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Minister’s foreword
On behalf of the Northern Territory Government, I welcome you to Alice Springs, and to the 
fifteenth Annual Geoscience Exploration Seminar. 

A strong and successful exploration industry remains the key to growing our mining 
and energy sector, which is the Territory’s largest industry and which is fundamental to the 
Territory’s economic growth and regional economic development.  The Territory government 
remains committed to supporting and growing exploration by providing state-of-the-art 
geoscience information and exploration incentives. 

In June last year, I launched the CORE (Creating Opportunities for Resource Exploration) 
initiative, to enhance the Government’s efforts to stimulate exploration and lead to the next 
generation of mineral and petroleum discoveries in the Territory.  I was also very pleased to 
launch the Geology and Mineral Resources of the Northern Territory volume, which is the 
definitive reference on the Territory’s geology and mineral and petroleum endowment.  

More broadly, my Department of Mines and Energy is continuing to streamline regulatory 
processes for exploration and development, and we have established a new Energy Directorate within the department to 
enhance regulation and policy development in the Territory’s growing energy sector.

AGES is the most important event on the Territory’s exploration calendar and plays an important role in demonstrating and 
promoting the Territory’s exploration potential for both petroleum and minerals.  The event highlights the excellent work of 
the Northern Territory Geological Survey under the CORE initiative, as well as providing examples from industry of recent 
exploration success from across the Territory.

I trust that you will find the AGES conference both interesting and enjoyable, and that it will assist in your future exploration 
success in the Territory.  As Minister for Mines and Energy, I strongly believe in the opportunities that the Territory offers 
explorers, and I look forward to continuing to work with the industry to ensure that the Territory is the destination of choice 
for mineral and petroleum exploration in Australia.

Hon. Willem Westra van 
Holthe, MLA
Minister for Mines and Energy
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Overview of mineral and petroleum exploration and production in 2013
Ian R Scrimgeour1

Exploration statistics

Minerals

The year 2013 was challenging for mineral exploration 
in the Northern Territory and Australia-wide as difficult 
market conditions and low commodity prices contributed to 
an ongoing decline in exploration activity that commenced 
in early 2012. According to Australian Bureau of Statistics 
(ABS) figures, mineral exploration expenditure in the 
Northern Territory in 2012/13 was $131.7M, down 37% on 
the record financial year figure of $210.4M set in 2011/12, 
and the lowest figure since 2006/07 (Figure 1).

According to ABS figures, gold remained the 
dominant commodity in terms of exploration expenditure 
in 2012/13, although expenditure declined 40% to $46.4M 
(Figure 2). Copper, lead and zinc exploration expenditure 
was down 29% to $14.4M. Exploration expenditure for 
‘other’ commodities, which include rare earths, phosphate, 
manganese, vanadium and multi-commodity projects, 
declined 31% to $24.5M. Uranium exploration showed the 
most significant decrease in activity with expenditure of 
only $10.0M in 2012/13, down from $29.0M in 2011/12 and 
well down on a peak of $54.5M in 2008/09.

In 2012/13, expenditure in Australia overall was $3.06 
billion, down 23% from the record $3.95 billion of the 
previous year. Greenfields exploration in particular suffered 
during this downturn due to difficulties the junior exploration 
sector has experienced in raising risk capital from the market.

At the end of 2013, there were 1295 granted non-
extractive mineral exploration licences (compared with 

1 Northern Territory Geological Survey, GPO Box 4550 Darwin, 
NT 0801, Australia. Email: ian.scrimgeour@nt.gov.au.

1482 at the end of 2012) and 903 outstanding exploration 
applications. During 2013 there were 184 applications 
received, 166 granted, and 484 licences relinquished.

Petroleum

In contrast to mineral exploration, onshore petroleum 
exploration activity continues to expand in the Northern 
Territory. ABS exploration expenditure figures combining 
both onshore and offshore petroleum exploration for the 
Territory (which includes substantial areas of the offshore 
Bonaparte and Browse Basins) indicate expenditure of 
$277.1M in 2012/13, up 61% from $171.8M in 2011/12, and 
315% higher than the $87.9M expended in 2010/11. Although 
no breakdown is available of the onshore component of this 
expenditure, reported exploration activity suggests that a 
substantial proportion of this increase has been driven by 
an expansion in onshore exploration. At the end of 2013, 
in the onshore NT and coastal waters, there were 55 active 
exploration permits, 4 retention licences and 3 production 
licences. During 2013 there were 2 applications received 
and 16 granted.

Exploration and production highlights

Figure 3 shows selected exploration highlights for 2013. In 
the following summary of exploration and mining results 
for the Territory during 2013, all mineral resources are 
assumed to have been reported in accordance with the 
JORC or NI43-101 codes. Where resource categories are 
not listed, readers are directed to the original sources for 
this information. Most material cited here has been sourced 
from company websites, news releases and Stock Exchange 
announcements by companies. As a result, details of 
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exploration by some private and other non-listed companies 
that do not report publicly could not be included. Mineral 
production statistics for the Northern Territory for 2012/13, 
collected under the NT Mineral Titles Act, are given in 
Table 1.

Gold

Pine Creek Orogen
Crocodile Gold Australia Pty Ltd continued gold production 
from their operations in the Pine Creek region, with all 
production in 2013 coming from their flagship Cosmo 
Deeps underground mine (Figure 4). Production from 
Cosmo Deeps in 2013 increased 45% to 74 106 oz Au, while 
average grade increased 58% to 3.57 g/t Au from 719 337 t 
mined. In July 2013 the company announced an update to 
resources for all of their projects in the Pine Creek Orogen, 
with combined Measured and Indicated Resources of 
30.8 Mt at 2.5 g/t Au, and Inferred Resources of 25.3 Mt 
at 2.1 g/t Au, for a total resource of 3.99 Moz Au. There 
was a significant decrease in estimated mineral reserve and 
resources for the Cosmo Deeps project (in comparison with 
the 2011 resource) due to mining activity and amended drill 
spacing requirements for resource estimation. The 2013 
resource for Cosmo Deeps deposit includes Measured and 
Indicated Resources of 4.13 Mt at 3.75 g/t Au and an Inferred 
Resource of 2.47 Mt at 3.2 g/t Au, for a total resource of 
0.73 Moz Au. Proven and Probable Mineral Reserves at 
Cosmo Deeps are 1.96 Mt at 3.75 g/t Au.

