 
commence mining at the International open cut in the Pine 
Creek North area in 2011. As part of uranium exploration at 
Thunderball, near Hayes Creek, Thundelarra Exploration 
Ltd intersected 12 m @ 4.96 g/t Au. 

Vista Gold Corporation undertook a revised 
preliminary feasibility study for their Mount Todd project, 
northwest of Katherine. Mineralisation at the Batman 
orebody at Mount Todd is contained in a stockwork of 
quartz veins and their margins, within metamorphosed 
interbedded siltstone, shale and minor tuff of the Burrell 
Creek Formation. Proven and Probable Mineral Reserves 
at Mount Todd are 149.9 Mt @ 0.85 g/t Au, for 4.11 Moz 
Au. The preliminary feasibility study has suggested 
that this could sustain a 14 year mine life, producing 
239 500 oz of gold per year. During 2010, Vista Gold also 
announced a maiden resource for the Quigleys deposit, 
3.5 km northeast of the Batman deposit, with Measured 
and Inferred Resources totalling 6.08 Mt @ 0.92 g/t Au 
and an inferred Resource of 9.06 Mt @ 0.95 g/t Au.

Tanami–Arunta regions
The Tanami gold province straddles the Northern 
Territory–Western Australia border. There is currently 
one operating mine in the Tanami Region in the Northern 
Territory, at Callie, where high-grade Au-quartz veins 
occur in folded carbonaceous siltstone in the lower part 
of the Dead Bullock Formation. Callie was discovered 
in 1991 and open-cut mining commenced in 1995. More 
than 12% of all gold ever mined in the Northern Territory 
has come from this World-class mine. As of 31 December 
2009, the Probable Resource was 10.4 Mt @ 4.43 g/t Au 
for 46.07 t Au; the Inferred Resource was 10.7 Mt @ 
5.52 g/t Au for 59.06 t Au. Drilling has indicated that 
significant mineralisation extends below 1000 m.

Exploration for gold in the Tanami has been 
revitalised during 2010, with substantial drilling 
programs by Tanami Gold NL and ABM Resources NL. 
Tanami Gold NL's Central Tanami Project includes the 
historic Tanami goldfield, which produced 2 Moz of gold 
from 43 open pits between 1987 and 2005. The project 
area comprises multiple gold deposits within economic 
trucking distance of a 1.25 Mtpa treatment plant and 
associated infrastructure. In April 2010, Tanami Gold 
announced a JORC Resource for the project area totalling 
11.68 Mt @ 2.8 g/t for 1.06 Moz Au. Exploration in 2010 
particularly focused on delineating extensions to current 
resources, both at depth beneath optimised open pit shells 
and along strike through sparsely drilled continuations 
of the mineralised structures. Highlights have included 
20 m @ 3.0 g/t Au from Bulldog, 9.1 m @ 2.4 g/t Au 
from Carbine, 5.2 m @ 11.6 g/t Au from Miracle, 19 m 
@ 7.8 g/t Au from Southern and 4 m @ 18.9 g/t Au from 
Lynx. Tanami Gold intend to release an updated resource 
estimate in early 2011.



5

21–23 March 2011, Alice Springs Convention Centre, Northern Territory

AGES2011
ANNUAL GEOSCIENCE EXPLORATION SEMINAR

NORTHERN TERRITORY GEOLOGICAL SURVEY

ABM Resources focused much of their exploration 
during 2010 at the Twin Bonanza project area, which 
includes the Buccaneer porphyry and Old Pirate 
prospects. Drilling at Buccaneer intersected broad 
zones of mineralisation, suggesting the existence of a 
high-tonnage intrusive-related gold system. Highlights 
of drilling at Buccaneer during 2010 include 363 m  
@ 0.59 g/t Au (including 202 m @ 1.0 g/t Au and 39 m 
@ 2.24 g/t Au), 341 m @ 0.69 g/t Au (including 67 m @ 
2.07 g/t Au) and 221 m @ 0.95 g/t Au (including 81 m 
@ 2.03 g/t Au). The Old Pirate prospect, 2 km southwest 
of Buccaneer, contains multiple high-grade gold veins up 
to several metres wide. Significant drill intersections from 
2010 drilling include 43 m @ 7.00 g/t gold (including 17 m 
@ 16.72 g/t Au) and 5 m @ 274 g/t gold (including 1 m @ 
1360 g/t Au). ABM Resources also undertook drilling at 
Hyperion, 18 km north-northeast of the Groundrush gold 
mine, where gold mineralisation is principally hosted in 
structurally controlled quartz-carbonate veins, associated 
with granite dykes that are hosted within basalt and 
sedimentary rocks. Results from drilling in 2010 include 
22 m @ 2.57 g/t Au from Hyperion South and 8 m @ 
2.86 g/t Au from Hyperion Central. 

ABM Resources also undertook exploration at the 
'Stafford Gold Zone' in their Reynolds Range project area 
in the Arunta Region. The company undertook an eight 
hole, 2346 m drilling program at four targets. The best 
results were from the Sabre prospect, with an intersection 
of 35 m @ 2.02 g/t Au (including 17 m @ 3.93 g/t Au). ABM 
have announced plans to extend their gold exploration in 
the Arunta to the Lake Mackay area (Tekapo, Dodger) and 
Barrow Creek (Kroda) during 2011.

In the Harts Range area of the Arunta Region, Mithril 
Resources Ltd announced high-grade gold from rock-
chips along a newly discovered zone of gold, tungsten 
and copper anomalism at the Tibbs Prospect, with results 
including 13.9 g/t Au and 0.1% W and 4.6 g/t Au, 0.5% W, 
and 0.08% Cu. The mineralisation occurs along a contact 
between marble and felsic gneiss, and can traced for more 
than 3 km along strike.

Coal and coal derivatives

Petroleum studies of the Pedirka Basin by NTGS initially 
led to several companies acquiring licences to explore for 
coal. These companies sought to evaluate the potential of 
the Permian Purni Formation variously for coal mining, 
coal seam methane and in situ gasification. As part of their 
evaluation in conjunction with petroleum exploration, 
Central Petroleum Ltd has discovered significant coal at 
depth within the Pedirka Basin. Intersections of coal seams 
over one metre in thickness in six holes drilled between 
2008 and June 2010 averaged over 120 m per drillhole, 
with the thickness of individual seams ranging up to 35 m. 
Coal occurs within a ca 200 m interval, typically below 
400 m deep. The first hole in a new four-hole program 
(SHEL27109-2) was drilled in December 2010 to a depth 
of 1209 m, and intersected approximately 33 m of net coal 
seams greater than 1 m in thickness.

Diamonds

Although diamond exploration in the Territory remains 
well below historical levels, North Australian Diamonds 
Ltd (NAD) have undertaken significant exploration in and 
around their Merlin Project in the McArthur Basin. The 
Merlin Project comprises 14 kimberlite pipes, of which 
nine were subject to open-cut mining between 1998 and 
2003, producing 507 000 ct of diamonds. NAD undertook 
a resource definition drilling program at Merlin in the first 
half of 2010, focusing on the PalSac, Launfal and Bedevere 
pipes, with a total of 8 diamond holes completed for 3320 m. 
This drilling increased the known resources from 21.5 Mt 
to 30 Mt, containing 7.2 Mct. A major reverse circulation 
drilling program was also completed at Merlin in the first 
half of 2010, testing kimberlite-bearing structures associated 
with the Gareth/Bedevere pipes at depth, as well as areas with 
unresolved surface indicator minerals and diamonds. A total 
of 14 261 m of reverse circulation drilling was completed. 
A small kimberlite body in close proximity to the Bedevere 
pipe was identified. Pre-production trials at Merlin in 2009 
and 2010 resulted in the recovery of 10 600 ct of diamonds, of 
which 2590 ct were greater than 1 ct. Of the +1 ct diamonds, 
in excess of 75% were assessed as 'gem' or 'near-gem' quality. 
The pre-production trials highlighted the potential to proceed 
to a commercial mining operation, initially focused on 
Gawain and targeting in excess of 100 000 ct per annum. 
NAD also undertook regional exploration at its Lancelot and 
Arnhem Land projects during 2010.

Bauxite and alumina

Rio Tinto Alcan's Gove bauxite mine and alumina refinery 
continues to be a major contributor to the Territory 
economy. The resource at Gove includes Proved Resources 
of 111 Mt @ 49.5% Al2O3 and Probable Resources of 64 Mt 
@ 49% Al2O3. Exploration for bauxite is fairly limited in 
the Territory, although Rio Tinto Exploration Pty Ltd 
continued to explore on the Cato Plateau in partnership 
with BHP Minerals Pty Ltd.

Iron ore

The distribution of iron ore, lead-zinc, manganese, 
molybdenum-tungsten, nickel and vanadium-titanium 
deposits and projects discussed in the text is shown in 
Figure 4.

Territory Resources Ltd operates a 2.0 Mtpa iron ore 
mine at Frances Creek, which has been in operation since 
2007. The iron mineralisation occurs in a fault breccia in 
the lower Wildman Siltstone and ranges in composition 
from hematite to goethite and limonite. There are over 
50 named occurrences and prospects covering a distance 
of approximately 35 km. During 2009/10, Territory 
Resources shipped 2.03 Mt of iron ore from Frances Creek, 
a 30% increase on the previous year. Territory Resources 
also announced an increase in resources and reserves at 
Frances Creek during 2010, with total Probable Reserves 
of 5.8 Mt @ 57.9% Fe and Indicated and Inferred Resources 
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of 9.9 Mt @ 58.1% Fe. The projected mine life, based on 
this resource, is 3 to 5 years. Commissioning of a $4.3M 
iron ore beneficiation plant occurred at the end of 2010, 
to beneficiate 800 000 t of 51% Fe scalp ore on stockpiles. 
At steady state operation, the plant will treat 80 000 t of 
scalp feed to produce approximately 44 000 t of high-grade 
fines ore per month. A metallurgical beneficiation test-work 
program is being developed for manganese-rich goethite 
mineralisation located at the Millers deposit to determine 
if a saleable product and marketing program can be 
developed for this deposit. Intensive near-mine drilling and 
regional exploration was also undertaken during 2010. At 
McCarthy Hill, 25 km southeast of Frances Creek, hematite 
mineralisation of a similar style and stratigraphic setting 
to Frances Creek occurs. Territory Resources undertook an 
initial RC drilling program of 31 holes for 2601 m, with a 
best intersection of 6 m @ 60.4% Fe, 7.5% SiO2, 3.8% Al2O3, 

0.03% P and 1.6% LOI. The program only tested a limited 
strike extent (500 m) of the prospect, due to Aboriginal 
heritage considerations.

The Roper iron field in the McArthur Basin was first 
investigated by BHP, who identified 26 iron ore prospects 
between 1955 and 1961. The ore varies from massive 
to oolitic and pisolitic hematite, and occurs within 
interbedded medium- to very coarse-grained ferruginous 
sandstone and siltstone of the Mesoproterozoic Sherwin 
Ironstone Member. In 2010, Sherwin Iron Ltd commenced 
exploration at their Roper River project, which covers 
much of the area initially explored by BHP in the 1950s. 
Exploration has been focused on the Hodgson Downs 
deposits near the southwestern end of the field. An 
intensive RC and diamond drilling program at the W 
deposit resulted in the calculation of a maiden JORC 
Resource for the deposit of 100 Mt @ 48.3% Fe, 2.63% 
Al2O3, 0.08% P and 18.8% SiO2, with 28% of the resource 
in the Indicated category. Preliminary metallurgical 
testwork has demonstrated that this resource can be 
upgraded through a low-cost beneficiation process to 81 Mt 
@ 57% Fe. Drilling by Sherwin Iron at the nearby Deposit 
X has identified continuous oolitic hematite over an area 
of 1.6 x 1.1 km, with a best drilling intersection of 4 m @ 
59.5% Fe. Sherwin Iron have announced an Exploration 
Target for the Hodgson Downs deposits of 130 –150 Mt 
grading 48 –55% Fe, and are targeting production in 2012 
at a rate of 2 Mtpa increasing to 4 –5 Mtpa. Exploration 
is yet to commence on the Sherwin Creek/Mount Scott 
deposits (deposits A to P) to the northeast.

Western Desert Resources Ltd has continued an 
aggressive exploration drilling and resource definition 
program in their Roper Bar project area, 120 km east 
of the Hodgson Downs deposits. Drilling in 2010 
concentrated on Areas D (north), E and F, and increased 
the total resource to 195 Mt @ 40% Fe, including a global 
direct shipping ore (DSO) component of 14.5 Mt @ 57.4% 
Fe. At Area F (East) the resource has been increased to 
20 Mt @ 48% Fe, including a DSO component of 9.8 Mt 
@ 58.3% Fe, 10.7% SiO2, 2.6% Al2O3, 0.01% P and 2.1% 
LOI. Area E (East) has an Inferred Resource of 14.1 Mt 
@ 49.5% Fe, including a DSO component of 4.7 Mt @ 
55.6% Fe, 14.1% SiO2, 1.1% Al2O3, 0.01% P and 4.2% LOI. 
Area E (South) and Area D both have large beneficiable 
(BFO) resources of 72 Mt @ 39% Fe and 91 Mt @ 37% 
Fe, respectively. Western Desert Resources are proposing 
an initial 1.5 Mtpa DSO operation commencing in 2012 
or 2013, ramping up to 2 Mtpa in year 2, with export of a 
concentrate at 5 Mtpa commencing in year 3.

The two companies exploring the Roper iron field, 
Western Desert Resources and Sherwin Iron, have an 
announced an infrastructure joint venture, to pursue 
development of a common-user bulk commodity 
stockpiling and export facility in the Gulf of Carpentaria. 
The facility would be located 180 km from Sherwin Iron's 
Hodgson Downs deposits, and 48 km from Western Desert 
Resources' Roper Bar deposits.

Phosphate Australia Ltd have commenced iron 
ore exploration at their Nicholson iron project, in the 
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Mesoproterozoic South Nicholson Basin. Mapping of the 
area by NTGS has identified a number of iron occurrences, 
similar to the Constance Range iron deposits in adjacent 
regions of Queensland. A preliminary mapping and rock-
chip sampling program has yielded numerous samples 
assaying in the range 48 –64% Fe, with a best result of 
63.7% Fe, 5.1% SiO2, 1.8% Al2O3, 0.04% P and 1.2% LOI.

Aard Metals Ltd Warrego tailings project is located 
36 km northwest of the township of Tennant Creek. The 
project area comprises five tailings dams from historical 
mining of ironstone-hosted copper and gold. Aard Metals 
are evaluating the project with a view to the production 
of a magnetite concentrate along with copper and gold as 
by-products. During 2010, a push tube and air core drilling 
program was undertaken, with 67 holes drilled for 348 m 
over the five dams. On the basis of this drilling and Davis 
Tube Recovery testing, Aard Metals have announced an 
Indicated Resource of iron (as magnetite) for the Warrego 
tailings of 7.72 Mt (dry) @ 35.2% Fe, upgradeable to a 
concentrate of 2.92 Mt @ 67.1% Fe. This is accompanied 
by an Inferred copper and gold resource of 7.79 Mt (dry) 
@ 0.21% Cu and 0.48 g/t Au. Aard Metals have announced 
that they plan to commence development of the tailings 
operation during 2011.

Lead-zinc-silver

The McArthur River Mine, one of the World's largest zinc, 
lead and silver mines, is situated about 70 km southwest 
of Borroloola, in the McArthur Basin. It is operated by 
McArthur River Mining (MRM), a subsidiary of Xstrata 
PLC. It opened as an underground mine in 1995 and has 
now been converted to open cut. The McArthur River 
mine has a total resource of 144 Mt @ 11.2% Zn, 4.8% Pb 
and 48 g/t Ag; Total reserves were recorded as 46.3 Mt @ 
9.6% Zn, 4.2% Pb and 43 g/t Ag. The very fine-grained 
thinly bedded sulfide ore is hosted in the HYC Pyritic Shale 
Member of the Barney Creek Formation. There are eight 
stacked, structurally deformed ore lenses. 

Rox Resources Ltd announced a resource upgrade at 
their Myrtle prospect in the Northern Territory, 20 km 
south of the McArthur River mine. Myrtle contains near-
surface zinc-lead mineralisation with a strike length of at 
least 700 m along the Main Zone of mineralisation and this 
remains open in all directions. The recently discovered 
Eastern Zone, 1 km east of the Main Zone, is at least 600 m 
long and extends 200 m down-dip. Although both Myrtle 
and McArthur River are hosted in the HYC Pyritic Shale 
Member, Myrtle sulfides are >100 mm in grain size, in 
contrast to the ultra-fine grain size at McArthur River. This 
indicates that metallurgical recoveries at Myrtle should be 
better than at McArthur River and initial metallurgical test 
work was encouraging, with recoveries of 90% Zn and 74% 
Pb achieved. The Inferred Resource at Myrtle now stands 
at 43.6 Mt @ 4.09% Zn, 0.95% Pb, at a 3% Zn+Pb cutoff. 
A higher-grade core of 15 Mt @ 5.45% Zn and 1.0% Pb is 
also present. Drilling results announced in 2010 include 
4 m @ 4.52% Zn, 1.76% Pb from the Eastern Zone, and 
4 m @ 3.90% Zn, 0.34% Pb from the southern end of the 

Main Zone. Rox has signed a joint venture agreement with 
Teck Australia Ltd to explore the Myrtle project tenements, 
which cover 669 km2. The terms of the JV require Teck to 
spend $5M to earn an initial 51% interest within 4 years, 
including a minimum of $1M and 2000 m of drilling by 
21 July 2012. Teck can increase its interest in the project to 
70% by spending an additional $10M ($15M in total) over 
an additional 4 years.

At TNG Ltd's Manbarrum Project, an updated 
JORC-compliant resource was announced for the 
Mississippi Valley-type Sandy Creek zinc-lead-silver 
orebody. The resource now stands at 24.3 Mt @ 1.81% 
Zn, 0.45% Pb and 4.57 g/t Ag, with a higher-grade core of 
12.6 Mt @ 2.37% Zn, 0.59% Pb and 5.5 g/t Ag. Numerous 
additional exploration targets have been identified within 
the field, with the potential to deliver similar-scale deposits 
to those defined at Sandy Creek, such as the Landandi and 
Browns prospects. On this basis, TNG Ltd have proposed 
a potential Exploration Target of 80 to 100 Mt at a range of 
1.8 to 2.2% zinc for total combined resources in the region.

In the Rover field, southwest of Tennant Creek, Westgold 
Resources Ltd have undertaken further drilling at the 
Explorer 108 prospect, 40 km west of Rover 1. The deposit 
has a JORC-compliant resource of 8.7 Mt @ 5.6% Pb+Zn, 
20 g/t Ag and 0.3 g/t Au. Hole NR108D049 intersected 48 m 
@ 1.35% Pb, 2.13% Zn, 0.74 g/t Au, 8 g/t Ag, including 6 m 
@ 4.79% Pb, 6.79% Zn, 0.56 g/t Au and 21.8 g/t Ag, and a 
gold-rich zone of 5 m @ 1.49% Pb, 3.55% Zn, 3.66 g/t Au 
and 7 g/t Ag.

No drilling was reported in the past year from the 
Bulman deposit in Arnhem Land, where drilling during 
2009 yielded a best result of 3 m @ 11.6% Zn and 5.0% Pb.

Manganese

Oolitic and pisolitic ore in Mesozoic sedimentary rocks 
on Groote Eylandt in the Gulf of Carpentaria hosts 
one of the world's highest-grade manganese deposits of 
170 Mt @ 47.1% Mn. It was discovered in 1960 and has 
been continuously mined by the Groote Eylandt Mining 
Company (GEMCO) for decades. During 2010, a number 
of tenements were granted to Groote Resources Ltd over 
marine waters and islands offshore from Groote Eylandt, 
where the company has interpreted the manganese orebody 
to extend below the seafloor. Following concerns from 
Traditional Owners, Groote Resources has delayed plans 
for exploration in marine waters off Groote Eylandt in order 
to undertake a marine habitat survey.

The other operating manganese mine in the Northern 
Territory occurs in Proterozoic rocks at Bootu Creek 
110 km north of Tennant Creek. OM Manganese Ltd began 
mining operations at Bootu Creek in November 2005. 
At 31 December 2010, the total Mineral Resources were 
32.5 Mt @ 22.6% Mn and Ore Reserves were 21.5 Mt @ 
21.0% Mn. Full year production in 2010 was 831361 t 
grading 36.7% manganese, representing an increase of 28% 
on 2009. Manganese exploration has been undertaken along 
strike from the Bootu orebodies by OM Manganese and 
several other companies. 
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A number of companies are exploring for manganese 
in the McArthur Basin and in overlying Cretaceous 
sedimentary rocks of the onshore Carpentaria Basin. In 
2010, Sandfire Resources NL entered into an agreement 
with the ASX-listed mining services and contracting 
company, Mineral Resources Ltd, to fund exploration 
and development of its Borroloola manganese project. At 
the Masterton 2 manganese prospect, which has yielded 
surface rock-chip samples varying from 43.5% to 53.1% 
Mn, Genesis Resources Ltd flew a VTEM survey during 
2010 that has delineated a number of drill targets. 

In the Amadeus Basin, Northern Mining Ltd announced 
encouraging rock-chip samples from their Camel prospect, 
with samples of 45.6% and 28.6% Mn from a poorly 
exposed unit immediately adjacent to the Stuart Highway. 
RC drilling at Genesis Resources' Fenn Gap Fe-Mn 
prospect in the Amadeus Basin identified only low-grade 
iron, manganese and zinc.

Molybdenum–tungsten

Recent increases in the price of tungsten have improved 
the likelihood of the future development of Thor Mining 
PLC's Molyhil molybdenum-tungsten project, near the 
Plenty Highway northeast, of Alice Springs. However, low 
molybdenum prices and a strong Australian dollar continue 
to delay the project. Molyhil is a skarn-related deposit 
within the Arunta Region with a JORC-compliant resource 
of 3.75 Mt @ 0.32% WO3, 0.19% MoS2 and 28% Fe2O3.

Nickel

Over recent years, Mithril Resources Ltd has discovered 
Ni-Cu-PGE mineralisation at several locations in their 
Huckitta project area in the eastern Arunta Region 
(including the Blackadder, Baldrick, Edmund and 
Miggins prospects). Drilling in 2009 yielded a best result 
of 9 m @ 0.48% Ni and 0.37% Cu, comprising both oxidised 
and sulfide mineralisation, from Baldrick. During 2010, 
Mithril has identified new nickel-copper prospects in the 
region, including Hammerhead, but undertook no drilling 
of nickel targets due to a focus on their Basil copper 
discovery. 

Vanadium-titanium-iron

TNG Ltd's Mount Peake project is a gabbro-hosted 
vanadium-titanium-magnetite prospect in the northern 
Arunta Region, 60 km west-southwest of Barrow Creek. 
In 2010, TNG upgraded the JORC Inferred Resource 
estimate to 139 Mt @ 0.29% V2O5, 5.3% TiO2 and 23.7% 
Fe. Metallurgical test work has shown that the ore upgrades 
by standard magnetic process to 1.2% V2O5, 17% TiO2 and 
55% Fe, and TNG and their metallurgical partners METS 
are applying for a patent on a hydrometallurgical process 
suitable for extracting vanadium, titanium and iron from 
titanomagnetite ores. TNG are undertaking a revised 
scoping study on the basis of the new technology, and have 
applied for a mining lease over the deposit.

During 2010, Arafura Resources Ltd released assay 
results from 2008 drilling at their Jervois vanadium project, 
with a best intersection of 49 m @ 0.96% V2O5, 8.55% TiO2 
and 34.5% Fe, from surface. Average grades over 668 m of 
mineralised drill interval were 0.48% V2O5, 4.76% TiO2 and 
21.7% Fe, with magnetic concentrates of 1.69%V2O5, 4.65% 
TiO2 and 64.3% Fe. 

Several Northern Territory uranium orebodies contain 
by-product vanadium, the most substantial being Energy 
Metals' Bigrlyi uranium deposit, which contains 11 200 t 
of V2O5.

Mineral sands (zircon-ilmenite-rutile-garnet)

Australian Ilmenite Resources Pty Ltd's Roper Heavy 
Mineral project is targeting ilmenite-bearing Derim Derim 
dolerite sills in the Roper Group and associated placer 
deposits. This project has a Measured Resource of over 
300 000 t ilmenite with a further 4 Mt either Indicated or 
Inferred. The ilmenite is very low in deleterious minerals 
such as Cr2O3, U and Th, and is suitable for the production 
of both synthetic rutile and titanium sponge. 

Australian Abrasive Minerals Pty Ltd have applied for 
a mining lease over the Spinifex Bore garnet sand project, 
north of Harts Range Community in central Australia. 

Rare earths

The distribution of rare earths, phosphate, potash, lithium-
tantalum and uranium deposits and projects discussed in 
the text is shown in Figure 5.

Arafura Resources Ltd's Nolans Bore rare earth 
elements-phosphate-uranium-thorium orebody is 
located in the Reynolds Range, 135 km northwest of 
Alice Springs. About one-third of the rare earths are in 
phosphate-rich apatite and two-thirds are in cheralite (a 
phosphate mineral). Measured, Indicated and Inferred 
Resources total 30.3 Mt to a depth of 130 m, with grades 
of 2.8% rare earth oxides, 12.9% P2O5, 0.02% U3O8, 
and 0.27% Th. The orebody contains 848 000 t REO, 
3.9 Mt P2O5, and 13.3 Mlb (6031 t) U3O8. It is envisaged 
that about 1 Mt of ore a year will be mined, resulting 
in 700 000 t of mineral concentrate per annum, with 
planned production of 20 000 t per annum of rare earth 
oxides. In 2010, Arafura Resources announced that 
their processing plant, which will extract rare earths, 
phosphate, uranium and by-product calcium chloride will 
be located in Whyalla in South Australia. Arafura are 
targeting production in 2013.

Territory Uranium Company Ltd have announced a 
potentially significant new rare earths discovery at their 
Quantum prospect, around 60 km west of Pine Creek. 
The discovery has been made within Pine Creek Orogen 
stratigraphy under 100 m of sedimentary cover of the 
Daly Basin. Initial drilling of the prospect has yielded an 
intersection of 50 m @ 1.55%  total REO (TREO) from 
245 m, including 12 m @ 4.51% TREO. The mineralisation 
is associated with sulfide and fluorite alteration, and has 
anomalous gold, uranium and silver.
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Crossland Uranium Mines Ltd has identified 
potentially extensive alluvial deposits at its Charley 
Creek project, west of Alice Springs, containing 
significant rare earth elements hosted within phosphate 
minerals. A heavy mineral concentrate produced by 
Crossland from a sample of stream channel alluvium 
returned 39% TREO, with particularly high proportions 
of heavy REE. The minerals are sourced from the 
1140 Ma Teapot Granite in the Warumpi Province of the 
Arunta Region, which outcrops extensively in the area. 
Crossland have commenced a stream sediment sampling 
and auger drilling program to establish the size and grade 
of the potential resource. Crossland are targeting a low-
cost mining operation producing several thousand tonnes 
of contained rare earths per year from heavy mineral 
concentrates.

Phosphate

Exploration for phosphate remained strong in the Territory 
during 2010, particularly in the Georgina Basin, which is a 
World-class province for sedimentary phosphorite. 

Minemakers Ltd continue to progress their Wonarah 
phosphate project towards development. The phosphate 
occurs in the Cambrian upper Gum Ridge Formation or 
basal Wonarah Formation within the Georgina Basin, 
close to the Barkly Highway. Only about 15% has been 
drilled sufficiently densely, as yet, to enable JORC resource 
estimations, but those areas contain an estimated 620 Mt @ 
18% P2O5, using a 10% cut-off. Within that, the Main Zone 
deposit has an estimated Indicated plus Inferred Resource 
of 66 Mt @ 28% P2O5, at a 25% cutoff, whereas the high-
grade core of the nearby Arruwurra deposit has Indicated 
and Inferred Resources of 4.7 Mt @ 30.2% P2O5, using a 
15% cutoff. Minemakers have announced that the planned 
operation has changed from a simple DSO operation only, 
to a larger-scale development that includes an on-site 
superphosphoric acid production plant, phosphate fertiliser 
and chemical production, rail and energy infrastructure and 
beneficiation. In July 2010, Minemakers signed an MOU 
with the Verte Group to introduce Asian investors into 
Minemakers in order to assist with financing engineering, 
procurement and construction, including the potential 
construction of a rail spur.

A significant new phosphate discovery was made in 
2010 by Rum Jungle Resources Ltd at the Barrow Creek-1 
prospect, which is part of their Ammaroo project. Drilling of 
the prospect intersected near-surface high-grade phosphate 
mineralisation, including 3 m @ 30.2% P2O5 from 4 m, 
3 m @ 31.2% P2O5 from 14 m, and 4 m @ 29.9% P2O5 from 
20 m. The near-surface high-grade mineralisation currently 
extends over an area of 2.5 km x 2 km (open to north and 
south), and is surrounded by medium-grade phosphate 
(ca 17% P2O5). Rum Jungle Resources also undertook a 
drilling program at Ammaroo-1, with best intersections of 
2 m @ 22.8% P2O5 and 10 m @ 17.3% P2O5. The company 
has bought 100% of the rights to the Ammaroo project 
(including Barrow Creek-1) from joint venture partner 
Aragon Resources Ltd.

Phosphate Australia Ltd has the Highland Plains 
deposit which abuts the Northern Territory/Queensland 
border. Phosphate occurs in the Cambrian Border Waterhole 
Formation. It has a total JORC Inferred Resource of 56 Mt 
@ 16% P2O5, with a lower cutoff grade of 10% P2O5. This 
includes 14 Mt @ 20% P2O5 in the Western Mine Target 
Zone of the deposit. During 2010, Phosphate Australia 
has completed studies on metallurgy, hydrogeology and 
engineering logistics (including slurry pipeline options) for 
the project. Metallurgical test work suggests the ability to 
beneficiate the ore to produce a product containing over 36% 
P2O5 with over 50% recovery and less than 1.7% combined 
Al2O3 and Fe2O3.

NuPower Resources Ltd undertook a program of 
29 shallow, mostly vertical percussion holes for a total 
of 1379 m at their Lucy Creek phosphate project in the 
Georgina Basin. The drilling was designed to infill 
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around high-grade phosphate intersections in drillholes 
from previous exploration. Results included high-grade 
intersections of near-surface potential Direct Shipping Ore 
material, including 10 m @ 22.05% P2O5 and 40 m @18.09% 
P2O5 (including 10 m @ 31.95% P2O5). 

The Geolsec phosphate prospect near Batchelor contains 
a non-JORC compliant resource of approximately 1.3 Mt of 
rock phosphate grading up to 39% P2O5 with an average 
grade of 12% P2O5. The deposit is held by Korab Resources 
Ltd, who targeting first-year production of 15 000 t of 
phosphate rock fertiliser, primarily targeted at the local 
market.

The multi-commodity Nolans Bore orebody (see Rare 
earths) has Measured, Indicated and Inferred Resources 
totalling 30.3 Mt to a depth of 130 m which includes 
12.9% P2O5.

Potash

Rum Jungle Resources Ltd, in joint venture with Reward 
Minerals Ltd, has been actively exploring their Karinga 
Creek potash project, located between Erldunda and Curtin 
Springs along the Lasseters Highway, approximately 
200 –300 km southwest of Alice Springs. The Karinga 
Creek drainage system contains hundreds of salt lakes, 
representing the eastern extension of the Lake Amadeus 
system. These playa lakes contain brines enriched in salts 
such as potassium, magnesium and sulfate, and have been 
the subject of previous investigations for the recovery 
of commercial evaporite minerals during the 1990s. 
Rum Jungle Resources is investigating the potential for 
production of potassium sulfate (K2SO4) or schoenite 
(potassium magnesium sulfate) via solar evaporation 
ponds from water pumped out of salt lakes. During 
2010, over 110 one-litre water samples were collected 
from salt lakes as well as ten 15 –20-litre bulk samples. 
Forty-two air core holes were drilled and twenty-seven 
water samples were collected from salt-water aquifers 
that supply recharge waters to the salt lakes. Average 
analyses from brine samples from lake clusters include 
5824 mg/L K, 10309 mg/L Mg and 37474 mg/L SO4 from 
Cluster 2 (20 samples) and 8700 mg/L K, 5254 mg/L Mg 
and 37766 mg/L SO4 from Miningera Lake (4 samples). 
In December 2010, pump flow testing was carried out on 
four trenches on selected salt lakes and recharge rates 
calculated. The joint venture plans to undertake resource 
drilling and production tests in 2011.

Lithium-tantalum

Tin-tantalum-bearing pegmatites are present in a north-
trending 10 km-wide belt extending from Bynoe Harbour 
to the Wingate Mountains in the Pine Creek Orogen. 
Altura Mining Ltd are investigating the lithium potential 
of Sn-Ta pegmatites in the Pine Creek Orogen, including 
those at Finniss Range, where rock chip assays of up to 
1.46% lithium oxide have been recorded. Geochemical 
rock chip sampling at the 7Up prospect located a pegmatite 
outcropping over a strike length of 300 m and up to 10 m 

wide. Sampling by Altura recorded up to 0.94% Li2O 
and 995 ppm Ta2O5. The sampling also indicated that the 
lithium values extended into the host rock of the Burrell 
Creek Formation. Altura are planning a drilling program at 
Finnis Range, including the 7Up prospect.

Uranium

Pine Creek Orogen
The Ranger mine is a World-class uranium deposit hosted 
in the lower Cahill Formation, close to the structural 
contact with the underlying Archaean Nanambu Complex. 
During 2010, Energy Resources of Australia Ltd's (ERA) 
Ranger Mine produced 3793 t uranium oxide, a significant 
reduction from the 2009 figure of 5240 t. Production in 2010 
was adversely affected by lower mill head grades. During 
2010, a feasibility study was underway for a proposed 
heap leach facility at the Ranger mine for the extraction of 
15 000 to 20 000 t of uranium oxide contained in low-grade 
mineralised material within the current pit and on existing 
stockpiles. A draft Environmental Impact Statement (EIS) 
for the proposed heap leach facility will be submitted for 
public notification and comment in the first half of 2011.

ERA have completed a study on the development of an 
exploration decline to conduct closely spaced underground 
exploration drilling of the Ranger 3 Deeps resource. A 
proposal to develop the exploration decline is in the final 
stages of ERA's approval process, with a final decision 
expected in the second quarter of 2011. Existing Ore 
Reserves at Ranger are 27.69 Mt @ 0.14% U3O8, and Mineral 
Resources are 127 Mt @ 0.09% U3O8.

During 2010, Thundelarra Exploration Ltd continued 
a major exploration program at their Hayes Creek 
uranium project. This included additional drilling at its 
Thunderball prospect, a grassroots discovery made in 
2008 near Hayes Creek in the Pine Creek region. Uranium 
mineralisation occurs in a sheared and tightly folded 
succession of metasedimentary rocks and tuffaceous units 
of the Gerowie Tuff, near the contact with the overlying 
Mount Bonnie Formation. Mineralisation appears to 
consist of uraninite, both in structurally controlled veins 
and disseminated through the host rocks. Best drill 
intersections during 2010 include 7.85 m @ 0.59% U3O8, 
including 1 m @ 2.5% U3O8 and 15 m @ 0.86% U3O8, 
including 9 m @ 1.4% U3O8. Thundelarra have also 
discovered a number of new prospects in the same field. 
Initial drill programs along the Bella Rose Fault intersected 
6 m @ 0.14% U3O8 at the Bella Rose prospect and 2 m @ 
971 ppm U3O8 at the Mount Osborne prospect. Along the 
Hayes Creek fault Zone, 4 km southwest of Thunderball, 
uranium mineralisation with anomalous gold, platinum 
and palladium was discovered at the Goldeneye prospect. 
Drilling results at Goldeneye included 3 m @ 0.28% 
U3O8, and 12 m @ 0.95 ppm Pt+Pd+Au. At Moonraker, 
northeast of Thunderball, a single RC hole intersected 2 m 
@ 944 ppm U3O8 within strongly oxidised black shale of 
the Mount Bonnie Formation. Thundelarra have proposed 
that the deposits of the Hayes Creek uranium field have 
similarities with the deposits of the South Alligator River 



11

21–23 March 2011, Alice Springs Convention Centre, Northern Territory

AGES2011
ANNUAL GEOSCIENCE EXPLORATION SEMINAR

NORTHERN TERRITORY GEOLOGICAL SURVEY

uranium field (now within Kakadu National Park). The 
deposits at Hayes Creek all occur along the Hayes Creek 
and Bella Rose structural corridors and the uranium 
mineralisation occurs within brittle-ductile shear zones 
and breccia zones with the highest-grade mineralisation 
probably located within dilational jogs.

The Allamber Uranium Project, 36 km north-northeast 
of Pine Creek in the Pine Creek Orogen is subject to a joint 
venture agreement between Thundelarra Exploration Ltd 
and Excelsior Gold Ltd. The project has a near-surface 
Inferred Resource of 1.4 Mt @ 304 ppm U3O8 at the Cleos, 
Twin and Dam prospects, which were discovered by Total 
Mining Australia Pty Ltd in 1983. At the Lucas prospect, 
three RC holes were drilled to the west of the existing Twin 
resource, with a best intersection of 11 m @ 405 ppm U3O8. 
At Cliff South, the best intersection from three RC holes 
was 15 m @ 610 ppm U3O8 (including 1 m @ 0.39% U3O8). 
Significant copper was also intersected in a number of holes.