Following drilling programs at the Union Reefs project 
in recent years, Crocodile Gold announced a substantial 
increase in resources, with Measured and Indicated 
Resources of 3.0 Mt at 2.4 g/t Au and Inferred Resources of 
4.4 Mt at 2.2 g/t Au at a 1 g/t cut-off, for a total of 541 000 oz 

Au. High-grade resources at the Prospect deposit at Union 
Reefs comprise Indicated Resources of 450 000 t at 5.1 g/t 
Au and Inferred Resources of 380 000 t at 7.2 g/t Au. 

In early 2013, Primary Gold Ltd finalised the acquisition 
of Crocodile Gold’s Mount Bundy project area in the Pine 
Creek Orogen that includes the Toms Gully deposit. During 
2013, Primary Gold used existing drilling information to 
increase the Indicated and Inferred Resources at Toms 
Gully by 121% to 1.07 Mt at 9.0 g/t Au for 310 000 oz Au. 
Primary Gold completed a feasibility study for underground 
development of the Toms Gully project in August, and 
signed an MoU with Crocodile Gold for potential toll 
treating of ore at Crocodile Gold’s Union Reefs plant. No 
drilling was reported in 2013.

The Spring Hill gold deposit, 25 km north of Pine Creek, 
is hosted in greywacke and siltstone of the Mount Bonnie 
Formation, with gold occurring mainly in quartz veins that 
are concentrated in fracture zones and the axial zones of 
anticlines. The project is operated by Thor Mining PLC 
(Thor) and has an Indicated Resource of 4.0 Mt at 2.32 g/t 
Au for 300 000 oz Au at a 1 g/t cut-off. The resource is 
calculated to a maximum depth of 150 m and remains open 
at depth. An RC drilling program during 2013 targeted 
near-surface mineralisation and intersected high-grade 
mineralisation including 4 m at 10.1 g/t Au from 16 m, and 
21 m at 7.2 g/t Au from 82 m (including 10 m at 14.1 g/t Au).  
In April 2013, Thor signed an MoU with Crocodile Gold for 
potential toll treatment of ore from Spring Hill at Crocodile 
Gold’s Union Reefs plant, and in June they announced they 
had lodged a Notice of Intent with the NT Government for a 
project to mine up to 900 000 t of oxide ore per year. 

Vista Gold Corporation (Vista) continued to progress 
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. Following a 
resource conversion drilling program in 2012, in March 
2013 Vista announced a resource upgrade with Measured 
and Indicated Resources at Mount Todd of 279.6 Mt at 
0.82 g/t Au for 7.40 Moz Au, and Inferred Resources 
of 72.5 Mt at 0.74 g/t Au for 1.73 Moz Au. In May 2013, 
Vista increased Proven and Probable Mineral Reserves at 
Mount Todd to 222.8 Mt at 0.82 g/t Au, for 5.90 Moz Au. 
A pre-feasibility study was released in May, and assessed 
two mining scenarios at 50 000 or 33 000 tonnes per day, 
with mine lives of 13 or 11 years, respectively. In the second 
half of the year, Vista progressed the Environmental Impact 
Statement process for the projects, and implemented a range 
of cost-cutting measures.

Tanami–Arunta regions
The Tanami gold province straddles the Northern Territory 
– Western Australia border. The Callie mine, 550 km 
northwest of Alice Springs, is operated by Newmont 
Mining Corporation (Newmont) and produced 183 000 oz 
Au during 2012. Mineralisation at Callie consists of high-
grade Au-quartz veins in folded carbonaceous siltstone in 
the lower Dead Bullock Formation. Callie was discovered 

Cu: 9%

Base Metals: 4%

Au: 44%

Fe: 11%

U: 9%

Diamonds: 0%

Other: 23%

A14-058.ai

Figure 2. Breakdown of exploration expenditure in the Northern 
territory by commodity in 2012/13, according to ABS figures.
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in 1991 and mining commenced in 1995. As of 31 December 
2012, the Proven and Probable Reserves at Newmont’s 
Tanami operations were 12.6 Mt at 5.51 g/t Au for 2.22 Moz 
Au, with additional Measured and Indicated Resources of 
3.4 Mt at 4.08 g/t Au and Inferred Resources of 6.5 Mt at 
6.61 g/t Au. 

During 2013, Tanami Gold NL deferred development 
plans at their Central Tanami project, which includes the 
historic Tanami goldfield that produced 2 Moz of gold 
from 43 open cuts 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 January 2013, the total resource for the 
Central Tanami project stood at 25.50 Mt at 3.2 g/t Au, 
for 2.63 Moz Au, with the flagship project being the 

Groundrush deposit, which has a resource of 6.72 Mt at 
4.8 g/t Au, for 1.04 Moz Au. The historic Groundrush open 
cut is approximately 1.5 km long, 100 m deep, and produced 
more than 600 000 oz of gold between 2001 and 2004, 
at a recovered grade of 4.3 g/t Au. The deposit is hosted 
within a thick fractionated dolerite unit and a secondary 
discrete high-grade quartz vein and remains open at depth 
in multiple directions. Tanami Gold undertook a Definitive 
Feasibility Study for the Central Tanami project, which was 
‘substantially complete’ in April 2013, but the company 
concluded that the combined impact of lower gold prices 
and higher stripping ratios for the open cut scenarios meant 
the case for investment could not be demonstrated, and the 
company postponed plans for development. This coincided 
with the company placing their Coyote mine in the adjacent 

 0 100 km
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Cameco Australia – 
Angularli U
20.2 m @ 5.2% U3O8
including
0.5 m @ 27.8% U3O8

Energy Resources 
of Australia – 
Ranger 3 Deeps U
39 m @ 0.88% U3O8

Western Desert Resources – Roper Bar Fe
Total resource: 611 Mt @ 40.3 Fe including 47.4 Mt @ 57.3% Fe

Rox Resources – Teck Australia – Teena Zn-Pb
26.4 m @ 11.6% Zn, 1.7% Pb
20.1 m @ 13.0% Zn, 2.0% Pb