Uranium Equities Ltd (UEL) have announced a number 
of encouraging results from exploration in western Arnhem 
Land. Drilling at the U40 prospect, part of the Nabarlek 
Joint Venture with Cameco Australia Pty Ltd has intersected 
high-grade uranium-copper-platinum-palladium-gold 
mineralisation. Hole NAD7492 intersected 6.8 m @ 6.71% 
U3O8, coincident with intersections of 7.3 m @ 1.68% Cu, 
4.5 m @ 0.91 g/t Au, and 1.5 m @ 0.54 g/t Pd and 0.24 g/t Pt. 
Hole NAD7493 intersected 4.8 m @ 1.85% U3O8, coincident 
with intersections of 8.3 m @ 2.12% Cu, 3.1 m @ 6.89 g/t 
Au, and 2.6 m @ 1.57 g/t Pd and 0.96 g/t Pt. The uranium 
mineralisation occurs as pitchblende in massive blebs 
hosted within intensely altered rock. Within the Nabarlek 
Mineral Lease (100% UEL), drilling of newly identified 
prospects yielded best intersections of 12 m @ 0.13% U3O8 
at Clapstick and 2 m @ 0.12% U3O8 at Boomerang.

Territory Uranium Co. Ltd resampled historic drill 
core from their Quantum prospect, in Pine Creek Orogen 
stratigraphy beneath the Daly Basin. Uranium has been 
identified in a wide range of rock types throughout a 225 m 
section of the drillhole, including high-grade intercepts of 
0.5 m @ 0.42% U3O8. 

Central Australia (Ngalia Basin, Amadeus Basin, Arunta 
Region)
Energy Metals Ltd have continued evaluating the Bigrlyi 
uranium deposit in the Mount Eclipse Sandstone of the 
northern Ngalia Basin. The company announced a resource 
upgrade for Bigrlyi, with total Indicated and Inferred 
Resources of 8.0 Mt @ 0.13% U3O8 and 0.14% V2O5, at a 
500 ppm U cut-off, for 10 200 t (22.4 Mlb) of U3O8 and 
11 200 t of V2O5. The Bigrlyi mineralisation remains open 
at depth and along strike. Drilling results announced from 
Bigrlyi include 4.5 m @ 2.32% U3O8 and 1.41% V2O5. 

At the Camel Flat uranium prospect, 33 km southeast of 
Bigrlyi, Energy Metals announced encouraging exploration 
results, including 5 m @ 1.33% U3O8. Mineralisation at 
Camel Flat is steeply dipping within the Mount Eclipse 
Sandstone. 

Thundelarra Exploration Ltd have completed their first 
drilling campaign at their Ngalia Basin project, with a 

total of 58 holes drilled for 6969 m. Drilling encountered 
uranium mineralisation in both the Carboniferous Mount 
Eclipse Sandstone and within Cenozoic palaeochannels. 
A significant zone of palaeochannel-hosted mineralisation 
has been discovered at the Afghan Swan prospect, where 
9 holes have outlined a 0.6 km2 zone that remains open 
to the northwest, with thicknesses up to 4.35 m. Drilling 
results include 3 m @ 670 ppm U3O8, including 1 m @ 
0.18% U3O8. Mineralisation occurs along a package of 
grey, unconsolidated channel sediments at the base of the 
Cenozoic succession.

Toro Energy Ltd undertook an aircore drilling program 
in unconsolidated Cenozoic sediments at their Reynolds 
Range project area. The drilling encountered anomalous 
uranium associated with a redox front, where a lateral 
change in redox conditions was observed, grading over 
several kilometres from reduced interbedded sands and 
clays in the east, to an oxidised sequence in the west. The 
redox front will be a focus for 2011 drilling, targeting 
Kazakhstan-style roll-front mineralisation.

During 2010, Toro Energy withdrew from their joint 
venture with Deep Yellow Ltd over the Napperby deposit 
near Tilmouth Well. Napperby comprises near-surface 
carnotite mineralisation, occurring in a 20 km-long 
1.5 km-wide Cenozoic palaeochannel, associated with 
calcareous sands. The March 2009 Inferred Resource 
for Napperby was 9.34 Mt @ 0.036% U3O8 for 3351 t 
(7.39 Mlb) of contained uranium oxide, using a 200 ppm 
U3O8 cut off. Energy Metals announced a maiden resource 
of 22 Mt @ 145 ppm U3O8 for their Cappers prospect, near 
the southern margin of Ngalia Basin. The prospect is of 
a similar style to the Napperby deposit, hosted within 
calcareous alluvium.

A Cameco Australia Pty Ltd and Paladin Energy Ltd 
joint venture was granted an exploration licence over the 
historical Angela-Pamela uranium orebody in February 
2008. The orebody is in the northern Amadeus Basin, 
25 km south of Alice Springs. Higher-grade mineralisation 
at Angela is defined by a linear zone, 70 to 250 m wide, 
within sandstone of the Undandita Member of the Late 
Devonian Brewer Conglomerate. During 2010, the joint 
venture completed resource definition drilling at the 
prospect, and commenced calculation of a JORC-compliant 
resource estimate.

Crossland Uranium Mines Ltd undertook a maiden 
drilling campaign at their Cockroach Dam prospect within 
the highly radioactive Teapot Granite in the Warumpi 
Province. Rock chip sampling in 2009 yielded a maximum 
value of 5364 ppm U3O8, and an arithmetic average of all 
186 outcrop samples of 439 ppm U3O8. The best intersection 
from the initial seven drillholes at the prospect was 2 m @ 
876 ppm U3O8.

Disclaimer
Although the authors have endeavoured to check the 
statements given in this paper, readers should independently 
verify any information and cite the original source, not this 
paper. This paper does not endorse any of the companies 
named and must not be taken as investment advice.
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Bringing Forward Discovery initiative programs – recent results and implications
Dorothy F Close 1

Bringing Forward Discovery is a four-year (2007  – 2011) 
$14.4 million Northern Territory Government exploration 
investment attraction strategy, designed to improve the 
Territory's competitiveness as a destination for exploration 
investment and to increase the likelihood of new mineral 
discoveries.

Under Bringing Forward Discovery, a major focus 
has been on upgrading the knowledge of the geology and 
prospectivity of selected under-explored regions of the 
Territory, with a focus on areas where it is believed that new 
high-quality geoscience data could have maximum impact 
in stimulating exploration. The following is a summary of 
the geoscience projects undertaken by NTGS’s Regional 
Prospectivity Program that commenced or were completed 
during Bringing Forward Discovery.

Territory-wide projects

Geophysics and Drilling Collaborations

In the 2008 NT Budget, an additional $2.4 million over 
three years was added to the Bringing Forward Discovery 
initiative for collaborative funding of selected greenfields 
exploration projects under the Geophysics and Drilling 
Collaborations program.  The program co-funds exploration 
diamond drilling and geophysical acquisition projects in 
areas where there is a paucity of geological information. 
The co-funded projects increase the knowledge base of the 
Territory’s geology and resources, and therefore assist with 
future exploration to bring forward the next generation of 
resource discoveries in the Territory.

The third and final round of the Collaborations program 
under Bringing Forward Discovery commenced with a call 
for applications on 15 February 2010. From this round, 21 
diamond drilling proposals and 13 geophysical program 
applications were received from 25 companies. In the 
previous rounds of this program, all funded geophysical 
acquisition programs had been gravity surveys. However, 
in round 3, three regional-scale airborne electro-magnetic 
(EM) surveys received funding, along with two gravity 
surveys and eight drilling programs. 

Through the Geophysics and Drilling Collaborations 
program, almost every geological terrane in the Northern 
Territory has been targeted for deep stratigraphic drilling 
and/or high resolution geophysics. Several co-funded 
projects in Round 1 and 2 provided enhanced geoscientific 
data in areas of minimal information (Close 2010). In 
this third round of the program AEM surveys have been 
undertaken over the southern margin of the Wiso Basin, the 
northern Ngalia Basin and the eastern onshore Carpentaria 
Basin, providing important new information on these 
Neoproterozoic to Mesozoic sedimentary basins that have 
undergone little modern exploration. Regional scale, 1 km 

spaced ground gravity surveys over the southern Carpentaria 
and Georgina basins has provided an enhanced level of detail 
to assist targeting of the prospective Proterozoic basement in 
these areas. Co-funded diamond drilling projects in Round 3 
will provide further stratigraphic and lithological constraints 
in unexposed Proterozoic units of the Pine Creek Orogen, 
Murphy Inlier, McArthur Basin and Arunta Region.

All diamond drill core acquired through the Geophysics 
and Drilling Collaborations program has been scanned 
by the NTGS HyLoggerTM, with the resultant interpreted 
hyperspectral data released as NTGS Records to provide an 
enhanced level of information from these drilholes, which 
access greenfields areas. 

Regional gravity acquisition

A key commitment under Bringing Forward Discovery 
initiative has been a dedicated gravity acquisition program 
to increase the resolution of the regional gravity coverage of 
the Northern Territory from 11 km spacing to a minimum 
of 4 km spacing. Prior to Bringing Forward Discovery, only 
9% of the Territory was covered by gravity data at a station 
spacing of 4 km or less. The remainder of the Territory was 
covered by 1960s-era gravity data that was collected at a 
station spacing of 11 km, which is too coarse for use as an 
exploration tool.

The Bringing Forward Discovery initiative has produced 
nearly 35 000 new gravity stations over 362 721 km2, 
focused in the Arunta Region and the Barkly region. This 
has increased coverage over the Territory to 36% at a 
station spacing of 4 x 4 km, with a considerable proportion 
of detailed 2 km x 2 km and 1 km x 1 km within these 
areas.  The final phase of the regional acquisition program 
was the West Arunta gravity survey, which commenced in 
May 2010. Five exploration companies elected to contribute 
to the survey to acquire 1 km x 1 km infill data over their 
respective exploration ground. Involvement from Teck 
Australia, Cauldron Energy, Southern Tanami, Thundelarra 
Exploration and ABM Resources allowed an additional 4545 
stations to be acquired. The survey covers poorly explored 
and poorly outcropping areas of the western Arunta Region 
and Ngalia Basin, which are prospective for a range of 
commodities including gold, uranium and base metals.

An additional 9622 gravity stations have been added 
to the NT's open file gravity dataset through co-funded 
gravity acquisition under Rounds 1 and 2 of the Geophysical 
and Drilling Collaborations program. These will be 
incorporated in the NT regional gravity stitch, along with 
all of the Bringing Forward Discovery surveys, and made 
available to all explorers.

Geology and mineral deposits of the Northern Territory

The Geology and Mineral Deposits of the Northern Territory 
will be the NTGS’s flagship publication, being the first point 
of call for all information on the geology and resources of 

1 Northern Territory Geological Survey, PO Box 3000, Darwin, 
NT 0801, Australia. Email: dorothy.close@nt.gov.au.
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the Northern Territory. It will be a comprehensive technical 
publication targeted at mineral and petroleum explorers, and 
will be released as a hard copy book, a DVD version, and 
an interactive online version. The publication has a number 
of authors comprising senior geological staff from across 
NTGS, and is currently being managed by an editorial 
board. The digital and hardcopy release of the publication is 
scheduled to occur in 2011.

Metallogenic map of the NT (1:2.5 million scale)

The first Metallogenic Map of the Northern Territory was 
released as a 1:2 500 000 hardcopy geological map at AGES 
2009. The map shows the spatial distribution of the various 
styles of mineral deposits and major occurrences in the 
context of the style of mineralisation, broad lithostratigraphic 
subdivisions, lithological host units and major structures. The 
map utilises the upgraded and updated MODAT database 
with a revised version released annually.

Base metals deposits of the Northern Territory

A comprehensive review of the base metal deposits in the 
Northern Territory commenced in year 3 of BFD. An NTGS 
Report on Base metal deposits of the Northern Territory 
is anticipated to be released in 2012 and will be the first 
publication detailing all significant known copper, lead, 
zinc and silver deposits in the NT.

Regolith GIS project

The final product to be released from the NT Regolith project, 
conducted for NTGS by CRC LEME in 2003 – 2005, is a 
comprehensive NT-wide GIS dataset of regolith-landform 
maps, site data and geochemistry. This 1:1 million-scale 
product provides an enhanced detailed dataset of the origin 
and types of surface materials across the NT in a user-
friendly and spatially based form (Edgoose and May 2011).

Mafic rocks of the Northern Territory

This project has been designed to identify rock units largely 
comprising, or hosting substantial mafic and ultramafic rocks 
that may be associated with mineralisation (particularly Ni, 
Cu and PGE), and to use petrogenetic interpretations of mafic 
and ultramafic rock units to contribute to an understanding 
of the regional palaeotectonic environments of the NT. A 
key component of this project is to develop a standardised 
NTGS approach to the collection and interpretation of 
relevant geochemical, isotopic, petrographic and field data, 
to ensure a consistent approach to the identification of these 
mafic rock units.

Initial areas that have been targeted under this project 
for sample collection and geological context of the mafic 
units include the eastern Arunta Region, the Davenport 
Province of the Tennant Region and the eastern margin of 
the Musgrave Province.

An NTGS Report documenting the standardised 
collection and interpretation techniques applied in this 

project is due for release in early 2012 with subsequent 
terrane-based reports to provide analyses of the mafic units 
units within specific Proterozoic provinces within the NT.

NVCL Project – HyLogger

In February 2010, NTGS acquired a HyLoggerTM 
hyperspectral scanning instrument as part of the National 
Virtual Core Library (NVCL) collaborative project, funded 
by the Commonwealth Government's National Collaborative 
Research Infrastructure Strategy (NCRIS). The project is one 
component of the earth sciences platform, managed through 
AuScope Ltd and implemented by CSIRO and all State and 
Territory Geological Surveys. The NVCL project has the goal 
of progressively building a high-resolution hyperspectral 
and digital image of earth materials and properties for the 
upper one to two kilometres of the Australian continent, and 
facilitating World-class geoscience research (Smith 2011). 

NTGS has prioritised drill core for scanning by 
the HyLogger on the following basis: enhancement of 
geoscientific information in greenfields areas, including 
drill core acquired under the Bringing Forward Discovery 
Geophysics and Drilling Collaborations project; assisting 
in improving the understanding of geological relationships 
in areas of current NTGS regional geoscience projects; 
and progressively building a series of reference downhole 
spectral analysis of mineral deposits of the NT.

To date, a total of 9 NTGS Records have been produced, 
which not only provide the scanned data from the 
prioritised drill core, but also an accompanying geological 
interpretation of the hyperspectral response. 

Upgrades of NT-wide geological databases

Throughout Bringing Forward Discovery, NTGS has 
endeavoured to improve the quality and accessibility of its 
Territory-wide databases. Highlights of geological database 
upgrades during the initiative include the following:

• Compilation of all published geochronological data 
(dating of rocks and minerals) for the Northern Territory 
into the first comprehensive, spatially referenced 
geochronology database of the NT. A release of a spatially 
referenced layer of NT-wide U-Pb geochronological 
data is planned for early 2011.

• Following a comprehensive upgrade in 2009, the Mineral 
Occurrence Database of the NT (MODAT) is continuously 
updated to provide a searchable, spatially referenced 
current dataset of all recognised mineral deposits and 
occurrences, including information on location, size, 
shape, origin, geological setting, lithology, metamorphism, 
structure, mineralisation, wall rock alteration, exploration 
and mining, past production, ore reserves and references. 

• A complete update and expansion of the NT Diamond 
Indicator Minerals database is due for release in early 
2011. The revised database has expanded the data fields 
captured to include a number of additional criteria 
important for exploration and has also added exploration 
data that has become open file since the last update in 
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2005, resulting in the inclusion of many thousands of 
new sample sites. A highlight of this revised database is 
detailed information on previously closed file locations 
of diamondiferous rocks, such as at Timber Creek, and 
further public domain data on the Merlin field. The 
data will be incorporated into an NT-wide diamond 
prospectivity assessment (Hutchison 2011).

• The ongoing incorporation of whole-rock geochemical 
data, generated through NTGS's regional geoscience 
projects, in the Territory's whole-rock, geochemical 
spatially referenced database to be delivered to clients 
through the NTGS online web mapping system STRIKE. 
The NTGS project-based geochemical datasets incorporate 
a comprehensive range of major and trace element data, 
analysed in a consistent and comparable way.

Regional geoscience projects

Georgina Basin

With the release of four second edition 1:250 000 geological 
mapsheets (Alroy, Frew River, Walhallow and Brunette 
Downs) in GIS and hard copy format in 2010, NTGS has now 
completed the revision of the stratigraphy of the Georgina 
Basin within the Northern Territory. These updated maps 
with accompanying combined explanatory notes provide 
an improved framework for assessing the potential of the 
Georgina Basin for commodities such as phosphate, base 
metals and petroleum. This revised and consistent dataset 
will form the basis for future work to interpret the regional 
gravity and understand the 3D geometry of the basin and its 
underlying basement.

Pine Creek Orogen

NTGS has an ongoing commitment to the Pine Creek 
Orogen, one of the most prospective geological regions in the 
NT, through a range of projects to improve the understanding 
of stratigraphic correlations, the nature of the underlying 
basement and the tectonic framework of the region. Through 
this project, NTGS has been able to identify widespread 
and previously unknown outcropping Neoarchaean 
basement throughout western Arnhem Land, correlate 
major stratigraphic sequences across the Orogen and the 
characterise and subdivide the mafic units in the Litchfield 
Province with implications for the tectonics and nickel, 
platinum, copper and zinc prospectivity of the area (Hollis 
et al 2009, 2011). During the course of this project NTGS 
has released the Reynolds River, Batchelor, McKinley River, 
Daly River, Tipperary and Pine Creek 1:100 000 GIS datasets 
and is due to release a revised Pine Creek 1:250 000 map 
in hard copy and GIS in early 2011. The interpreted geology 
of the Litchfield Province has been released in the form of 
two 1:250 000 hard copy maps, Litchfield North Special and 
Litchfield South Special and a combined GIS dataset. An 
NTGS Record describing and defining the mafic rock units of 
the Litchfield Province is due for release in early 2011 along 
with second edition 1:100 000 maps and GIS datasets of the 
Howship and Oenpelli maps in western Arnhem Land. 

Arunta Region

The vast Arunta Region in central Australia is a highly 
prospective, but under-explored region that has been 
largely neglected by explorers in the past. As with the 
Pine Creek Orogen, NTGS has a long-term commitment 
to understanding and presenting a consistent geoscientific 
framework for one of the most diversely prospective, yet 
under-explored areas within the NT. Under the current 
Bringing Forward Discovery initiative, the focus of 
geological mapping and prospectivity studies in the Arunta 
Region has concentrated on the eastern and central areas.

Eastern Arunta project
The Eastern Arunta project is designed to upgrade geological 
knowledge and highlight the prospectivity of the eastern 
Arunta Region, specifically targeting the Quartz, Limbla 
and Todd 1:100 000 mapsheets. The project involves new 
mapping and geoscience, and the integration of a large body 
of historical data into a comprehensively revised framework 
and prospectivity assessment for the area. 

NTGS work in this area has stimulated extensive 
exploration company interest and has resulted in an increase in 
exploration expenditure in an area that had previously received 
little interest. Specific achievements include the following:

• Discovery of copper mineralisation in mafic rocks 
by an NTGS mapping team led to the Blackadder 
nickel-copper discovery by Mithril Resources, and 
the emergence of the eastern Arunta Region as one of 
Australia's top greenfields nickel sulfide provinces.

• Subdivision of previously undivided metamorphic units 
into identified stratigraphic packages and igneous suites, 
resulting in a more coherent geological framework for 
explorers.

• Extensive and diverse outcrops of mafic units with 
anomalous copper, nickel and platinum-group elements 
have been mapped and characterised (Whelan et al 2010). 

• A potentially significant relationship between 
1780  – 1760 Ma granites (including the Aremra Granite 
Suite) and Fe-oxide copper-gold mineralisation has been 
proposed.

• Discovery of a new copper-gold prospect (Harding 
Springs Cu-Au prospect) and recognition of the Illogwa 
Schist Zone as potentially a major fluid and mineralising 
pathway (Whelan et al 2009).

• Recognition of regional-scale, widespread, fluorite-rich 
fluid-flow systems, associated with hematite, pyrite and 
copper sulfides (Whelan 2011).

• Identification of diverse terranes in the Casey Inlier and 
new Cu-REE mineralisation (Close et al 2007, Close 
and Scrimgeour 2008).

• Ongoing collaborative studies with Geoscience 
Australia on U mineralising systems in the region.

• Quartz 1:100 000 outcrop map in hardcopy and 
GIS format is due for release in mid 2011, with the 
accompanying explanatory notes to be released in 
late 2011. Limbla and Todd 1:100 000 mapsheets and 
accompanying notes are due for release in 2012.
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Central Arunta project
The Central Arunta project aims to provide a modern 

geoscientific analysis of the Arunta Region on the Alcoota 
1:250 000 mapsheet and to undertake targeted studies in 
the Napperby 1:250 000 sheet area. Alcoota has not been 
investigated in a regional geological context since the early 
1970s, and has not been subjected to significant exploration. 
The geoscientific investigations from this project has better 
defined the extent of the various tectonothermal events across 
the region, and established stratigraphic correlations between 
the various metasedimentary units (Beyer et al 2010). The 
relationship and overlap of tectonothermal events has been 
characterised and is newly recognised in several instances. 
Detailed metamorphic analysis and characterisation of some 
of the major tectono-metamorphic events in this region has 
been conducted for the first time. A second edition Alcoota 
outcrop geology map in hardcopy and GIS format is due 
for release in early 2011. A first edition Alcoota 1:250 000 
interpreted geology map in hardcopy and GIS format is due 
for release in mid 2011, with the accompanying explanatory 
notes due for release in late 2011.

As part of this project, targeted studies are being 
undertaken into the Wangala Granites and 'Ennugan 
Mountains' granites in the Napperby mapsheet to investigate 
the age and geochemistry of these internally variable granites 
suites and to understand the strong association these granites 
have with U, Th and REE enrichment. 

Murphy Inlier

This project is being undertaken to assess mineral potential 
and to provide a geological framework for mineral exploration 
in the Murphy Inlier region, which has potential for copper, 
uranium, gold, platinum, lead-zinc and rare earth element 
mineralisation. The focus for geoscientific mapping within 
this project will be the Nicholson River 1:100 000 mapsheet 
and will commence in 2011. An NTGS Record on the geology, 
volcanology and mineral potential of the Seigal Volcanics in 
Calvert Hills was released in 2010 and documented a regional 
scale alteration potassic alteration system with potential 
implications for U and Cu mineralisation.

Collaborative projects

JSU Ngalia Basin Uranium Mineral System project

The Joint Surveys Uranium (JSU) project is a collaborative 
program between CSIRO, NTGS and PIRSA to work with 
industry to improve the understanding of uranium mineral 
systems and enhance exploration targeting. Within the JSU, a 
proposal to focus on understanding the deposit-scale mineral 
system of the Bigryli U-V deposit and the basin-scale mineral 
systems of the Ngalia Basin was devised, in collaboration 
with Energy Metals Ltd, Thundelarra Exploration Ltd and 
Cauldron Energy Ltd. 

The project aims to compile and integrate existing 
digital data from the deposit and basin into 3D visualisation 
software, and to collect and incorporate new geophysical, 
multi-element geochemistry, mineralogy, isotope analysis, 

hyperspectral, structural, and architectural data and analysis. 
The result will be 3D models that provide information on the 
structural, stratigraphic and lithogeochemical architecture of 
the deposit and basin (Foss et al 2011, Schmid and Cleverly 
2011). These models will form the basis for the numerical 
simulation of ore-forming process and produce a tool for 
predictive exploration targeting. 

National Geochemical Survey of Australia

Under the Federally-funded Onshore Energy Security 
Initiative (OESI), Geoscience Australia is coordinating with 
all the State and Territory geological surveys to collect, 
analyse, compile and interpret a consistent Australia-wide 
dataset of transported regolith geochemistry. The National 
Geochemical Survey of Australia (NGSA) is collating data on 
the geochemical composition of transported regolith at about 
1400 sites around Australia, including 223 sites in the NT. The 
purpose of the project is to provide a pre-competitive layer of 
geochemical data and information regarding the distribution 
of geochemical elements across the Territory (and Australia) 
to assist with area selection for mineral exploration.

The Australia-wide geochemical dataset is due for release 
by Geoscience Australia in mid 2011. NTGS will collaborate 
with Geoscience Australia on the interpretation of the data, 
both for the Australia-wide Geoscience Australia dataset and 
report, and on a NT-specific interpretation of the distribution 
of geochemical elements in the NT.

Seismic Acquisition

Two large-scale deep seismic traverses have been undertaken 
by Geoscience Australia under the Federally-funded Onshore 
Energy Security Initiative (OESI), in collaboration with NTGS 
under Bringing Forward Discovery. Reflection seismic data 
was acquired across the southern Georgina Basin and eastern 
Arunta Region and across the southern margin of the Amadeus 
Basin. These traverses were designed to provide new insights 
into crustal architecture to better understand the structures 
that may have controlled hydrocarbon and mineral systems 
in these areas. Add-on geophysical surveys (gravity and 
magnetotellurics) were also acquired as part of the programs.

L192 Georgina Basin–Arunta Region Survey
The Georgina-Arunta Seismic Survey was funded by GA and 
NTGS, and is a 376 km-deep seismic traverse extending from 
the southern Davenport Ranges across the southern Georgina 
Basin, then across the entire eastern Arunta Region east of the 
Harts Range and into the Amadeus Basin, ending near Todd 
River Downs Station. Within the southern Georgina Basin, 
the transect aims to provide a architectural framework which 
can be used to evaluate the geological history of the basin 
and better understand the petroleum systems in the area. The 
data will also be useful in understanding base metals mineral 
systems that have been identified in this region. The section 
through the Arunta Region crosses the exhumed core of the 
Alice Springs Orogen, and is expected to image many of 
the large-scale structures that are likely to have controlled 
copper, gold, base metals and uranium mineralisation. The 
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survey has resulted in fundamental new insights into the 
understanding of tectonics of central Australia (Korsch et al 
2011, Carr and Korsch 2011, Huston et al 2011).

Amadeus Basin (northern end of the L190 Gawler–
Officer–Musgrave– Amadeus Survey)
The Amadeus Basin traverse was a component of the larger 
Gawler–Officer–Musgrave–Amadeus (GOMA) Survey 
that continues into South Australia, crossing the Musgrave 
Province, Officer Basin and the northern section of the 
Gawler Craton. This survey was funded through GA, PIRSA 
and AuScope. Approximately 77 km of this 634 km traverse 
is located in the NT. The survey was designed to assess 
structures in the southern Amadeus Basin that may control 
hydrocarbon accumulation. The interpreted processed data 
is available through Geoscience Australia's website.
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Geoscience Knowledge Management: The latest NTGS products and systems
Tracey C Rogers 1

Under the Bringing Forward Discovery initiative, NTGS 
has been continuing efforts to upgrade its digital datsets 
and make them more accessible to industry clients. During 
2010, the online Drill Core Database, which provides 
information on core available for viewing and sampling 
at NTGS, was upgraded to improve the user interface and 
report formats. One of the improvements is the ability to 
download a list of water bore cuttings stored at NTGS core 
facilities. Since late 2010, a new online product catalogue 
database has been in development. This database will 
contain details of all NTGS products and many will 
be available for direct download. The new database is 
currently scheduled to be available via the NTGS website 
by mid-2011.

Other significant achievements include the completion 
and delivery of the images and data for the West Arunta 
Gravity Survey, the release of 13 new and updated GIS 
datasets, and the first few reports interpreting HyLoggerTM 
data for specific drillholes.

Web delivery systems

NTGS manages two core library facilities, in Darwin and 
Alice Springs, to store NTGS and exploration industry 
drill core. The core facilities maintain a catalogue to 
aid in the identification and retrieval of relevant core 
for viewing and sampling by clients on request. During 
the second half of 2010, the online Drill Core Database 
interface underwent a minor redevelopment to give an 
improved user experience. The changes include several 
new search parameters, improved report formats and 
some additional links for further information. A list of 
water bore cuttings held at the core facilities on behalf 
of the Department of Natural Resources, Environment 
and the Arts is also linked and available for download via 
the database query screen. The list is organized by Site 
Reference and includes details of drilling location, date 
and hole depth.

An online product catalogue database is being 
developed and is due to be launched in the next few months. 
The catalogue will enable users to search for keywords, 
product types, geological province and publication year. 
Search results can be viewed in several different ways and 
include details on authors, availability, map scale and file 
format. Many records will also have thumbnail images 
and links to downloadable files. Clients will be able to 
find products on particular topics or areas in one search, 
regardless of product type.

NTGS products, spatial data and client services

The Larrimah 1:250k outcrop map is now available in GIS 
format and five other new First Edition outcrop geology 

1 Northern Territory Geological Survey, GPO Box 3000, Darwin 
NT 0801, Australia. Email: tracey.rogers@nt.gov.au.

GIS datasets will have been released by AGES 2011. Six 
1:250k outcrop geology GIS datasets were upgraded to 
the current NTGS data dictionary and re-released in 2010. 
Litchfield North and Litchfield South 250k interpreted 
geology maps were released, together with the combined 
Litchfield Special 250k interpreted geology GIS dataset.

Preliminary images of the 2010 West Arunta Gravity 
Survey were made available on the Geophysical Image 
Web Server (GIWS) from June 2010 and the final images 
were published in September 2010. A new NT-wide gravity 
dataset, incorporating the West Arunta data, was released 
in November 2010 and a final update, including the infill 
data commissioned by industry clients, was released in 
January 2011.

A significant review and update to the petroleum wells 
GIS layer was undertaken and published in mid-2010 on 
STRIKE. The review included ensuring that well header 
information, such as name, date, depth, location and 
operator, were correct and are consistent with Geoscience 
Australia's datasets. A major new version of the NT 
Diamond Indicator and Mineral Chemistry Databases 
(Digital Information Package 6) and a new Digital 
Information Package for the NT-wide regolith GIS dataset 
are to be released at AGES 2011.

Twelve new NTGS Records were released in the last 
year, including 9 detailing results from hyperspectral 
scanning of core through the HyLogger, and the well 
completion report for two stratigraphic holes drilled 
by NTGS in the southwestern Amadeus Basin in 2005. 
A complete list of Records is included in the product 
catalogue and a list of drillholes that have been scanned 
by the HyLogger is available for download via the 
National Virtual Core Library (NVCL) page on the 
NTGS website.

Over the last three years, the number of client requests 
and enquiries to the InfoCentre has remained at a steady 
level of 4400 to 4500, including 4546 in 2009 – 2010. 
However, the trend for clients to request a larger data 
volume continues and in 2009 – 2010, over 64 000 reports 
and data were distributed. This number is significantly 
higher than the previous record of 18 600 in 2008 – 2009; 
this is a consequence of a few requests for the entire open 
file collection. 

Reports and data management 

It is now expected that the new Mineral Titles Act will 
come into force later in 2011. There are some changes 
to reporting requirements under the new Act and new 
reporting guidelines are in preparation.

To make data distribution easier and faster, petroleum 
data packages of seismic survey or well data are now 
available. The data packages are compilations of open file 
digital company reports and data, organised by geological 
basin. Updates to the packages will be released as more 
data are digitised, or become open file.
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What's coming….

Hyperspectral data, generated by scanning of core through 
the NTGS HyLogger instrument, is being stored and 
managed in a database. In addition to the release of NTGS 
Records on specific drillholes and delivery of data on 

DVD, a project is underway to provide web delivery of the 
data contained within this database as the NT node of the 
National Virtual Core Library. 

The geological evolution of the Pine Creek Orogen: New pieces in the puzzle on orogen and craton scale
Julie A Hollis 1,2 , Linda M Glass 1, Chris J Carson 3, Richard Armstrong 4, Greg Yaxley 4, AIS Kemp 5, Anders Scherstén 6 
and D Phillips 7

Executive summary

The Pine Creek Orogen (PCO), on the exposed northern 
periphery of the North Australian Craton (NAC), comprises 
Neoarchaean granitic and gneissic basement, unconformably 
overlain by a thick succession of Palaeoproterozoic clastic, 
carbonate and carbonaceous sedimentary and volcanic 
rocks, extensively intruded by syn- to post-tectonic mafic 
and granitic rocks (Figure 1). The PCO hosts diverse 
mineralisation with major commodities including gold, 
uranium, lead-zinc-silver, platinum-group elements, copper-
cobalt-nickel, iron, tin-tantalum-tungsten and phosphate. 
The PCO is subdivided into three domains that experienced 
distinct depositional and tectono-thermal histories in 
the period 2020  –  1830 Ma; from west to east, these are 
the Litchfield Province, Central Domain and Nimbuwah 
Domain. Recognition of the distinct differences in the timing 
and nature of sedimentation, magmatism and deformation in 
the three domains is critical to understanding the variations 
in prospectivity between the domains. Recent NTGS work 
in the PCO has included detailed studies on the poorly 
outcropping Litchfield Province (Carson et al 2008, Glass in 
press), dating of stratigraphic units across the orogen (Worden 
et al 2008a, b, Hollis et al 2009b) and geological mapping of 
the Nimbuwah Domain in western Arnhem Land (Hollis and 
Glass in prep). Building on this work, NTGS has collected 
new whole-rock geochemistry and neodymium (Nd), and 
zircon uranium-lead (U-Pb) and hafnium (Hf) isotope data 
for mafic and felsic magmatic and metasedimentary rocks 
from across the orogen. This is providing new insights into 
the tectonic relationships between the domains and also into 
the evolution of the NAC as a whole. 

Felsic magmatism at 2670 Ma (Woolner Granite, 
Njibinjibinj Gneiss) involved alkalic granitic magmatism, 
as well as mixing of these juvenile magmas with much 
older Palaeo- to Eoarchaean crust (Figure 2). A Palaeo- to 
Eoarchaean ancestry to the PCO is also indicated by detrital 
zircon from some of the oldest Palaeoproterozoic strata 
in the Orogen (Crater Formation), as well as by inherited 
zircon in a 2535 Ma Rum Jungle Complex granite. The Hf 
isotopic character of these rocks suggests that ca 3900 Ma 
felsic crust does, or did exist in the PCO. Neoarchaean 
juvenile magmatism is also known at 2640 Ma in the 
PCO. However, 2550  –  2510 Ma granitic magmas dominate 
the Neoarchaean record of felsic magmatism and their 
emplacement resulted in metamorphism of the older rocks. 
Unlike the earlier Neoarchaean history, this period, close to 
the end of the Archaean, was dominated by re-melting of 
older crust, with no indication of juvenile magmatism. In 
the PCO, 2670 – 2510 Ma magmatism occurred within the 
context of a coherent Neoarchaean crustal block spanning 
the Central and Nimbuwah domains, as is indicated by 
whole-rock geochemistry and Nd isotopic data, and zircon 
U-Pb and Hf data.

After 2500 Ma, there was a period of tectonic quiescence 
for almost 500 million years, interrupted by continental 
rifting at 2020 Ma (Figure 2). Rifting produced felsic 
volcanic rocks and deposition of a succession of carbonate, 
carbonaceous and clastic sedimentary rocks, and felsic and 
mafic volcanic rocks (Woodcutters Supergroup, Central 
Domain; and correlative Kakadu Group, Nimbuwah 
Domain). These were largely derived from Neoarchaean 
sources with age spectra consistent with the basement 
(2670 – 2500 Ma). At ca 1870 Ma, a similar succession (Cahill 
Formation and Nourlangie Schist), although with no known 
volcanic units, were deposited in a distinct depocentre in the 
Nimbuwah Domain. The Cahill Formation hosts the World-
class Ranger, Jabiluka and Koongarra uranium deposits. The 
dominantly 2550 – 1900 Ma provenance of this succession is 
distinct from that in the 2020 Ma Woodcutters Supergroup 
and also from the 1860 Ma Cosmo Supergroup (see below). 
We postulate that detritus in the Cahill Formation was, in 
part, derived from the Gawler Craton, possibly during rifting 
with the PCO, based on U-Pb and Hf systematics in zircon.

Felsic to mafic Nimbuwah Complex plutons (Nimbuwah 
Domain), derived from melting of ca 2700 – 2600 Ma juvenile 
Neoarchaean crust, intruded Neoarchaean basement and the 
overlying Cahill Formation and Nourlangie Schist mainly 
in the period 1867 – 1860 Ma (Figure 2). Older, 1885 Ma 
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dioritic plutons of the Nimbuwah Complex have also been 
recognised (Page et al 1980, this study).

The 1860 Ma Cosmo Supergroup (Central Domain) 
and correlative, higher-metamorphic-grade Welltree and 
Hermit Creek metamorphics (Litchfield Province) comprise 
a thick succession of carbonaceous shale, carbonate rocks, 
ironstone and tuff, overlain by phyllite, slate, greywacke and 
quartz-mica-schist. The timing of deposition is constrained 
by U-Pb dating of interleaved felsic volcanics (Worden et al 
2008a, b, Figure  2). The sediments were derived mainly 
from 1865 – 1860 Ma magmatic source rocks.

The regional significance of Palaeoproterozoic 
metamorphism in the Pine Creek Orogen remains 
enigmatic. Low-T, high-P metamorphism in the Litchfield 
Province at 1855 Ma (Carson et al 2008) is thought to be 
associated with the formation of a back-arc environment, 
based on the occurrence of arc-related mafic rocks (Glass 
2007, in press). These were possibly associated with an 

east-dipping subduction zone outboard of the Litchfield 
Province, related to the arrival of the Kimberley Craton. 
This was synchronous with emplacement of S-type 
granites at 1860 – 1850 Ma in the Litchfield Province 
(Walpole et  al 1968, Page et  al 1980, Wyborn et  al 
1997, Worden et  al 2008a). The timing of mid-P, mid-T 
metamorphism, associated with compressional tectonism 
in the Nimbuwah Domain, is ambiguous and may be 
associated with either emplacement of the 1867 – 1860 Ma 
Nimbuwah Complex, or with a thermal event that followed 
shortly thereafter.

Post-tectonic emplacement of I-type granites occurred 
mainly in the period 1835 – 1820 Ma in the Central Domain 
(Figure 2, Cullen and Jim Jim suites, Wyborn et al 1997) 
and at 1846 Ma, 1838 Ma, and 1818 Ma in the Nimbuwah 
Domain (Tin Camp Granite, Jim Jim Granite, Nabarlek 
Granite, Worden et al 2006, 2008a). This was followed by 
a period of uplift and erosion, followed by deposition of 
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Figure 1. Pine Creek Orogen showing Neoarchaean and Palaeoproterozoic stratigraphy and surrounding younger basins. Red dashed lines 
show approximate boundaries between the three PCO domains. 
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the Kombolgie Subgroup of the McArthur Basin and its 
likely correlative to the west, the Tolmer Group.

Subsequent emplacement of the regionally extensive 
Oenpelli Dolerite, within the Nimbuwah Domain, occurred 
between 1820 Ma and 1590 Ma. However a previous 
baddelyite age of 1723 Ma is now known to be invalid, 
as this relates to a dolerite that is geochemically different 
to the Oenpelli Dolerite. Ar-Ar dating of a sample from 
the Cobourg Peninsula yielded resetting ages, consistent 
with the timing of uranium mineralisation at El Sherana, 
Jabiluka and Mary Kathleen.

New data pertaining to some of the key areas of the 
evolution of the Pine Creek Orogen are discussed in more 
detail below.

Archaean basement to the Pine Creek Orogen

Neoarchaean basement underlies the Palaeoproterozoic Pine 
Creek Orogen strata in the Central and Nimbuwah domains. 
These comprise I-type monzogranite to granodiorite and 
their gneissic equivalents. 

In the Central Domain, the Woodcutters Supergroup 
unconformably overlies the 2545 – 2521 Ma Rum Jungle 
Complex (Cross et al 2005). The 2674 Ma Woolner Granite 
(Williams and Compston 1983, Glass et al 2010) comprises 
two dome-shaped bodies of ca 170 km2 extent under 
40  – 120 m of Cretaceous and Cenozoic cover, ca 60 km 
east of Darwin. In the Nimbuwah Domain, the 2520 Ma 
Nanambu Complex (Page et al 1980, Hollis et al 2009a) 
comprises three, low-lying north–south-elongated domes to 
the west of Jabiru. Further east, the 2527 – 2510 Ma Kukalak 
Gneiss (Hollis et al 2009a, Carson et al 2010) outcrops in 

the Caramal and Myra Falls inliers, and is known from drill 
core under Cretaceous cover in the Wellington Range area. 
The 2640 Ma Arrarra Gneiss (Hollis et al 2009a, Carson 
et al 2010) occurs in a broad area northeast of Oenpelli, 
largely under shallow, incised Cenozoic cover. An isolated 
outcrop of heavily altered felsic gneiss in the northeast of 
the Myra Falls Inlier is termed the Njibinjibinj Gneiss and 
has a magmatic crystallisation age of 2671 Ma (Hollis et al 
2009a, Carson et al 2010), which is within error of the age 
of the Woolner Granite. The 2671 Ma Njibinjibinj Gneiss 
and the 2640 Ma Arrarra Gneiss preserve thin ca 2500 Ma 
metamorphic rims on zircon that are consistent with 
metamorphism associated with regional ca 2530  – 2500 Ma 
magmatism.

Neoarchaean granites are strongly fractionated and 
characterised by steep rare earth element (REE) patterns 
with pronounced heavy rare earth element (HREE) 
depletion, indicative of garnet in the source (Glass et al 
2009). This feature further distinguishes these rocks 
from Palaeoproterozoic granitoids within the Nimbuwah 
Domain. Overall, the Rum Jungle Complex in the Central 
Domain is geochemically similar to rocks of a comparable 
age in the Nimbuwah Domain (Nanambu Complex and 
Kukalak Gneiss), although the Rum Jungle granitoids show 
higher HREE abundances, relative to the light rare earth 
elements (LREE). In the Nimbuwah Domain, Neoarchaean 
gneisses share a similar chemistry to Cordilleran granites 
and range from alkalic to calc-alkalic, using criteria defined 
by Frost et al (2001).

Nd whole rock and Hf isotopic zircon data provide 
information on the nature of the source rocks that melted to 
produce the Neoarchaean basement. The oldest Neoarchaean 
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rocks – the ca 2670 Ma Woolner Granite and Njibinjibinj 
Gneiss – have distinct eNd and eHf signatures. Their eNd lie 
close to CHondritic Uniform Reservoir (CHUR) at +1.7 
and -1.7, respectively (Glass et al 2010). Hf zircon data are 
consistent, indicating a juvenile signature for the Woolner 
Granite (eHf +4 to +6), whereas the Njibinjibinj Gneiss 
shows spread in eHf from -2.5 to -9, consistent with mixing 
between a juvenile component (ie, the Woolner Granite) and 
much older, Eo- to Palaeoarchaean crust.

The 2640 Ma Arrarra Gneiss has a relatively radiogenic 
eNd (+2.9) and eHf (+2 to +3.5) signature, consistent with 
juvenile magmatism (Glass et al 2010).

The samples analysed show some variation in the 
isotopic signature of 2550 – 2510 Ma magmatism in the 
PCO. The 2527 – 2510 Ma Kukalak Gneiss has eNd slightly 
below CHUR at 0 to -1 (Glass et al 2010) with eHf of 0 to -4. 
In contrast, the Waterhouse Dome (Rum Jungle Complex) 
has less radiogenic eNd of -3.0 to -3.6 and eHf of -4 to -7. The 
less radiogenic eNd signature, indicative of relatively older 
crustal sources, is consistent with the abundant inherited 
zircon in this sample (3536 – 2598 Ma). Also, the spread to 
more negative eHf values for 2535 Ma zircon in this sample 
also indicates assimilation of older crust. Both isotopic 
systems indicate that a significant component of an older 
crustal source contributed to 2550 – 2510 Ma magmatism 
across the PCO. 

In summary, correlation of the geochemistry and 
Nd and Hf isotope systematics of 2670 Ma and of 
2550  – 2510 Ma magmatic rocks across the PCO indicates 
that the Central and Nimbuwah domains probably formed a 
coherent Neoarchaean crustal block, with the two domains 
developing distinct tectonothermal histories only in the 
Palaeoproterozoic.

Palaeoproterozoic depositional history

The current understanding of the Palaeoproterozoic 
depositional history of the Pine Creek Orogen, as a whole, 
hinges on the relatively well constrained stratigraphy of 
the Central Domain. This has been subdivided into two 
supergroups, the ca 2020 Ma Woodcutters Supergroup and 
the ca 1860 Ma Cosmo Supergroup. Sedimentation also 
occurred in a distinct depocentre in the Nimbuwah Domain 
at ca 1870 Ma (Cahill Formation and Nourlangie Schist).

2020 Ma sedimentation

The Woodcutters Supergroup unconformably overlies 
Neoarchaean basement. It includes the Manton, Namoona 
and Mount Partridge groups, which comprise clastic 
sedimentary rocks, black pyritic and dolomitic slate, 
greywacke, dolarenite, and felsic and mafic volcanic 
rocks, including the Wildman Siltstone and the Stag Creek 
Volcanics. These were deposited at 2020 Ma, during 
rifting of the underlying Neoarchaean basement (Needham 
et al 1988, Worden et al 2008a). The detrital zircon ages 
of various units within the supergroup indicate that the 
main erosive sources were much older than the age of 
deposition, consistent with the interpretation of deposition 

in an intracratonic basin (eg, Cawood et al 2007). The 
Woodcutters Supergroup hosts the base metals and uranium 
deposits of the Rum Jungle mineral field, along with the 
Frances Creek iron ore deposits.

The Crater Formation is one of the lowermost units 
in the Woodcutters stratigraphy and directly overlies 
Neoarchaean basement at Rum Jungle. It contains the oldest 
known detrital zircon in the Pine Creek strata and in the 
NAC. It is dominated by a ca 3122 Ma population, which is 
an age unknown in currently exposed magmatic rocks in the 
NAC. It also contains zircon in the range ca 3670 – 3550 Ma. 
These oldest grains have Hf isotopic signatures that indicate 
that their magmatic source rocks formed by melting of a 
common ancient crust that was separated from the mantle at 
ca 3900 Ma (Hollis et al 2010). These oldest detrital grains 
are also isotopically identical to detrital zircon of a similar 
age from the Mount Narryer and Meeberrie gneisses and the 
Jack Hills zircons in the Yilgarn Craton (cf Nebel-Jacobsen 
et al 2010), consistent with a common ancient crustal root to 
the North Australian and the Yilgarn cratons, or derivation 
of the Crater Formation from the latter. Similarly, very 
unradiogenic Hf are found in inherited zircon in a 2535 Ma 
Waterhouse Dome granite (Rum Jungle Complex) and in 
magmatic zircon from the 2671 Ma Njibinjibinj Gneiss. 
The unradiogenic zircons in the Njibinjibinj Gneiss, in 
particular, are consistent with the presence of much older 
crust in the PCO, as these grains grew during magmatic 
crystallisation and so, must have been derived from the 
melting of rocks with an average crustal residence in the 
Eo- to Palaeoarchaean. These data indicate that some 
magmatic and sedimentary rocks in the PCO were probably 
derived, in part, from the same Eoarchaean crust. 

All other sedimentary units studied within the 
Woodcutters Supergroup (Beestons Formation, Mundogie 
Sandstone, Acacia Gap Quartzite) have detrital spectra 
indicative of dominantly 2670 – 2500 Ma sources, 
consistent with their derivation from the known underlying 
Neoarchaean basement. In particular, they are dominated by 
2580 – 2530 Ma detrital grains. Similarly, the Kudjumarndi 
Quartzite of the Kakadu Group in the Nimbuwah Domain, 
which has been correlated with the 2020 Ma Woodcutters 
Supergroup, has a dominantly Neoarchaean provenance, 
consistent with derivation from the underlying basement.

1870 Ma sedimentation

Overlying the Kakadu Group in the Nimbuwah Domain 
is a distinct package of middle to upper amphibolite-
facies metasedimentary rocks, the Cahill Formation and 
conformably overlying Nourlangie Schist, which comprise 
carbonaceous schist, marble, calc-silicate rock, para-
amphibolite, dolostone, quartzofeldspathic schist and 
quartzite. The lower Cahill Formation is host to the World-
class Ranger, Jabiluka, and Koongarra uranium deposits. 
This succession was formerly correlated with the 2020 Ma 
Mount Partridge Group (Needham 1988), but is now known 
to have formed in a distinct depocentre at ca 1870 Ma, 
based on its distinct provenance (Hollis et al 2009b) and 
timing of deposition. The latter is tightly constrained by 
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a youngest detrital population of 1866 ± 11 Ma, which is 
within error of the subsequent growth of metamorphic 
zircon at 1871 ± 4 Ma, associated with intrusion of the 
Nimbuwah Complex (Carson et al 2010). The detrital 
zircons are dominantly in the range 2550 – 1900 Ma. The 
provenance of 2400 – 1900 Ma detrital zircon, in particular, 
is distinct from the Woodcutters Supergroup (dominated by 
ca 2670 – 2500 Ma zircon) and from the Cosmo Supergroup 
(dominated by ca 1860 Ma zircons, see below) and more 
generally, is largely unknown in the NAC. The Cahill 
Formation and Nourlangie Schist were intruded by the 
1867 – 1860 Ma Nimbuwah Complex, but contain almost 
no detrital zircons of this age. This is consistent with an 
intracratonic setting for sedimentation, because in an active 
margin setting, one would expect detritus to be, at least in 
part, derived from syn-depositional magmatic rocks (eg, 
Cawood et al 2007).

Nd isotope values for the Cahill Formation and 
Nourlangie Schist are eNd = -3.1 to -6.7 and eNd = -4.3 to 
-5.2, respectively, consistent with their derivation from 
significantly older crust. Although the Cahill Formation has 
the most unradiogenic eNd signature, there is some overlap 
between the two units.

Zircon Hf isotope data for two samples of the Cahill 
Formation yielded consistent information on the possible 
sources of some of the main age peaks. Peaks at 2080 Ma 
and 2180 Ma form tight populations only slightly above 
CHUR, consistent with a single source in each case. 
However, the provenance of these remains unknown. A 
strongly unradiogenic population at 2020 Ma may have been 
sourced from known igneous rocks of this age in the PCO. 
The 2020 Ma Wildman Siltstone has a distinctly different, 
strongly radiogenic signature. However, mixing of this 
juvenile source with much older crust, which is known in the 
PCO from U-Pb-Hf isotopic work (see above), could generate 
this unradiogenic signature. The dominant detrital population 
at ca 2500 Ma shows considerable spread, but the majority of 
grains of this age are strongly radiogenic (eHf +3 to +7). These 
cannot have been derived from the known 2550 – 2510 Ma 
magmatic rocks in the PCO, which have unradiogenic zircon 
Hf (0 to -7, see above) and there is no indication of a juvenile 
component to that phase of magmatism. One possibility is 
that this detritus was derived from juvenile magmatic rocks 
of this age from the Gawler Craton (eg, 2524 Ma Coulta 
Granodiorite, Howard et al 2009). Howard et al (2009) 
suggested a link between the PCO and the Gawler Craton, 
based on the occurrence of radiogenic 2020 Ma detrital 
zircon in the Corny Point Paragneiss, which may have been 
derived from the isotopically similar Wildman Siltstone in 
the PCO, but cannot have been derived from the unradiogenic 
2020 Ma magmatic rocks known in the Gawler Craton. 
Furthermore, the Gawler Craton and the PCO share a similar 
Neoarchaean to Palaeoproterozoic tectonothermal history up 
to ca 1870 Ma, after which their evolutions diverge. These 
data are consistent with deposition of the Cahill Formation 
and Nourlangie Schist during rifting of the Gawler Craton 
and the PCO.

The Fog Bay Metamorphics in the Litchfield Province 
are the only metasedimentary rocks outside the Nimbuwah 

Domain that show a similar provenance to the Cahill 
Formation and Nourlangie Schist, dominantly in the 
range 2500 – 2000 Ma. However, the significance of this 
correlation is unclear, given sparse exposure and poor 
stratigraphic control. The timing of deposition is constrained 
to ≤2028 ± 8 Ma, although it may be significantly younger 
(Carson et al 2009).

1860 Ma sedimentation

The Cosmo Supergroup, comprising the South Alligator 
and Finniss River groups, in the Central Domain, was 
deposited at ca 1860 Ma, on the basis of the age of felsic 
volcanism (1863 – 1861 Ma, Worden et al 2008a, b) and the 
maximum depositional age of the Burrell Creek Formation 
(1868 – 1860 Ma, Worden et al 2008a, Hollis et al 2010). The 
South Alligator Group comprises iron-rich sedimentary 
rocks, tuff, carbonate rocks, shale, greywacke and siltstone, 
and is overlain by phyllite, slate, greywacke, and quartz-
mica-schist of the Finniss River Group. Depositional 
environments vary from low-energy, shallow-water 
environments in the lowermost units (Koolpin Formation 
and Gerowie Tuff), grading upwards to a high-energy, 
turbiditic environment in the overlying Finniss River 
Group. The Cosmo Supergroup hosts most of the significant 
gold deposits of the PCO, along with important uranium 
and base metals deposits. The detritus in the Burrell Creek 
Formation is dominantly 1865 – 1860 Ma, with a small 
component of Neoarchaean material. The dominance of 
detrital zircon of a similar age to the timing of deposition 
is consistent with deposition in an active margin setting 
(eg, Cawood et al 2007). Correlation with the higher-grade 
Hermit Creek and Welltree metamorphics in the Litchfield 
Province is based on a strong similarity in their detrital 
zircon spectra.

Palaeoproterozoic magmatism in the Nimbuwah Domain

Nimbuwah Complex

The Nimbuwah Complex comprises dominantly hornblende 
± biotite-bearing I-type granitic to granodioritic plutons 
(however, dioritic compositions also occur locally), and are 
typically characterised by a weak or absent foliation. They 
were emplaced mainly in the period 1867 – 1860 Ma, but 
also include a ca 1885 Ma component: an 1886 ± 5 Ma two-
pyroxene granulite (Page et al 1980) and an 1884 ± 5 Ma 
garnet-bearing migmatitic granodioritic gneiss (this study), 
both from the Beatrice Inlier. Nimbuwah Complex rocks 
are weakly to moderately fractionated ([LaN/YbN] ca 4 
to 50), which serves to chemically distinguish them from 
the Neoarchaean basement (Glass et al 2010). They share 
similar major element chemistry to Cordilleran granites 
and are dominantly calc-alkalic, using criteria defined by 
Frost et al (2001). However, whole rock eNd values of -3.1 
to -4.5 and zircon eHf data of -2.5 to -6 indicate that these 
rocks were derived from melting of mixed older crustal 
sources and so it is possible that this geochemical signature 
was inherited from the older source rocks. The 1885 Ma 
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and 1867 – 1860 Ma components are within 1.5 eNd units of 
each other, consistent with derivation of the younger rocks 
from partial melting of older rocks, or derivation of both 
from the same, older source/s. These data show that the 
Nimbuwah Complex is derived from significant reworking 
of older crustal material, rather than representing juvenile 
magmatism.

Mafic magmatism 

Amphibolites and gabbros

Outcropping amphibolites in the Nimbuwah Domain, 
previously attributed to the Zamu Dolerite, show distinct 
chemical and Nd isotope heterogeneity, indicating that they 
are clearly not sourced from a common parental magma. 
These amphibolites are no longer considered to be part of 
the Zamu Dolerite and, on the basis of their chemical and 
isotopic signatures, they have been subdivided and given 
new stratigraphic names (Hollis and Glass in prep).

Garnet-bearing mafic rocks of gabbroic composition 
are mostly restricted to the Beatrice Inlier. Although this 
may be related to relative preservation of peak metamorphic 
assemblages (ie, relatively little retrogression), it is possible 
that the Beatrice Inlier represents a deeper crustal level 
that has been subsequently tectonically juxtaposed against 
mid-amphibolite-facies rocks to the north and west. In the 
Beatrice Inlier, one sample, dated via SHRIMP U-Pb zircon 
at 1862 ± 3 Ma (Carson et al 2010), has an unradiogenic 
eNd value of -2.5. It is also only in the Beatrice Inlier where 
1885 Ma dioritic plutons of the Nimbuwah Complex are 
known (Page et al 1980, this study), which again may be 
related to the relative crustal level.

Oenpelli Dolerite

The Oenpelli Dolerite consists of a series of sills, 
intrusive into Palaeoproterozoic stratigraphy, that outcrop 
discontinuously throughout the Nimbuwah Domain 
(Ferenczi and Sweet 2005). The sills are typically flat-lying, 
except where emplaced along faults. They are continuous 
over tens of kilometres and have a maximum thickness of 
500 – 1500 m (Smart et al 1975). They comprise porphyritic 
olivine dolerite, olivine dolerite and quartz dolerite. 
The Oenpelli Dolerite exhibits remarkable chemical 
homogeneity of typically high-Ti tholeiitic compositions. 
Most samples also have a potassic overprint. The Oenpelli 
Dolerite has eNd isotopic compositions that are marginally 
above CHUR (eNd = 0.7 – 0.8).

Page et al (1980) obtained a Rb-Sr whole rock and 
mineral isochron minimum age of 1688 ± 13 Ma for a dolerite 
sample from the Nabarlek mine site, which was presumed 
to be Oenpelli Dolerite. Furthermore, a baddeleyite U-Pb 
TIMS magmatic emplacement age of ca 1723 Ma (often 
referred to in the literature) was obtained for a sample 
presumed to be Oenpelli Dolerite, also from the Nabarlek 
mine site (Page pers comm 2011). However, this particular 
sample is now known to be geochemically quite distinct 
from what is otherwise a geochemically very homogeneous 

mafic suite for the Oenpelli Dolerite. Thus, the timing of 
emplacement of the Oenpelli Dolerite remains open and is 
constrained to <1820 Ma by the maximum depositional age 
of the Kombolgie Subgroup.

40Ar/39Ar data (this study) for a sample of the Oenpelli 
Dolerite from the Cobourg Peninsula, shows resetting of 
the Ar-Ar system at various time intervals between ca 1590 
to ca 990 Ma. Resetting ages of ca 1450 to 1550 Ma are 
consistent with known ages of uranium mineralisation 
at El Sherana (Chipley et al 2007), Jabiluka (Riley et al 
1980, Ludwig et al 1987), and Mary Kathleen (Maas et al 
1987). The consistency with the timing of mineralisation 
at El Sherana and Jabiluka indicates that these thermal 
events may have had a broad regional footprint, which has 
implications for uranium prospectivity in this region. Further 
work is underway to determine the age of emplacement of 
the Oenpelli Dolerite.

Metamorphism across the Pine Creek Orogen

The tectonic significance of Palaeoproterozoic 
metamorphism across the PCO remains enigmatic. 
In the Litchfield Province, ca 1855 Ma low-P, high-T 
metamorphism of the Hermit Creek Metamorphics, with 
no associated fabric development, is attributed to the 
thermal impact of synchronous mafic magmatism in an 
extensional environment (Carson et al 2008). Coupled with 
geochemical evidence for arc-related mafic magmatism, 
this is consistent with magmatism and metamorphism in 
a back-arc environment (Glass, 2007, in press). This may 
be associated with the arrival of the Kimberley Craton, 
generating an arc system outboard (to the west) of the 
Litchfield Province. 

Greenschist-facies metamorphism in the Central 
Domain is constrained by the maximum deposition 
age of the Burrell Creek Formation (1860 Ma) and the 
emplacement of post-orogenic granites of the Cullen 
Supersuite (1835 Ma). 

Metamorphism in the Nimbuwah Domain is associated 
with west- to northwest-vergent, shallow ductile thrusts 
and isoclinal folding at mid-T, mid-P amphibolite-facies 
conditions. The timing of this compressional tectonism 
and metamorphism has been assumed to be associated 
with emplacement of the 1867 – 1860 Ma Nimbuwah 
Complex. However, preliminary metamorphic monazite 
data has yielded a U-Pb age of 1853 ± 8 Ma. Thus, the 
timing of metamorphism relative to the Nimbuwah 
Complex and metamorphism in the Litchfield Province 
remains ambiguous, and work is underway to constrain 
this further.
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Geological interpretation of the regional Pine Creek airborne electromagnetic survey and implications 
for the prospectivity of uranium mineral systems
Songfa Liu 1,2 , Subhash Jaireth 1, Nick Williams 1, Mike A Craig 1, Julie A Hollis 3 and Linda M Glass 3, 
Marina Costelloe 1, and David Hutchinson 1

Introduction

The final Pine Creek regional airborne electromagnetic 
(AEM) survey data were released in December 2010. The 
Woolner Granite – Rum Jungle surveys in the western part of 
the region were flown using the Fugro TEMPESTTM system. 
For these surveys, both EM FlowTM data conductance 
images and Geoscience Australia (GA) Layered Earth 
Inversion (GA – LEI) conductance estimates have been 
released. The Kombolgie survey in the eastern part of the 
region was flown using the Geotech VTEMTM system and 
EM FlowTM conductance images of the Kombolgie survey 
have been released. 

These AEM data are useful to assist the mapping 
of shallow subsurface geological features, providing a 
context for exploration for uranium and other mineral 
systems. On a regional scale, the AEM survey has helped to 
define the depth and character of regolith cover over major 
conductive Palaeoproterozoic metasedimentary rocks, 
which include favourable hosts in the Mount Partridge 
and South Alligator groups. The surveys also show 
where more detailed airborne and ground surveys should 
provide useful data and where near-surface conductive 
materials would adversely affect results, thus lowering 
exploration risk. A record describing the geological and 
energy implications interpreted from the AEM data will 
be published by GA shortly (Craig in prep). 

Interpretations

Western Pine Creek region

Conductivity estimates, derived for the Woolner Granite–
Rum Jungle surveys using the GA – LEI algorithm, reveal 
several unconformities, conductors and resistors in 
sedimentary successions and granitic rocks, interpreted 
mostly within the upper 300 – 400 m of the crust. The key 
features mapped are:

• the unconformity between the Depot Creek Sandstone 
and the underlying Palaeoproterozoic metasedimentary 
rocks and Archaean basement

• strong conductors of carbonaceous-bearing and pyritic-
bearing materials in the South Alligator River and 
Mount Partridge groups, and in saline water-affected 
areas near the coast (Figure 1)

• moderate to weak conductors revealed in the 
sedimentary successions of the Victoria, Birrindudu, 
Daly and Bonaparte basins (Figure 1) 

• sandstones and granites, which are generally resistive 
(Figure 1)

• faults and folds.

A 3D geological model derived from these data 
shows the geometry and lateral extent of part of the 
unconformity at the base of the Depot Creek Sandstone 
with a clarity previously not seen. The 3D model was 
constructed for part of the Birrindudu Basin in the 
area south of Hayes Creek (Figure 2). It maps three 
conductivity horizons, namely, from stratigraphically 
lower to higher positions:

1 Geoscience Australia, GPO Box 378, Canberra, ACT 2601, 
Australia.

2 Email: songfa.liu@ga.gov.au
3 Northern Territory Geological Survey, GPO Box 3000, 

Darwin, NT 0801, Australia.
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Figure 2. AEM sections in 3D of the Pine Creek area (five times vertical exaggeration. Vertical sections are 600 m deep).

Rum Jungle Complex

Figure 1. Conductance image (0 – 400 m) of the Woolner Granite and Rum Jungle surveys, using TEMPESTTM.
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• the unconformity at the base of the Depot Creek 
Sandstone of the Birrindudu Basin; this is represented 
by a weak to moderate conductivity anomaly (grey 
surface in Figure 2)

• the contact of moderately to strongly conductive 
Stray Creek Sandstone and the resistive Depot Creek 
Sandstone; this is shown as a sharp conductivity 
contrast between the two units (pink surface in 
Figure 2)

• the top of the resistive Jindare Formation (sub-Daly 
Basin); this is represented by a sharp conductivity 
contrast between the resistive Jindare Formation 
and conductors at the base of the Daly Basin, and/or 
perhaps regolith-related (brown surface in Figure 2).

This 3D geology modelling contributes to an 
understanding of the geological relations between the 
mapped units/horizons. Such information is particularly 
important in exploration for unconformity-related uranium 
mineral systems, and helps reduce the risk in the discovery 
process. 

The Pine Creek Shear Zone is one of the major 
northwest–trending shear zones in the Pine Creek Orogen 
and is expressed in the magnetic and gravity data. AEM 
conductivity sections clearly show the affected areas of the 
Pine Creek Shear Zone in terms of conductivity anomalies. 
The shear zone areas have a higher conductivity (Figure 2).

Eastern Pine Creek region

In the Kombolgie AEM survey area, several key geological 
features are well depicted in the EM FlowTM sections:
• The unconformity between the Kombolgie Subgroup 

and basement rocks, including the Palaeoproterozoic 

succession (Pine Creek Orogen) and Archaean basement 
complexes.

• The Nungbalgarri Volcanics and Gilruth Volcanic 
Member of the Katherine River Group in the McArthur 
Basin.

• Conductors in the pre-Kombolgie basement, including 
carbonaceous-bearing and pyritic-bearing schists in the 
Cahill Formation.

• Some faults.
We have constructed geological cross-sections along 

several selected AEM survey lines (Liu et al in prep). One 
such interpreted cross-section is presented in Figure 3. 
The interpretations are based on the EM FlowTM (Version 
5.23 – 13) sections; surface and solid-geology mapping by 
NTGS (2005); a new pre-Kombolgie Subgroup basement 
solid-geology interpretation, in collaboration with NTGS; 
and available drillhole data that can be used to constrain the 
interpreted geological cross-sections. 

The EM FlowTM sections from the Kombolgie survey 
clearly show the unconformity between the Kombolgie 
Subgroup and the underlying metasedimentary rocks, 
Archean basement and other conductors in the Katherine 
River Group. Importantly, the data also map conductors in 
pre-Kombolgie basement to a depth of up to 2 km (Minerals 
Alert February 2011, AusGeo News 2011, Costelloe and 
Brodie 2011). Penetration to this depth represents a major 
breakthrough in AEM survey capability, achieved, in part, 
due to the extremely resistive rocks in the area (Figure 3).

Implications for uranium mineral systems

A detailed review of significant mineral systems (uranium, 
gold, base metals, iron, tin-tantalum and tungsten) in the 
Pine Creek Orogen has been undertaken (Jaireth in prep). It 

Figure 3. Cross-section interpretation of Lines 12130 – 13130, south of Caramel. (a) Solid-geology from NTGS (2005). (b) EM FlowTM 
section. (c) Interpreted geological cross-section.
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Figure 4. Pre-Kombolgie solid-geology 
map of the Nabarlek area.

provides an updated regional spatial and temporal framework 
for the evolution of significant mineral systems in the orogen. 
These studies help to establish critical geological elements 
and mappable features of uranium and lode gold mineral 
systems that are useful for assessing their prospectivity.

The prospectivity of unconformity-related uranium 
systems has been re-assessed and two prospective areas 
have been highlighted:

1. In the Nimbuwah Domain, the prospective area 
centres on Archaean rocks recently mapped by NTGS. 
The AEM data show the presence and depth of the 
unconformity between Kombolgie Subgroup rocks 
and reduced metasedimentary rocks of the basement. 
A generalised A4-sized solid-geology map under the 

cover of the Kombolgie Subgroup is shown in Figure 4. 
It shows the broad extent of the Cahill Formation, 
the favourable host of uranium deposits in the 
Nimbuwah Domain. Such a pre-Kombolgie solid-
geology map could be improved by incorporation of 
exploration drillhole data and NTGS’ new surface 
geology mapping, when available. Further analyses of 
uranium sources, palaeotopography, and favourable 
structures may lead to the delineation of prospective 
target areas. 

2. In the Daly Basin area, the unconformity between the 
Depot Creek Sandstone (equivalent of the Kombolgie 
Subgroup) and reduced metasedimentary rocks in 
the basement has been mapped at the basin margin, 
as well as under the cover of Phanerozoic rocks of the 
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Daly Basin. This area is adjacent to the new Hayes 
Creek uranium field, where there is active exploration 
for uranium deposits. Two solid-geology maps of the 
Daly Basin area have been prepared. One shows the 
distribution of Palaeoproterozoic rocks under the cover 
of Phanerozoic rocks of the basin, and the other maps 
the extent of reduced metasedimentary rocks under the 
Depot Creek Sandstone. These rocks host most of the 
known uranium deposits in the Rum Jungle and Hayes 
Creek uranium fields. 
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Exploration for Westmoreland-style uranium mineralisation, West Arnhem Land
Grant Williamson 1

Uranium exploration in the West Arnhem Land region has 
concentrated on the Alligator Rivers Uranium Field, with 
the main focus being the discovery of unconformity-related 
deposits, such as Ranger and Jabiluka. Previous explorers 
in the southern region of West Arnhem Land have found 
the depths to the unconformity and prospective basement 
successions to be too restrictive to effectively target this 
style of mineralisation.

A review of the regional exploration potential of Uranium 
Equities’ Headwaters Project has identified geological 
environments that hold similarities to the style of uranium 
mineralisation present at Westmoreland in northwest 
Queensland. Mineralisation at Westmoreland is associated 
with regional structures and volcanic rocks within McArthur 
Basin successions that are equivalent to successions widely 
distributed throughout the Headwaters Project area.

There are several known uranium occurrences within 
the Headwaters Project, defined by radiometric anomalies 
and surface geochemistry. The most significant of these is 
the Flying Ghost Prospect, which reveals occurrences of 
secondary uranium mineralisation associated with clays 
and zones of intense fracturing in Kombolgie Subgroup 
sedimentary rocks, predominantly along the footwall of 
the Gilruth Volcanic Member. 

Uranium Equities has targeted similar occurrences 
and completed a helicopter-supported diamond drilling 
program during the 2010 field season, partly co-funded 
under the Northern Territory Government’s 2010 
Geophysics and Drilling Collaborations program under 
the 'Bringing Forward Discovery' initiative.

Successful testing of this exploration target could 
generate new opportunities throughout the McArthur 
Basin for Westmoreland-style mineralisation and 
contribute to the geological understanding of an 
underexplored region.

1 Uranium Equities Ltd, Level 5, 29 King William Street, Adelaide 
SA 5000, Australia. Email: grant.williamson@uel.com.au.

Insights from the NTGS HyLogger and implications for exploration
Belinda R Smith 1

Introduction

In late February 2010, NTGS received the HyLoggerTM 
as part of its participation in a collaborative research 
infrastructure project funded by the Federal Government's 
'National Collaborative Research Infrastructure Strategy' 
(NCRIS). The National Virtual Core Library (NVCL) 
project involves collaboration between CSIRO, AuScope 
and all State and Territory geological surveys. The 
NVCL's primary goal is to build an Australia-wide drill 

core database comprising high-resolution imagery and 
mineralogical data from spectroscopic scanning. This 
program will enable the nation to progressively build a 
high-resolution image of earth materials from both current 
and future Survey Core Library drill samples. The data 
will be available to the public via a web-based delivery 
system with drill core data from all around Australia.

The HyLogger is a tool which improves the efficiency, 
productivity and objectivity of logging by using 
reflectance spectroscopy to log the mineralogy of drill 
cores and chips. Reflectance spectroscopy can identify 
various minerals common to many geological units and 
hydrothermal alteration assemblages. As part of the 

1 Northern Territory Geological Survey, PO Box 3000, Darwin, 
NT 0801, Australia. Email: belinda.smith@nt.gov.au.

http://www.ga.gov.au/ausgeonews/
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http://www.ga.gov.au/about-us/news-media/minerals-alert.html
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NVCL Database Project, NTGS has been scanning (and 
processing) drill core from its Core Libraries in Darwin 
and Alice Springs. As of the end of January 2011, NTGS 
have scanned 42 drillholes totalling 18 687 m of drill core 
of publicly available data. Of these, 30 drillholes have 
been processed utilising The Spectral Geologist (TSGTM) 
software and 9 NTGS Records have been produced 
interpreting the resultant spectral data (Figure 1). The 
processed TSG datasets are available upon request and the 
Records can be downloaded from www.minerals.nt.gov.
au/hylogger. NTGS has prioritised drill core through the 
HyLogger as follows:

a. Drill core from the Bringing Forward Discovery 
Geophysics and Drilling Collaborations program, 
which focuses on drilling in greenfields areas, or 
areas masked by cover successions. Results from 

the HyLogger will provide additional information 
into the geological processes in under-explored or 
geologically complex terranes. Examples include 
LBD1, MURD002 and TDD01.

b. Deep drill cores that are in different geological 
provinces (such as Jamison No.1, BR05DD01, DAV1 
and NBDH037).

c. Drill core that is being incorporated into current 
NTGS research projects (such as the CHDDH-series 
Coronation Hill drillholes and MURD-series Murphy 
Inlier drillholes).

Insights from the HyLogger results

Under the NVCL program, data acquired through the 
HyLogger is processed and interpreted using The Spectral 
Geologist (TSGTM) software. As TSG software is a new and 

Figure 1. Map showing location and drillhole ID for NTGS drillholes scanned through the HyLogger.  Scanning up to end of December 2010.

www.minerals.nt.gov.au/hylogger
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unfamiliar dataset for many geologists, NTGS has produced 
a series of Records that summarise observations made during 
processing of the data. The aim of the Records is to produce 
examples of the type of data available from the HyLogged core 
to assist explorers and researchers in realising the potential 
value of the NVCL Database datasets for their projects. 
During 2010, processing of the TSG datasets has yielded 
interesting results, giving insights into geological processes as 
well as identifying different ways the datasets can be applied 
for exploration and research. Results from 2010 included:

a. noting carbonate compositional changes (which may 
be of benefit for hydrogeological studies, as well as 
giving indications of timing relationships and geological 
processes)

b. identifying hydrocarbon spectral responses from oil seeps 
in petroleum cores, plus identifying kaolinite / carbonate 
contents, which may have implications for porosity / 
permeability evaluations in petroleum exploration

c. identifying changes in kaolin group minerals (between 
dickite and kaolinite), which may have implications for 
mapping-out hydrothermal alteration (such as in uranium 
mineralisation systems)

d. noting mineralogy changes, which can highlight 
geological processes that may not be otherwise readily 
apparent (such as fault zones, flow boundaries in volcanic 
rocks, hydrothermal alteration zones, or unconformities / 
stratigraphic boundaries)

e. identifying the presence of Rare Earth Elements (REEs).

An exercise in comparing the difference between the 
HyLogger results with portable field spectrometers, such as 
the PIMATM or ASDTM spectrometers, was also carried out, 
and this highlighted the value of imagery and high-resolution 
spectroscopy for a clearer understanding of mineralogy 
changes.

ASD vs HyLogger

Many explorers are familiar with the PIMA and ASD 
spectrometers, and may be interested to compare the 
difference in resolution between these instruments and 
the HyLogger. PLD001 had been previously measured 
by ASD at 0.9 m intervals, with the data submitted in a 
statutory company report (with 757 spectra). This drill core 
was HyLogged (producing 94 625 spectra and imagery). 
Figure 2a shows a comparison between the ASD data 
and the HyLogger data. The ASD dataset did not identify 
a small dyke logged from 462.45 – 463.25 m, nor phengitic 
mica alteration near the lower basalt contact. In summary, 
the higher-resolution spectral data from the HyLogger can 
delineate small veins/intrusions and alteration zones and 
these can be verified or put into geological context by viewing 
the imagery (Figure 2b).

Carbonate compositional changes – examples of results

The Northern Territory Department of Natural Resources, 
Environment, the Arts and Sport (NRETAS) has had 

core HyLogged as part of their research projects on the 
Oolloo and Koolpinyah aquifers. Core imagery from the 
HyLogger highlighted the massive, vuggy 'karst' dolostone 
succession, which is conducive for forming transmissive 
aquifers (S Tickell, NRETAS, pers comm 2010) from 
bedded dolostone with relict sedimentary textures. The 
bedded dolostone has minor (up to 20%) white mica with the 
dolomite, and the presence of white mica may be a marker 
for the change from a pervasively karstified dolostone to 
a less recrystallised bedded dolostone. The core imagery 
and this minor mineralogy change may assist in delineating 
the extent of pervasively karstified dolostone, which has 
implications for locating transmissive aquifers.