Crocodile Gold – Union Reefs Au
Measured and Indicated resource
3.0 Mt @ 2.4 g/t Au

Thundelarra Exploration – Allamber Cu-U
17 m @ 0.13% U3O8
17 m @ 974 ppm U3O8, 0.15% Cu
4 m @ 1.34% Cu 

TNG Ltd – Mount Peake V
14.7 m @ 0.48% V2O5, 5.3% TiO2, 23% Fe

Arunta Resources – Johnnies Reward Cu-Au
35.5 m @ 3.44 g/t Au, 0.45% Cu, 4.42 g/t Ag

Mithril Resources - Basil Cu-Co
Maiden resource
26.5 Mt @ 0.57% Cu, 504 ppm Co

Rum Jungle Resources – Limestone Bore P
7 m @ 18.3% P2O5

ABM Resources – Buccaneer
Updated resource
15.3 Mt @ 2.54 g/t Au

Kidman Resources – 
Home of Bullion Cu-Pb-Zn-Ag-Au
10 m @ 8.5% Cu, 0.6% Pb, 4.35% Zn, 
40.9 g/t Ag
10.5 m @ 3.78% Cu, 1.15% Pb, 1.99% Zn, 
53.3 g/t Ag, 0.6 g/t Au

Kidman Resources Ltd – 
Prospect D Ni-Cu
8 m @ 2.2% Cu, 0.2% Ni
5 m @ 1.7% Cu, 0.56% Ni

TNG Limited – Mount Hardy Cu
10.3 m @ 1.35% Cu
13 m @ 1.17% Cu, 1.82% Zn, 0.46% Pb

Ferrowest – Yalyirimbi Fe
Maiden resource
13.3 Mt @ 27.1% Fe

ABM Resources – Old Pirate
Updated resource 
1.88 Mt @ 10.09 g/t Au
5 m @ 52.27 g/t Au 

Northern Minerals – 
Boulder Ridge REE
Rockchips up to 
12.28% TREO (99% HREO/TREO)

Emmerson Resources – Goanna Cu-Au
Maiden resource
2.92 Mt @ 1.8% Cu, 0.2 g/t Au

Emmerson Resources – Orlando Cu-Au
Updated resource
2.22 Mt @ 1.4% Cu, 1.8 g/t Au

Emmerson Resources – Chariot Au
170,000 t @ 17.4 g/t Au

Spectrum Rare Earths
 – Stromberg REE-U
3 m @ 1.19% TREO (92% HREO/TREO)

Thor Mining – Spring Hill Au
21 m @ 7.2 g/t Au

Minemakers Ltd – Wonarah P
Updated resource
842 Mt @ 18% P2O5, including 66 Mt @ 28% P2O5
 

Energy Metals – Anomaly 15 East U
12 m @ 0.38% U3O8, 0.12% V2O5

Crossland Strategic Metals – 
Charley Creek REE
Alluvial resource
Indicated: 387 Mt @ 295 ppm REO
Inferred: 418 Mt @ 289 ppm REO

Rum Jungle Resources – 
Karinga potash
Maiden resource
5.5 Mt K2SO4  (4.2 kg/m3 brine)

KGL Resources – Jervois Cu-Ag-Au (-Pb-Zn)
13.5 Mt @ 1.3% Cu, 25.8 g/t Ag
Rockface: 24 m @ 1.47% Cu
Marshall-Reward: 18 m @ 19.63% Pb, 3.77% Zn, 732 g/t Ag, 
 0.88% Cu, 0.61 g/t Au
 

Rum Jungle Resources – Barrow Creek-1 P
Updated resource
238 Mt @ 14.6% P2O5 

Alligator Energy – Gorrunghar U
7 m @ 0.29% U3O8

Alligator Energy – Caramal East U
10 m @ 672 ppm U3O8 

Vista Gold – Mount Todd Au
Measured and Indicated resource
279.6 Mt @ 0.82 g/t Au

Sherwin Iron – Roper River Fe
488 Mt @ 41.7% Fe
including 41.1 Mt @ 57.8% Fe
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Figure 3. Map of the Northern Territory showing selected mineral exploration highlights of 2013.
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Commodity Unit of 
Quantity

2012–131,5

Quantity 
Produced2

Quantity 
Sold3

$ Amount 
for Quantity 

Sold4,6

Metallic Minerals

Alumina 7 Tonnes 2 278 579 2 238 024 604 555 754
Alumina 
Hydrate 7 Tonnes 246 097 251 191 78 677 952

Bauxite 8 Tonnes 7 929 429 1 431 784 51 392 361

Gold 9 Grams 706 0 0

Gold Dore 10 Grams 7 977 212 7 844 350 376 449 267

Iron Ore Tonnes 1 373 457 1 509 813 128 317 000
Manganese Tonnes 5 755 451 5 427 056 1 034 060 003
Mineral Sands Tonnes 776 0 0
Zinc 
Concentrate Tonnes 77 697 65 340 47 636 680

Zinc Lead 
Concentrate Tonnes 392 563 351 377 340 543 089

Non-Metallic 
(Extractive) 
Minerals 

Tonnes 4 498 
742.25 4 131 496.15 88 775 156

Uranium Oxide Tonnes 4 313 3 141 384 859 510
Total Minerals 
Value $3 135 266 772

Explanatory Notes
1. Fiscal year is 1 July to 30 June.
2. Data is from production returns lodged by operators under statutory 
obligations.
3. Amount for Quantity Sold is in Australian Dollars and presumed to 
be the gross amount paid to the operator.
4. Data has been rounded and autosum applied.
5. Data is correct as at 12 September 2013 and may be subject to 
revision due to late lodgements and/or receipt of superior data. 
6. On 1 July 2009, a new production structure was implemented based 
on $ actual on quantity sold and actual commodity removed off-
site. The previous structure had been based on estimated $ value on 
quantity produced irrespective of sale or whether on-site or off-site. 
The structure change should be considered when comparing previous 
years’ data.
7. Alumina and alumina hydrate are derived from bauxite. Processing 
input and output data is deemed operator commercial-in-confidence.
8. Quantity produced represents total bauxite production. Quantity 
sold and $ excludes input for alumina production. Processing input and 
output data is deemed operator commercial-in-confidence. 
9. 100% gold. This does not include the gold constituting the metallic 
content of gold dore.
10. Estimated metallic content of gold dore is 90.4% gold and 9.6% 
silver.

Table 1. Northern Territory mineral production figures for 2012/13.
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Figure 4. Location of copper, copper-gold and gold deposits and 
projects discussed in the text.

region of Western Australia in care and maintenance. No 
significant exploration was reported from the Central 
Tanami project in 2013.

ABM Resources NL (ABM) focussed their activities in 
2013 on trial mining and processing at the Old Pirate deposit 
and exploration of satellite prospects. Mineralisation at Old 
Pirate is at the surface and comprises multiple, high-grade, 
gold-bearing quartz veins between 20 cm and 6 m wide over 
a 1.8 km strike length. Mineralised zones are up to 40 m 
wide and consist of multiple veins hosted mainly in shale 
units within an interbedded sandstone-shale succession. In 
February 2013, ABM announced Indicated and Inferred 
Resources of 1.88 Mt at 11.96 g/t Au (no top-cut) or 10.10 g/t 
Au (300 g/t top-cut) for the Old Pirate deposit. This resource 
includes the high-grade Golden Hind prospect, which was 

identified in 2012. ABM are implementing a staged approach 
to development at Old Pirate, with Stage One (under an 
Exploration Licence) being the extraction and processing of 
up to 10 000 t of ore to test the system for grade reconciliation, 
recovery and dilution management, using a modular gravity 
processing plant. ABM consider the trial mining as their 
equivalent of a feasibility study. Trial mining commenced in 
July and was completed in December, with 9844 t of material 
processed from numerous trial pits. Approximately 3 200 oz 
Au was produced at an average plant feed grade of 17.8 g/t Au 
with 87% in-plant recovery. Exploration near the Old Pirate 
resource in 2013 included soil geochemistry and/or quartz 
vein sampling at prospects including the Bandit Trend (where 
rock chip samples assayed up to 108 g/t Au), Casa, Golden 
Hind West and the Bermuda Zone, with a number of new 
high-grade mineralised veins identified.

The Buccaneer deposit, 2 km northeast of Old Pirate, 
has been interpreted to be a porphyry gold system, hosted 
within a porphyritic syeno-monzonite, and is the only 
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significant granite-hosted gold system identified to date in 
the Tanami. In February 2013, ABM announced updated 
Indicated and Inferred Resources for high-grade zones 
in the Buccaneer resource of 15.3 Mt at 2.23 g/t Au (at 
1 g/t cut-off) and 5.8 Mt at 3.61 g/t Au (at 2 g/t cut-off) 
respectively. ABM have interpreted an early disseminated 
gold phase with a later, structurally controlled higher-grade 
phase at Buccaneer. No further exploration was reported 
by ABM at the Hyperion project, which is 18 km north-
northeast of the Groundrush deposit and has a 2012 resource 
of 2.98 Mt at 2.11 g/t Au for 202 200 oz Au. 

In August 2013, ABM announced it had entered into 
a multi-phase exploration agreement with Independence 
Group NL for the company’s Lake Mackay regional project, 
under which Independence Group can earn up to 70% 
interest in the project, which includes known prospects such 
as the Tekapo gold-copper prospect. To the end of 2013, 
Independence Group had covered 2300 km2 of ground with 
800 m × 800 m spacing low-level detection soil sampling 
(bulk leach extractable gold ‘BLEG’ technique) with several 
areas infilled with 200 m × 200 m to 400 m × 400 m grids.

In November 2011, ABM entered into an agreement 
with Clancy Resources NL whereby Clancy have the option 
to acquire a 100% interest in ABM’s North Arunta project 
region, including the Kroda gold project.

Ord River Resources Ltd announced a three-year 
development plan for their Suplejack project, where the 
Tregony prospect has a resource of 2.44 Mt at 1.29 g/t Au 
for 101 300 oz Au, with a higher grade component of 
0.65 Mt at 3.02 g/t Au. During 2013, Ord River Resources 
undertook ecological, hydrogeological and metallurgical 
studies at Tregony.

Tennant Creek
Emmerson Resources Ltd have announced a new Indicated 
and Inferred Resource of 170 000 t at 17.4 g/t Au for 
99 000 oz Au for the Chariot gold deposit located 10 km 
west of Tennant Creek. Chariot was mined between 
2003 and 2005, producing 271 597 t at 10.83 g/t Au for 
94 600 oz Au. The deposit is within a steeply dipping, east-
striking, magnetite-hematite rich ironstone lens within the 
Warramunga Formation. The mineralisation at Chariot 
is gold dominant, with minor to subordinate copper and 
bismuth hosted by magnetite-hematite-chlorite rock. The 
mineralisation is interpreted to be structurally controlled 
and occurs in numerous lenses or shoots. Emmerson’s 
conceptual Chariot mine plan consists of an enlarged open 
pit that extracts over 40 000 oz of gold at 17.7 g/t, and they 
contemplate reconnecting to the existing underground 
development to extract a further 58 000 oz at 17.2 g/t Au. 
There remains potential to significantly expand both the 
open pit and underground resources, with drilling planned 
at the Chariot East and West targets.

Copper, copper-gold and copper-gold-silver

Arunta Region
Copper exploration remained relatively strong in 2013, 
particularly in the Arunta Region, which has been 

increasingly recognised for its greenfields potential for a 
range of copper mineralisation styles.