Carbonate composition zonations were also noted in 
drillhole 'LBD1' (Smith and Huntington 2010a). There are 
two different carbonate populations within LBD1; dolomite 
is dominant in Limbunya Group sedimentary rocks and the 
upper part of the Inverway Metamorphics, whereas calcite 
is dominant in carbonate-rich metasedimentary rocks of the 
Inverway Metamorphics. The change from dolomite to calcite 
is not at the geologically logged unconformity, but is within 
the Inverway Metamorphics. Also, the dolomite within the 
Inverway Metamorphics is geochemically different from the 
dolomite in overlying Limbunya Group sedimentary rocks. 
These compositional zonations were not readily apparent 
from the geological logging and this has implications for 
understanding the geological history within the area.

HyLogger results can also highlight different generations 
of calcite veins. In LBD1, Fe-poor calcitic breccia has 
a different spectral response and textural relationships 
to a ferroan calcite vein located 0.3 m uphole (Smith and 
Huntington 2010a). The integration of the imagery with 
the spectral response gives information about timing 
relationships, which may be otherwise not apparent.

Initial petroleum core insights

During 2010, NTGS scanned and processed only one 
petroleum hole (Jamison No.1), with the results recorded in 
Smith (2010). The HyLogger identified (indirectly) quartz 
sandstone units (that may be zones that may host oil intervals in 
sandstone). Mineral zones of kaolinite and muscovite (and their 
abundance) may have implications for recognising sediment 
porosity / permeability. Hydrocarbon spectra have been found 
to have diagnostic absorption features at 1723 – 1732 nm and 
2305 – 2309 nm (EA Hancock, Geological Survey of Western 
Australia, and JF Huntington, CSIRO, pers comm 2010). 
Some intervals containing these absorption features were 
noted in Jamison No.1, but whether there is a relationship to 'oil 
seeps' or hydrocarbon shows still needs further work. Further 
research into whether hydrocarbon intervals can be detected 
through the HyLogger has been planned by other NVCL 
Nodes in Western Australia and Queensland.

Interpreting mineralogy changes within a geological 
context

The HyLogger detects hydrous minerals, and plotting 
changes of mineralogy (or composition of minerals) can give 
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Figure 2. (a) Comparison of white mica spectral response between ASD  and HyLogger. Row 1 shows summarised logged lithology.  
Row 2 shows the HyLogger response (n = 25,532) and row 3 shows the ASD response (n = 214). Note that the illitic phengite (dark red 
spots) are clustered near the edges of basalt. (b) Core imagery from the HyLogger illustrating the illitic phengite response from near the 
basal contact of the basalt in PLD001. The ASD data did not detect the illitic phengite near the basal contact and does not have imagery 
to correlate to spectral response.
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insights into the geological processes. Results of mineral 
changes noted in cores scanned during 2010 include:

a) identification of fault zones by noting changes in white 
mica wavelengths in MURD001 and TDD01 (Smith 
and Huntington 2010b)

b) defining palaeoregolith surfaces (due to the presence 
of kaolinite at the upper boundary of unconformities), 
such as in MURD007 and LBD1

c) confirmation of cumulate zones in the high-magnesian 
basalt of TDD01, plus the suggestion of another 
cumulate zone not identified in the logging (Smith and 
Huntington 2010b)

d) identifying a periodicity of mineral abundance within 
the high-magnesian basalts of TDD01, which may 
delineate flow boundaries within the volcanic rocks

e) highlighting the presence of dickite in Jamison No.1, 
LBD1, and PLD001. Dickite arguably indicates 
hydrothermal alteration and its presence can highlight 
previously unrecognised hydrothermal alteration 
zones

f) mapping the presence and distribution of illitic phengite 
to show alteration contacts from intrusive rocks in 
CHDDH77 and PLD001; highlighting alteration along 
fractures in WWD002; and indicating alteration in 
sedimentary breccia in CHDDH100.

Mapping mineral groups using the TSG software can 
highlight these mineralogy changes. By importing other 
datasets into TSG (such as logged lithology or assays) and 
referencing the mineralogy changes to the core imagery 
can help build up an understanding of the geological 

processes and paragenetic history of a drillhole. This 
may then give additional information to refine exploration 
models for a range of commodities.

Detection of Rare Earth Elements (REEs)

Perhaps one of the straightforward applications of the 
HyLogger technology during 2010 came from scanning 
hole NBDH-037 from the Nolans Bore P-REE-Th-U 
deposit. REEs (specifically neodymium) have a unique 
response in the VNIR spectrum in the range 670 – 880 nm 
(giving a distinctive 'w' shape), plus characteristic 
absorptions in longer wavelengths. REE absorptions in 
the VNIR spectrum are different to other absorptions in 
the VNIR (such as those resulting from the presence of 
various iron oxides) and can clearly identify REEs in a 
rapid, non-invasive manner. A plot of Total REE (from 
assays) with logged lithology and spectral response from 
NBDH-037 (Figure 3) shows the strong correlation 
between the REE spectral response and REE assays. 
There are also some smaller zones (at 99.3 m and 119.5 m), 
which have an REE spectral response, but had no reported 
assays.

Summary and implications for exploration

Results from the HyLogger scanning (as part of the NVCL 
Database project) has added valuable information to 
previous sampling and lithological logging of drillholes 
stored at NTGS Core Facilities. By examining mineral 
changes and core imagery against logged lithology, 
petrography and geochemistry, various geological 
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Figure 3. Plot of Nolans Bore NBDH037 drillhole, with depth along X axis going downhole.  Row 1 shows summarised logged lithology.  
Row 2 shows a plot of absorption spectra at 740 nm (highlighting REE spectral response) and Row 3 shows REE assays coloured by 
uranium assays.  Note the correlation between logged mineralised zones, elevated REE assays and REE spectral response.  The REE 
spectral response shows two zones which weren’t assayed below 95 m, which may indicate additional zones of anomalous REEs.



34

AGES2011

The Ngalia Basin Uranium Mineral System Project – Sedimentation and mineralisation controls on uranium
Susanne Schmid 1,2  and James Cleverley 1 

The Ngalia Basin Uranium Mineral System Project is a 
research collaboration between CSIRO, NTGS, Energy 
Metals Ltd, Thundelarra Exploration Ltd, and Cauldron 
Energy Ltd. The aim of the project is to understand the 
physical and chemical processes that led to the formation 
of known uranium deposits within the basin, such as the 
Bigrlyi uranium-vanadium deposit. The detailed outcome 
of studies of the known deposit can be applied to the broader 
understanding of mineralisation in the Ngalia Basin.

Work to date has highlighted the importance of 
sedimentary processes in controlling the location and 
geometry of the known systems. Uranium mineralisation 
in the Carboniferous Mount Eclipse Sandstone is common 
throughout the basin, eg at Dingos Rest, Walbiri and Camel 

Flat. The depositional environment is dominated by fluvial 
channels intercalated with floodplain siltstone, sandstone 
and shale. The channels are partly carbonate cemented, 
which carbon and oxygen isotope studies have shown is 
formed through groundwater processes. The Mount Eclipse 
succession changes from a high-energy fluvial environment 
towards a floodplain shale-dominated succession, which can 
be up to several kilometres thick. The mineralisation occurs 
in the base of stacked, fluvial channel sub-arkosic sandstones. 

Petrographic observations using SEM, CL and XRD 
have revealed several uranium- and vanadium-bearing 
minerals, such as roscoelite, brannerite, coffinite, uraninite, 
montroseite, V-smectite/illite and others. The mineralisation 
occurred before calcite cementation, which is very early 
diagenetic.

The outcome of this project will give new insights in 
understanding uranium mineralisation in central Australian 
sedimentary basins.

1 CSIRO Earth Science & Resource Engineering, 26 Dick Perry 
Avenue, Kensington, WA 6161, Australia.

2 Email: susanne.schmid@csiro.au.

processes can be identified. The NVCL Database 
project is supplying new precompetitive geoscientific 
data, with results from 2010 being used to identify 
faults (hydrothermal fluid pathways), alteration zones, 
palaeoregolith intervals and the presence of REEs. 
Publicly available, no-cost TSG datasets from the NTGS 
HyLogger may assist explorers in identifying prospective 
areas through providing information on potential 
alteration systems or mineralising fluid pathways. NTGS 
Records are designed to accompany the TSG datasets and 
are currently available upon request as DVDs. In late 2011, 
the TSG datasets will be available for download via the 
internet using the Australia-wide NVCL Database site. 
Explorers are encouraged to request TSG datasets from 
the Minerals and Energy InfoCentre (geoscience.info@
nt.gov.au) to 'test drive' the results and apply the data to 
their projects. 
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Generating a 3D model of the Ngalia Basin from the new NTGS West Arunta gravity data
Clive Foss 1, Jamie Robinson and June Hill

CSIRO has developed a new 3D model of basement 
structure of the Ngalia Basin as part of the JSU-Ngalia 
Basin Uranium Mineral System Project. This model 
has been derived as an input to sedimentation and 
palaeotopography models of the basin. It gives new 
insights in understanding sedimentation and structural 
processes within the basin. 

Magnetic data over the basin provide an incomplete 
image of the basement topography, because of the sparse 
magnetic signal from the weak to moderately magnetised 
basement rocks beneath the northern part of the basin. 
Existing seismic data also provide uncertain and sparse 
imaging of the basement surface and there are only 
two wells providing basement intersections within the 
basin. The Ngalia Basin basement container model has 
therefore been developed primarily from interpretation 
of gravity data, constrained where possible with 
geological mapping, magnetic field interpretation and 
seismic and borehole information. 

Gravity variation across the Ngalia Basin is 
dominated by density contrasts between different 
basement units, with gravity variation due to the density 
contrast across the basement interface producing only a 
minor contribution to the measured gravity variation. To 

model the basin from the gravity data, it was necessary 
to first enhance the expression of the basin in the gravity 
data by applying a vertical derivative transform to the 
(gridded) gravity data, and then to produce a model to 
match that enhancement with an algorithm that computes 
the vertical gravity derivative directly from the model. 

When this approach was first applied early last year, 
it proved successful in imaging basement structure 
beneath the eastern part of the basin, but less successful 
in imaging the western part of the basin. This was 
because the required enhancement of the data is highly 
sensitive to the spacing of the measurements. The station 
spacing of 4 km in the east was sufficient to support the 
enhancement, but the spacing of 11 km in the west was 
not. New gravity data made available in late 2010 from 
regional NTGS surveys and some included company data 
have now reduced station spacing in the west to 4 km 
and in places to 2 or 1 km (Figure 1), with a marked 
improvement in the resolution of basement structure in 
the gravity enhancements (Figure 2, Figure 3), and a 
corresponding improvement and increase in confidence 
of the resulting new gravity-derived models of the basin 
(Figure 4). 

These models now clearly demonstrate that the 
present Ngalia Basin overlies what was originally much 
smaller, separated graben and half-graben structures 
that were later concealed beneath the much broader 
sedimentary rocks of the main basin.

Figure 1. Diagram indicating the increased density of gravity stations over the Ngalia Basin (blue outline) as a result of the NTGS West 
Arunta Gravity Survey under the Bringing Forward Discovery initiative. This does not include 1 km gravity data acquired by Thundelarra
Exploration under the Drilling and Geophysics Collaborations program.
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Figure 3. Vertical derivative images of 1 km upward continued relevelled Bouguer gravity before and after the incorporation of the new 
gravity data acquired through the West Arunta Gravity Survey.

Figure 2. Relevelled Bouguer gravity images before and after the incorporation of the new gravity data acquired through the West Arunta 
Gravity Survey.
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Figure 4. Gravity-derived model of 
the Ngalia Basin utilising residual 1st 
vertical derivative gravity draped over the 
basement surface.

Structure and strategy – greenfields uranium exploration, Ngalia Basin
Martin Moloney 1

The Ngalia Basin, located 250 km northwest of Alice 
Springs, is a deformed structural basin composed of 
clastic, carbonate and evaporite deposits that lie on granitic 
and metamorphic basement rocks of the Arunta Region. 
Sedimentation commenced in the Neoproterozoic and 
was terminated by the Alice Springs Orogeny in the Early 
Carboniferous. The basin experienced intermittent and 
variably intense periods of active tectonism during this 
time. After a hiatus in sedimentation of over 280 Ma, much 
of the central and southern parts of the basin have been 
covered by Cenozoic surficial deposits.

Thundelarra Exploration Ltd (THX) is currently exploring 
4600 km2 of licenses in and around this basin. The licenses 
were pegged to target uranium mineralisation hosted by the 
Carboniferous Mount Eclipse Sandstone. The pedigree of 
this unit was first demonstrated in the late 1970s, with the 
discovery of the Bigrlyi deposit (22.7 Mlb U3O8 and 38.6 Mlb 
of V2O5), and other occurrences such as Malawiri/Minerva, 
Walbiri and Camel Flats. Additionally, the Angela deposit, 
located immediately south of Alice Springs, is hosted by 
correlative sandstone of the Amadeus Basin. These deposits 
all share a key similarity: they were fairly typical sandstone-
hosted uranium deposits (eg roll-front, tabular etc) that have 
been fossilised by the dewatering effect of structural tilting. 
In the Ngalia Basin, these occurrences are almost universally 
associated with steep dips.

With the addition of a number of low-grade surficial 
carnotite deposits (eg Napperby and Cappers), these 
central Australian basins constitute an important, albeit 
somewhat unusual uranium province.

Although most of THX's ground is relatively under-
explored, a significant amount of drilling has been 
conducted on the eastern extremity by AGIP in the late 
1970s and early 1980s. The basin was also the focus of 
oil and gas exploration over a 30-year period that resulted 

in a signification amount of seismic data and two deep 
exploration wells. In parallel with the lengthy process of 
finalising a native title deed, THX undertook a relatively 
thorough compilation and examination of whatever 
historic information could be obtained. This initial work 
led to a series of embryonic hypotheses about the genesis of 
uranium mineralisation, the cornerstone of which was the 
role that structure had played in controlling sedimentation 
and how the resulting porosity distribution had localised 
uranium deposits.

In order to map the regional structure, THX 
commenced on-ground exploration in June 2009 by 
commissioning a regional gravity survey (supported by 
a Bringing Forward Discovery grant). This gravity data 
provided sufficient detail to image a large structure that 
had been obscured by surficial deposits, and which linked 
a series of historical uranium occurrences including 
Malawiri/Minerva to anomalies within the THX licenses. 
A series of prospective corridors were defined and a first-
phase drilling program was proposed to test the structural 
and sedimentological model.

Uranium mineralisation was intersected by the sixth 
hole of that campaign, within 12 months of the grant of 
tenure. The geological understanding of this anomaly 
was aided by the diamond core that was obtained. This 
indicated that the mineralisation was hosted by the basal 
Cenozoic channel deposits, rather than the Mount Eclipse 
Sandstone. A subsequent drilling program immediately 
followed-up the initial discovery hole, and defined 
extensive low – medium-grade uranium mineralisation 
at the Afghan Swan prospect (best intersection of 1 m @ 
1798 ppm U3O8 from TNG034AC).

The recognition of a uranium system hosted by 
the lower Cenozoic cover succession of the basin is 
unprecedented. The style of mineralisation at Afghan Swan 
is more akin to that found at the Beverley/Honeymoon 
deposits (Frome Embayment, South Australia), where 
uranium mineralisation is hosted within the groundwater-
saturated sands of palaeochannel systems, rather than the 

1 Thundelarra Exploration Ltd, Level 3 IBM Building, 
1060 Hay Street, West Perth, WA 6005, Australia.  
Email: martin.moloney@gemin.com.au.
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Figure 1. Ngalia Basin with THX 
exploration licenses.

 Figure 2. Afghan Swan Prospect, drilling results and TEMPEST AEM data (channel z10).

nearby Carboniferous-hosted deposits, which are dry. The 
former deposits form an attractive target due to the low 
cost/environmental impact of the in situ recovery mining 
techniques that can be applied.

Subsequent to the drilling program, THX commissioned 
a regional Airborne EM survey (also supported by a 
Bringing  Forward Discovery grant) to cover a 3300 km2 
area at a nominal 2560 m line spacing, with more closely 
spaced lines over Afghan Swan. The correlation of the 
AEM results with the drilling data is superb (see Figures 1, 
2,  3). The host palaeochannel systems can be recognised 
with great confidence from the resulting conductivity 
images, and the anomaly associated with this particular 
palaeochannel system has been traced for over 57 km. 

Records from coincident historical drillholes support 
the interpretation. In fact, the historical records indicate 
that AGIP had probably intersected anomalous uranium 
in the Tertiary as early as 1978, but they appear to have 
regarded these results as being insignificant in their search 
for additional Bigrlyi-style deposits.

The fact that this palaeochannel appears to be sub-
parallel to a gravity anomaly supports the hypothesis that 
the fundamental control on uranium mineralisation is 
structural.

Overall, the first 18 months has provided excellent 
results, along with the encouragement to justify an extensive 
regional drilling program targeting Cenozoic palaeochannel 
systems throughout the project area in 2011.
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Figure 3. Afghan Swan Prospect, cross sections of TEMPEST AEM conductivity depth images and drilling results.

Upper Cenozoic Basement high

Lower Cenozoic palaeochannel facies Mount Eclipse Sandstone
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New geochronological and geochemical data from the Limbla 1:100 000 map area: implications for 
mineralisation in the eastern Arunta Region
Jo A Whelan 1,2, Gordon Webb 1, Dorothy F Close 1, Natalie Kositcin 3, Simon Bodorkos 3, David L Huston 3, Richard 
Armstrong 4 and Charlotte Allen 5

The Arunta Region forms part of the southern portion 
of the North Australia Craton and has been divided into 
three provinces with distinct protolith ages and histories: 
the 1860 – 1700 Ma Aileron Province, the 1690 – 1600 Ma 
Warumpi Province, and the Neoproterozoic to Cambrian 
Irindina Province (Scrimgeour 2003). The Aileron 
and Warumpi provinces are partially covered by 
Neoproterozoic to Carboniferous successions of the 
variably deformed, but relatively unmetamorphosed 
Amadeus, Ngalia and southern Georgina basins, and 
by the metamorphosed Irindina Province. The Arunta 
Region, as a whole, is characterised by a remarkably 
protracted history of episodic deformation, high-grade 
metamorphism and granitoid plutonism that sets it 
apart from many of the other Proterozoic provinces in 
northern Australia (Shaw et al 1984, Hoatson et al 2005, 
Scrimgeour in press a, b).

The eastern Arunta Region has been variably affected 
by a number of tectonothermal events (Scrimgeour 2003, 
in press b), including: the 1780 – 1770 Ma Yambah Event, 
1735 – 1690 Ma Strangways Event, 480  – 460 Ma Larapinta 
Event and the 450–300 Ma Alice Springs Orogeny. 

1 Northern Territory Geological Survey, PO Box 3000, Darwin, NT 0801, Australia.
2 Email: jo.whelan@nt.gov.au.
3 Geoscience Australia, GPO Box 378, Canberra, ACT, 2601, Australia.
4 PRISE, Research School of Earth Sciences, The Australian National University, Building 61, Mills Road, Acton, ACT 0200, Australia.
5 Research School of Earth Sciences, The Australian National University, Building 61, Mills Road, Acton, ACT 0200, Australia.
6 Names of 1:250 000 and 1:100 000 mapsheets are shown in large and small capital letters respectively, eg ILLOGWA CREEK, LimbLa.
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Recent targeted mapping in the eastern Arunta Region 
has primarily focused on the southernmost exposures 
of the Aileron Province in the LimbLa6 area (Figure 1). 
Particular emphasis has been on the timing and nature 
of magmatism along the southern margin of the eastern 
Arunta Region and the nature of Palaeozoic structural 
interleaving of Aileron Province rocks with Neoproterozoic 
basal units of the overlying Amadeus Basin. This project 
has identified: (1) at least two packages of previously 
unmapped metasedimentary rocks; (2) large variations in 
composition and age between suites of intrusive rocks; and 
(3) evidence for widespread alteration by fluorite-rich fluid, 
associated with hematite, pyrite ± copper sulfides. Here, we 
present new geochemical and isotopic data and discuss their 
implications for mineralisation styles in the eastern Arunta 
Region.

Regional geology

Located in the southwestern corner of ILLOGWA CREEK, 
the LimbLa area (Figure 1) comprises a northwest–southeast-
trending, basement terrane (previously interpreted to 

Figure 1. Schematic regional geological map of eastern Arunta Region Location of study area is shown by red box.
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be dominated by granite of the Atneequa Suite and by 
amphibolite-facies felsic gneiss, metapelite, amphibolite 
and calc-silicate rock of the Albarta Metamorphics) that is 
structurally interleaved with the Heavitree Quartzite and 
Bitter Springs Formation, the basal Neoproterozoic units 
of the Amadeus Basin (Shaw et al 1993). The area to the 
south of the basement in LimbLa is dominated by units of 
the Amadeus Basin, in particular by carbonate units of the 
Bitter Springs Formation, with lesser outcrops of overlying 
units in the southern portion of the map area. In the south-
central map area, the northern edge of the Palaeoproterozoic 
Casey Inlier is exposed (Shaw et al 1993). Previous work 
on LimbLa has been limited to First Edition mapping by 
the Bureau of Mineral Resources (BMR) in the 1960s and 
1970s, and to uranium exploration undertaken by Esso 
Australia Ltd in the 1970s and more recently by Western 
Desert Resources. 

New geochronology and geochemistry

Second Edition mapping during 2010 has identified a greater 
degree of variability in both metasedimentary packages and 
intrusive rocks than is currently recognised. This new work 
is summarised below.

Metasedimentary rocks

Three previously unmapped metasedimentary packages 
have been identified. The first is a package of sillimanite-
cordierite-biotite diatexite, informally named the 'Bluebush 
metamorphics', exposed approximately 2 km northeast 
of Atneequa Spring, with rare outcrops extending to 
the southeast. U-Pb SHRIMP zircon data from detrital 
zircon cores indicate a maximum age of deposition for 
the sedimentary protolith of 1829 ± 10 Ma, and the overall 
detrital age spectrum is notable for the dominance of pre-
1900 Ma zircons over the ca 1865 Ma component that is 
characteristic of most Aileron Province metasedimentary 
rocks. The growth of low-Th/U rims on zircons of the 
'Bluebush metamorphics' indicates granulite-facies 
metamorphism at 1759 ± 5 Ma (Kositcin et al in prep a). 

The second metasedimentary package is a garnet-
cordierite ± sillimanite gneiss, interlayered with 
porphyroblastic granitic orthogneiss, that outcrops in the 
vicinity of Atniempa Waterhole in the northwestern corner 
of the map area. U-Pb SHRIMP zircon data indicate that the 
maximum age for deposition of its protolith is 1855 ± 4 Ma 
and the data are dominated by post-1900 Ma ages, which 
suggests that, in terms of provenance, this package resembles 
both the Lander Rock Formation (which outcrops across the 
northern and western Aileron Province; Claoué-Long et al 
2008, Scrimgeour in press a) and metasedimentary rocks in 
the eastern zone of the Casey Inlier to the south (Worden 
et al 2008).

The third metasedimentary package is a magnetite-
rich, cordierite-biotite pelitic migmatite, which occurs as 
rafts in ca 1750 Ma porphyritic granite in the vicinity of 
Mount Isabel. U-Pb LA-ICPMS zircon data from detrital 
zircon cores indicate a maximum age of deposition for the 

sedimentary protolith of 1788 ± 23 Ma. The detrital spectra 
are dominated by a peak at 1844 Ma, with subordinate 
populations at 2300, 2420 and 2515 Ma. The growth of low 
Th/U rims on zircons from this sample indicates that these 
rocks were metamorphosed to granulite-facies conditions 
at 1745 ± 15 Ma. To the north of Mount Isabel, scattered, 
poorly exposed, garnet-bearing biotite gneiss has yielded 
U-Pb LA-ICPMS zircon data from detrital zircon cores that 
indicate a maximum age of deposition for the sedimentary 
protolith of 1842 ± 4 Ma, with a dominance of post-1900 Ma 
detritus.

The timing of metamorphism of these metasedimentary 
units in LimbLa is interpreted to have been synchronous 
with the emplacement of the ca 1750 Ma Atneequa Suite 
and with the voluminous Bruna Granitic Gneiss in Quartz 
(Cooper et al 1988, Hollis et al 2010). Similar ages have 
also been obtained for metamorphism of felsic gneiss in 
the southeast of HUCKITTA (Kositcin et al in prep b), and 
the emplacement of a K-feldspar-phyric granite intersected 
in drill core in the far southeast of ILLOGWA CREEK 
(Carson et al 2010). It appears that this 1750 Ma thermal 
event is spatially extensive in the eastern Arunta Region. 
However, more work needs to be undertaken in order to 
constrain the nature of this enigmatic event.

Magmatism

Previous studies have grouped all the intrusive rock 
exposed in LimbLa into the Atneequa Granitic Complex. 
Historical U-Pb SHRIMP zircon dating of a sample from 
this suite yielded a crystallisation age of 1762 ± 9 Ma (n = 9) 
and a metamorphic age of 1715 ± 19 Ma (n = 3; Zhao and 
Bennett 1995). However, large compositional variations 
exist between plutonic associations across the map area, 
and new geochemistry and geochronology has identified 
four distinct periods of magmatism:

1. 1780 – 1760 Ma metaluminous to weakly peraluminous 
granodiorite and monzogranite intrusions are 
geochemically similar to rocks of the Ambulbinya 
Supersuite in the Entia Dome in Quartz to the north. 

2. 1750 – 1735 Ma coeval mafic and felsic intrusions, 
including the Atneequa Suite, for which new U-Pb 
SHRIMP zircon data indicate a crystallisation age of 
1743 ± 4 Ma (n = 29; Kositcin et al in prep b). Compositions 
are dominated by porphyritic biotite granite, with lesser 
granodiorite and more mafic compositions, including 
quartz gabbro and gabbro.

3. 1730 – 1720 Ma high-level, quartz-rich granitic 
intrusions, characterised by abundant tourmaline, 
muscovite and rare miarolitic cavities. These granites 
are also exposed in Quartz to the north (Worden et al 
2008). They are concentrated in the northwest corner 
of LimbLa and appear to have a spatial association 
with known uranium mineralisation at the Albarta and 
Tourmaline Gorge prospects (for further discussion, see 
Huston et al 2011).

4. Alkaline magmatism at ca 1715 Ma, characterised by 
the emplacement of alkali feldspar syenite. 
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Regional-scale alteration systems

On the map scale, there is evidence for widespread fluorite-
rich fluid flow associated with hematite, pyrite and copper 
sulfides. Locally developed extreme brecciation of 1750 Ma 
granite has lead to syn- to post-deformation infiltration by 
fluorite-bearing fluids, producing fine-grained, decussate 
and micaceous hematite that locally incorporates fluorite 
(Figure 2a, b, Whelan and Pontifex in prep.). These rocks 
contain between 2.3% and 20.9% F, and are characterised 
elevated potassium (up to 8.7 wt% K2O) and extreme rare 
earth element (REE) depletion, with normalised light REE 
values typically about 20 times that of chondrite (eg, La 
2 – 4 ppm, Ce 5 – 7 ppm). Although this style of alteration 
appears to be restricted to the 1750 – 1735 Ma granites, the 
1780 – 1760 Ma intrusions also host fluorite and, in some 
cases, elevated Pb (up to 284 ppm) and Zn (up to 363 ppm). 
There is a broad association between Cu-Au mineralisation 
and geochemically and temporally similar suites in an east–
west belt across the Arunta Region (eg, Johnnies Reward 
and Jervois; Close and Scrimgeour 2008, Whelan et al 
2009). 

Recent fieldwork has identified a number of east–west- 
to northwest–southeast-trending, laterally continuous 
quartz veins, which contain appreciable amounts of 
hematite ± pyrite ± chalcopyrite and secondary copper 
minerals. Assay results indicate that these veins contain up 
to 1900 ppm Cu and anomalous Au values (up to 52 ppb).

Future work

Investigations in the LimbLa project will continue in 2011, 
during which time, field mapping will be concluded. Work 
will primarily focus on better constraining and defining the 
metasedimentary packages, magmatic and metamorphic 
evolution and alteration systems, to provide explorers with a 
revised framework to assess the prospectivity of the poorly 
explored basement units. This will include constraining 

the temperature and pressure of metamorphism during 
what appears to be a regionally extensive thermal event at 
ca 1750 Ma. Geochemical and isotopic investigations will 
continue, including analyses of fluorite from altered and 
brecciated granites, in order to constrain the age of the 
hydrothermal event. Hafnium isotope studies on zircons 
from each of the new metasedimentary packages and 
inheritance-rich plutonic units will be undertaken, in order 
to better characterise their sources.
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Twin Bonanza Gold Camp and the Buccaneer porphyry gold deposit – a Palaeoproterozoic intrusive 
related gold system in the Tanami
Patrick Smillie 1

ABM Resources NL is a junior exploration company 
focused on the Tanami–Arunta regions of the Northern 
Territory. The company is one of the largest Exploration 
License and Exploration License Application holders in the 
region. ABM commenced exploration on the Twin Bonanza 
Gold Camp in mid 2010. 

The Twin Bonanza Gold Camp is a cluster of targets that 
includes the Buccaneer gold porphyry, in the west-central 
Northern Territory, south of the Tanami Highway near 
the Western Australia border. The camp spans the Trans-
Tanami Structure, a crustal-scale geological feature more 
than 600 km long, that hosts several gold mines including 
Newmont’s multi-million-ounce high-grade Callie gold 
mine. The Twin Bonanza area was originally prospected 
by North Flinders Mines, followed by work by Normandy 

Mining and Newmont, prior to the project being sold to 
ABM Resources. 

The Buccaneer intrusive-related gold system is a 
porphyritic syeno-monzonite intrusion emplaced into 
Tanami Group sedimentary rocks. The Buccaneer 
prospect had been previously mapped using multi-element 
geochemistry over an area of approximately 3 km by 1.5 km, 
before ABM acquired the prospect in March 2010. Previous 
explorers had drilled the southern portion of the prospect, 
with holes intersecting mineralised zones to approximately 
100 m depth, and often ending in mineralisation. ABM 
completed a 30-hole RC drill program totalling 9741 m 
in 2010, encountering significant zones of mineralisation, 
including:

• 172 m @ 1.11 g/t gold (0.3 g/t cut-off), including 81 m @ 
2.03 g/t gold (0.7 g/t cut-off)

• 127 m @ 1.18 g/t gold (0.3 g/t cut-off), including 67 m @ 
2.07 g/t gold (0.7 g/t cut-off)

1 ABM Resources NL, Level 1, 141 Broadway, Nedlands, WA 
6009, Australia. 

 Email: patrick@abmresources.com.au. 
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• 202 m @ 1.00 g/t gold (0.3 g/t cut-off), including 39 m @ 
2.24 g/t gold (0.7 g/t cut-off)

• 277 m @ 0.72 g/t gold(0.3 g/t cut-off), including 33 m @ 
2.84 g/t gold (0.7 g/t cut-off).

By drilling deeper than previous explorers, ABM has more 
than doubled the vertical extent of the system and discovered 
wide, higher-grade intersections within a broad mineralised 
envelope below the depth of previous drilling (Figure 1). 

Figure 1. Plan view of Buccaneer porphyry prospect, showing drillhole locations and geology. Map includes inferred composite contour 
at various grade cut-offs, from drilling projected from various levels to surface.
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The Buccaneer porphyry body is located in the Trans-
Tanami Structure between the Tanami Fault and the 
Mongrel Fault (Figure 2). An N – S-striking thrust linking 
the Tanami Fault to the Mongrel Fault to the south is 
inferred, immediately to the west of the porphyry. 

There are two inferred phases of gold mineralisation 
at Buccaneer. The first is a low-grade disseminated phase 
associated with chalcopyrite, arsenopyrite and pyrite. The 
second is a higher-grade structurally controlled phase. 

Multi-element analysis of the first six drillholes showed 
that the Buccaneer porphyry is highly enriched in arsenic, 
antimony, bismuth, molybdenum, tungsten and copper. The 
alteration geochemistry from Buccaneer shows Ca-depletion, 
then Ca + Na-depletion, then Ca + Na + K-depletion, 
moving higher up into the weathering profile. Below 
the base of weathering, there is a reaction path from the 
background granodiorite composition towards phengitic 
sericite, involving a loss of sodium, and a slight increase in 
potassium. 

ASD spectrometry completed on RC chip samples 
confirmed the results of multielement analysis. All 
amphibole has been chloritised, with no relict amphibole 
or biotite remaining. There is little variation in mica 
composition, with most of the sericite being strongly 
phengitic in composition. Mica composition appears to have 

little correlation with gold grade. Gold distribution appears 
to be related to pyrite precipitation, and significant gold 
values are associated with arsenic greater than 100 ppm, 
and with approximately 1% pyrite.

The Buccaneer system remains open laterally in several 
directions, and ABM has not yet encountered the base of 
the deposit. After the success of the 2010 program, ABM 
has prioritised follow-up drilling at Buccaneer in 2011 to 
further define the extent of the deposit. This drilling is fully 
funded and included in this year’s exploration program.

In addition to the Buccaneer prospect, ABM has 
prioritised a further 29 prospects from historic exploration 
work in the 40 km by 40 km Twin Bonanza Gold Camp.

The Old Pirate high-grade prospect is a series of quartz 
veins hosted in layered mudstone and sandstone of the Killi-
Killi Formation. More than 20 veins have been mapped and 
these vary from a few centimetres to greater than 1 m wide. 
Drill results from ABM’s program at Old Pirate in 2010 
include 43 m @ 7.0 g/t gold and 5 m @ 274 g/t gold. Gold 
at Old Pirate is very coarse, and outcropping visible gold 
samples are commonplace on the project. The Old Pirate 
surface geochemistry anomaly extends for more than 3 km. 

The Marauder Prospect is a 460 m by 150 m anomaly, 
defined by 4 trenches, 18 RAB holes to an average depth 
of 42 m and 14 shallow vacuum holes to an average depth 

Figure 2. Prospect map of Twin Bonanza Gold Camp overlain on aeromagnetic data.
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of 4 m. The prospect features 10 to 50 ppb gold anomalism 
with associated arsenic and antimony. The peak assay is 
2540 ppb gold (2.54 g/t gold) in trenching, 2.46 g/t gold in 
RAB drilling and 8.08 g/t gold in a rock sample. 

The Vampire Prospect consists of an 850 m by 500 m 
anomaly, defined by 34 RAB holes to an average depth 
of 60 m. Samples have returned values in the range 50 to 
1000 ppb gold and a peak value of 8180 ppb gold (8.18 g/t). 
In addition, rock-chip samples grade up to 83 g/t gold and 
37.2 g/t gold.

The Coronado Prospect is a 660 m-long single-line 
anomaly, defined by 14 RAB holes to an average 40 m depth 
and 13 vacuum holes to 8 m average depth. Samples have 

returned gold values in the range 5 to 100 ppb gold and a 
peak value of 847 ppb gold (0.85 g/t).

The Port-Starboard Trend is a 13 km-long NNW – SSE-
trending zone of gold-silver-antimony-arsenic-copper 
anomalism, defined principally by shallow RAB drilling. 

The Bandit Prospect is a distinct topographic ridge, 
located parallel to the Old Pirate trend to the east. Quartz 
veins are observed sporadically along the length of the 
ridge for 2 km by 0.3 km. The trend is anomalous in gold, 
molybdenum, and arsenic, with rock samples returning a 
peak value of 12990 ppb (12.99 g/t) gold. Shallow vacuum 
and RAB drilling detected gold anomalism between 5 and 
20 ppb gold. 

Gravity grid of NT using linear combination
Roger Clifton 1

Summary

An improved NT-wide grid of the Bouguer anomaly 
gravity of the Northern Territory has been prepared. 
Artifacts from earlier grids have been suppressed, 
although not eliminated. Detail on all resolutions down to 
0.001° are preserved in quality, adequate for a wide range 
of mapping purposes on all scales down to a few hundred 
metres. 

Introduction

Although there are well established routines for 
interpolating a grid from a regularly sampled gravity 
survey, with a relatively blemish-free image arising from 
it, grids derived from irregularly sampled gravity datasets 
are more problematic.

The collection of gravity measurements across the 
Northern Territory comprises stations with heights 
determined barometrically, over the majority of its area 
(at approx 11 km spacing), a large area of modern data 
with heights determined by GPS, at a variety of spacings, 
mainly 4 km, 2 km and 1 km, and a growing number of 
small company surveys sampled at 500 m and closer.

It is a straightforward exercise to grid the NT with 
a surface of 2 km (or 0.02°) cells, which smoothly fits 
through the 11 km data. However it equally smoothly 
obliterates surveys sampled closer than 2 km. With finer 
cell sizes, better resolution is obtained of the more closely 
sampled surveys; however, artifacts begin to appear when 
more than four or five cells are interpolated between the 
sparser sample points (Figure 1a, b).

Intrepid Geophysics PL has provided a routine which 
allows closely sampled surveys to be gridded separately, 
each at a resolution appropriate to its sampling spacing. 
However, it is very difficult to feather the surveys on to 
each other to create an NT-wide grid.

1 Northern Territory Geological Survey, PO Box 3000, Darwin, 
NT 0801, Australia. Also at University of Western Australia. 
Email: roger.clifton@nt.gov.au.

Figure 1. (a) Detail from an earlier NT gravity image (Clifton 2010), about 16 km across, in the vicinity of Tennant Creek, with sampling 
stations overlaid in red. (b) Same image, gridded at 0.002° (ca 200 m) spacing. A fair rendition is made of a small company survey, the lines 
of which are 500 m apart. A fair rendition is also made, as puckering, of linear surveys taken along roads. However, the surface fitted through 
the 4 km stations is excessively warped. The same gridding interpolates significant artifacts into areas of 11 km spacing (not shown).

a b
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Method

Grids of each cell-size 0.016°, 0.008°, 0.004°, 0.002° and 
0.001° were prepared across the NT Bouguer anomaly 
dataset. Grids of the same cell size were assigned a weight 
of 32 in a cell containing a simple point with the weights of 
16, 8, 4, 2, 1 and 0 in successively more distant cells. Both 
sets of grids were then interpolated to 0.001 cell size with a 
cubic spline routine (Figure 2).