The most advanced copper project in the Arunta 
Region is the Jervois copper-silver-gold project owned by 
KGL Resources Ltd (KGL, formerly Kentor Gold Ltd). 
Mineralisation at Jervois is in a series of stratabound, 
subvertical sulfide-rich deposits along a 12 km strike 
length in the 1807 Ma Bonya Schist. The field was mined 
intermittently in the last century, including an open cut 
operation at the Green Parrot deposit in the early 1980s. 
The Jervois project has Resources of 13.5 Mt at 1.3% Cu 
and 25.8 g/t Ag, for 170 416 t Cu and 11.6 Moz Ag, with 
most of the resources being in the Indicated category. At 
the Reward-Marshall deposit, the resource is 8.3 Mt at 
1.35% Cu, 29.3 g/t Ag and 0.22 g/t Au, and at Bellbird, the 
resource is 4.4 Mt at 1.13% Cu, 7.3 g/t Ag and 0.08 g/t Au. 
In 2013, KGL continued a pre-feasibility study at Jervois, 
including a 20 000 m drilling program focussed on growing 
the resource and testing a number of exploration targets 
generated by IP surveys. At the Rockface prospect, the 
first two holes drilled between two chargeability anomalies 
intersected high grade mineralisation, including 24 m at 
1.47% Cu from 160 m. Drilling of a previously undrilled 
2-km-long IP anomaly at Morley, parallel to the Reward-
Marshall orebody, yielded encouraging results including 
8 m at 0.99% Cu, 0.23% Zn, 10.2 g/t Ag and 0.03 g/t Au 
from 115 m. 

Immediately west of Jervois, Rox Resources Ltd have 
a farm-in joint-venture with Arafura Resources Ltd over 
the Bonya copper project in the Bonya Hills. The project 
area includes a number of historic high-grade copper 
occurrences. Rox undertook a VTEM survey over the 
Bonya Hills in October 2013.

The Home of Bullion Cu-Pb-Zn prospect is in the 
northern Arunta Region near Barrow Creek, and was mined 
intermittently between 1923 and 1957 producing about 
1370 t of Cu. The deposit consists of a number of northeast-
plunging, magnetite-bearing, massive sulfide lenses within 
quartz-muscovite schist of the Bullion Schist. Kidman 
Resources Ltd consider the deposit to be a sedex-style 
deposit with similar mineralogy and sulfide assemblages to 
the Mount Isa deposit. Drilling in 2013 targeted conductors 
identified by EM surveys. The drilling identified eastern 
extensions of the Southern Lode, with a best intersection of 
36 m (not true width) at 2.78% Cu, 0.9% Pb, 2.3% Zn, 27.6 g/t 
Ag and 0.2 g/t Au from 33 m, including 10 m at 8.5% Cu, 
0.6% Pb, 4.35%Zn and 40.9 g/t Ag. Significant gold (4 m at 
1.32 g/t Au) was intersected in the immediate footwall of the 
high-grade copper zone. Drilling of down-dip extensions of 
the Southern Lode intersected 26 m at 4.61% Cu, 5.5% Pb, 
1.84% Zn and 142.9 g/t Ag from 266 m. Diamond drilling 
of a conductor downdip from the Main Lode intersected 
5.9 m at 3.43% Cu, 5.96% Zn, 1.61% Pb and 54.5% Ag from 
342 m. In the supergene zone on the Main Lode, intersections 
included 4.4 m at 9.0% Cu, 1.37% Pb, 1.79% Zn, 464.5 g/t Ag 
and 0.85 g/t Au from 25 m and 3.85 m at 13.7% Cu, 1.01% 
Pb, 0.9% Zn, 70.7 g/t Ag and 0.51 g/t Au from 32 m. Drilling 
of deeper extensions of the Main Lode intersected 9.7 m at 
3.43% Cu, 1.99% Zn, 0.82% Pb, 40.7 g/t Ag and 0.46 g/t Au 
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from 467 m and 10.5 m at 3.78% Cu, 1.99% Zn, 1.15% Pb, 
53.3 g/t Ag and 0.60 g/t Au from 480 m. Mineralisation has 
been confirmed to 600 m depth on the Main Lode, and to 
500 m on the Southern Lode, and remains open. 

Mithril Resources Ltd (Mithril) undertook a drilling 
program at their Illogwa IOCG project area in the Arunta 
Region south of the Harts Range (Figure 5). The project 
area includes a number of new, apparently structurally 
controlled, iron oxide copper-gold (IOCG) prospects along 
a 40-km-long structural trend associated with hematite-
fluorite alteration systems first identified by NTGS in 
2010. In 2013, thirteen RC holes were drilled, targeting the 
Mini Me West, El Gordo and Ivana prospects. Anomalous 
copper was intersected at all three prospects, but no high 
grade intersections were reported, with a best intersection 
of 3 m at 0.29% Cu at El Gordo. No further work was 
undertaken by Mithril at their Basil copper prospect in the 
Harts Range, which has a resource of 26.5 Mt at 0.57% Cu, 
504 ppm Co, 11.3% S and 25.4% Fe. 

Arunta Resources Ltd (formerly Transol Corporation) 
undertook further drilling and geophysical surveys at its 
Southern Cross Bore project in the Strangways Range, 
75 km northeast of Alice Springs, which includes the 
Johnnies Reward Au-Cu prospect. Diamond drilling at 
Johnnies Reward intersected 35.5 m at 3.44 g/t Au, 0.45% Cu 
and 4.42 g/t Ag from 68 m. The gold-copper mineralisation 
is in a pyrite-chalcopyrite-bearing magnetite-pyroxene skarn 
and is also noted within the footwall quartz-biotite-garnet-
magnetite gneiss. A 17-hole RC program at the Black Angus 
prospect, 1.5 km north of Johnnies Reward, intersected 
broad zones of anomalous gold, silver and base metals in 
a sheared contact between the Upper and Lower Cadney 
Metamorphics. 

Core Exploration Ltd undertook mapping and soil 
sampling at the Paradise Well prospect west of the Harts 
Range, where malachite occurs in veins and fractures and 
appears to be associated with massive magnetite veins. Rock 
chip samples up to 2.4% Cu and 11 g/t Ag were reported.

TNG Ltd continued exploration at the Mount Hardy 
copper field in the western Arunta Region north of 
Yuendemu. Mineralisation is hosted in the Lander Rock 
Formation and locally outcrops at surface, some of which 
feature historic workings. To date TNG have explored 
six prospects and identified 11 EM and IP geophysical 
anomalies to be followed up. Drilling intersections at the 

main Mount Hardy prospect included 10.3 m at 1.35% Cu 
from 115 m (including 0.9 m at 6.06% Cu) and 3.1 m at 
1.86% Cu from 62 m. Copper (chalcopyrite, native copper 
and minor bornite and chalcocite) is associated with quartz 
veining, stringer stockworks and broader (>1 m) veins 
within structurally controlled zones. A diamond hole to test 
an IP anomaly south of the Browns prospect intersected 
polymetallic sulfide mineralisation within a quartz breccia, 
with an intersection of 13 m at 1.17% Cu, 1.82% Zn and 
0.46% Pb from 74 m (including 1 m at 3.86% Cu, 11.75% 
Zn and 2.09% Pb). Drilling at EM Target 1 intersected 21 m 
at 0.46% Cu, 3.5% Zn, 1.91% Pb and 36 g/t Ag from 211 m. 
TNG Ltd are seeking a joint venture partner for this project. 

Tennant Region
Tennant Creek–style 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 on the historic Tennant Creek mineral 
field, and on the Rover field, where Tennant Creek–style 
mineralisation occurs beneath 150–300 m of overlying 
Wiso Basin sedimentary rocks. 

In the Tennant Creek mineral field, Emmerson Resources 
Ltd undertook further drilling and announced a maiden 
resource at their 2011 Goanna Cu-Au discovery in the Gecko 
mine corridor. In October 2013, they announced a maiden 
Inferred Resource for Goanna of 2.92 Mt at 1.8% Cu and 
0.2 g/t Au, for 53 700 t of contained copper. Mineralisation 
at Goanna is controlled largely by at least five subparallel 
shear zones that trend northwest. Within these shear zones are 
discrete high-grade lodes that occur as quartz-chlorite-sulfide 
tension vein arrays and also as hematite-chlorite ironstones. 
Drilling intersections announced at Goanna during 2013 
included 99 m at 0.43% Cu from 270 m (including 21 m at 
1.01% Cu). New zones of mineralisation were discovered 
north of the known resource in the Far North Shear Zone, 
including 9 m at 2.12% Cu and 0.2 g/t Au from 636 m, 4 m 
at 4.28% Cu from 421 m, and 5 m at 3.63 g/t Au and 0.6% 
Cu from 506 m. Emmerson also upgraded the resource at the 
Orlando deposit, 4 km west-southwest of Gecko, to 2.22 Mt 
at 1.4% Cu and 1.8 g/t Au. Mineralisation at Orlando is hosted 
in east trending lenses controlled by two east-southeast-

Figure 5. Diamond drilling at the 
Illogwa IOCG project (Austin prospect) 
in 2012.
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trending shear zones. In October, Emmerson announced that 
it had regained 100% ownership of its Tennant Creek project 
following the withdrawal of Inova Resources Ltd (formerly 
Ivanhoe Australia Ltd) from their joint venture.

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 at the Rover 1 
deposit, which straddles tenements owned by Metals X 
Ltd, whose tenements include the majority of the defined 
orebody, and Adelaide Resources Ltd. The deposit has an 
Indicated and Inferred Resource of 6.8 Mt at 1.73 g/t Au, 
1.21% Cu, 2.1 g/t Ag, 0.14% Bi and 0.1% Co for 1.22  Moz 
gold equivalent, with a high-grade gold zone of 1.32 Mt at 
7.01 g/t Au and 0.81% Cu. Metals X have received statutory 
approvals for an exploration decline at Rover 1 to undertake 
infill and extension drilling, including the option to extract 
a 5 000 t bulk sample from the upper levels of the orebody. 
During 2013, the company focused on defining the optimal 
development pathway for the Rover 1 deposit, along with 
evaluation of the use of advanced geophysical techniques 
in an effort to increase its resource base in the district. No 
exploration was reported by Adelaide Resources in 2013 at 
their Rover project, which includes the Rover 4, Rover 11 
East and Rover 12 prospects. 

Pine Creek Orogen and McArthur Basin
Thundelarra Exploration Ltd undertook further drilling 
in 2012 at their Allamber U-Cu project, north of Pine 
Creek. At Ox-Eyed Herring, stacked quartz-sulfide lodes 
of similar style to the Tarpon prospect returned a best 
intersection of 11 m at 0.62% Cu, including 4 m at 1.34% 
Cu, and broad uranium intersections at Cliff South also 
contained anomalous copper. A second drilling program 
was undertaken near the end of the year at targets in the 
Allamber project area, with assays pending. 

In the Pine Creek Orogen, carbonaceous shale within the 
Whites Formation close to the contact with the underlying 
Coomalie Dolostone, hosts several polymetallic prospects 
and orebodies. The HNC (Australia) Resources Pty Ltd 
(HAR) Browns project in the Pine Creek Orogen has an 
oxide resource of 9.4 Mt at 0.82% Cu, 0.14% Co and 0.14% 
Ni, and a sulfide resource of 45.1 Mt at 0.35% Cu, 3.74% Pb, 
0.73% Zn, 0.09% Co and 0.07% Ni. The project remains on 
long-term care and maintenance.

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 resources 
for the Redbank project area are 6.24 Mt at 1.5% Cu for 
95 900 t of Cu. Following restructure and recapitalisation 
of the company, Redbank recommenced trading in May 
2013, and have announced plans to recommence on-ground 
exploration in 2014.

Lead-zinc-silver

The McArthur River mine, about 70 km southwest of 
Borroloola in the McArthur Basin (Figure 6), is operated 

by McArthur River Mining Pty Ltd (MRM), a subsidiary 
of Glencore Xstrata. It opened as an underground mine 
in 1995 and has since been converted to open cut. At 
31 December 2012, the McArthur River mine had total 
Measured and Indicated Resources of 163 Mt at 11% Zn, 
4.7% Pb and 48 g/t Ag and total Reserves of 110 Mt at 10% 
Zn, 4.7% Pb and 47 g/t Ag. In 2012/13, MRM produced 
470 000 t of bulk zinc and zinc-lead concentrate. The very 
fine-grained, thinly bedded sulfide ore is hosted in the 
HYC Pyritic Shale Member of the Barney Creek Formation 
(Figure 7). In May 2013, the Northern Territory Government 
approved the $360M Phase 3 Development Project at 
McArthur River, which will lead to a doubling of production 
capacity to approximately 5.5 Mtpa and an increase in bulk 
zinc-lead concentrate volume to 800 000 tpa. The expansion 
will extend the life of mine by eleven years to 2038. 