A linear sum of the gravity grids, each multiplied cell-
by-cell by its weight grid and normalised, was then imaged 
across the NT (Figure 3).

Discussion

The closely spaced survey seen in Figure 1 is quite 
adequately rendered in the new image in Figure 3. Features 
can be traced across it, demonstrating that the quality of 
the detail is preserved. On the other hand, the quantity at 
any point is compromised by being a linear combination of 
differing grids (Table 1). 

Although the weights have been chosen to minimise the 
contribution of the most dissimilar grids, the sum deviates 
from ideal, even at the sampling stations. Because the coarse-
resolution grids assign the value of each station sample to the 

Figure 2. Component images for the area of Figure 1, in order of 
increasing resolution: 0.016, 0.008, 0.004, 0.002, 0.001° cell sizes, 
followed by their respective weights. Weight is at a maximum in 
the vicinity of each sampling station, tapering away more quickly 
at higher resolutions to suppress artifacts.

Grav_016 -230.0 weight_016 32.4

grav_008 -238.6 weight_008 20.3

grav_004 -240.5 weight_004 19.7

grav_002 -240.8 weight_002 10.9

grav_001 -237.7 weight_001  2.0

Figure 3. New Bouguer anomaly gravity image of same area as 
in Figure 1. Weighted sum provides an image which adequately 
resolves fine detail of closely sampled surveys, while reducing 
artifacts of widely spaced data. Star-shaped pattern is an artifact 
due to the cubic spline used for interpolation.

Table 1. Values of component grids and their respective weights 
at 133°58’13”E 19°31’50”S, 460 m from the stations in a closely 
sampled survey and 890 m from a lone station of the 4 km survey. 
Weighted sum assigned to cell is -239.4. All gravity values are in 
micrometres per second squared.
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centre of the coarse grid containing it, that central value is 
now shifted from the station point by the interpolation to finer 
cells. Consequently, the value of the station is not the summed 
value of the cell containing it. Accordingly, modelling would 
be more safely performed on a grid selected for the most 
appropriate cell size. For modelling with packages capable of 
using it, the user is instead referred to the point data.

The larger scale is also adequately represented. Although 
dimples are seen in Figure 3 in the immediate vicinity of 
each of the 4 km stations, the sheet is interpolated fairly 
between them. Further, the 11 km stations are also fairly 
interpolated, as seen in Figure 4a, b.

Conclusion

A gravity grid of the NT has been created that is adequate 
for mapping at relatively small scales, while faithfully 
rendering long-distance features of the NT. 

Reference

Clifton R, 2010. Gravity map of the Northern Territory. 
1:2 500 000 scale. Northern Territory Geological 
Survey, Darwin.

Figure 4. Bouguer anomaly gravity 
images, 240 km wide, surrounding 
the area in the Figure 1. (a) Original 
image, based on only the 11 km 
stations, suffers a variety of artifacts 
in the western area. Eastern half, 
based mainly on 4 km data, suffers 
sag between lines of stations. (b) New 
image fairly represents long-distance 
diagonal trends of underlying geology 
in both 11 km and 4 km areas, while 
also resolving more closely sampled 
surveys.

a

b
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Focus on fertilizer commodities in the Northern Territory
David Muller 1

Most phosphate discoveries in the Georgina Basin have 
been concentrated in the easternmost part of the basin in 
Queensland. These are typically under substantial cover 
and require beneficiation in most cases to improve grade to 
a direct shipping ore.

Rum Jungle Resources Ltd believes that a major 
phosphate province has been indicated in the westernmost 
part of the basin, with proximity to the high performance 
capability of the Adelaide–Darwin Railway and access to 
Darwin Port. Initial drilling has located phosphate rock 
of direct shipping grade, within six meters of the surface. 
Core from oil wells and other exploration drilling within the 
company's tenements suggests that the top of the Cambrian 
Arthur Creek Formation is ubiquitously rich in phosphate 
over hundreds of square kilometres.

1 Rum Jungle Resources Ltd, GPO Box 775, Darwin NT 0801. 
Email: dmuller@rumjungleresources.com.au.

1 Northern Territory Geological Survey, PO Box 8760, Alice 
Springs, NT 0871, Australia. Email: christine.edgoose@
nt.gov.au.

2 Formerly Northern Territory Geological Survey. Current 
address: CSIRO Ecosystem Sciences, Business & Innovation 
Centre, Desert Knowledge Precinct, South Stuart Highway, 
Alice Springs, NT, Australia.

A major resource drilling program together with regional 
drilling is now underway at the Company's Barrow Creek 1 
Deposit, which is situated within 80 km of the railway. A 
JORC standard resource should be obtained by June.

Potash exploration is also well advanced. Extensive 
brine sampling of the Karinga Creek playa lake system 
has confirmed a major potential source of potassium, 
magnesium and sulfate ions, demonstrating the potential to 
produce schoenite, a valuable potassium magnesium sulfate 
used as fertilizer throughout Asia.

The lake system extends for over 100 km east – west, 
overlying the Central Australian Groundwater Discharge 
Zone. It is straddled by the Lasseter Highway, which runs 
between Uluru and the Stuart Highway, and the Kulgera 
Rail Siding provides logistical ease of loading onto the 
Adelaide – Darwin Railway. Drilling to determine a 
brine resource for the project to a JORC standard will be 
completed in June.

Northern Territory Regolith GIS – Let your fingers do the walking!
Christine J Edgoose 1 and Tracey May 2

Introduction and background

In 2003 – 2005, NTGS contracted CRC LEME to conduct 
a regolith-landform survey of the Northern Territory 
(NT). The operational partners were Geoscience Australia 
(Dr Mike Craig) and CSIRO (Dr Ian Robertson). The aim 
of the NT Regolith Project was to establish a regolith-
landforms framework for the NT, supported by the 
characterisation of a wide variety of local regolith materials 
suitable for addressing the needs of mineral exploration and 
land management. The project was generated in recognition 
of the lack of integrated regolith and landform data, as 
applied within a genetic framework: this is an important 
tool for modern-day exploration. The only product available 
at the time on a state-wide scale was the hard copy 1976 
Cainozoic map of the Northern Territory, produced by the 
Bureau of Mineral Resources (now Geoscience Australia). 
This map broadly categorised the surficial materials, but 
provided little information on the landform environment 
and genesis of those materials. 

The deliverables for this project were identified as:

• 1:2.5 million-scale regolith-landform map of the NT in 
hard-copy, MicroStation and GIS (MapInfo) formats, an 
addition to the NT 1:2.5 million-scale geological map 
series (released)

• an Atlas of Regolith Materials of the NT (Robertson 
et al 2006)

• a Regolith GIS dataset that includes regolith-landform-
attributed spatial layers, sites database, geochemistry 
database, geochronology database, regolith materials 
classification and description (new release).

Presentations on the regolith project, Regolith-Landform 
1:2.5 million-scale Regolith-Landforms map and Atlas of 
Regolith Materials were made at AGES 2005 and 2006 
(Craig 2005, 2006). 

Regolith GIS dataset

The Regolith GIS dataset is a multi-layered dataset 
comprising new data and spatial interpretations arising 
from the Regolith Project, and geoscientific, topographic 
and remotely sensed information. It also comprises a sites-
and-geochemistry database, comprised largely from data 
collected during the regolith project, but including data 
from local studies in various parts of the NT. 

Spatial data

Spatial data presented in the new GIS package include 
a new NT-wide regolith-landforms interpretation layer 
at 1:1 million scale, as well as the existing 1:2.5 million-
scale interpreted layer. The 1:1 million-scale layer was 
generalised to produce the 1:2.5 million-scale layer and 
map product. The 1:1 million-scale dataset is a stitch of 
an approximately 1:250 000-scale interpretation, based on 
remotely sensed data, such as various Landsat TM ratio 
images, radiometrics, 1:2.5 million to 1:250 000-scale 
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geological maps, and several existing regional-scale 
regolith studies, eg Tanami and Arnhem regions. It has been 
nominated at 1:1 million scale, as this is considered to be the 
most appropriate to the level of detail of the interpretation. 
The dataset is fully attributed, with eighty-eight regolith-
landform units identified, classified and characterised in 
this layer. These units are subdivisions of the 15 regolith-
landform groups depicted on the 1:2.5 million-scale map. 
Figure 1a, b shows an example of a comparison between 
the two datasets for the Victoria Basin region. A more 
detailed interpretation of TENNANT CREEK, compiled as 
part of this project, is also fully attributed and is included as 
an additional layer.

The GIS dataset also comprises the source layers 
described above (geological, geophysical, topographical 
and remotely sensed data), from which the regolith-
landforms interpretation was compiled. The package also 
includes a glossary of regolith terms, and definitions of the 
landform, landform processes and regolith classifications 
used.

Sites data

Sites data are presented in a distilled version of the regolith 
database (RTMAP), developed by Geoscience Australia. The 
data were collected during a reconnaissance survey aimed 
at providing regional ground-truthing for the interpreted 
regolith-landform spatial dataset, and thus, is not designed to 
be a comprehensive fully attributed dataset. Approximately 
1500 sites have been documented for the NT regolith project. 
Some sites are simple observations of the landscape, but at 
most sites, the regolith is characterised and a photographic 
record of the immediate landscape context has been taken. For 
approximately 330 sites, regolith materials are described in 
detail, the whole-sample geochemistry has been determined, 
and grain-size data have been acquired. The geochemistry, 
regolith materials description, and grain-size data are also 
available in Robertson et al (2006).

Site data comprises simple site descriptions (landform, 
aspect etc), landform and regolith classification and 
processes (ie transported and/or in situ), descriptions of 

a b

A11-050.ai

Figure 1. Comparison of details shown in (a) 1:2.5 million-scale regolith-landform map/GIS and (b) 1:1 million-scale regolith-landform 
GIS, for part of the Victoria Basin. 
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regolith materials present, detailed descriptions of materials 
where sampled, geochronology (palaeomagnetic age 
determinations) where applicable, and site photograph/s. 
Site photographs are able to be directly viewed from 
MapInfo via a hotlink from the site photo layer. 

The new Regolith GIS dataset gives explorers 
the opportunity to gain a first-pass knowledge and 
understanding of the regolith within their exploration lease 
or anywhere within the NT. Where there is a comprehensive 
site located within the EL, geochemistry, regolith and 
landform information, and site photographs are available 
for the relevant regolith-landform unit. Where there is no 
site or only partial site information within the lease, the GIS 
dataset provides a primary interpretation of the distribution 
of in situ and transported surficial materials, and basic 
regolith and landform descriptions. Where there are no sites 
within the EL, geochemistry and site data, including photos, 
from adjacent regions with the same regolith-landform units 
will provide a basic context of landforms, processes and 
regolith. This information could potentially be used for the 

initial stages of project planning, for example, for landscape 
familiarisation and preliminary sample survey design.

The products of the NT Regolith project are useful 
tools for explorers on a semi-detailed level, and the release 
of the Regolith GIS dataset is a significant addition to the 
Northern Territory Geological Surveys' wide range of pre-
competitive geoscientific data.
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Quantum step in discovery: From uranium to rare earths
Ian Bamborough 1

In early 2010, compilation and interpretation of open file 
aeromagnetic and radiometric data identified the Quantum 
prospect in the Pine Creek Orogen as a high-priority 
exploration target for Territory Uranium Company Ltd 
(TUC). An historic data review unearthed several sections 
of historic core in the Northern Territory Geological Survey 
core library. Subsequent examination of the core with a 
gamma ray spectrometer led to the identification of seven 
zones of uranium mineralisation over a 225 m hole interval. 
Re-sampling of the core gave a best uranium intersection 
of 0.5 m @ 4224 ppm U3O8. Other mineralisation was 
also identified, with an intersection of 3.4 m @ 4.84% Zn, 
including 0.9 m @ 15.6% Zn and 1.4 m @ 0.07% Bi.

Importantly, the historic drilling confirmed the presence 
of the uranium-fertile South Alligator Group under 
40  –  120 m of Cambrian basinal sedimentary rocks.

In September 2010, TUC commenced work at Quantum, 
and drilled two lines of +250 m RC holes through the cover 
succession on the central portion of a weak, 4.5 km-long, 
airborne radiometric anomaly, located some 1 km east of the 
initial, promising uranium intersection. Holes penetrated 
into the basement for some 50 – 100 m.

The first hole of the program intersected over 50 m of 
intense quartz/fluorite veining and sulfide mineralisation in 
a black carbonaceous shale unit, thought to be part of the 
Gerowie Tuff.

The presence of fluorite, association of pegmatite in the 
district, a low-level radioactive response and an unusual 
array of sulfide minerals led the team to assay for rare earth 
mineralisation. This initial hole reported Total Rare Earth 
Oxide (TREO) grades of up to 11.61%. 

In association with rare earth mineralisation (TDD8, 
12 m @ 4.51% TREO from 246 m), hole TDD8 also returned 
7 m @ 55 ppm U3O8 (including 1 m @ 100 ppm U3O8) from 
246 m, 12 m @ 0.52 g/t Au from 246 m and 10 m @ 2.1 g/t 
Ag from 246 m), further highlighting the multi commodity 
potential of the system.

Distribution of valuable REO percentages within 
the intersects is comparable to other quality deposits, 
such as Mountain Pass in the USA. Average proportions 
of successful intersects are 11% Neodymium, 4% 
Praseodymium and 0.2% Dysprosium + Europium, with a 
total combined percentage for these elements being +15%.

Mineralogical analysis has shown impressive 
concentrations of the REE-rich mineral allanite in a robust 
hydrothermal vein and alteration system. The allanite is 
variably altered to secondary high-grade REE minerals, 
such as bastnasite and synchysite, which occur within veins 
and fissures, or as rims to allanite crystals. The presence 
of these higher-grade REE minerals, within a favourable 
environment for liberation, suggests advantageous mineral 
processing options. In light of these initial positive findings, 
TUC plan to proceed with further and ongoing metallurgical 
test work.

Follow-up diamond drilling is being undertaken in 
February and March 2011 to further define the geometry 
of this stratigraphically controlled and structurally focused 
mineralisation, prior to further step-out drilling along the 
geophysically defined target.

Mineralogical work and geochemical signatures suggest 
a granitic association for mineralising fluids. Interpretation 
of gravity gradient data under the Daly Basin suggests the 
presence of a deep-seated granite beneath Quantum. TUC 
hypothesise the possibility of an Archaean granite and hope 
that, with further work, a comparison can be drawn to the 
Rum Jungle mineralising event.

1 Territory Uranium Company Limited, PO Box 36874, 
Winnellie, NT 0821, Australia. Email: ibamborough@
territoryuranium.com.au.
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A diamond exploration database for the Northern Territory
Mark T Hutchison 1

Introduction

Australia is estimated to have produced approximately 12% 
of global rough diamond production by weight in 2010. All 
currently producing Australian mines are associated with 
Proterozoic mobile belts surrounding the Kimberley Basin in 
Western Australia and diamondiferous kimberlites are also 
known from locations within the basin itself. The Kimberley 
Basin is understood to be underlain by Archaean lithospheric 
mantle (Graham et al 1999): old, cold and thick cratonic roots 
provide the most abundant source of diamonds exploited 
worldwide. 

The Northern Territory hosts some 2200 km2 of 
exposed Archaean rocks and over half a million km2 of 
Palaeoproterozoic rocks, comprising around 40% of the 
area of the Territory. Most notable of the Palaeoproterozoic 
terranes are the Pine Creek Orogen (Worden et al 2008), 
McArthur Basin (Rawlings 1999) and Aileron Province 
(Scrimgeour 2003). Similarly to Western Australia, much 
of the Northern Territory's orogenic belts and sedimentary 
basins are also believed to be underlain by thick Archaean 
lithospheric mantle (eg Hollis et al 2011) and Archaean 
outcrops, such as the Kukalak Gneiss in the Caramal Inlier, 
West Arnhem Land (Hollis et al 2009), continue to be 
discovered. Most exposed solid geology is of a sufficient age 
for one to expect that diamondiferous intrusives would have 
penetrated them in places. Indeed the Northern Territory 
hosted the only mined primary diamond deposit outside of 
Western Australia at Merlin until its closure in 2003 and 
diamondiferous kimberlites as young as 179 Ma are known 
from the Territory (Belousova et al 2001). The Merlin field is 
currently undergoing re-development and the kimberlites in 
this field are examples of diamond-bearing rocks penetrating a 
sedimentary succession (in this case the Cambrian? Bukalara 
Sandstone) and yet, having a depth of origin of approximately 
120 km (from calculations based on data in Reddicliffe 1999, 
following the methodology of Brey and Köhler 1990). This 
depth of origin is well within the diamond stability field 
within thickened crystalline lithospheric mantle. In addition 
to Merlin, numerous other diamond deposits are known.

Both theory and precedent therefore exist in support 
of future economic diamond discoveries in the Northern 
Territory. 

Diamond exploration is a timely endeavour, as even 
before the commencement of recent depressions in mineral 
exploration worldwide, projected diamond production was 
expected to fall short of demand in 2006 (Calderon et al 2007). 
Hiatuses in production, premature permanent closure of mines 
and a significant break in exploration activity due to financial 
considerations, have exacerbated the problem. Globally, 
recovering demand for gem diamonds accompanies a need for 
new World-class diamond mines to commence production. 

Few recent discoveries are undergoing development at a 
sufficient scale to meet demand in the short term. Hence, the 
Northern Territory is as well placed on the World stage for 
diamond exploration as is any region, as it has a combination 
of appropriate geology and the advantages of developed 
infrastructure and robust and transparent mining regulations. 
The Northern Territory Geological Survey (NTGS) aims to 
stimulate diamond exploration by launching an up-to-date 
database of appropriate historical exploration data.

Database structure

The Northern Territory benefits from having experienced 
continuous diamond exploration since the early 1970s, 
generating in excess of 700 relevant company reports. In 
2005, a compilation of sample locations and diamond and 
indicator mineral recovery was published by NTGS, focusing 
on indicator minerals. This database has been considerably 
expanded upon to bring diamond exploration up to date, to 
incorporate newly released data on strategically important 
locations such as Timber Creek, the Packsaddle kimberlites 
and the Merlin Field, and to incorporate valuable data from 
sources other than government-filed reports (Figure 1). A 
considerably larger number of data fields have been populated. 
These include original datum information, sampling screen 
sizes and concentrate weights, and information on associated 
mineral phases recovered, which is useful for prospecting for 
other commodities. A detailed breakdown of mineral phase 
sub-types is included, using mineral chemistry in conjunction 
with the most up-to-date kimberlite and mantle mineral 
classification schemes, such as Grütter et al (2004) and Wyatt 
et al (2004). Locations of samples taken for bulk chemical 
analysis, trace element mineral chemical data and full diamond 
descriptions complement the primary indicator mineral data.

A significant development is the immediate current 
availability of the data online at STRIKE (http://apps.
minerals.nt.gov.au/strike), as an accompaniment to the DVD 
data release with accompanying notes, which is forthcoming. 
The online database will be updated periodically, as new 
diamond exploration results become open-filed. 

Highlights

The NTGS diamond exploration database incorporates the 
locations of over 75 000 diamond exploration samples, the 
overwhelming majority being samples taken for separation of 
diamonds and diamond indicator minerals. Associated with 
these samples are over 14 500 chemical analyses of mineral 
separate grains, acquired during the course of diamond 
exploration.

Amongst the highlights of the updated database, data 
associated with the Merlin kimberlite field stand out. The 
Merlin field is the most significant field of primary diamond-
bearing rocks within the Northern Territory; however, scant 
mention of the field was made in the 2005 compilation. 
Although much of the Merlin data remains confidential, large 

1 C/o Northern Territory Geological Survey, PO Box 3000, 
Darwin, NT 0801, Australia. Email: mth@trigon-gs.com / 
mark.hutchison@nt.gov.au.

http://apps.minerals.nt.gov.au/strike
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Figure 1. Locations of sites of 
indicator mineral and bulk chemistry 
samples taken with regards to diamond 
exploration in the Northern Territory. 
Grey dots – sample locations; red 
diamonds – locations of principal 
diamond occurrences; black squares 
– boundaries of 1:250 000 geological 
mapsheets; annotated polygons – 
geological regions.

quantities of publicly-available data have been integrated into 
the current database, primarily from Reddicliffe (1999). The 
dataset incorporates information acquired from regional and 
local exploration, as well as from samples recovered from 
kimberlites. This expansion on the NTGS diamond database 
therefore provides valuable insights into a successful 
exploration methodology and a detailed picture of the type 
locality of Northern Territory diamondiferous rocks. The 
Merlin data comprise over 1500 loam sample locations, with 

accompanying diamond and indicator mineral recovery data, 
as well as data from numerous regional and bulk stream 
sediments and large-diameter drilling sites. Descriptions of 
representative diamonds are included, in addition to over 
1600 mineral chemical analysis of indicator minerals.

Detailed reconnaissance and mineral sampling data are 
now also available for the second most prolific source of 
diamonds in the Northern Territory, other than the Merlin 
field. The Timber Creek kimberlite pipes lie at the opposite, 



54

AGES2011

western edge of the Territory from the Merlin field and 
are emplaced into Palaeo- to Mesoproterozoic limestones 
(Berryman et al 1999) that show similarities with the host 
rocks of Australia's largest diamond mine, Argyle. The 
Argyle pipes are located nearby to Timber Creek, being 
250 km southwest across the border into Western Australia. 
Tawana Resources NL reported that 17 387 macrodiamonds 
were recovered from the TC-01 pipe and the updated 
database includes descriptions of some of these diamonds, in 
addition to locations for bulk chemical and indicator mineral 
sampling that recovered a total of 11 636 chromites.

Elkedra Diamonds NL conducted diamond exploration 
during the 2000s over in excess of 15 000 km2, predominantly 
in the southeast of the Northern Territory. These data have 
now become publicly available and comprise over 4300 loam, 
stream sediment and in situ rock sample sites, incorporating 
over 1250 major element mineral chemical analyses and 
98 trace element analyses. 

The current database benefits from the incorporation of 
a large number (over 1100 records) of previously uncaptured 
Stockdale Prospecting Ltd exploration data, predominantly 
covering large areas of Arnhem Land. These data are of 
particular interest, due to the recovery of prospective picro-
ilmenite and garnet grains and given the recent discoveries of 
Archaean inliers in the region (Hollis et al 2009), supporting 
the concept of an underlying, old, thick mantle lithosphere.

In the modernised and more up-to-date diamond database, 
both locations of immediate exploration interest (Merlin 
and Timber Creek) are apparent, in addition to considerable 
large gaps in exploration coverage within areas of diamond 
potential. Notable unreconnoitered prospective areas 
include most of the Archaean inliers, the Aileron, Warumpi, 
Davenport and Warramunga provinces, the Tanami Region, 
and parts of the Pine Creek Orogen and McArthur Basin, 
particularly within Arnhem Land. 

Conclusions

The NTGS diamond exploration database provides:

• a detailed picture of the methods, successes and failures 
of publicly available diamond exploration programs 
conducted to date within the Northern Territory. In doing 
so, the database provides a platform for the development 
of future exploration programs suitable to the particular 
geological, geophysical and climatic conditions extant in 
the Northern Territory

• comprehensive data that have been treated with 
contemporary phase discrimination techniques 
appropriate for target identification, and that use a format 
suitable for full querying and detailed statistical analysis

• a clear picture of the gaps in historical reconnaissance 
sampling programs, appropriate to directing greenfields 
exploration.

It is expected that the diamond exploration database 
will provide a highly relevant springboard for continuing 
advances on the status of the Northern Territory as a diamond 
producer.
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Geology of the Roper River hematite project
Neil G Biddle 1

Overview

Sherwin Iron Ltd is the 100% owner/operator of the Roper 
River hematite project located 475 km southeast of Darwin in 
the Roper River Iron Field (Figure 1). The project occupies 
over 3600 km2 in 5 contiguous Exploration Licences and is 
centred midway between Mataranka to the west and the Gulf 
of Carpentaria to the east.

The project contains numerous occurrences of outcropping 
Sherwin Formation, the host rock for the iron mineralisation 
identified in the Roper River Iron Field. BHP actively explored 
the region between 1955 and 1961, and identified 27 deposits 
of iron mineralisation. In addition, a number of outcrops of 

Sherwin Iron Formation have been mapped by the NTGS on 
Sherwin Iron's eastern tenement (Figure 2). 

Very little work occurred at Roper River from 1961 until 
2010, when Sherwin Iron began a systematic exploration 
program on its Hodgson Downs tenement in the southwestern 
corner of the project area.

Sherwin Iron has calculated an initial JORC-compliant 
resource for the Hodgson Downs deposits and has identified 
significant exploration targets at the Sherwin Creek, Mount 
Scott and Mount Fisher deposits, where the Company plans to 
commence drilling in 2011.

Geology

The Roper River Iron Field is located in the southwestern 
part of the McArthur Basin and is hosted by Mesoproterozoic 

1 Sherwin Iron Ltd, PO Box 1126, Subiaco, WA 6904, Australia. 
Email: ngb@tngltd.com.au.

Figure 1. Location of Sherwin Iron’s 
Roper River hematite project.

Figure 2. Outcrop of the Sherwin 
Formation within Sherwin Iron tenements.
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sedimentary rocks of the Roper Group. The Roper 
Group is dominated by quartz sandstone, mudstone and 
shale, formed during a 60 million year cycle of falling 
and rising sea levels. The succession was later intruded 
by dolerite dykes and sills before regional deformation 
folded and faulted the Roper Group rocks.

Locally, the Sherwin Formation is overlain by the 
Kyalla Formation, which is distinguished from the 
former only by its lack of iron mineralisation (Figure 3). 
The Sherwin Formation overlies the Moroak Sandstone 
which is generally 2 – 6 m thick and very difficult to 
detect in stratigraphic diamond holes. The Velkerri 
Formation, comprising grey/black mudstone, underlies 
the Moroak Sandstone and is the first distinct marker 
interval below the Sherwin Formation.

The Sherwin Formation is composed of interbedded 
sandstone, siltstone and mudstone, with locally 
developed lenses and ribbons of oolitic ironstones. The 
iron mineralisation occurs as ferruginous cemented 
oolites, ferruginous oolitic sandstone and ferruginous 
sandstone.

The oolitic textures were developed in a high-energy 
shallow-marine environment by accretionary growth of 
iron minerals, predominantly hematite at Roper River, 
around quartz grain nuclei.

The chemical deposition of iron requires iron-
rich f luids circulating in an oxygenated environment 
within a limited pH range. Oxygen and pH levels are 
the primary controls over which iron minerals are 
precipitated out of solution. At Roper River, hematite is 
the dominant mineral in the oolitic textures, with minor 
goethite, chamosite, siderite and greenalite occurring in 
ferruginous sandstone and in the ferruginous cements of 
oolitic sandstone.

Economic geology

Sherwin Iron acquired the Roper River hematite project 
during 2010 and during the course of the year, undertook 
a comprehensive exploration program with the goal of 
defining a JORC-compliant resource for the Hodgson 
Downs deposits. The program included the establishment 
of a 20-man exploration camp on Flying Fox Station, over 
7000 m of diamond and RC drilling, metallurgical testing of 
bulk samples and large-diameter diamond core, economic 
analyses of the Darwin Port and Gulf Port options, and 
geotechnical and environmental studies.

Drilling at the X and Y deposits at Hodgson Downs has 
identified continuous, surface to near-surface oolitic hematite 
over several kilometres of strike length and up to 1.5 km in 
width, with an average thickness of 3 – 4 m.

The JORC-compliant resource at Hodgson Downs is 
based on the drilling of two deposits, W and X, and stands at: 
Indicated – 58 Mt @ 48% Fe, Inferred – 47 Mt @ 48% Fe, Total 
– 105 Mt @ 48% Fe. Deposits T, Y and U will be drilled in 
2011 and the resource target for the combined Hodgson Downs 
deposits is 130 – 150 Mt @ 47 – 50% Fe.

During 2011, Sherwin Iron will commence drilling of the 
much larger Sherwin Creek deposits and also the Mount Scott 
and Mount Fisher deposits, where Sherwin has identified a 
combined exploration target of +400 Mt @ 40 – 50% Fe.

The Company will also extend its 2011 exploration program 
to the easternmost area within EL 26412, which is surrounded 
by the Western Desert Resources Roper Bar Iron Project.

Preliminary economic analysis of the Hodgson Downs 
Resource has provided very encouraging results for either a 
Darwin Port or Gulf Port option, and the Company expects 
to finalise its Feasability Studies during 2011 with a view to 
commencing mining in the last quarter of 2012.

Dolerite

Mudstone

Sandstone

Fe Sandstone

Oolitic Fe Sandstone

Oolitic Ironstone

Figure 3. Schematic diagram of the Sherwin Formation showing the absence of Fe mineralisation in the overlying Kyalla Formation.
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Overview of the geology and tectonics along the Georgina – Arunta Seismic Traverse
Ian R Scrimgeour 1,2 and Dorothy F Close 1

Introduction

The geology along the Georgina – Arunta seismic traverse 
(09GA-GA1) is dominated by Palaeoproterozoic basement 
of the southern North Australian Craton, overlain by 
Neoproterozoic to Palaeozoic basins of the Centralian 
Superbasin. The traverse provides a near-complete section 
across terranes affected by the Alice Springs Orogeny, a 
complex event that exhumed deep-crustal rocks in an 
intraplate setting during the Palaeozoic (450 – 300 Ma). The 
traverse also provides the first insight into the subsurface 
architecture of the Irindina Province, which is an enigmatic 
highly metamorphosed Neoproterozoic to Cambrian basin 
within the Arunta Region. Refer to figure 1 of Korsch 
et al (2011) for the location of the provinces and structures 
described below, along with the location of the seismic 
traverse.

Palaeoproterozoic basement

The outcropping Palaeoproterozoic geology along the 
seismic traverse consists of two main geological elements: 
the Davenport Province in the north, which forms part of the 
Tennant Region; and the Aileron Province, which comprises 
most of the Palaeoproterozoic geology of the Arunta Region. 
A third element of Palaeoproterozoic basement is the Casey 
Inlier, which is an inlier of Palaeoproterozoic basement 
within the northeastern Amadeus Basin that has affinities 
with the Aileron Province.

The Davenport Province is the southernmost province 
of the Tennant Region. It comprises folded sedimentary 
and volcanic rocks of the Ooradidgee and Hatches Creek 
groups, with minor 1820 – 1810 and 1720 – 1710 Ma intrusive 
rocks. The succession unconformably overlies sub- to 
lowermost-greenschist facies basement that is exposed 
in the Warramunga Province to the north. This basement 
includes 1865 – 1860 Ma metasedimentary and metavolcanic 
rocks that are divided into the Warramunga Formation and 
the correlative Junalki Formation and Woodenjerrie beds, 
and 1850 – 1840 Ma granites of the Tennant Supersuite. 
The Warramunga Formation hosts significant iron-oxide 
copper-gold mineralisation in the Tennant Creek and Rover 
fields. The basement to the Warramunga Formation and 
its correlatives is not exposed. The overlying Ooradidgee 
Group in the southern part of the Tennant Region has been 
interpreted as a succession of predominantly subaerial 
felsic and mafic volcanic and fluviatile sedimentary rocks, 
which partly interfinger and are associated with a number 
of volcanic centres (Blake et al 1987). The Ooradidgee 
Group was deposited in the interval 1850 – 1815 Ma, and 
has been correlated with the Bullion Schist and Lander 
Rock Formation in the Aileron Province (Claoué-Long et al 

2008). Locally, the relationship between Ooradidgee Group 
rocks and those of the overlying Hatches Creek Group varies 
between being conformable and apparently transitional, 
disconformable or unconformable (Donnellan in prep). The 
Hatches Creek Group is a succession of shallow-marine 
and fluviatile sandstone, and predominantly subaerial 
felsic volcanic rocks, including lava and ignimbrite. It is 
divided into the lower Wauchope Subgroup, which has an 
average thickness of 4 km and the upper Hanlon Subgroup, 
which has a maximum exposed thickness of 5.2 km (Blake 
et al 1985). The Wauchope Subgroup was deposited at 
1815 – 1810 Ma, whereas the precise timing of deposition 
of the overlying Hanlon Subgroup remains unclear. Blake 
(1978) interpreted a correlation between the Hatches Creek 
Group and the ca 1780 Ma Reynolds Range Group in the 
Aileron Province.

The Aileron Province (Scrimgeour 2003) includes 
metasedimentary successions that are time-equivalents, and 
in some cases, direct correlatives of units in the Davenport 
Province. Almost all known metasedimentary successions 
in the Aileron Province are believed to have been deposited 
within the interval 1860 – 1740 Ma, and the majority of 
magmatism occurred in the interval 1820 – 1700 Ma. Towards 
the southeast, the province is increasingly affected by what 
has been interpreted to have been a Palaeoproterozoic 
convergent margin on the southern margin of the North 
Australian Craton. The Aileron Province was affected 
by numerous tectonic and metamorphic events during 
its history, including the 1810 – 1800 Ma Stafford Event, 
1780 – 1760 Ma Yambah Event, 1730 – 1690 Ma Strangways 
Event, 1590 – 1560 Ma Chewings Orogeny and a series of 
intraplate events during the Palaeozoic. Metamorphic 
grade in the Aileron Province is highly variable, but in a 
general sense it increases to the southeast, with widespread 
amphibolite- and granulite-facies metamorphism in the 
eastern and southern parts of the province.

The seismic traverse crosses two areas of outcropping 
eastern Aileron Province, north and south of the Irindina 
Province. North of the Irindina Province, the line crosses the 
Jinka Domain (Scrimgeour and Raith 2001) and Kanandra 
Granulite, which are separated by the steeply south-
dipping Delny Shear Zone. North of the Delny Shear Zone, 
the Jinka domain comprises metsedimentary rocks with 
protolith ages of 1810 – 1800 Ma, intruded by 1780 – 1770 Ma 
and 1730 – 1710 Ma granites (Scrimgeour and Raith 2001). 
Metamorphism at amphibolite to granulite facies at low 
pressures (2 – 4 kbar) occurred during the 1730 – 1710 Ma 
Strangways Event. The Jinka domain hosts the Jervois Cu-
Pb-Zn and Molyhil W-Mo deposits, and is unconformably 
overlain by basal Neoproterozoic units of the Georgina 
Basin. South of the Delny Shear Zone, the Kanandra 
Granulite comprises Palaeoproterozoic granulite-facies 
pelitic metasedimentary rocks and mafic granulite, which 
are separated from the Irindina Province to the south by the 
steeply south-dipping upper amphibolite-facies Entire Point 
Shear Zone.

1 Northern Territory Geological Survey, GPO Box 3000, 
Darwin, NT 0801, Australia. 

2 Email: ian.scrimgeour@nt.gov.au.
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South of the Irindina Province, the Aileron Province 
includes a number of Palaeoproterozoic metasedimentary 
and meta-igneous units, separated by major shear zones and 
detachments that have a consistently south-directed sense 
of movement. The ca 1745 Ma Bruna Granitic Gneiss is a 
flat-lying, sheet-like body of highly-deformed megacrystic 
granite, up to 400 m thick, that separates the Entia Gneiss 
Complex from the structurally overlying Irindina Province. 
The Bruna Gneiss is typically mylonitic and acted as a major 
detachment during the Palaeozoic (Bruna Detachment Zone), 
accommodating south-directed transport of the Irindina 
Province over Palaeoproterozoic basement (Mawby et al 
1999). The only Palaeoproterozoic unit structurally above the 
Bruna Detchment Zone is the Alooarjara Metamorphics, a 
granulite-facies unit, dominated by garnet-rich metapelitic 
rock and mafic granulite that is separated from the structurally 
overlying Irindina Province by the Basil Fault. 

Structurally underlying the Bruna Detachment Zone 
is the Entia Gneiss Complex, which is is exposed in the 
Entia Dome, west of the seismic traverse. The Entia Gneiss 
Complex is dominated by 1770 – 1760 Ma granites that have 
an arc-like geochemistry, with lesser Palaeoproterozoic 
metasedimentary rocks (Whelan et al 2008). The Entia 
Gneiss has been pervasively reworked by a near-flat-lying 
Carboniferous amphibolite-facies high-strain fabric (Hand 
et al 1999). 

A major change in metamorphic grade occurs across 
the north-dipping Illogwa Shear Zone, a south-directed 
thrust that was active during the Alice Springs Orogeny 
(Whelan et al 2009). South of the Illogwa Shear Zone, the 
Albarta Metamorphics comprises mid-amphibolite-facies 
metapelitic, metapsammitic and calcsilicate rocks, and minor 
quartz magnetite layers, which were deposited in the interval 
1810 – 1770 Ma. Further south, in LimbLa3, recent NTGS 
studies have identified upper amphibolite- to granulite-
facies metasedimentary units that have maximum deposition 
ages in the range 1860 – 1830 Ma, with four geochemically 
disctinct periods of magmatism between 1780 and 1715 Ma 
(Whelan et al 2011). These rocks are structurally interleaved 
with the basal units of the Amadeus Basin.

The Casey Inlier is an inlier of Palaeoproterozoic 
basement in the northeastern Amadeus Basin, which 
has been divided into three fault-bounded domains with 
contrasting protoliths and tectonic histories (Close et al 
2007). The Eastern Domain contains metasedimentary 
rocks with a maximum deposition age of ca 1845 Ma; 
these are intruded by 1820 – 1815 Ma granites (Worden 
et al 2008) and are pervasively overprinted by an upper 
amphibolite-facies northwest – southeast-trending fabric. 
Metaseedimentary rocks include metapelitic rocks, 
metapsammitic rocks, quartz-magnetite layers, graphite-
bearing calcsilicate rocks and marble, and abundant mafic 
to ultramafic units. The Central domain of the Casey Inlier 
comprises granulite-facies migmatitic metapsammitic and 
lesser metapelitic gneiss with a maximum deposition age of 
ca 1865 Ma, intruded by 1770 Ma felsic to mafic intrusive 
rocks. A structurally bound sedimentary succession of 

quartz conglomerate, quartzite and porphyroblastic pelitic 
phyllite lies between the Eastern and Central domains 
(Close et al 2007). This succession was deformed under 
peak upper greenschist-facies conditions, producing a 
pervasive schistose fabric, with an east-directed sense of 
movement that parallels the northwest – southeast regional 
amphibolite-facies fabric elsewhere in the Casey Inlier. 
The unit has a maximum deposition age of 1235 ± 74 Ma, 
based on SHRIMP U-Pb dating of detrital zircons (Worden 
et al 2008), and is unconformably overlain by the flat-
lying Neoproterozoic Heavitree Quartzite. The Western 
Domain is dominated by ca 1640 Ma magmatic units, 
comprising abundant muscovite-biotite leucogranite, and 
lesser porphyritic biotite granite and mafic rock (Close et al 
2007, Carson et al 2009). The presence of 1640 Ma granite 
led Close et al (2007) to suggest that the Western domain 
may have affinities with the Warumpi Province, which has 
widespread ca 1640 Ma magmatism. 

Neoproterozoic to Palaeozoic basins and provinces

The Palaeoproterozoic basement of central Australia is 
overlain by Neoproterozoic to Palaeozoic basins including 
the Georgina, Amadeus and Ngalia basins. These basins are 
all considered to been contiguous as part of a larger basin, 
the Centralian Superbasin during parts of their history, 
particularly during the Neoproterozoic. Intraplate orogenic 
events during the Palaeozoic, including the Petermann 
and Alice Springs orogenies, led to the exhumation of 
basement rocks such as the Musgrave Province and Arunta 
Region, resulting in the current basin configuration. The 
upper amphibolite- to granulite-facies Irindina Province 
in the Arunta Region, once considered to form part of the 
Palaeoproterozoic basement, is now considered to be a 
highly metamorphosed deep basin within the Centralian 
Superbasin. 

The Georgina Basin is a polyphase Neoproterozoic to 
Devonian sedimentary basin. Neoproterozoic sedimentary 
rocks outcrop adjacent to the faulted southern basin 
margin, where initial siliciclastic sedimentation took place 
in fault-bounded grabens and half-grabens, and on rift 
shoulders (Walter 1980). Deposition was episodic through 
the Neoproterozoic, producing discrete hiatus-bounded 
tectosomes, termed supersequences by Walter et al (1995). 
The Neoproterozoic succession in the Georgina Basin 
includes the lowermost Plenty Group (early Cryogenian), 
which is up to 350 m thick; this is dominated by fluviatile 
siliciclastic rocks, but also includes intertidal to shallow-
marine stromatolitic carbonate and partially emergent, 
hypersaline, lacustrine to anoxic deep-marine successions. 
The overlying Aroota Group contains late Cryogenian 
glacigene units that are probable correlatives of Sturtian 
glacial deposits in South Australia. The Keepera Group 
contains glacial sedimentary rocks, tentatively attributed 
to the Marinoan glaciation, and up to 450 m of intertidal 
to deeper marine dolostone. The upper part of the 
Neoproterozoic succession comprises largely siliciclastic 
post-glacial sedimentary rocks of the Ediacaran Mopunga 
Group and the terminal Neoproterozoic Central Mount 3 Names of 1:100 000 mapsheets are in small caps, eg LimbLa.
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Stuart Formation. Overall, Neoproterozoic rocks in the 
southern Georgina Basin are significantly thinner than their 
counterparts in other component basins of the Centralian 
Superbasin, being typically restricted to fault-bounded 
grabens and half-grabens. The best-constrained section on 
the fault-dissected southwestern margin of the Georgina 
Basin occurs at Mount Skinner, and is modelled as having a 
maximum preserved thickness of around 1150 m (Dunster 
et al 2007).

Palaeozoic sedimentation in the southern Georgina 
Basin commenced with Early Cambrian fan-delta to marine 
sandstones of the Mount Baldwin Formation, which are 
overlain by carbonates of the Red Heart Dolostone. After 
a brief hiatus and erosion, carbonate platform deposition 
resumed in the early Middle Cambrian with deposition of 
the Narpa Group. In the area of the seismic traverse, the 
lower part of the Narpa Group comprises marine bioclastic 
carbonate rocks of the Thorntonia Limestone, black shale 
and dolostone of the Arthur Creek Formation and quartz 
sandstone of the Chabalowe Formation. This is overlain by 
the Arrinthrunga Formation, which is a thick succession 
of peritidal, evaporitic and stromatolitic limestone and 
dolostone, with minor quartz sandstone, siltstone and 
shale. The formation includes the Eurowie Sandstone 
Member, which comprises quartz sandstone and quartz-
rich dolostone with distinctive halite hopper casts. The 
Narpa Group is overlain by terrigenous quartz sandstone 
and lesser siliciclastic mudstone of the latest Cambrian 
Tomahawk Formation.

Marine siliciclastic sedimentary rocks of the Toko 
Group were deposited in the Early to Late Ordovician. This 
includes dolomitic quartz sandstone and dolostone of the 
Kelly Creek Formation, which were deposited in peritidal to 
open-marine conditions. Synsedimentary normal faulting 
occurred in what are now the Toko and Dulcie synclines, 
but north of these, the overall environment was probably a 
siliciclastic platform. During the Alice Springs Orogeny, 
faulting and uplift of the Aileron Province to the south 
formed the present southern margin of the Georgina Basin, 
and most north- and northwest-trending structures within 
the basin were reactivated in a reverse sense. Devonian 
synorogenic sedimentation occurred in a siliciclastic 
foreland with deposition of the Dulcie Sandstone. The 
total thickness of sediment deposited at this time is not 
known, due to subsequent erosion, but in excess of 650 m 
is preserved.

The Irindina Province (Scrimgeour 2003) forms part 
of the Arunta Region, and is a highly metamorphosed 
Neoproterozoic to Cambrian basin that includes correlatives 
of the Centralian Superbasin. The province includes a thick 
metasedimentary succession (Harts Range Metamorphic 
Complex) with subordinate Palaeozoic igneous units, 
including mafic to ultramafic intrusions, metabasalts, 
granites and pegmatites. The province outcrops extensively 
in the Harts Range, and also extends as scattered low 
exposures to the east and southeast, into the Simpson 
Desert, and north of the Harts Range near Mallee Bore. The 
Irindina Province has a faulted contact with the surrounding 
Aileron Province.

Until the late 1990s, rocks of the Irindina Province were 
thought to be Palaeoproterozoic in age (Collins and Shaw 
1995). However, numerous recent studies of the Harts Range 
Metamorphic Complex has confirmed that the protoliths of 
these high-grade metasedimentary rocks were deposited in the 
Neoproterozoic and Cambrian, rather than the Palaeoproterozoic 
(Buick et al 2005, Maidment 2005). The metasedimentary 
rocks contain remnant detrital grains with major populations 
at ca 0.5 – 0.7 Ga, ca 1.0 – 1.2 Ga and ca 1.72 – 1.85 Ga, and minor 
populations at ca 1.35 Ga, ca 1.58 Ga and ca 2.5 Ga, consistent 
with the ages of detrital zircons in similarly aged sedimentary 
rocks of the adjacent Amadeus and Georgina basins (Buick 
et al 2005, Maidment 2005). Granulite- to amphibolite-facies 
metamorphism of the Irindina Province occurred during the 
Ordovician (480 – 460 Ma) Larapinta Event and the province 
was exhumed during the 450 – 300 Ma Alice Springs Orogeny 
(Mawby et al 1999, Hand et al 1999, Maidment 2005). The 
interpreted oldest unit in the Irindina Province is the Stanovos 
Gneiss, which comprises quartzite, marble, calc-silicate rock 
and biotite-rich and quartzofeldspathic gneiss; this may include 
metamorphosed equivalents of basal Neoproterozoic units in 
the surrounding basins. The Stanovos Gneiss is overlain by a 
thick package of garnet-biotite-quartz-plagioclase ± sillimanite 
schist, with locally interlayered marble, calc-silicate, mafic 
amphibolite and quartzite (Irindina Gneiss). The uppermost 
exposed unit is the Brady Gneiss, which comprises a lower 
pelitic and upper calcareous unit. 

The sedimentary and igneous precursors to the Irindina 
Province have been interpreted to have been deposited 
or emplaced in an east- to southeast-trending latest 
Neoproterozoic to Cambrian rift. The mechanism for burial 
and metamorphism of these sediments has been contentious, 
but has been interpreted to have occurred as a consequence 
of sediment deposition at the base of an extremely deep sub-
basin during ongoing extension, rather than as a result of 
tectonic burial (Buick et al 2005). The sedimentary rocks 
are then interpreted to have been exhumed through basin 
inversion during the Alice Springs Orogeny. The Irindina 
Province contains a number of nickel-copper, copper-
cobalt, rare earths and uranium prospects.

The Amadeus Basin is a large (ca 170 000 km2), elongate 
intacratonic basin that extends approximately 800 km 
east – west and a maximum of about 300 km north – south. 
The basin overlies basement of the Musgrave Province to the 
south and Arunta Region to the north. Sedimentation began 
in the Neoproterozoic and continued until the Late Devonian. 
Over this period, sedimentation was influenced by laterally 
migrating depocentres, most likely related to ongoing 
processes of basin development and localised episodes 
of extension and contraction. These processes created a 
complex basin architecture of platforms, ridges and sub-
basins (Lindsay and Korsch 1991). In places on its northern 
margin, up to 14 km of sediments are preserved. The shape of 
the basin varied with each depositional cycle, and its present 
configuration can be attributed to the 570 – 530 Ma Petermann 
Orogeny on the southern margin, and the 450 – 300 Ma Alice 
Springs Orogeny on the northern margin.

The seismic traverse includes a section of the northeastern 
Amadeus Basin, which is dominated by Neoproterozoic 
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stratigraphy. The basal unit of the northeastern Amadeus 
Basin is the Heavitree Quartzite, which is a widespread, 
sheet-like, quartzite unit, interpreted to have been 
deposited in a high-energy shelf-like environment. 
The thickness of this unit is estimated to average about 
100 – 300 m (Lindsay 1999). The Heavitree Quartzite 
grades conformably into carbonate and evaporitic rocks of 
the overlying Bitter Springs Formation. The Bitter Springs 
Formation has been subdivided into the lower Gillen 
Member and upper Loves Creek Member (Wells et al 1970). 
The Gillen Member includes a basal transgressive black 
shale overlain by stromatolitic dolostone, occasional grey 
shale and cross-bedded sandstone. An upper evaporitic 
succession was deposited during a sea level low-stand 
and comprises a thick halite unit between two dolostone/
anhydrite units. Halite units up to 850 m thick have been 
recognised in wells, but much thicker, remobilised salt 
layers up to 2200 m thick have been identified by seismic 
imaging. The salt interval is interpreted to have locally 
acted as a decollement during deformation. The Loves 
Creek Member is estimated to be about 400 – 500 m thick 
and sits disconformably on the Gillen Member, possibly 
associated with a significant time break. The member 
includes stromatolitic dolostone, dolomitic grainstones, 
redbeds and dolomitic limestone. The overlying Areyonga 
Formation is dominated by glacial diamictite (tillite) 
associated with the Sturtian glaciation, with thin interbeds 
of sandstone, conglomerate, shale and siltstone, and 
dolostone. 

The Areyonga Formation is conformably overlain by 
siltstone, shale, dolostone, sandstone and grainstone of the 
Aralka Formation, which is estimated to be about 1000 m 
thick in the northeast of the basin. It is best preserved in the 
northeast at its type area, 6.4 km southeast of Ringwood 
Station homestead. The Olympic Formation disconformably 
overlies the Aralka Formation, and is confined to the 
northeastern part of the basin. It is up to 190 m thick and 
comprises red and green siltstone and sandstone, pebbly 
arkose and conglomerate, and dark red-brown diamictite 
associated with the Marinoan glaciation. The Gaylad 
Sandstone unconformably overlies the Olympic Formation 
and consists of around 140 m of quartz sandstone, lithic 
sandstone, subarkose, orthoconglomerate and rare debris-
flow diamictite. The late Neoproterozoic Pertatataka 
Formation consists predominantly of red and green 
siltstone, shale and feldspathic sandstone, interpreted to 
be deep-water, pelagic deposits (Lindsay and Korsch 1991) 
The unit is 350 m thick in its type section, but is locally up 
to 1400 m thick. 

Palaeozoic sedimentation in the northeastern Amadeus 
Basin commenced with the terminal Neoproterozoic 
to Cambrian Pertaoorta Group, which was deposited 
synchronous with the 580 – 530 Ma Petermann Orogeny in 
the Musgrave Province. The group contains interlayered 
siliciclastic and carbonate units, with carbonate units being 
more dominant in the east of the basin. This is overlain 
by predominantly siliciclastic sedimentary rocks of the 
Ordovician Larapinta Group, which includes the Horn 
Valley Siltstone, which is the most important petroleum 

source rock in the basin. The overlying Mereenie Sandstone 
comprises up to 1000 m of shallow-marine to fluvial 
quartz sandstone that was deposited between the Late 
Ordovician and Devonian. The unconformably overlying 
Devonian Pertnjara Group was deposited in the final phase 
of sedimentation in the Amadeus Basin. It comprises the 
Parke Siltstone, the Hermannsburg Sandstone and the 
Brewer Conglomerate. The group consists of a series of 
lacustrine, braided and meandering fluviatile and alluvial 
fan deposits, which accumulated on a southward-thinning 
depositional wedge, in a rapidly contracting and deepening 
foreland basin, during the Alice Springs Orogeny. 

Alice Springs Orogeny (450 – 300 Ma)

The Alice Springs Orogeny was a major intraplate orogenic 
event that variably affected large regions of central Australia 
in the period 450 – 300 Ma (Collins and Teyssier 1989, Haines 
et al 2001 and references therein). The orogeny was long-
lived and involved a series of discrete events, commencing 
with juxtaposition of the Aileron and Irindina provinces 
at 450 – 440 Ma, followed by a thick-skinned, bivergent 
east-trending orogenic system in the Devonian, and an 
east-southeast-trending, south-directed thrust system in 
the Carboniferous. Through the highest grade core of the 
orogen, from the Reynolds Range to the Harts Range, 
metamorphic grades were up to mid-amphibolite facies at 
crustal depths of 15 – 25 km. Total shortening across the 
Aileron Province during the Alice Springs Orogeny was at 
least 60 – 125 km (Dunlap et al 1995, Flöttmann and Hand 
1999) and this resulted in high-amplitude east-trending 
gravity anomalies. 

Late Ordovician (Rodingan Event)

The earliest-known Palaeozoic convergent structures 
in the Aileron Province are exposed in the Harts Range 
area, where regional-scale reverse and transpressional 
shear zones juxtaposed the Aileron Province with high-
grade Neoproterozoic to Cambrian rocks of the Irindina 
Province. Deformation was partitioned into south-directed 
thrusting in the south (Florence-Mueller Shear Zone and 
Bruna Detachment Zone; Mawby et al 1999) and sinistral 
strike-slip movement in the north (Entire Point Shear Zone; 
Scrimgeour and Raith 2001).

In the Harts Range, the Bruna Detachment Zone 
(Mawby et al 1999) forms near flat-lying, mid to upper 
amphibolite-facies, south-directed high-strain zones, up 
to 100 m thick at the upper and lower surfaces of the sheet-
like Bruna Granitic Gneiss. Movement on the detachment 
transported rocks of the Irindina Province south over 
Proterozoic basement of the Entia Dome, at metamorphic 
conditions estimated at 600 – 650°C and 5 – 6 kbar (Mawby 
et al 1999). A Sm-Nd isochron on a garnet-hornblende 
migmatite from the Bruna Detchment Zone has given 
an age of 449 ± 10 Ma (Mawby et al 1999). To the west, 
the Florence-Mueller Shear Zone juxtaposed the Irindina 
Province against the Strangways Metamorphic Complex 
and Bungatina Metamorphics, at similar metamorphic 
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grades to the Bruna Detachment Zone (Hand et al 1999). 
Immediately north of the Irindina Province, Scrimgeour 
and Raith (2001) documented Late Ordovician reworking 
of the Kanandra Granulite within the Entire Point Shear 
Zone. This reworking was associated with sinistral, 
south-up transpression along steeply dipping mylonites, 
at conditions of 670 – 730°C and 6.4 – 7.6 kbar, associated 
with juxtaposition of the two provinces at 445 ± 5 Ma 
(Scrimgeour and Raith 2001). The timing of this event 
corresponds to the Rodingan Movement, which is the first 
Palaeozoic compressional event identified in the Amadeus 
Basin (Shaw et al 1991).

Devonian (Pertnjara-Brewer events)

Following a period of relative tectonic quiescence in the 
Silurian, large areas of the Arunta Region were deformed 
and exhumed in a thick-skinned intraplate orogenic belt 
during the Devonian. On a macroscopic scale, the Devonian 
deformation system produced an east-trending, bivergent 
orogenic belt, with north- and south-directed deformation 
producing forelands on both sides of the orogen (Haines 
et al 2001). On the northern side of the orogen, the most 
significant active shear zone was the steep, north-directed 
Delny Shear Zone (Scrimgeour and Raith 2001). On the 
southern side of the orogen, south-directed thrusting was 
accommodated along major structures, including the 
Redbank Thrust, Ormiston Thrust Zone and Illogwa Shear 
Zone. 

The Delny Shear Zone, which is a steeply south-
dipping, north-directed shear zone that accommodated 
significant Palaeozoic exhumation, has Ar-Ar muscovite 
ages of 365  – 360 Ma for the lowest-grade mylonites on the 
northern edge of the shear zone (Scrimgeour and Raith 
2001). Garnet-biotite-muscovite assemblages within the 
Delny Shear Zone suggest P-T conditions of 600 – 650°C 
and 5 kbar (Scrimgeour and Raith 2001). 

Carboniferous (Eclipse Event)

Carboniferous tectonism in the Aileron Province during 
the Alice Springs Orogeny had a distinctly different 
structural and metamorphic style to the Devonian, with 
a change to more northwest-trending regional structures 
and the development of pervasive amphibolite-facies 
deformation in the Entia Dome. Existing evidence suggests 
that Carboniferous deformation was localised in a east-
southeast-trending belt from the Reynolds Range to the 
Harts Range area (Hand et al 1999). Also, in contrast to 
Devonian deformation, Carboniferous deformation appears 
to have been principally south-directed, with local 'pop-
up' style domains bounded by steeply dipping structures 
indicating a transpressional regime (Haines et al 2001). 
Carboniferous foreland sedimentary rocks are largely 
restricted to the Ngalia Basin, where the Mount Eclipse 
Sandstone was derived from thrust-generated topography 
to the northwest (Haines et al 2001). Haines et al (2001) 
estimated the total Carboniferous shortening in the eastern 
Alice Springs Orogen to have been in excess of 90 km.

Palaeoproterozoic rocks of the Entia Dome are 
substantially reworked by a recumbent, pervasive, 
amphibolite-facies high-strain foliation, with a variably 
developed, shallow north-northeast- or south-southwest-
trending lineation. Peak metamorphic assemblages include 
kyanite-garnet-biotite-muscovite-quartz in aluminous 
metapelitic rocks and kyanite-hornblende-garnet-quartz, 
with P-T estimates of 7 – 8 kbar and 680 – 720°C (Arnold 
et al 1995). Abundant evidence exists that the kyanite-grade 
fabric in the Entia Dome is Carboniferous in age, including 
SHRIMP U-Pb dating of zircon rims and monazite 
(343 ± 8 Ma and 332 ± 3 Ma, respectively; Hand et al 
1999, Maidment 2005), and LA-ICPMS dating of monazite 
from two localities (325 ± 8 Ma and 341 ± 5 Ma; Wade 
et al 2008). The Entia Dome underwent high-temperature 
decompression following 340 Ma, with sillimanite 
overprinting kyanite (Hand et al 1999). A pegmatite 
from the central Entia Dome, which was deformed at P-T 
conditions of 4.5 kbar and 550°C, has a SHRIMP U-Pb 
zircon age of 330 ± 6 Ma, implying that high-temperature 
metamorphism extended into the Late Carboniferous (Hand 
et al 1999). 

Development of the Ruby Gap Duplex and Arltunga 
Nappe Complex occurred during the Carboniferous, with 
structural interleaving of the southeastern Aileron Province 
and basal Amadeus Basin sedimentary rocks within south-
directed mid-crustal imbricate thrust stacks (Dunlap et al 
1995, 1997). The Ruby Gap Duplex has been interpreted to 
be a forward-propagating thrust system that accommodated 
ca 60 km of shortening, with a peak in estimated strain rates at 
335 – 320 Ma, based on extensive Ar-Ar geochronology (Dunlap 
et al 1995, 1997). This deformation was associated with gold 
mineralisation at the Arltunga and Winnecke goldfields.
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2009 Georgina–Arunta Seismic and MT Surveys – acquisition and processing
Aki Nakamura 1,2, Jingming Duan 1, Ross D Costelloe 1 and Josef Holzschuh 1

Introduction

Geoscience Australia (GA), in collaboration with the 
Northern Territory Geological Survey (NTGS), contracted 
Terrex Pty Ltd to collect the Georgina – Arunta deep seismic 
reflection survey data in June and July 2009. Along with the 
seismic reflection data, gravity readings and magnetotelluric 
(MT) data were also collected. The 373 line km transect 
started approximately 300 km northeast of Alice Springs and 
ran in a southerly direction. This project was a component 
of the Australian Government's Onshore Energy Security 
Program and the Northern Territory's Bringing Forward 
Discovery initiative. The scientific aims of these surveys 
are described in Korsch et al (2011).

Seismic acquisition

Seismic reflection survey acquisition commenced on 
20 June 2009 on Ammaroo Station, ran south through other 
pastoral leases and ended on Todd River Downs Station on 
11 July 2009. The location of the line is shown in Figure 1 
of Korsch et al (2011) and acquisition parameters for the 
survey are shown in Table 1. The seismic data were collected 
with 300 live channels spread over 12 km, with the source 
array located at the centre of the spread and a maximum 
offset of 6 km. The seismic data were recorded in SEG-D 
demultiplexed format using a Sercel 428XL recording 
system. The recording system cross-correlated each of the 
3 sweeps for each VP with its respective reference sweep 
and stacked the cross-correlated sweeps, creating a single 
20 second record for each VP.

Seismic reflection processing

The seismic reflection data for the Georgina – Arunta survey 
were processed by the Seismic Acquisition and Processing 
team of the Onshore Energy and Minerals Division of 
Geoscience Australia, using Disco/Focus processing 
software on a Red Hat Enterprise Linux Sun Fire X4600 M2 
server. The processing sequence applied to the data is shown 
in Table 2. The final migrated seismic section is shown in 
Korsch et al (2011).

Crooked line geometry definition

The seismic line was crooked and to process crooked line 
data using the Common Depth Point (CDP) method, it is 
necessary to bin the data into common midpoint gathers, 
based on a calculated CDP line. The CDP line is a curve 
of best fit through the source-receiver midpoints. Each 
trace (source – receiver pair) is allocated to the nearest 
CDP bin to its midpoint. The CDP bins were defined to be 

20 m along the line and 1200 m wide across the line. The 
effect of the bin size and midpoint scatter within the bin is 
most critical at shallow depths. Where the line has sharp 
bends, there is likely to be smearing and poor resolution of 
shallow data. The effect of bends on deeper data can also 
be significant, depending on the relative directions of the 
seismic line and the dip of the structures to be imaged. 
The CDP line was processed as a straight line post-stack, 
ignoring the effects of changing azimuth along the line. 
This simplification of the processing to a 2D geometry at 
the start of the processing sequence is reasonable for large 
sections of the line that are relatively straight; however, 
it is not possible to correctly migrate reflections, and 
therefore correctly image reflectors, at significant bends 
in the line.

1 Onshore Energy and Minerals Division, Geoscience Australia, 
GPO Box 378, Canberra ACT 2601.

2 Email: aki.nakamura@ga.gov.au.

Line 09GA-GA1

Source type 3 AHV-IV vibrators

Source array 15 m pad-to-pad, 15 m moveup

Sweep length 3 x 12 s

Sweep frequency 7–56 Hz, 12–96 Hz, 8–80 Hz

Vibration point (VP) interval 80 m

Receiver group 12 geophones at 3.3 m spacing

Group interval 40 m

Number of recorded channels 300

Fold (nominal) 75

Record length 20 s at 2 ms

Gravity 400 m station spacing

Crooked line geometry definition (CDP interval 20 m)
SEG-D to SEG-Y to Disco format conversion, resample to 4 ms
Inner trace edits
Common midpoint sort 
Gain recovery (spherical divergence)
Spectral equalisation over 8 to 92 Hz (1000 ms AGC gate)
Application of floating datum residual refraction statics
Velocity analysis
Application of automatic residual statics
Deconvolution on selected traces to reduce multiples
Band pass filter
Velocity analysis
Offset regularisation 
Normal moveout correction with 20% stretch mute
Dip moveout (DMO) correction
Common midpoint stack
Omega-X migration 
Signal coherency enhancement 
Application of mean datum statics, datum 400 m (AHD), replacement 
velocity 5000 m/s
Trace amplitude scaling for display

Table 1. Acquisition Parameters used for Georgina–Arunta 
Seismic Survey.

Table 2. Seismic reflection processing sequence for line 09GA-GA1.
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Refraction statics

Variations in surface elevation, weathering layer depth 
and weathering layer velocity can produce significant 
time delays in land seismic data. Variations over a short 
distance relative to the spread length can degrade the 
stack, as the reflections do not align across the traces to 
be stacked. Variations over distances longer than a spread 
length will not significantly affect the stack quality, but 
can introduce spurious long-wavelength structure on the 
stacked reflections. Static corrections are applied in the 
processing stream in order to remove these effects. Static 
corrections for the seismic reflection processing were 
calculated based on picking first break refracted arrivals 
from shot records and creating a near-surface refractor 
model of the weathering layer. The refraction statics 
were applied in two stages using a floating datum. An 
intermediate step of automatic residual statics produced 
fine tuning of the corrections. The final statics were 
calculated relative to a datum of 400 m (AHD) using a 
replacement velocity of 5000 ms-1. The process of picking 
first breaks for each shot is time consuming. Although 
automatic methods of picking the first breaks are used, 
each set of first breaks needs to be checked and frequently 
requires editing. Also, the quality of the first break 
wavelets depends on the nature of the geology at both the 
source and the receiver arrays. In some parts of the line, 
some of the first break picks were discarded owing to poor 
signal-to-noise ratio of the first breaks. The number of 
picks for each shot contributing to the model may need to 
vary along the line and the number of layers modelled has 
to be selected. Once the first breaks for the line have been 
picked and edited, and the number of layers to be modelled 
is selected, the refractor model can be calculated. Usually, 
a one- or two-layer model can provide a suitable solution 
to the modelling of the weathering. For this seismic line, 
a single layer model was selected as best representing the 
weathering over the entire transect.

Spectral equalisation

Spectral equalisation is a process used to sharpen the 
reflection wavelet and suppress low-frequency energy, 
primarily ground-roll energy, which is surface-wave 
energy that is generated by the vibrators. The frequency 
spectrum of the data is flattened over a specified 
frequency range and within a specified AGC time gate. 
The high-energy, low-frequency surface-wave noise is 
thereby reduced relative to the higher-frequency energy of 
the reflections. The resulting data have better resolution, 
particularly in the shallow (0 – 2 s) section. The selection of 
appropriate frequency range and AGC time gate is based 
on selective testing and spectral analysis of the data. 

Normal moveout correction

Normal moveout (NMO) correction removes time 
variations across CDP gathers by adjusting for the time 
delays caused by increasing offset between source and 

receivers across the gather. The NMO correction is applied 
as a stacking velocity which best aligns the reflections in 
the CDP gather. To calculate the stacking velocities to 
apply to the data, velocity scans were used to define the 
stacking velocity field, resulting in a velocity field varying 
in time and space (along the line), which maximises the 
stack response of the data. Velocity analysis requires 
interactive selection of optimal stack responses and is one 
of the most time-consuming processes in the processing 
sequence. Velocity analysis is usually made on spectral-
equalised CDP gathers, then after automatic residual 
statics is applied, and then also after dip moveout if time 
is available. Analyses can also be iterated where required, 
and areas of complex geology or poor stacking quality 
may require more closely spaced velocity analyses. The 
velocity boxes annotated on the seismic sections are the 
final velocities picked from the normal moveout gathers, 
with all corrections except the mean refraction statics 
applied, ie velocities were applied prior to moving the data 
to its final datum.

Dip moveout correction

Dip moveout (DMO) correction, also known as partial 
prestack migration, adjusts the NMO correction for the 
increase in stacking velocity as structural dip increases, 
and has the effect of correcting the NMO to account 
for different dips occurring along the line. The process 
effectively moves reflection energy between traces within 
and between CDP gathers, based on apparent dip of 
the reflectors, and creates a new set of DMO-corrected 
CDP gathers. After DMO, intersecting dipping and flat 
reflections will correctly stack with the same stacking 
velocity. DMO is a very computer-intensive processing 
step. 

Deconvolution

During preliminary interpretation, multiples were 
identified in the Georgina Basin (CDP 3800 – 7600). 
The multiples were identified as a result of a petroleum 
exploration well that intersected basement at ca 1495 m in 
the vicinity of CDP 6670. After depth conversion using 
stacking velocities, it was found that there were events 
below this level that had features of being multiples or 
reverberations. A gap deconvolution filter was applied 
to selected traces of the pre-DMO CDP gathers in the 
Georgina Basin to reduce the multiples. 

Common midpoint stack

Common midpoint stack is simply the summing of traces 
in a CDP gather to produce a single trace at the CDP 
location. The traces in the gather are aligned by the NMO 
and DMO processes to sum optimally. Stacking of the data 
improves the signal to noise ratio of the data by √n, where 
n is the number of traces summed (the fold). A nominal 
fold of 75 resulted from the acquisition geometry for this 
survey.
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Post stack time migration and display

Migration is the final processing step and moves 
dipping reflections to their most likely lateral positions. 
Reflections that appear to be dipping on the stack section 
will be moved up dip and are shortened after migration. 
Diffraction hyperbolas resulting from discontinuities, such 
as terminations of reflectors at faults, which are visible on 
the stack section, should collapse to a small region after 
migration. However, areas of poor signal-to-noise ratio and 
sharp bends in the line can produce artefacts in the data, 
which will not migrate successfully. The main parameters 
to be selected when performing migration are the velocity 
field and dip ranges to process. The velocity field used is 
usually a percentage of the stacking velocity. Tests are 
run on different percentages and the optimum migration 
velocity selected. The final migrated time section should 
have dipping reflections in the correct spatial location. The 
Omega-X (frequency-space) migration algorithm used to 
process the data is a finite difference approximation to the 
monochromatic wave equation, as described in Yilmaz 
(2001). 

Migration velocities were determined by creating 
a general velocity field from smoothing the post-DMO 
velocities, then scaling and running migrations. The 
optimal migration velocities were determined as around 
90% of the generic velocity function in the top 1 s and 
70 – 80% below 1 s, although the percentages varied along 
the line. There were also areas of contrasting amplitude 
between CDP 8800 – 9300 that 'smeared' the data with the 
migration process. The migration velocities were reduced 
to 40% in this area to reduce the smearing effect.

Coherency filters were applied to the data to enhance 
reflections for the final display images.

MT Acquisition

MT data were acquired at 39 locations (18 locations 
acquired both broadband and long-period data, 21 
locations acquired broadband data only) with site spacing 
of 5 – 20 km. 

Nine sets of ANSIR (National Research Facility 
for Earth Sounding) MT systems were used for data 

acquisition (Table 3). Data QA/QC was conducted during 
the acquisition. At each MT broadband site, two induction 
coils were used to measure the magnetic fields in two 
orthogonal horizontal directions (north – south and west–
east) for the higher frequencies. Two horizontal electric 
fields were measured using electrodes with two orthogonal 
dipoles (north – south and west – east directions) having an 
average length of 50 m in an L-shaped configuration. The 
broadband data were used to gain information within the 
top 30 km of the crust, and deployments of 30 – 50 hours 
were sufficient.

At each long-period MT site, magnetic data were 
acquired in three orthogonal directions by a fluxgate 
magnetometer for the lower frequencies. Electric field 
acquisition remained the same as for broadband. Long-
period data were used for identifying regional features in 
the crust and upper mantle. A longer recording period of 
5 – 7 days was required for the deeper signal penetration to 
a target depth of 100 km.

MT Processing

MT data processing involves three major steps: processing 
data into a standard EDI file format, data analysis and 
modelling.

The first step was to process data into standard EDI 
file. MT time series raw data were processing using the 
robust algorithm BIRRP (Chave et al 1987, Chave and 
Thomson 2004), with remote reference data when available 
(Gamble 1979). The aim of the process was to remove 
outliers in the time-series measurements and produce 
a robust estimation of the transfer function between the 
electric and magnetic fields for each MT site. A series of 
power spectral estimates and impedance tensor values 
was obtained. Then the apparent resistivity and phase as 
a function of frequency (or period) were calculated. The 
long-period and broadband MT data of coincident location 
sites were merged into single responses. The spectra and 
other fundamental quantities were stored in a standard 
EDI file format. 

The data and dimensionality analysis step was a 
critical step for obtaining a regional electrical resistivity 
model of the subsurface. Several techniques were used in 

Table 3. MT survey acquisition parameters.

Broadband MT Long-period MT

Type of data recorder Earth data recorder (6 channels) with 30 Gb 
removable hard disk

Earth data recorder (6 channels) with 30 Gb 
removable hard disk

Data recording format MiniSeed MiniSeed

Sampling rate 1000 10

Recording channels 4 5

Recording time 30–60 hours 5–7 days

Site spacing 5–10 km 15–20 km

Remote-Base Synchronization GPS timing, 10 min correction every hour GPS timing, 10 min correction every hour

Magnetic sensor LEMI-120 model induction coil Bartington Mag-03MS fluxgate magnetometer 

Electric sensor Copper/copper sulfate electrodes Copper/copper sulfate electrodes

Effective frequency Bandwidth 300–0.01 Hz 0.5–0.0001 Hz
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the analysis such as, phase tensor analysis, the WALDIM 
method (Marti et al 2009) and induction arrow.

The phase tensor analysis (Groom and Bailey 1989, 
Lilley 1998a, b, Caldwell et al 2004) was used to determine 
both dimensionality and the strike of MT data sets. 
Most sites show 2D and weak 3D effects; thus, 2D was 
assumed. The strike angle defines the regional coordinate 
system, in which the impedance tensor separates into 
the transverse electric (TE) and the transverse magnetic 
(TM) modes. There is a 90º ambiguity between the two 
possible orthogonal directions in the geoelectric strike 
determination by using phase tensor analysis. Geological 
surface strikes of major terrane boundaries were used to 
resolve this ambiguity.

The last step was inversion and modelling. The 18 
merged broadband and long-period sites typically each 
contributed 45 periods to the inversion, with periods 
ranging from about 0.003 s to 10 000 s. The remaining 
21 broadband sites contributed about 30 periods to the 
inversion, with periods ranging from about 0.003 s to 
100 s. All sites were projected onto one profile, which was 
chosen to be perpendicular to the estimated geoelectric 
strike, and data from all sites were rotated to the direction 
of geoelectric strike. Data points from some sites, which 
have scattered values, large error bars and stronger 3D 
effect, were removed, as they were thought to be unreliable.

The higher frequencies image near-surface structures; 
the lower frequencies are sensitive to deeper structures. 
2D modelling was carried out by using the Non-Linear 
Conjugate Gradient algorithm of Rodi and Mackie (2001). 
Inversions that used several different starting models and 
a wide range of regularization parameters were tested. 
The effects of static shifts on the model were evaluated 
through the inversion. A similar basic resistivity model was 
obtained in most cases. A preliminary model represents a 
best trade-off between data misfit and model smoothness. 

Conclusions

Three hundred and seventy-three line km of 75 fold deep 
seismic reflection data were acquired along the Georgina–
Arunta transect in June and July 2009. MT data and gravity 
readings were also acquired. The seismic data provide an 
image of the entire crust through this region. The MT 
survey results in a two-dimensional image of electrical 
resistivity structure of the crust and upper mantle. The 
geophysical datasets provide valuable information about 
the nature of the major crustal blocks and basins in this 
area, and is of a quality that meets the scientific objectives 
of the project. 
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Geological interpretation and geodynamic implications of the deep seismic reflection and 
magnetotelluric line 09GA-GA1: Georgina Basin–Arunta Region, Northern Territory
Russell J Korsch 1,2 , Richard S Blewett 1, Dorothy F Close 3, Ian R Scrimgeour 3, David L Huston1, Natalie Kositcin1, 
Jo A Whelan 3, Lidena K Carr 1 and Jingming Duan 1

Introduction

In 2009, as part of its Onshore Energy Security Program, 
Geoscience Australia, in conjunction with the Northern 
Territory Geological Survey, as part of its Bringing Forward 
Discovery initiative, acquired 373 line km of vibroseis-
source, deep-seismic reflection, magnetotelluric and gravity 
data along a single north–south traverse from the Todd River 
in the south to nearly 30 km north of the Sandover Highway 
in the north. This traverse, 09GA-GA1, referred to as the 
Georgina–Arunta seismic line, extends from the northeastern 
Amadeus Basin, across the Casey Inlier, the Irindina and 
Aileron provinces of the Arunta Region, and the Georgina 
Basin to the southernmost Davenport Province (Figures 1, 
2,  3). Here, we report the results of an initial geological 
interpretation of the seismic and magnetotelluric data, and 
discuss some preliminary geodynamic implications.