A substantial zinc discovery was announced in August 
2013 by the Teck Australia Pty Ltd – Rox Resources Ltd joint 
venture at the Teena prospect, 10 km west of McArthur River. 
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Figure 6. Location of diamond, iron ore, lead-zinc, manganese, 
tungsten-molybdenum, nickel and vanadium deposits and projects 
discussed in the text.
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Four deep holes were drilled in 2013 for a total of 4500 m, with 
key intersections of 26.4 m at 11.6% Zn and 1.7% Pb from 
1060 m (including 8.0 m at 18.4% Zn and 2.9% Pb), 20.1 m 
at 13.0% Zn and 2.0% Pb from 944 m (including 12.5 m at 
16.8% Zn and 2.7% Pb), 20.3 m at 12.0% Zn and 1.9% Pb 
from 901 m (including 14.2 m at 15.8% Zn and 2.5%Pb), and 
14.9 m at 9.1% Zn and 1.3% Pb from 676 m (the westernmost 
hole). The prospect contains finely laminated sphalerite-
galena mineralisation within the Barney Creek Formation, 
which is similar sedex-style mineralisation to that of the 
nearby McArthur River deposit. The ratio of zinc to silver 
and lead at the Teena prospect is higher than at McArthur 
River. Rox Resources have reported that mineralisation at 
Teena is in a syncline that extends over at least 1.5 km along 
strike in an east–west direction (remaining open along strike) 
and plunges to the east. The highest grade mineralisation 
appears to be in the keel of the syncline, which is interpreted 
as representing the deepest part of the depositional basin, 
where grades exceed 13% Zn+Pb over intervals greater than 
20 m. Teck Australia are the operator of the joint venture and 
have exercised an option to increase their interest to 70% by 
spending an additional $10M on the project by 2018.

During 2013, MMG Exploration Pty Ltd (MMG) entered 
into an option and joint venture agreement (Batten Trough 
JV) with Sandfire Resources under which MMG may earn 
up to 80% interest in Sandfire’s tenements in the Batten Fault 
Zone area in the McArthur Basin near Borroloola. MMG 
must spend a minimum of $2M within the first year and can 
earn a 60% interest by spending $10M within four years. 
MMG then has the right to earn a further 20% by completing 

a pre-feasibility study. MMG also undertook drilling at their 
Matchbox project in the southern Batten Fault Zone under 
its joint venture with Castile Resources (a subsidiary of 
Metals X Ltd).

Admiralty Resources Ltd continued exploration at their 
Bulman project in Arnhem Land, which encompasses the 
historic Bulman zinc-lead field. Mineralisation is largely 
hosted in carbonate rocks of the Dook Creek Formation of the 
McArthur Basin. In 2013 Admiralty Resources announced 
the results of 1000 m of RC drilling undertaken in 2012. 
Results at the Dingo Argentus prospect showed widespread 
zinc anomalies, but no ore-grade intersections. Further 
drilling is planned in 2014.

Under a joint venture with Anglo Australian Resources 
NL in the Birrindudu Basin, MMG undertook the first 
drilling program at the Victoria River Downs project, 
targeting sedex-style zinc-lead mineralisation. The drilling 
was co-funded by NTGS under the Geophysics and Drilling 
Collaborations program; results are pending.

At the Jervois base metals project in the Arunta Region, 
KGL Resources Ltd have a lead-zinc-silver resource of 1.0 Mt 
at 2.6% Pb, 2.2% Zn and 73 g/t Ag at the Green Parrot deposit, 
as part of a their larger copper-silver resource. Drilling at the 
Marshall-Reward orebody in late 2013 intersected a high-
grade lead zone of 18 m at 19.63% Pb, 3.77% Zn, 732.3 g/t 
Ag, 0.88% Cu and 0.61 g/t Au from 291 m. A follow-up hole 
90 m north along strike and 50 m down dip intersected 8 m 
at 23.46% Pb, 1.49% Zn, 153.3 g/t Ag and 0.11% Cu from 
381 m. This zone remains open at depth and along strike. 

In May 2013, Pitchblack Resources Ltd signed a definitive 
agreement for the acquisition of a 90% interest in Crocodile 
Gold’s base metals assets in the Pine Creek Orogen. This 
includes the Iron Blow deposit, which has a resource of 
3.17 Mt at 3.28% Zn, 0.76% Pb, 2.08 g/t Au, 100.9 g/t Ag and 
0.19% Cu, the Mount Bonnie Pb-Zn-Au-Ag massive sulfide 
deposit and the Mount Evelyn Zn-Pb-Ag skarn. 

Core Exploration Ltd commenced exploration at their 
Albarta project in the Arunta Region during 2013, with most 
activity focussed at their Blueys and Inkheart prospects, 
south of Arltunga on the margin between the Arunta Region 
and the Amadeus Basin. Mapping and rock chip sampling at 
Blueys identified a broad zone of pervasive stockwork veining 
associated with malachite and azurite and argentiferous 
galena minerals at surface, with rock chips up to 4065 g/t Ag, 
8% Cu and 25% Pb. 

Core Exploration have also defined substantial silver 
anomalies in detailed soil sampling at Blueys and Inkheart. 
Soil sampling at Blueys has defined a sizeable silver footprint 
of 700 m × 400 m with a peak of 25 250 ppb Ag. Very high 
silver in soils has also been defined at Inkheart, north of 
Blueys, over a distance of 2 km with a peak of 19 552 ppb Ag. 
The high silver values have a strong correlation with lead and 
copper in soils. Core Exploration have identified drill targets 
from IP survey data, and plan to drill them in 2014.

Diamonds

During 2013, Merlin Diamonds Ltd undertook trial borehole 
mining at their Merlin Project in the McArthur Basin. The 

Figure 7. Thinly bedded to laminated sphalerite and galena ore 
typical of the main orebody at McArthur River mine (J Dunster 
collection).