Aim of the seismic survey

The Georgina–Arunta seismic line was designed, in part, 
to evaluate:

1. the potential in the Georgina and Amadeus Basins for 
structural and stratigraphic hydrocarbon traps, including 
the effects of the Late Ordovician to Carboniferous 
(450 – 300 Ma) Alice Springs Orogeny

2. the depth of burial of organic-rich Cambrian source 
rocks within a depocentre in the southwestern Georgina 
Basin

3. the architecture of the intracratonic Neoproterozoic to 
Cambrian Irindina Province, including the setting of 
associated U-Th vein-pegmatite systems

4. the potential for geothermal energy systems created by 
the burial of high-heat producing granites of the Arunta 
Region beneath younger sedimentary cover

5. the crustal architecture of this part of central Australia 
and its implications for the geodynamics and metallogeny 
of the region.

Seismic and magnetotelluric acquisition and processing

The Georgina–Arunta seismic reflection and magnetotelluric 
data along line 09GA-GA1 were acquired in 2009, with 
project management undertaken by the Seismic Acquisition 
and Processing Project from Geoscience Australia. For the 
seismic line, 75-fold seismic reflection data were acquired 

to 20 s two-way travel time (TWT), providing an image 
of the crust and upper mantle to a depth of ca 60 km. The 
magnetotelluric data extends the range of the area covered 
by Selway et al (2005, 2007) and Selway (2006). Details of 
the acquisition and processing techniques are provided in 
Nakamura et al (2011).

Preliminary  geological  interpretation  of  seismic  line 
09GA-GA1

The north–south orientation of the seismic line is essentially 
perpendicular to the major geological basins, provinces 
and structures in the region (Figures 1, 2, 3), and provides 
crustal geometries that can be compared with existing 
geological interpretations. Much of the seismic traverse 
was over shallow basement, largely concealed by younger 
basins and Cenozoic sediment (Figure  1). The geology, 
determined by very limited outcrop, was projected along 
strike onto the seismic line. Overall, the crust in the vicinity 
of the seismic section has variable reflectivity, with some 
parts of the section containing strong reflections, and other 
areas having very low reflectivity (Figures 4, 5). In general, 
the lower crust tends to be only weakly reflective. 

Moho

In the region of the seismic section, the Moho varies in 
seismic reflectivity from a moderately reflective transition 
zone about 1 s TWT thick (ca 3 km) to areas, particularly 
in the central part of the seismic section, where it is 
generally poorly imaged. In general, it is interpreted across 
most of the seismic line to occur usually at the base of a 
weakly to moderately reflective package, below which the 
nonreflective material is considered to represent the upper 
mantle. In the seismic section, the interpreted Moho shows 
considerable topography, varying from a depth of ca 13.5 s 
TWT (ca 40 km) at the southern end of the line and ca 15 s 
TWT (ca 45 km) at the northern end of the line, to ca 19.5 s 
TWT (ca 58 km) beneath the central Irindina Province 
(Figures 4, 5).

Casey Inlier

The Casey Inlier, an isolated inlier of Palaeoproterozoic 
basement surrounded by the northeastern Amadeus Basin, 
contains elements of both the Aileron and Warumpi 
provinces of the Arunta Region, and has been subdivided 
into three fault-bounded domains by Close et  al (2007). 
The inlier is only weakly reflective (Figure  4). The 
seismic line runs along the boundary between the western 
and central domains, between CDPs (common depth point) 
18000 to 18500, and hence, this boundary is not imaged in 
the seismic section. The Casey Inlier appears to be more 

1 Onshore Energy and Minerals Division, Geoscience Australia, 
GPO Box 378, Canberra, ACT 2601, Australia.

2 Email: russell.korsch@ga.gov.au
3 Northern Territory Geological Survey, GPO Box 3000, 

Darwin, NT 0801, Australia.
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resistive in the magnetotelluric image, compared to the 
Aileron Province immediately to the north (Figure 6a–c). 
The seismic data indicate that the Casey Inlier forms a 
'pop-up'-like structure, bounded by moderately northeast- 
and southwest-dipping faults on its southern and northern 
margins, respectively.

The Milly Fault (CDP ca 17500) divides the central and 
eastern domains, and also forms the eastern boundary of a 
Mesoproterozoic cover succession, which has a maximum 

depositional age of ca 1235 Ma (Close et al 2007). The fault 
is inferred to have been a southwest-dipping thrust in the 
Proterozoic, but acted as a dextral strike-slip fault in the 
Palaeozoic. In the seismic section, it has been interpreted 
as a southwest-dipping listric fault (Figure 4).

During the late stages of the Alice Springs Orogeny, the 
Palaeoproterozoic rocks of the western domain of the Casey 
Inlier were thrust towards the southwest on a northeast-
dipping fault over a relatively flat-lying succession of the 

Figure 1. Map showing geology (from Ahmad and Scrimgeour 2006, which also contains legend) of region covered by seismic line 
09GA-GA1 from northeastern Amadeus Basin to southernmost Davenport Province. Seismic line has CDP stations labelled. MF – Milly 
Fault; MIMZ – Mount Isobel Mylonite Zone; ISZ – Illogwa Shear Zone; BuD – Bruna Detachment; BaF – Basil Fault; EPSZ – Entire Point 
Shear Zone; DSZ – Delny Shear Zone.
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Amadeus Basin (CDP ca 18500, Figure 4; see also Carr and 
Korsch 2011), although there are relatively steep dips between 
two segments of this fault. This fault is along strike of the 
Woolanga Lineament in the Arunta Region to the northwest.

Aileron Province south of the Illogwa Shear Zone

In the seismic section, the Irindina Province separates two 
parts of the Aileron Province. In the south, the Albarta 

Metamorphics occur to the south of the Illogwa Shear 
Zone (CDP ca 14700), have a maximum depositional age 
of ca 1770 Ma, and are intruded by granites of only slightly 
younger age (Worden et al 2008, Carson et al 2009). In 
general, the Aileron Province is only weakly reflective, 
with the middle crust tending to be more reflective than the 
upper and lower crust.

Beneath the Cenozoic Aremra Basin (see below), the 
Albarta Metamorphics are dissected by a north-dipping, 

Figure 2. Map showing regional total magnetic intensity data for region covered by seismic line 09GA-GA1 from northeastern Amadeus 
Basin to the southernmost Davenport Province. Warm colours are high magnetic intensities; cool colours are low magnetic intensities. The 
seismic line has CDP stations labelled. 
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imbricate fault zone (CDP ca 14900 to ca 15700), here 
referred to as the Atnarta Imbricate Fault Zone. Some of the 
faults in this structure have hangingwall anticlines above 
them, suggesting that they are thrusts. The floor thrust to the 
imbricate fault zone is interpreted to cut through the entire 
crust to the Moho (Figure 4). The region of the Atnarta 
Imbricate Fault Zone appears to be more resistive in the 
magnetotelluric image, compared to the Aileron Province 
immediately to the north and also to the region immediately 
to the south, beneath the Amadeus Basin (Figure 6). 

South of the Atnarta Imbricate Fault Zone, we have 
interpreted a basement-cored nappe between CDP 15700 
and CDP 16270, now sitting on a decollement above the 
Gillen Member of the Bitter Springs Formation and the 
Heavitree Formation of the Amadeus Basin. The basement-
cored nappe forms the northern part of a thin-skinned 
foreland fold-thrust belt (see Carr and Korsch 2011). It 
contains the Mount Isobel Mylonite Zone, a sample of 
mylonite from which has a SHRIMP protolith igneous 
zircon crystallisation age of ca 1748 Ma (Kositcin et al 

Figure 3. Map showing a regional gravity image for the region covered by seismic line 09GA-GA1 from the northeastern Amadeus Basin 
to southernmost Davenport Province. Warm colours are gravity highs, cool colours are gravity lows. Seismic line has CDP stations labelled.
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Figure 4. Migrated seismic section for southern half of Georgina–Arunta seismic line 09GA-GA1, showing both uninterpreted and 
interpreted versions. Provinces and basins are named. Display is to ca 60 km depth, and shows vertical scale equal to horizontal scale, 
assuming an average crustal velocity of 6000 ms-1. Fault abbreviations: MF – Milly Fault; MIMZ – Mount Isobel Mylonite Zone; AIFZ 
– Atnarta Imbricate Fault Zone; ISZ – Illogwa Shear Zone; BrD – Bruna Detachment; BaF – Basil Fault; MMF – Mount Mary Fault. 
Coloured lines: red – fault; blue – form line; yellow – base Cenozoic; dark green – boundary between Irindina Gneiss and Brady Gneiss; 
light green – Moho. For description of intervals in Amadeus Basin, see Carr and Korsch (2011). See Figure 5 for northern section of 
seismic line.

in prep), indicating that this piece of rootless basement is 
part of the Aileron Province. 

Illogwa Shear Zone

The Illogwa Shear Zone (CDP ca 14700) occurs to the 
south of the Bruna Detachment Zone and, to the west, 
separates the Albarta Metamorphics from the Bruna 
Gneiss in the Bruna Detachment Zone. It is a south-
directed thrust zone, which was active in the Devonian, 
postdating the juxtaposition of the Irindina Province 
against the Aileron Province along the Bruna Detachment 
Zone. The protolith of an igneous unit within the Illogwa 
Shear Zone has a SHRIMP zircon crystallisation age of 
ca 1795 Ma (Kositcin et al in prep). In the seismic section, 
the Illogwa Shear Zone is interpreted as a gentle, north-
dipping fault, which becomes subhorizontal farther to the 

north, linking with the Bruna Detachment Zone at depth, 
at about CDP 13200. 

Bruna Detachment Zone

The Bruna Detachment Zone (CDP ca 14600) represents 
the boundary between the Palaeoproterozoic Aileron 
Province and the Irindina Province, and acted as a 
detachment surface at about 449 ± 10 Ma (Mawby et al 
1999). In the vicinity of the seismic line, the detachment 
is hidden beneath a very thin cover of the northern part 
of the Aremra Basin, and is interpreted in the seismic 
section to dip gently to the north, eventually soling 
onto a subhorizontal structure at about 3.5 s TWT depth 
(ca 10 km; Figure 4).

The Alooarjara Metamorphics (CDP 14000 – 14600) 
are Palaeoproterozoic rocks that were metamorphosed to 
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granulite facies at about 1730 Ma; in the vicinity of the 
seismic line, they occur structurally above the Bruna 
Detachment Zone. 

Irindina Province 

The Irindina Province is a Neoproterozoic to Early Palaeozoic 
sedimentary succession that was deposited in a very deep 
extensional basin (eg, Hand et al 1999, Maidment 2005). The 
rocks have been metamorphosed to upper-amphibolite and 
granulite facies during the 480 to 460 Ma Larapinta Event (eg, 
Mawby et al 1999, Hand et al 1999, Buick et al 2001, 2005, 
Maidment 2005). Exhumation of these high-grade rocks 
occurred during several phases of the Alice Springs Orogeny, 
by inversion of the former basin-bounding extensional faults, 
and by the formation of new thrust faults.

The Basil Fault (CDP ca 14000) marks the boundary 
between the Alooarjara Metamorphics and the Neoproterozoic 
to Early Palaeozoic Harts Range Metamorphic Complex. In 
this area, units of the Harts Range Metamorphic Complex 
are stratigraphically out of sequence, with the Alooarjara 

Metamorphics thrust against the Riddock Amphibolite. 
The fault dips gently to the north, eventually becoming 
subhorizontal and links with the subhorizontal Illogwa Shear 
Zone and Bruna Detachment Zone at about CDP 12600 
(Figure 4). 

A north-dipping fault at about CDP 13400 separates the 
Stanovos Gneiss, which is stratigraphically the lowest unit of 
the Harts Range Metamorphic Complex, in the south, from 
the Spriggs Camp Member of the Irindina Gneiss (Figure 4), 
suggesting that the Yambla Member, the lower part of the 
Irindina Gneiss, is absent in this area. The seismic line crosses 
the Irindina Gneiss from CDP 13400 to CDP 13100, at which 
point there is a stratigraphic boundary between the Irindina 
Gneiss and the Brady Gneiss, the uppermost unit of the Harts 
Range Metamorphic Complex. In the seismic section, there 
is a band of strong reflections, the base of which is interpreted 
to characterise this boundary. Between CDP 14000 and CDP 
11600, a series of north-dipping faults have been interpreted, 
some with anticlines in the hangingwall, suggesting that the 
faults are part of an imbricate thrust zone. This is supported 
by offsets, interpreted in the boundary between the Irindina 
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Figure 5. Migrated seismic section for northern half of Georgina–Arunta seismic line 09GA-GA1, showing both uninterpreted and 
interpreted versions. Provinces and basins are named. Display is to ca 60 km depth, and shows vertical scale equal to horizontal scale, 
assuming an average crustal velocity of 6000 ms-1. Fault abbreviations: EPSZ – Entire Point Shear Zone; DSZ – Delny Shear Zone; AF – 
Atuckera Fault. Coloured lines: red – fault; blue – form line; orange – granite; yellow – base Cenozoic; dark brown – base of Wauchope 
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of intervals in Georgina Basin, see Carr and Korsch (2011). See Figure 4 for southern section of seismic line.
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Gneiss and the Brady Gneiss, which show thrust geometries 
(Figure 4). 

The series of north-dipping faults, from the gently 
dipping Illogwa Shear Zone in the south (CDP 14700) to 
the more steeply dipping Mount Mary Fault (new name) at 
CDP 11600, a distance of about 65 km, all link into a crustal-
scale structure (Figure 6). The Mount Mary Fault aligns 
with a major gravity gradient that extends to the southeast 
of the seismic line (Figure 3), and it eventually soles onto a 
fundamental mid-crustal detachment, here referred to as the 
Illogwa-Bruna Detachment, which is interpreted to sole onto 
the Moho at about CDP 6900 (Figure 6).

The Irindina Gneiss occurs between CDP 11200 and 
the Entire Point Shear Zone at CDP 9900. As this unit is 
stratigraphically below the Brady Gneiss, we infer that it has 
been thrust over the Brady Gneiss at CDP 11200, on a saucer-
shaped thrust that links onto the Entire Point Shear Zone at 
CDP 10000 at about 0.6 s TWT (ca 2 km depth). There is likely 
to have been considerable out-of-plane movement on this thrust.

The Irindina Province appears to be more resistive in the 
magnetotelluric image, compared to the Aileron Province 
below it (Figure 5).

Entire Point Shear Zone

The Entire Point Shear Zone (CDP 9900) marks the northern 
limit of the Irindina Province, to the north of which is the 
Aileron Province. In the field, the shear zone has been mapped 
as dipping steeply to the south, with sinistral transpression at 
about 445 Ma (Scrimgeour and Raith 2001), which correlates 
with the Rodingan Movement of the Alice Springs Orogeny 
(Bradshaw and Evans 1988). In the seismic section, the Entire 
Point Shear Zone is interpreted to be listric, dipping to the 
south and rooting onto the north-dipping Mount Mary Fault 
at about 3.5 s TWT (ca 10 km depth). 

Aileron Province north of the Entire Point Shear Zone

Within the northern Aileron Province, the 
Palaeoproterozoic Kanandra Granulite (Scrimgeour and 
Raith 2001) occurs between the Entire Point Shear Zone 
and the Delny Shear Zone, and is moderately seismically 
reflective, in comparison with other rocks of the Aileron 
Province to the north of the Delny Shear Zone (Figure 5). 
The Kanandra Granulite is marked by a zone of low 

Figure 6. (a) Migrated seismic section for Georgina–Arunta seismic line 09GA-GA1 showing interpretation and key provinces. Fault 
abbreviations: MF – Milly Fault; MIMZ – Mount Isobel Mylonite Zone; AIFZ – Atnarta Imbricate Fault Zone; ISZ – Illogwa Shear Zone; 
BrD – Bruna Detachment; BaF – Basil Fault; MMF – Mount Mary Fault; EPSZ – Entire Point Shear Zone; DSZ – Delny Shear Zone; 
AF – Atuckera Fault. Display shows vertical scale equal to horizontal scale (assuming crustal velocity of 6000 ms-1). (b) Preliminary two 
dimensional model of TM and TE modes for magnetotelluric data, to depth of 60 km, displayed at same scale as seismic section (see details 
in Nakamura et al 2011). Colours range from dark blue for most resistive at ca 100000 Rho (ohm.m) to red for least resistive, <10 Rho. 
(c) Simplified linework from interpretation of seismic section overlain on magnetotelluric model.

a

b

c
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electrical resistivity, separating two more resistive zones 
(Figure 6).

In the field, the Delny Shear Zone (CDP 9200) has been 
mapped as a steeply south-dipping shear zone, with the final 
phase of ductile deformation being Late Devonian (ca 364 Ma) 
in age (Scrimgeour and Raith 2001), equivalent to the Brewer 
Movement of the Alice Springs Orogeny (Bradshaw and 
Evans 1988). The shear zone marks a significant change in 
metamorphism, with high P rocks to the south and lower P 
rocks to the north. In the seismic section, the Delny Shear 
Zone is interpreted to be relatively planar, dipping to the 
south and rooting onto the north-dipping Mount Mary Fault 
at about 5 s TWT (ca 15 km depth).

To the north of the Delny Shear Zone, the northern 
Aileron Province is only weakly reflective and it has not 
been possible to subdivide it, based on its seismic reflectivity. 
The Aileron Province is interpreted to extend to the north, 
beneath a thin cover of Neoproterozoic to Palaeozoic rocks of 
the Georgina Basin, to the Atuckera Fault (new name) at CDP 
7200, which marks a major change in the seismic reflectivity 
in the crust. There is also a significant change in the resistivity 
in the magnetotelluric image, across this boundary, with the 
crust being much less resistive to the north (Figure 6). We 
interpret the Atuckera Fault to be a steep, south-dipping 
structure, which cuts deeply into the crust, eventually rooting 
onto the Illogwa-Bruna Detachment at about 12 s TWT 
(ca 36 km depth). The fault has had a complex movement 
history, last being reactivated after deposition of the Late 
Devonian Dulcie Sandstone, presumably during the Early 
Carboniferous Mount Eclipse Event of the Alice Springs 
Orogeny (Bradshaw and Evans 1988).

Davenport Province

The total magnetic intensity image indicates that the magnetic 
pattern seen in the exposed part of the Davenport Province 
(CDP 2020 and farther north beyond the seismic line, 
Figure 2) continues to the south beneath thin cover of the 
Georgina Basin. The magnetic pattern becomes more diffuse 
as the sediment cover becomes thicker southwards. Based 
on the seismic section, we consider that, in the subsurface, 
the Davenport Province extends as far south as the Atuckera 
Fault at CDP 7200 (Figures 4, 5). 

Based on seismic reflectivity, the crust below the Georgina 
Basin north of the Atuckera Fault, can be divided into three 
layers (Figure 5). The uppermost layer is only weakly 
reflective. We interpret the lower boundary of this package to 
be a subhorizontal detachment surface at about 3.0 – 4.7 s TWT 
(9 – 14 km depth). In places within this package, there are a series 
of north-dipping reflections, which lack continuity over much 
distance. The terminations of these reflections can be used to 
map a series of higher-angle, south-dipping faults, which we 
interpret to originally have been extensional faults, that sole 
down onto the extensional detachment surface at the base of the 
package. Thus, a series of extensional tilt blocks is preserved, 
within which we have inferred a stratigraphy of the Ooradidgee 
Group and Wauchope Subgroup of the Hatches Creek Group. 
The basement unit preserved above the detachment surface is 
inferred to be the Warramunga Formation (ca 1880 – 1860 Ma, 

Claoué-Long et al 2008a). After penetrating the Georgina 
Basin, the Phillip-2 petroleum exploration well (CDP 6670) 
ended in granite (1493 m, total depth), which has yielded 
a SHRIMP U-Pb date for the crystallisation of zircon of 
ca 1802 Ma (Kositcin et al in prep). Our interpretation suggests 
that the granite intrudes the Ooradidgee Group and possibly the 
Wauchope Subgroup (Figure 5).

The middle package, below the extensional detachment, 
extends to 6 – 7 s TWT (ca 18 – 21 km depth) and is only 
moderately reflective, with subhorizontal to gently folded 
discontinuous reflections (Figure 5). We consider that this 
package is probably the basement to the Davenport Province, 
on which the Warramunga Formation and younger units were 
deposited.

The lower crust is highly reflective and is separated 
from the middle package by a change in seismic reflectivity, 
to a pattern of strong, south-dipping reflections below 
a subhorizontal surface (Figure 5). It is also marked by a 
change in electrical conductivity, with the lower crust being 
much more conductive than the more resistive middle to 
upper crust (Figure 5). This zone extends from the Atuckera 
Fault in the south to beyond the limit of the seismic line in the 
north, and is termed the Ooratippra Seismic Province4. The 
seismic reflectivity in this seismic province is distinct from 
all other parts of the seismic section.

Amadeus and Georgina basins

The Amadeus and Georgina basins are relatively thin 
successions, with up to ca 3000 m preserved in the vicinity of 
the seismic line. The basins sit unconformably on basement 
of the Casey Inlier, Aileron Province and Davenport 
Province and are generally weakly deformed to undeformed, 
except for the part of the Amadeus Basin north of the Casey 
Inlier, where there has been considerable shortening during 
the Alice Springs Orogeny, and the development of a classic 
foreland fold-thrust belt (see Carr and Korsch 2011). In terms 
of electrical conductivity, both the Amadeus and Georgina 
basins are much more conductive than the surrounding, more 
resistive basement (Figure 6).

Aremra Basin

The Aremra Basin (Senior et al 1995) is a relatively thin 
Eocene to Pliocene succession, which was traversed by the 
seismic line between CDP 14160 and CDP 15970 (Figure 4). 
The basin is essentially asymmetrical, thinning towards the 
north. In the vicinity of the seismic line, it has a maximum 
thickness of about 200 m. 

Geodynamic implications

Here, we discuss some implications for the geodynamics of 
central Australia, which arise out of the interpretation of the 
new Georgina – Arunta seismic line 09GA-GA1. 

4 Following Korsch et al (2010), we use the term seismic province 
to refer to a discrete volume of middle to lower crust, which 
cannot be traced to the surface, and whose crustal reflectivity 
is different to that of adjoining provinces.
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Relationship between the Aileron Province of the Arunta 
Region and the Davenport Province 

There is a marked change in the nature of the seismic reflectivity 
across the Atuckera Fault, which is interpreted to represent the 
boundary between the Aileron Province of the Arunta Region 
and the Davenport Province. Because of its crustal-scale, and 
the contrasting reflectivity across it, we infer that this fault 
is an ancient suture between two different crustal blocks. To 
the northwest of the current seismic survey, the 2005 Tanami 
seismic line 05GA-T1 imaged a structure, which was inferred 
to represent the collision zone between the Tanami Region 
and the Aileron Province (Goleby et al 2009). We consider 
that the Atuckera Fault, which we interpret in seismic line 
09GA-GA1, is the eastward continuation of the suture seen 
at the southern end of seismic line 05GA-Interpretation of 
seismic line 05GA-T1 by Goleby et al (2009) indicated that 
the collision and formation of the suture occurred prior to 
deposition of the Killi Killi and Lander Rock formations, as 
these formations overlie the suture. These units are considered 
to have been deposited between 1840 – 1810 Ma (Claoué-Long 
et al 2008b) and are equivalent in time to the Ooradidgee 
Group in the Davenport Province. The older Warramunga 
and Stubbins formations, deposited at ca 1865 – 1860 Ma, 
have been interpreted by Huston et al (2008) and Bagas et al 
(2008), respectively, to have been deposited in backarc basins, 
associated with convergence between the Tanami – Tennant 
Creek regions and the Aileron Province. On this basis, it can 
be interpreted that the collision occurred within the interval 
of 1860 – 1840 Ma, possibly producing the ca 1850 Ma Tennant 
Event (Claoué-Long et al 2008a). The seismic interpretation 
(Figure 6) indicates that the suture has been reactivated at 
least twice. The first reactivation occurred after intrusion of 
the granite intersected in Phillip-2, as this 1802 Ma granite is 
interpreted to be truncated by the Atuckera Fault, but before 
initial Neoproterozoic deposition in the Georgina Basin, 
which is deposited across the top of the fault. The second 
reactivation occurred after deposition of the Late Devonian 
Dulcie Sandstone in the Georgina Basin.

Geometry and development of the Irindina Province 

Metasedimentary rocks in the Irindina Province 
were deposited during the Neoproterozoic to Middle 
Ordovician in a deep, fault-controlled basin bounded by 
the Palaeoproterozoic Aileron Province, with significant 
crustal thinning occurring during extension. The rocks 
underwent high-grade metamorphism, up to granulite facies 
at 480 – 460 Ma (Larapinta Event) while still in an extensional 
setting (eg, Hand et al 1999, Maidment 2005). The granulites 
formed in the lower crust at a depth of ca 30 km during 
extension-related metamorphism, and subsequent inversion 
of the original basin brought these rocks to the surface during 
several phases of the Alice Springs Orogeny (450 – 300 Ma). 
The seismic section shows that the Irindina Province now 
has the geometry of a doubly-vergent orogen, controlled by a 
master thrust which connects to the Moho (Figure 6).

The thickest crust in the seismic section occurs almost 
entirely under the Irindina Province, where the Aileron 

Province is nearly 60 km thick, compared to 40 – 45 km 
at the northern and southern ends of the section. This 
shortening cannot be attributed solely to thrusting of the 
Irindina Province southwards over the Aileron Province, 
as this would imply that the Aileron crust was originally 
anomalously very thick in this region alone. Therefore, 
additional thrusting within the Aileron Province, such as 
the crustal-scale Atnarta Imbricate Fault Zone, is likely to 
have also played a significant role in thickening the crust.

Significance of the Alice Springs Orogeny

The Alice Springs Orogeny (450 – 300 Ma) has different 
manifestations in different parts of the seismic line, depending 
on the rheological properties of the rocks that it is affecting. The 
Irindina Province has the geometry of a thin-skinned, doubly-
vergent orogen, with a master thrust cutting through the crust to 
the Moho. The Atnarta Imbricate Fault Zone has shortened the 
Aileron Province and is thicker skinned. The Amadeus Basin, 
north of the Casey Inlier, has the geometry of a classic, south-
directed, foreland fold-thrust belt, including the involvement 
of a basement-cored nappe (Carr and Korsch 2011). There has 
been minor reactivation of a Palaeoproterozoic crustal suture 
beneath the southern Georgina Basin, causing uplift and 
folding, but not being sufficient to cut the stratigraphy in this 
area. South of this suture, a number of steeply south-dipping 
faults dissect and interleave Georgina Basin stratigraphy and 
Aileron Province basement.

Conclusion

The Georgina – Arunta deep seismic reflection line 
(09GA-GA1) has provided an image of the crust in this part 
of central Australia. At a first approximation, beneath the 
Neoproterozoic – Early Palaeozoic sedimentary basins, the 
crust can be divided into five distinct regions, namely, the 
Casey Inlier, Aileron, Irindina and Davenport provinces, 
and the Ooratippra Seismic Province. Each of these regions 
is separated from one another by major, crustal-scale faults. 
The observed crustal architecture has implications for 
geodynamic models for the evolution of the region, implying 
amalgamation of these crustal blocks in the Palaeoproterozoic 
and major shortening and basin inversion in the Palaeozoic.
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Potential-field studies supporting the seismic data in the Georgina Basin-Arunta Region,  
Northern Territory
Richard Chopping 1,2 , Indrajit Roy 1 and Clarke Petrick 3

Introduction

Potential-field (gravity and magnetic) studies, supporting 
newly acquired seismic data in the Georgina-Arunta region 
of the Northern Territory, form part of a project between 
Geoscience Australia (GA) and the Northern Territory 
Geological Survey (NTGS) to compile 3D geophysical and 
geological data and maps for the region. This package of 
integrated geophysical and geological studies incorporates 
the entire region close to the 09GA-GA1 seismic line (Korsch 
et al 2011); the model also extends significantly further south 
and west to incorporate the northern portion of the 2008 
Gawler-Officer-Musgrave-Amadeus seismic line acquired 
by GA, NTGS, PIRSA and AuScope (figures below show 
the extent of the project area). As 3D modelling packages 
require data to be projected, rather than using geographic 
coordinates, the Georgina–Arunta 3D model is presented 
using the GDA94 datum, map grid zone 53.

Potential-field data in the Georgina–Arunta project area

The Georgina–Arunta project area is generally well covered 
by potential-field data. Gravity stations in the region are 
generally spaced 1 – 2 km apart, although some areas have 
sparser gravity coverage, in the order of 4 – 8 km (Bacchin 
et al 2008). The southern half of the project area contains 
some of the most significant amplitude gravity lows in 
Australia. The area closer to the 09GA-GA1 seismic line 
features a more subdued gravity response; however, it 
is marked by several linear trends, as well as by smaller-
scale features that result from thickness variations in the 
Georgina Basin. Airborne magnetic data (total magnetic 
intensity) coverage is exceptional, with the majority of the 
project area between 100 m and 500 m line spacing. These 
data were predominantly acquired by NTGS and compiled 
by GA (Milligan et al 2010). All potential-field data for the 
region can be obtained through the Geophysical Archive 
Data Delivery System (GADDS: http://www.geoscience.
gov.au/gadds/). 

Processing and modelling of potential-field data

Many techniques are available for the processing and 
modelling of potential-field data. As work is ongoing in 
the project area, we will describe some of the techniques 
available to support the seismic data and produce 3D 
geophysical and interpreted geological maps.

Worming of potential-field data
Worms are a method by which the edges in potential-field 

data can be highlighted and they are a guide to interpreting 
potential-field data. Originally developed by CSIRO and 
Fractal Graphics (Hornby et al 1999), worms are produced 
by automated edge detection at various levels of upward 
continuation. Upward continuation of potential-field data is 
where the potential-field is calculated at various elevations; 
higher levels of upward continuation smooth the data out to 
higher amounts and generally reflect deeper features. Thus, 
edges at lower levels generally will highlight shallower 
features, whereas those at higher levels will highlight deeper 
features. Worms will mirror the geometries of dipping 
features; for example, for a fault dipping to the south, higher-
level worms will progressively be located to the south of the 
surface trace of the feature. In the context of the Georgina–
Arunta project region, worms provide a useful constraint on 
the strike of features, especially deep faults, away from the 
seismic lines (see Figures 1 and 2 for Georgina–Arunta project 
area worms on gravity and magnetic data, respectively). An 
example of this would be the very continuous gravity worm 
which trends to the southeast of seismic line 09GA-GA1 at 
about CDP 10 600, which corresponds to the Mount Mary 
Fault (Korsch et al 2011).
 
Image enhancement techniques
Many other image enhancement and processing techniques 
are available to produce products to assist in geological 
interpretations. Of these, frequency-domain filtering, 
reduction to the pole, analytic signal, and tilt derivative 
products are to be produced. Frequency-domain filtering 
is a technique where images are restricted to contain 
information from certain spatial frequencies only: either 
longer wavelengths, to highlight deeper structures; or 
shorter wavelengths to highlight shallower features. 
Reduction to the pole is a technique where magnetic data 
are computed to appear to have occurred at the magnetic 
poles, that is, with a vertical magnetic field (Baranov 1957, 
1975). As this calculation is reduced in stability at latitudes 
close to the magnetic equator, the analytic signal (Figure 3) 
is often a preferred interpretative product (Nabighian 1972, 
1974, MacLeod et al 1993). The amplitude of the analytic 
signal is positive over the edges of a source body; thus, the 
edges of anomalies in the images will highlight the edge 
of their source bodies, regardless of the magnetic field 
inclination. Finally, the tilt derivative acts as an automatic 
gain control filter (Miller and Singh 1994), highlighting 
more subtle anomalies. Note that the analytic signal and tilt 
derivative products are sensitive to high-frequency noise 
and require filtering of the data. 

Further modelling of the potential-field data in the 
Georgina–Arunta project area is ongoing; methods 
are described below. Preliminary results of these 
investigations will be presented at the AGES 2011 
conference, and final results released by GA and NTGS 
within the Georgina–Arunta 3D geophysical data package 
(to be released in mid 2011).

1 Onshore Energy and Minerals Division, Geoscience Australia, 
GPO Box 378, Canberra, ACT 2601, Australia.

2 Email: richard.chopping@ga.gov.au.
3 Northern Territory Geological Survey, PO Box 8760, Alice 

Springs NT 0871, Australia.

http://www.geoscience.gov.au/gadds/
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Forward modelling
Forward modelling is a process where a geological model 
is linked to physical properties; its geophysical response 
is computed and this response is compared to known 
geophysical responses. It is generally performed in a 2D 
or 2.5D (infinite strike or limited strike, respectively) 
sense along lines. It is especially useful to add further 
constraints to any seismic interpretations. To test the 
seismic interpretations, it is generally preferred to use 
gravity data; due to the physics of gravity, it is better able to 
resolve deeper features. However, magnetic data can often 
be useful to supplement the knowledge of structures within 
the region.

Although seismic data provide a unique and powerful 
view of the subsurface geology, many aspects of the seismic 
interpretation require testing. The most fundamental of 
these is the geometry of the Moho, which often has a gravity 
response associated with it. At the Moho, large density 
contrasts are present. The undulation of the Moho in the 
project area, from depths of ca 30 – 55 km (40 – 55 km along 
the 09GA-GA1 seismic line), is an important first constraint 
on any forward model. Further to this, knowledge of the 
Moho provides a very powerful constraint on the inverse 
models, including the removal of the effect of regional 
gravity and magnetic fields, which can lead to spurious 
interpretations.

Figure 1. Bouguer gravity, gravity worms and location of new and existing seismic lines for the Georgina–Arunta 3D map project area. 
Worms are coloured according to their upward-continuation height: blue is the lowest height, red the highest.
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Inverse modelling
Inverse modelling, in this context, is where the forward-
modelled response of a model of physical properties 
(namely density and magnetic susceptibility) is compared 
to the observed geophysical data (namely gravity and total 
magnetic intensity). This model is updated automatically 
by an inversion algorithm, and the process is repeated 
until the mismatch between the observed and calculated 
geophysical responses is minimised. In the Georgina–
Arunta project, gravity (GRAV3D; Li and Oldenburg 1998a) 
and magnetic inversion codes (MAG3D; Li and Oldenburg 
1996), developed by the University of British Columbia-
Geophysical Inversion Facility (UBC-GIF), have been 

utilised. The workflow for computing these inversions is 
described below (also see Williams and Oldenburg 2010).

The first step in any inversion process is to remove the 
regional trends due to sources outside of the volume of 
interest. For this study, a volume of interest equivalent to 
the project area, to a depth of 25 km, was chosen. A larger 
volume, the regional volume, is selected to encompass this 
volume; an automated technique (Li and Oldenburg 1998b) 
is used to remove any sources outside of the volume of 
interest.

Data are prepared for both the regional and the 
Georgina–Arunta project areas of interest by use of 
upward continuation. Upward continuation, as discussed 

Figure 2. Total magnetic intensity, magnetic worms and location of new and existing seismic lines for Georgina–Arunta 3D map project 
area. Worms are coloured according to their upward-continuation height: blue is the lowest height, red the highest.
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above, reduces the influence of short-wavelength features. 
In the cell-based (voxel) inversion technique used here, 
the inversion cannot resolve features shorter than half of 
the voxel width. For the regional inversion, gravity and 
magnetic data are upward continued to 5 km; for the 
Georgina–Arunta project area, 2 km. This reflects the 
chosen cell size: 5 x 5 x 2.5 km to 40 km for the regional 
inversion, and 2 x 2 x 1 km to 25 km for the Georgina–
Arunta area.

The key step in inversion modelling revolves around 
the use of constraints. As any potential field data have 

an infinite number of physical property models that will 
reproduce them, constraints must be added to ensure that 
the inversion converges on a single useful result. Some 
of these constraints are applied by the inversion routine 
(such as a smoothness constraint; the model must always 
be smooth) and some were applied using the techniques 
of Williams et al (2009) and Williams (2009). Further 
constraints are also applied to ensure that the geometries 
of resolved bodies are consistent with the known geology; 
continuing investigations into the best constraints for the 
Georgina–Arunta project area are ongoing.

Figure 3. Image of analytic signal of total magnetic intensity data and location of new and existing seismic lines for the Georgina–Arunta 3D 
map project area. Analytic signal maps out bodies as positive-amplitude anomalies regardless of the orientation of the Earth’s magnetic field; 
in this case, edges of anomalies in analytic signal image reflect subsurface extents of source body. This map is especially useful at delineating 
geological boundaries. TMI data were prepared by first reducing the data to the pole, and upward continuing this data to 5 km elevation.
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Summary

The Georgina–Arunta 3D project is predominantly focused 
around the delivery of 3D geophysical and geological data 
and interpretations to support the seismic data in the region. 
By integrating all available data in the region with a wide 
variety of potential-field techniques, a robust 3D map is able 
to be produced.
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Architecture of the Amadeus and Georgina basins, Northern Territory, based on Deep Seismic 
Reflection Line 09GA-GA1
Lidena K Carr 1,2  and Russell J Korsch 1

Introduction

The Onshore Energy Security Program was funded by 
the Australian Government for five years (2006 – 2011) 
to provide geological information on frontier, onshore 
sedimentary basins in Australia, many of which are 
underexplored with respect to hydrocarbons. As part of the 
Onshore Energy Security Program, deep-seismic reflection 
data have been acquired across several frontier sedimentary 
basins to stimulate petroleum exploration in onshore 
Australia. In 2009, Geoscience Australia, in conjunction 
with the Northern Territory Geological Survey, acquired a 
373 line km-long deep-seismic transect across the Georgina 
Basin and northeastern margin of the Amadeus Basin in the 
Northern Territory (Figure 1). 

Seismic line 09GA-GA1, referred to here as the 
Georgina–Arunta seismic line, was proposed to investigate 
the possibility of structural and stratigraphic hydrocarbon 
traps formed during the Late Ordovician to Carboniferous 
(450 – 300 Ma) Alice Springs Orogeny in the Amadeus and 
Georgina basins, as well as to evaluate the depth of burial 
of known Cambrian source rocks in the Georgina Basin. 

Exploration in the Amadeus Basin began in the 1950s, 
eventually leading to the discovery of the Mereenie oil and 
gas field and the Palm Valley gas field. Since that time, 
exploration has focused on Ordovician petroleum systems, 
with only minor exploration occurring in other parts of the 
basin succession (Ambrose 2006). Older petroleum systems 
in the basin, including the Dingo-1 field, are inferred to be 
present outside the main areas of exploration. 

Although the southern Georgina Basin is considered 
a significant potential hydrocarbon source and includes a 
largely unexplored Middle Cambrian petroleum system 

1 Onshore Energy and Minerals Division, Geoscience Australia, 
GPO Box 378, Canberra, ACT 2601, Australia.

2 lidena.carr@ga.gov.au.

https://www.ga.gov.au/products/servlet/controller?event=GEOCAT_DETAILS&catno=70220
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(Ambrose et al 2001), only limited exploration has occurred. 
Following the discovery of hydrocarbon indicators in water 
bores drilled into the Cambrian succession, exploration has 
included several petroleum exploration wells, which were 
unsuccessful.

Amadeus Basin, Northern Territory

The Neoproterozoic to Devonian Amadeus Basin covers 
an area of ca 170 000 km2 in the Northern Territory and 
Western Australia. The basin trends east–west and is 
bounded to the north by the Arunta Province and to the 
south by the Musgrave Province. It produces both oil and 
gas, with up to five known hydrocarbon systems (Marshall 
et al 2005, Marshall 2004). The basin forms part of the 
Centralian Superbasin, along with the Officer, Ngalia and 
Georgina basins (Walter et al 1995). 

The geometry of the basin and its stratigraphy has been 
described previously by Jackson et al (1984), Gorter (1984), 
Korsch and Kennard (1991), Lindsay (1999) and Ambrose 
(2006). These studies examined the basin structure, 
stratigraphy and hydrocarbon potential, and were used to 
aid our understanding of the basin in the vicinity of the 
seismic traverse.

Amadeus Basin on seismic line 09GA-GA1

Seismic line 09GA-GA1 crosses the northeastern part 
of the Amadeus Basin, where it surrounds the basement 
Casey Inlier (Figure 1). The basin reaches a maximum 
depth of ca 1.2 s two-way travel time (TWT, ca 3000 m) at 
CDP ca 16000 (Figure 2). 

The stratigraphic units in the Amadeus Basin south 
of the Casey Inlier are essentially flat lying, and have a 

relatively constant thickness. This implies that there has 
been no growth in the packages in the plane of the seismic 
section (Figure 2a), suggesting that this is a strike section. 
To the north of the Casey Inlier, the stratigraphic units are 
observed to thin to the south (Figure 2c), and the basin has 
a complex, thrust-related architecture. There is a limited 
number of outcrops in the area surrounding the seismic line 
that have been used to constrain the seismic; these include 
the Heavitree Quartzite, Gillen and Loves Creek members 
of the Bitter Springs Formation, Pertatataka Formation, 
Pertaoorta Group, Mereenie Sandstone and Brewer 
Conglomerate.

Southern Section (CDP 19232-18500)

South of the seismic line, the Mereenie Sandstone outcrops 
as a plunging anticline, whereas the Brewer Conglomerate 
outcrops to the west of the seismic line. On solid geology 
maps (eg, Ahmad and Scrimgeour 2006), the Brewer 
Conglomerate is inferred to be crossed by the seismic line, 
albeit under cover.

On the seismic section, terminations are observed 
where the Mereenie Sandstone is unconformably overlain 
by the Brewer Conglomerate. In the seismic section, the 
Mereenie Sandstone to the north of DP 18800 is interpreted 
to have been eroded prior to the deposition of the Brewer 
Conglomerate. Both units have a discontinuous, low-
amplitude, seismic-reflective character, compared to the 
underlying continuous- and mixed-amplitude reflections of 
the Cambrian Pertaoorta Group. 

The Pertaoorta Group is underlain by the Pertatataka 
and Areyonga formations and has low-amplitude 
reflections. Underlying the Areyonga Formation, the 
Bitter Springs Formation has strong-amplitude reflections, 
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with terminations at its upper surface below the overlying 
Areyonga Formation. The Bitter Springs Formation has been 
divided into the upper Loves Creek Member and the lower 
Gillen Member, from seismic reflection characteristics and 
some outcrop constraints. Underlying this, the lowermost 
unit is interpreted to contain the Neoproterozoic Heavitree 
Quartzite.

During the late stages of the Alice Springs Orogeny, 
Palaeoproterozoic rocks of the western domain of the Casey 
Inlier were thrust towards the southwest on a northeast-
dipping fault over this relatively flat-lying succession of 
the Amadeus Basin (CDP ca 18500, Figure 2a), although 
between two segments of this fault, there are relatively 
steep dips in the lowermost part of the succession. 

Northern Section (CDP 17750-15650)

Where the Amadeus Basin is imaged to the north of the 
Casey Inlier (Figure 2c, d), it is asymmetrical in shape, 
thickening significantly towards the northeast. Only the 
Neoproterozoic part of the succession has been preserved. 
The depocentre for this part of the basin was probably 
located to the northeast of the section as imaged, possibly 
related to a southwest-dipping extensional fault, which 
is no longer preserved. At CDP 17400, the basin is 0.5 s 
TWT (ca 1250 m) deep and steadily thickens to 1.2 s TWT 
(ca 3000 m) at ca CDP 16000. 

The Amadeus Basin is mostly hidden by thin Cenozoic 
sediments. Limited outcrops along the seismic line 
have been used as constraints, and these include the 
Gillen Member (CDP ca 17700), Loves Creek Member 
(CDP 17600), Limbla Member of the Areyonga Formation 
(CDP 16790) and Pertatataka Formation (CDP 16270). 

The youngest unit preserved in this part of the Amadeus 
Basin is the Pertatataka Formation, which is imaged 
as a continuous, low amplitude set of reflections. The 
underlying Areyonga Formation is a package of low-
amplitude, continuous reflections between 0.15 to 0.3 s 
TWT (ca 375 m to ca 750 m) thick, below which the Gillen 
Member and Loves Creek Member of the Bitter Springs 
Formation occur. The Gillen and Loves Creek members 
consist of strong-amplitude disrupted reflections, between 
0.1 to 0.5 s TWT (ca 250 m to ca 1250 m) thick. The 
lowermost unit, the Heavitree Quartzite, appears as high-
amplitude reflections at the bottom of the basin. The Gillen 
Member is inferred to contain a salt interval, which acted 
as a decollement surface to accommodate the later basin 
shortening. 

To the north of the Casey Inlier, the Neoproterozoic 
succession has been shortened by a series of thrust faults, 
and most of the basin has been removed by a thrust at 
CDP16270. The seismic section shows that the Amadeus 
Basin has the geometry of a classic, south-directed, 
foreland fold-thrust belt. The stratigraphic succession 
from above the salt interval in the Gillen Member to the 
Pertatataka Formation has been repeated by a series of 
thrust faults, with the thrust sheets now stacked against 
each other. 

We have interpreted a basement-cored nappe between 
CDP 15700 and CDP 16270, now sitting on a decollement 
above the Gillen Member and the Heavitree Quartzite 
of the Amadeus Basin (Figure 2). This basement-cored 
nappe forms the northernmost part of the thin-skinned 
foreland fold-thrust belt. It has a very similar geometry 
to the Razorback basement-cored nappe described by 
Flöttmann and Hand (1999), and to the geometry of the 

Figure 2. (a) and (c) Interpreted version of parts of migrated seismic section 09GA-GA1 across northeastern Amadeus Basin. (b) and (d) 
Uninterpreted versions of migrated seismic section 09GA-GA1. Note that the two sections are not continuous, but are separated by the 
Casey Inlier. Displays have vertical scale equal to horizontal scale, assuming an average crustal velocity of 6000 ms-1. 
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Arltunga Nappe Complex described by Scrimgeour and 
Raith (2001). The basement-cored nappe contains the 
Mount Isobel Mylonite Zone, from which a sample of 
mylonite has yielded a protolith igneous crystallisation age 
of ca 1748 Ma (Kositcin et al in prep), indicating that this 
piece of rootless basement is part of the Aileron Province. 

Summary 

Seismic line 09GA-GA1 imaged two parts of the Amadeus 
Basin separated by the basement Casey Inlier. South of the 
Casey inlier, there is a near-complete succession of almost 
flat-lying Neoproterozoic to Devonian sedimentary rocks. 
There is a significant angular unconformity between 
the Mereenie Sandstone and the overlying Brewer 
Conglomerate; this marks the onset of the major foreland 
loading phase in the Alice Springs Orogeny.

To the northeast of the Casey Inlier, the seismic line 
imaged the Amadeus Basin to its northeastern margin. 
There, the basin is relatively thick, with the Neoproterozoic 
succession being over 3000 m thick. The 450 – 300 Ma 
Alice Spring Orogeny shortened the basin, forming 
several thrust sheets, as part of a classic, thin-skinned, 
foreland fold-thrust belt. The upper part of the basin 
detached from the lower part along a salt interval within 
the Gillen Member of the Neoproterozoic Bitter Springs 
Formation. The northernmost part of the fold-thrust belt is 
a basement-cored nappe, now sitting above the lowermost 
part of the Amadeus Basin succession.

Georgina Basin, Northern Territory

The Neoproterozoic to Devonian Georgina Basin 
is a northwest–southeast-trending basin, covering 
325 000 km2 in Queensland and the Northern Territory. 
In the Northern Territory, the basin contains potential 
Cambrian hydrocarbon systems (Ambrose et al 2001), 
and has several petroleum exploration wells that were 
drilled on or near seismic line 09GA-GA1, including the 
Ammaroo (-1 and -2) and Phillip (-1 and -2) wells.

The Georgina Basin is a component of the Centralian 
Superbasin of Walter et al (1995), with the successions 
being contemporaneous with the deposition of the 
Amadeus, Officer and Ngalia basins. The southern 
portion of the Georgina Basin contains two depocentres: 
the Dulcie Syncline and the Toko Syncline, both of which 
were deformed during the Alice Springs Orogeny (Beck 
2002). The seismic line discussed here crosses the Dulcie 
Syncline in the eastern Northern Territory (Figure 1).

Potential Cambrian hydrocarbon systems exist within 
parts of the Northern Territory section, with prospective 
Cambrian and Ordovician carbonate and clastic rocks 
considered to be within the oil window (Questa 1994). 
This is supported by Vu et al (in press), who found ideal 
conditions for shale gas development within the Cambrian 
Arthur Creek Formation in the Macintyre-1 well.

The geometry and stratigraphy of the Georgina 
Basin has been described previously by Jackson (1982), 
Southgate and Shergold (1991), Ambrose et al (2001), 

Draper (2007), Ambrose and Putnam (2007), Boreham 
and Ambrose (2007) and Radke (2009), and these sources 
have been used to help constrain the basin stratigraphy 
and architecture for this seismic interpretation.

Georgina Basin on seismic line 09GA-GA1 

The Georgina Basin on seismic line 09GA-GA1 occurs 
between CDP 2000 and CDP 8900 (Figure 3). The 
deepest point of the basin occurs at CDP 7120 in the 
Dulcie Syncline, with the entire stratigraphy of this part 
of the Georgina Basin intersected in the Phillip-2 well 
(CDP 6670), which ended in underlying granite basement 
at 1473 m (ca 0.65 s TWT). South of this well, the basin 
deepens slightly up to 0.7 s TWT (ca 1500 m). Further 
constraints on the basin's stratigraphy include outcrops 
in the Dulcie Syncline (Tomahawk Formation and Dulcie 
Sandstone) between CDP 7350 and CDP 7100, as well as 
Neoproterozoic units south of the Dulcie Syncline. 

The southern margin of the Georgina Basin, between 
CDP 7800 and CDP 8900, consists of a series of remnant 
small half grabens, with south-dipping bounding faults 
and Neoproterozoic fill (Figure 3a), which are, in turn, 
mostly capped with thin Cenozoic cover. Erosion has 
exposed granitic basement in the rift shoulders on the 
footwall blocks (eg, at ca CDP 8250). 

To the north of the half grabens, from CDP 7800 to 
2020, seismic line 09GA-GA1 crosses a relatively flat-
lying succession of the Georgina Basin for nearly 120 km. 
This succession is asymmetric and thins to the north. 
The stratigraphic interpretation of the Georgina Basin, 
discussed here, is constrained by the units intersected 
in Phillip-2. The lowermost unit of the basin package 
is a very thin succession of unnamed Neoproterozoic 
sedimentary rocks, approximately 15 m thick (Figure 3). 
The Neoproterozoic reflections are continuous, and 
range in amplitude from strong to faint, suggesting 
lateral changes in facies. Directly overlying this, the 
basal Cambrian Mouth Baldwin Formation is interpreted 
to occur at the base of a set of strong continuous, high-
amplitude reflections. These units are ca 170 m thick in 
Phillip-2.

The base of the overlying Cambrian Chabalowe 
Formation is interpreted to occur at the base of a 
discontinuous low-amplitude reflective package, which is 
ca 0.15 s TWT (ca 350 m) thick (CDP 7050). The overlying 
Arrinthrunga Formation has a similar seismic character, 
although it has more continuous reflections than the 
Chabalowe Formation, and is up to 0.2 s TWT (ca 470 m) 
thick (CDP 7050). One to two cycles of high-amplitude 
semi-continuous reflections within the Arrinthrunga 
Formation are also used to identify this unit.

The Cambrian–Ordovician Tomahawk Formation 
occurs above a series of terminations defining a 
recognisable unconformity. The formation can be traced 
to the surface, where it can be identified from outcrop. In 
Philip-2, it is 327 m thick, and does not vary significantly 
in thickness, except where it is truncated by the present-
day erosion surface. 
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The Devonian Dulcie Sandstone is well known from 
surface mapping and outcrops have been used to constrain 
the unit in this interpretation. The Dulcie Sandstone 
is overlain in places by a ≤20 m-thick Cenozoic cover. 
The formation has a similar reflection character to the 
underlying Tomahawk Formation, and its base can be 
picked by terminations at an unconformity; it has a 
maximum thickness of 0.15 s TWT (ca 225 m) at CDP 7050.

The seismic section contains at least two major sequence 
boundaries, defined by terminations of reflections, which 
occur between the Devonian Dulcie Sandstone and 
Cambrian–Ordovician Tomahawk Formation, and between 
the Tomahawk Formation and the Cambrian Arrinthrunga 
Formation. The succession in the basin has been mildly 
deformed during the Late Ordovician to Carboniferous 
Alice Springs Orogeny, with uplift and folding in the south 
producing the broad, gentle Dulcie Syncline. Warping of 
the Dulcie Sandstone indicates that at least some of the 
deformation occurred in the Late Carboniferous, probably 
during the Mount Eclipse Event of the orogeny. 

Summary

Interpretation of the 09GA-GA1 seismic line suggests that 
the Georgina Basin has had a largely quiescent history, 
with sedimentation from the Neoproterozoic to the Late 
Devonian. The sedimentary succession has been subjected 
to minor structural contraction during the late stages of 
the Alice Springs Orogeny, producing the gently folded 
Dulcie Syncline. 

Conclusion

Seismic line 09GA-GA1 has provided new insights into 
the architecture of the Georgina and Amadeus basins in 
the Northern Territory. The Amadeus Basin has been 
subject to significant deformation, with the seismic section 
showing a south-directed, thin-skinned fold-thrust belt, 
with a basement-cored nappe in the north. The Georgina 
Basin, by contrast, has undergone only gentle folding 
to produce a broad syncline. Although we have focused 
on the structural and stratigraphic aspects of the basins, 
future work on petroleum systems modelling will be of 
interest, particularly given the encouraging results by Vu 
et al (in press).
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Implications of the Georgina – Arunta seismic survey to energy and mineral systems
David L Huston 1,2 , Jo A Whelan 3, Subhash Jaireth 1, Alison Kirkby 1, Ed Gerner 1, Dorothy F Close 3, Richard Blewett 1, 
Ian R Scrimgeour 3 and Russell J Korsch 1

The Georgina–Arunta seismic survey (09GA-GA1) has 
provided new insights into the architecture, tectonic setting 
and geodynamics of the Aileron and Irindina provinces, 
and of the Georgina and Amadeus basins, as discussed 
by Korsch et al (2011). The purpose of this contribution is 
to assess the implications of these new insights on energy 

1 Geoscience Australia, GPO Box 378, Canberra, ACT 2601, 
Australia.

2 Email: david.huston@ga.gov.au.
3 Northern Territory Geological Survey, PO Box 3000, Darwin, 

NT 0801, Australia.

(including uranium and geothermal, but not petroleum) and 
mineral systems in and around the study area.

Known mineral deposits

The study area is characterised by a moderate number of 
mineral prospects and occurrences (Figure 1), with a large 
range in commodities, but very few ore deposits, sensu 
stricto, the most significant of which are the White Range 
lode gold deposit at Arltunga (Figure 1) and the Green 
Parrot Pb-Ag-Zn deposit in the Jervois field (to the east of 
Figure 1). Total production from the Arltunga field was 
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small hydrothermal uranium occurrences, and pegmatite-
hosted and hydrothermal rare-earths mineralisation. The 
Palaeoproterozoic Aileron Province is known to contain 
small volcanic-hosted massive sulfide deposits (eg, Edwards 
Creek and Oonagalabi, Figure 1), probable iron-oxide 
copper-gold (eg, Johnnies Reward, Figure 1) and Jervois 
(Hussey et al 2005), granite-related tungsten-molybdenite 
deposits (eg, Molyhil; not shown in Figure 1) deposits, 
mafic-hosted vanadium deposits and epigenetic uranium 
deposits of unknown age and origin. The southern Georgina 
Basin hosts small Mississippi Valley-type Zn-Pb deposits 
(eg, Box Hole, Figure 1) and sedimentary phosphorate 
deposits, and the Amadeus and Georgina basins host copper 

2355 kg (ca 76 000 oz) of gold, the majority from White 
Range (Ahmad et al 2009). Gold deposits in this field are 
hosted by rocks from both the Palaeoproterozoic basement 
and the Neoproterozoic cover succession (Heavitree 
Quartzite).

Mithril Resources Ltd recently identified significant 
polymetallic discoveries in the Irindina Province, 
including orthomagmatic Ni-Cu±PGE (eg, Blackadder 
and Baldrick), Cu-Co-rich massive sulfide hosted in the 
Riddock Amphibolite (eg, Manuel and Basil) and undefined 
Au±W-Cu (eg, Tibbs) occurrences (McKinnon-Mathews 
2010, www.mithrilresources.com, Figure 1). In addition to 
these new discoveries, the Irindina Province also contains 

Figure 1. Geological map of study area showing trace of seismic line and mineral deposits, prospects and occurrences discussed in text.
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prospects (eg, Blueys, Figure 1) in the lower parts of their 
successions.

To the northwest of the study area, there have been 
important recent discoveries in the Tennant Creek and 
Rover iron-oxide copper-goldfields (not shown in Figure 1), 
including the Rover 1 gold-copper-bismuth (5.33 Mt grading 
2.1 g/t Au, 2.2 g/t Ag, 0.1% Bi, 0.1% Co and 1.0% Cu; 
JORC-compliant) and the Explorer 108 zinc-lead (8.733 Mt 
grading 2.0% Pb, 3.7% Zn, 0.3 g/t Au, 20 g/t Ag, and 0.1% 
Cu; JORC-compliant) deposits (http://westgold.com.au).

Energy and mineral systems

Table 1 summarises the characteristics of energy (uranium 
and geothermal) and mineral systems that are known or 
inferred to have operated in the Warramunga and Davenport 
provinces of the Tennant Region, the Aileron Province, the 
Irindina Province, and the Georgina and Amadeus basins. 
Petroleum systems have not been summarised as they will be 
assessed at a future date. Below, we discuss the implications 
of the new seismic data to relevant mineral systems. The only 
system older than the Neoproterozoic discussed is the Tennant 
Creek-Rover iron-oxide-copper-gold-uranium system. Other 
systems discussed include a potential copper-uranium 

system associated with the initial deposition and inversion of 
the Amadeus and Georgina basins, a mafic-hosted massive 
sulfide system hosted by the Irindina Province, a Mississippi 
Valley-type zinc-lead system that has affected the Georgina 
and Canning basins, a lode gold system, associated with 
the Carboniferous Mount Eclipse Movement of the Alice 
Springs Orogeny, and potential geothermal systems in the 
southeastern Georgina Basin. In addition, we propose that 
Palaeoproterozoic uranium systems may have operated in the 
Davenport and Tomkinson provinces.

Tennant Creek-Rover iron-oxide-copper-gold-uranium 
system

Seismic data from the Olympic Dam and Cloncurry districts 
suggest that iron-oxide-copper-gold provinces are closely 
associated with major boundaries between contrasting 
crustal blocks, with the boundaries interpreted as sutures 
(Drummond et al 2006, Korsch et al 2009a). The deposits 
are thought to be related to extension-induced melting of 
a previously metasomatised mantle wedge (eg, Oliver et al 
2008), with the resulting high-temperature, A-type melts 
related to mineralisation. Goleby et al (2009) identified a 
major boundary between the Aileron Province and the 

System Commodities Age (Ma) Geodynamic setting Known examples References

Tennant Creek-
Rover IOCG-U

Au-Cu-Bi-Se(U-
Pb-Zn-Ag) ca 1845

Extensional setting (rift and/or 
back-arc basin) above fertilised 
mantle

Warrego, Juno, 
White Devil, Rover 1, 
Explorer 142, 
Morning Star

Wedekind et al (1989), Huston et al 
(1993), Skirrow and Walshe (2002), 
Fraser et al (2008)

Yambah IOCG-U Cu-Au-Bi-Pb-Zn-
REE ca 1785

Extensional settings (rift and/or 
back-arc basin) above fertilised 
mantle

Johnnies Reward. 
Jervois (Green Parrot) Hussey et al (2005)

Utnalanama 
VHMS Zn-Pb-Cu(Au-Ag) 1810–1800 Back-arc basin Edwards Creek, 

Utnalanama Hussey et al (2005)

Oonagalabi 
VHMS Zn-Pb-Cu(Au-Ag) ca 1765 Back-arc basin Oonagalabi Hussey et al (2005)

Nolans Bore 
carbonatite REE-P-U-Th ca 1240 Nolans Bore Hussey (2008), Korsch et al (2009b)

Central Australian 
Basin U-Cu U-Cu(PGE) 850–750 

(?)

Albarta copper, 
Blueys and Mount 
Skinner

MODAT

Irindina massive 
sulfide

Cu-Co and Zn-
Pb-Ag ca 550(?)

Extensional setting (rift and/or 
back-arc basin) with extensive 
mafic magmatism

Manuel, Basil 
(Cu-Co); none known 
(Zn-Pb-Ag)

www.mithril.com.au

Irindina 
orthomagmatic 
Ni-Cu(PGE) and 
V-magnetite

Ni-Cu(PGE) ca 410
Extensional setting (rifts and/or 
back-arc basin) with extensive 
mafic magmatism

Blackadder www.mithril.com.au

Georgina Zn-
Pb-Ag Zn-Pb-Ag 360 (?) Marginal uplift related to basin 

inversion Box Hole Dunster et al (2007)

Arltunga lode 
gold Au(Cu-W?) 322 Contractional settings White Range, 

Winnecke Ahmad et al (2009)

Sandstone-hosted 
U U <300 Pamela, Angela Borschoff and Faris (1990)

Palaeochannel 
uranium U < 65 Cenozoic palaeochannels Ngalia Basin Thundelarra Exploration annual report 

on Ngalia project

Calcrete uranium U < 5 Drainage system with valley 
and lake calcretes Napperby McKay and Miezitis (2001)

Geothermal Energy 0 Gerner and Holgate (2010)

Table 1. Known and inferred energy and mineral systems in Irindina, Aileron, Warramunga, Davenport and Tomkinson provinces and in 
Georgina and Amadeus basins (italics indicate systems considered in more detail in text).

http://westgold.com.au
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Tanami Province approximately 600 km to the northwest of 
the study area. This boundary was interpreted as a suture, 
here termed the Willowra Suture, with an age of at least 
1840 Ma. Results of the present survey have identified a 
boundary, the Atuckera Fault (CDP 7200), with a similar 
geometry, which is interpreted as the extension of the 
Willowra Suture (Korsch et al 2011). Figure 2 illustrates 
the likely extent of this suture, based on seismic data, 
extrapolated along strike using gravity data.

The Rover and Tennant Creek fields are located 
50  – 100 km to the north of the Willowra suture (Figure 2). 
Reinterpretation of Ar-Ar ages of minerals associated with 
mineralisation indicate an age of ca 1845 Ma (Fraser et al 
2008), overlapping the age of the Tennant Creek Supersuite 
(Budd et al 2001, Maidment et al 2006). Geochemically, this 
supersuite is oxidised and is transitional to A-type. Although 
not as extensive as in the Tennant Creek area, similar-aged 
granites are known to the north of this suture from the 
Tanami in the northwest to near the Queensland border. 
Collectively, these data raise the potential for iron-oxide-
copper-gold deposits associated with ca 1850  – 1845 Ma 
granites to the north of the suture, along an extensive strike 
length (Figure 2).

Basin-related copper-uranium

Recent studies in both the Paterson Province and the 
Adelaide Rift System have indicated that sediment-hosted 
copper and unconformity-related uranium deposits in these 

regions are temporally associated with the deposition and 
inversion of the earliest phases of the Centralian Superbasin 
(Huston et al 2010, A Reid in Drexel 2009). Several copper 
prospects are also known in the eastern part of the Amadeus 
(eg, Blueys) and Georgina (eg, Mount Skinner, Figure 1) 
basins, mostly within stratigraphically lower units 
(Heavitree Quartzite, Bitter Springs Formation, Arumbera 
Sandstone and equivalents). Copper mineralisation at the 
Mount Skinner prospect is described in Northern Territory 
Geological Survey database MODAT http://www.minerals.
nt.gov.au/ntgs/index.cfm?header=Online Systems and 
Databases as extending for 75 km2, with a maximum 
thickness of 5 m and grades up to 0.65% Cu and 2.0% Pb 
(over 0.3 m intervals).

In addition, the Albarta and Tourmaline Gorge uranium 
prospects are hosted in Palaeoproterozoic basement, at 
most, a few hundred metres below the unconformity with 
the Heavitree Quartzite. Although the timing and origin of 
these two prospects is unclear at this point, it is possible 
that they are unconformity-related, in a similar position to 
the Kintyre deposit in the Paterson Province. The origin of 
these prospects is currently the subject of ongoing studies.

Studies of unconformity-related deposits in the 
Athabasca Basin in Canada and the Pine Creek Orogen 
in the Northern Territory indicate that the more fertile, 
unconformity-related districts are associated with relatively 
thick (4 – 6 km) basins with basal units dominated by 
fluviatile sandstone (Hiatt et  al 2007, Kyser et  al 2000). 
A thick basement cover at the time of mineralisation is 

Figure 2. Bouguer gravity image of North Australian Craton showing geological provinces, Willowra suture and location of seismic lines 
05GA-T1 and 09GA-GA1.

http://www.minerals.nt.gov.au/ntgs/index.cfm?header=Online Systems and Databases
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critical to produce ca 200°C hydrothermal fluids that 
characterise unconformity-related deposits (Cuney 2005, 
Kyser et al 2000). Although the seismic data do not 
indicate thick Neoproterozoic successions in the Georgina 
Basin (Carr and Korsch 2011), isopach maps (Wells et al 
1970) indicate thicker basin fill in the Amadeus Basin. 
The presently preserved thickness of the Amadeus Basin 
should be considered as a minimum, due to erosion during 
the Alice Springs Orogeny. Hence, the Amadeus Basin has 
greater potential than the less deformed (in the study area) 
Georgina Basin.

Sedimentary successions deposited at ca 1840 – 1635 Ma 
in the Davenport Province along the northern margin of the 
study area and the Tomkinson Province, even further to 
the north, may also have potential for unconformity-related 
uranium deposits. These successions postdate the oxidation 
of the atmosphere, are thick and, in part, overlap the ages 
of the basins related to uranium mineralisation in the 
Pine Creek Orogen. The oldest unconformity juxtaposes 
the 1840 – 1810 Ma Ooradidgee Group of the Davenport 
Province upon ca 1860 Ma basement of the Warramunga 
Formation. Although the basal unit, the Epenarra 
Volcanics, consists of felsic lavas and pyroclastic rocks, 
it is overlapped by the Rooneys and Kurinelli formations, 
which consist of shallow-marine to fluviatile sandstone. 
The thickness of the basin, combined with the character of 
the lowest sandstone units, are permissive for the formation 
of unconformity-related deposits, and Blake et al (1987) 
described shear-related, secondary uranium mineralisation 
at the Munadgee prospect (not shown in Figure 1). This 
prospect is hosted by a felsic porphyry that intrudes the 
Warramunga Formation and is located ca 2 km (at surface) 
from the basal unconformity of the Ooradidgee Subgroup.

The Hayward Creek Formation at the base of the 
Tomkinson Creek Group (in the Tomkinson Province) 
represents a thick package (ca 3.5 km; Hussey et al 2001) of 
sedimentary rocks deposited in fluvial to shallow-marine, 
intertidal and periodically subaerial conditions. SHRIMP 
U-Pb dating of detrital zircons from the Meerie Member 
sandstone indicated a maximum age of 1784 ± 9 Ma 
(Compston 1994), which makes the package of an age 
similar to the Katherine River and Tolmer groups in the 
Pine Creek Orogen. The Tomkinson Group is overlain by 
the Renner Group, which is interpreted to be a correlative 
of the Roper Group in the McArthur Basin (Hussey et al 
2001). Like the Kombolgie Subgroup, it also contains mafic 
volcanic rocks. The unconformity between the Hayward 
Creek Formation and the Ooradidgee and Lower Hatches 
Creek groups and/or Warramunga Formation could be 
prospective for unconformity-related uranium systems. 
Unlike the Pine Creek Orogen, the Tennant Region does not 
contain uranium-rich Archaean rocks, but Palaeoproterozoic 
granites and uranium in iron-oxide copper gold systems 
could have been good sources of uranium.

Irindina copper-cobalt massive sulfide

The discovery of the Manuel and Basil Cu-Co deposits 
indicates potential for the Harts Range Metamorphic 

Complex, particularly the Riddock Amphibolite, for mafic-
hosted massive sulfide deposits. The Riddock Amphibolite 
consists of variably deformed and metamorphosed 
tholeiitic metagabbro and metadolerite (now amphibolite) 
with isotopically juvenile signatures (εNd from +5.0 to 
+7.2; calculated at 550 Ma; Whelan et al 2010), that were 
emplaced in an intracratonic rift setting. These meta-
igneous rocks are now interlayered with quartz-rich 
amphibolite and metapelitic rocks of the Irindina Gneiss 
(Whelan et al 2010). The Cu-Co deposits appear to be 
structurally controlled, as they lie along structural trends 
within the Riddock Amphibolite, which are parallel with 
not only the regional fabric, but also with the Basil Fault.

Although the seismic survey does not appear to have 
imaged the Riddock Amphibolite, the characteristics of 
the structures imaged hold implications for the distribution 
of this unit. It is probable that the inversion of the Irindina 
basin reused, at least in part, the original extensional 
faults that controlled deposition in the basin. As original 
extensional faults can control the location of volcanic-
hosted massive sulfide systems, faults mapped in the seismic 
section and extrapolated along the surface using potential 
field and geological data, may be guides to mineralisation, 
particularly in the hangingwalls. An example of such a fault 
is the Basil Fault (CDP ca 14000), as shown on Figure 5 of 
Korsch et al (2011).

Georgina zinc-lead-silver

There are several Mississippi Valley-type zinc-lead 
occurrences in the southeastern Georgina Basin. The most 
significant, the Box Hole prospect, is hosted by carbonates 
of the Late Cambrian Arrinthrunga Formation, which 
constrains the maximum age of mineralisation to ca 500 Ma. 
Leach et al (2005) concluded that Mississippi Valley-
type deposits, with the possible exception of the Lennard 
Shelf deposits in Western Australia, are associated with 
orogenic forelands produced by Phanerozoic contractional 
events. Hence, it is possible that the Mississippi Valley-
type deposits are associated with inversion of the Irindina 
basin during the Rodingan movement of the Alice Springs 
Orogeny (ca 440 Ma).

Dunster et al (2007) reported two major periods of 
uplift, recorded by sedimentary rocks in the Georgina 
Basin, following deposition of the Arrinthrunga Formation, 
the Rodingan Movement, and the Late Devonian Pertnjara 
Movement. In the Amadeus Basin to the south, the 
Pertnjarra Movement was accompanied by the development 
of a major sequence boundary between the Lower Devonian 
Mereenie Sandstone and the Upper Devonian Pertnjara 
Group (Korsch and Lindsay 1989), which constrains the 
Pertnjara Movement to between 375 and 355 Ma. Muscovite 
from the Delny-Mount Sainthill Shear zones, which mark 
the northern margin of the doubly vergent orogen associated 
with the Pertnjara Movement (Haines et al 2001), have 
yielded Ar-Ar ages of 365 – 360 Ma (Scrimgeour and Raith 
2001).

The ca 360 Ma Ar-Ar ages correspond with the 
inferred timing of Mississippi Valley-type mineralisation 
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in the Canning Basin to the northwest. The deposits on the 
Lennard Shelf, on the northeastern margin of the basin, 
have a well-constrained age of ca 357 Ma (Christensen 
et al 1995), which corresponds with the latest part of 
the Pertnjara Movement. These results suggest that the 
Canning Basin deposits and probably the deposits of the 
Georgina Basin are related to contractional, not extensional, 
deformational events. Evidence for contraction is seen in 
the seismic data as the major Illogwa-Bruna Detachment, 
which has inverted the original Irindina basin, providing 
topographic relief that could have driven fluid flow. As 
the orogen associated with the Pertnjara Movement was 
doubly vergent (Haines et al 2001), potential for Mississippi 
Valley-type deposits extends southward into the Amadeus 
Basin. The Glen Helen 1 prospect on HERMANNSBURG4 
may be an example of such potential.

Arltunga lode gold

Seismic surveys, in combination with geological studies, 
in the Eastern Goldfield Superterrane of Western 
Australia, and elsewhere, have pointed to the importance 
of crustal-penetrating shear zones as important, regional-
scale controls on lode gold mineralisation (Blewett 
et al 2010). Moreover, most of these deposits form at 
greenschist to sub-greenschist metamorphic conditions 
(Goldfarb et al 2005), suggesting that they are deposited 
in the upper to mid crust. The Georgina-Arunta seismic 
survey has imaged two crustal-penetrating shear systems, 
the Illogwa-Bruna Detachment and the Atnarta Imbricate 
Fault Zone (Figure 5 of Korsch et al 2011). Inversion of the 
Irindina basin was accomplished mainly by thrusting along 
the Illogwa-Bruna Detachment, exhuming the mid-crustal 
rocks (amphibolite to granulite facies) that dominate the 
Irindina Province. Even though this structure can be 
traced to the Moho, it is not likely to be associated with 
major lode gold deposits, as upper crustal rocks, which 
would have hosted gold deposits, have been removed. A 
more favourable structure is the Atnarta Imbricate Fault 
Zone, which also taps the mantle, but, as it was not the 
major inversion structure, upper crustal rocks that could 
host lode gold deposits are more likely to be preserved. The 
Arltunga goldfield may lie on a west-northwest extension 
of the Atnarta Imbricate Fault Zone.

Sandstone-hosted and palaeochannel uranium

Over the last few years, basin systems in central Australia 
has become increasingly recognised as a sandstone-hosted 
uranium province. Significant deposits are known in the 
Amadeus Basin at Pamela and Angela (not shown in 
Figure 1), and the Ngalia Basin to the northwest contains 
the Bigrlyi deposit (not shown in Figure 1). These deposits 
are hosted by fluviatile and feldspathic sandstone of the Late 
Devonian (375 – 355 Ma) Undandita Member of the Brewer 
Conglomerate and the Early Carboniferous (330 – 320 Ma) 

Mount Eclipse Sandstone, respectively. These units are 
foreland basin sedimentary rocks, deposited in response to 
the Pertnjara and Mount Eclipse Movements, respectively, 
of the Alice Springs Orogeny (Korsch and Lindsay 1989).

More recently, Thundelarra Exploration Ltd identified 
uranium within Cenozoic sediments overlying the 
Ngalia Basin, indicating the potential for Beverley-
Four Mile-style uranium mineralisation. The Cenozoic 
Aremra Basin, which is well imaged in the seismic 
data (CDP 14200  – 15900; Carr and Korsch 2011) must 
be considered as having potential for a similar style of 
mineralisation.

Geothermal systems

The OZTemp map (Gerner and Holgate, 2010), which 
provides an estimate of crustal temperature at 5 km depth, 
indicates a small thermal anomaly in the southeastern 
Georgina Basin to the east of the seismic study area. 
This anomaly is based upon moderately high thermal 
gradients measured in the MacIntyre-1 and Baldwin-1 
petroleum exploration wells, to the east of the study 
area [reported as 44.8 and 40.0°C/km, respectively; 
OZTemp 2010 well temperature database (https://www.
ga.gov.au/products/servlet/controller?event=GEOCAT_
DETAILS&catno=70604)]. Petroleum wells on or near 
the seismic line indicate lower temperature gradients (eg, 
30.1°C/km in the Phillip-2 exploration well, Figure 1). 
These data indicate that, although the broader study area 
does not have high geothermal potential, the presence 
of small anomalies at MacIntyre-1 and Baldwin-1 may 
indicate local potential and require further assessment. 
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