9

NORTHERN TERRITORY GEOLOGICAL SURVEYNORTHERN TERRITORY GEOLOGICAL SURVEY

Merlin Project comprises 14 kimberlite pipes, of which nine 
were mined by open cut between 1998 and 2003, producing 
507 000 ct of diamonds. The combined Probable Ore Reserve 
for all diamond pipes at Merlin is 11.1 Mt at 0.26 ct/t for a 
total of 2.89 Mct, and the Indicated and Inferred Mineral 
Resource is 19.02 Mt at 0.24 c/t for a total of 4.31 Mct. 
Trial borehole mining at Merlin commenced in September 
2013 and demonstrated that the proposed hydraulic jetting 
tool can effectively cut the weathered kimberlite and that 
the hydraulic lifting system can lift ore to the surface of 
the pit. The processing plant achieved nameplate capacity 
of 75 tonnes per hour. In October, the company stopped 
production to allow completion of engineering work that 
will increase the rate of production.

At the Lancelot prospect, 40 km south of Merlin, a 
costeaning program was completed by Merlin Diamonds 
at 30 sites. Of 91 samples collected for indicator mineral 
analysis, 32 contained kimberlite indicators, including two 
microdiamonds and two macrodiamonds.

Bauxite and alumina

In northeastern Arnhem Land, Rio Tinto Ltd operates 
the Gove bauxite mine and alumina refinery, which have 
been in production since 1971. Bauxite at Gove is in 
deeply lateritised, dissected plateau remnants overlying 
the Cretaceous Yirrkala Formation. The resource at Gove 
includes a Proved Reserve of 111 Mt at 49.5% Al2O3 and 
a Probable Reserve of 64 Mt at 49% Al2O3. In 2012/13, 
the Gove operation produced 7.92 Mt of bauxite from the 
mine, with refinery production of 2.52 Mt of alumina. In 
November 2013, Rio Tinto announced a plan to suspend 
alumina production at Gove and focus on bauxite mining 
operations as the company considers the refinery is not 
financially viable in the current market environment. The 
refinery will commence shutdown in March 2014 and  be in 
care and maintenance by July.

There has been little reported exploration for bauxite in the 
Territory in 2013, although Rio Tinto has been exploring on 
the Cato Plateau in partnership with BHP Minerals Pty Ltd.

Iron

A highlight in 2013 was the commencement of iron ore 
mining in the Roper iron field in the McArthur Basin. Iron 
mineralisation in the Roper field varies from massive to 
oolitic and pisolitic hematite within interbedded medium- 
to very coarse-grained ferruginous sandstone and siltstone 
of the Mesoproterozoic Sherwin Ironstone Member of 
the Roper Group. Western Desert Resources Ltd (WDR) 
passed a significant milestone in the development of their 
Roper Bar iron mine, with their first shipment of iron ore 
in December 2013. Following a resource upgrade in April 
2013, the total Mineral Resource Estimate at Roper Bar 
is 611 Mt at 40.3% Fe, 29.2% SiO2, 2.6% Al2O3, 0.004% 
P and 8.1% LOI, including a global direct shipping ore 
(DSO) component of 47.4 Mt at 57.3% Fe. The upgraded 
DSO Resource for Area F at Roper Bar is now 30.8 Mt at 
59.0% Fe, 9.9% SiO2, 2.5% Al2O3, 0.006% P and 2.0% LOI. 

In August 2013 WDR announced that Noble Resources 
International had been appointed as their offtake partner 
for the 3 Mtpa mining project for the next five years. Ore 
from Roper Bar is hauled via a private 160 km haul road to 
a barging facility at Bing Bong on the Gulf of Carpentaria. 
Mining commenced at the Danehill and Zabeel pits (Area F) 
in July, with the first shipment of ore in December. WDR 
plan to move into full production in 2014.

Sherwin Iron Ltd (Sherwin) continued development 
work at their Roper River project, about 100 km west and 
northwest of the Roper Bar project. The Roper River project 
has Indicated and Inferred Resources of 488 Mt at 41.7% Fe. 
Higher grade resources (at 55% Fe cut-off) total 41.1 Mt at 
57.8% Fe, 12.1% SiO2, 1.8% Al2O3, 0.06% P and 2.6% LOI, 
including 18.4 Mt at 58.3% Fe at Sherwin Creek (Deposit C) 
and 22.7 Mt at 57.5% Fe at Hodgson Downs (Deposits W 
and X). Almost all of the higher grade resources are in the 
Indicated category. In the second half of 2013, Sherwin 
extracted 100 000 t of DSO at a grade of around 59.5% Fe 
from a bulk sample pit at Sherwin Creek. This was exported 
through Darwin port. Sherwin plan to start production in 
2014 with stage one producing 3 Mtpa DSO from Deposit C.

Territory Resources Ltd, which is owned by Singapore-
listed Noble Group, has operated an iron ore mine at 
Frances Creek since 2007. The iron mineralisation is 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 over a 
distance of approximately 35 km. Resources and reserves at 
Frances Creek announced in 2010 include a total Probable 
Reserve of 5.8 Mt at 57.9% Fe and Indicated and Inferred 
Resources of 9.9 Mt at 58.1% Fe. In 2012/13, Territory 
Resources produced 1.37 Mt of iron ore from Frances Creek 
(Table 1).

The Yalyirimbi iron project is in the Ngalia Basin, 
northwest of Alice Springs, where hematite is found within 
the Neoproterozoic Vaughan Springs Quartzite. In early 
2013, Ferrowest Ltd executed an agreement to purchase 
Ngalia Resources’ right to earn up to 60% of the project 
from Arafura Resources Ltd. Ferrowest undertook a 
356 m diamond drilling program with a best intersection 
of 15 m at 50.0% Fe from surface. Following the diamond 
drilling, Ferrowest upgraded the JORC reported resources 
to Indicated and Inferred Resources of 13.3 Mt at 27.1% Fe, 
53.9% SiO2, 4.3% Al2O3, 0.02% P, 0.08% S and 2.3% LOI. 
The resource is in two deposits (A and M) with a total length 
of 1.5 km. Ferrowest describe the mineralisation as a quartz-
iron vein system. Early stage test work has demonstrated 
that crushing to 1 mm with gravity upgrading will allow 
production of a hematite fines concentrate of 63.5% Fe 
with 7.1% SiO2, 0.84% Al2O3 and negligible phosphorus. 
The company envisages open cut mining of the specular 
hematite, before crushing and gravity upgrading to produce 
a hematite fines concentrate at a nominal rate of 1.8 Mtpa. 

Aard Metals Ltd completed a feasibility study on their 
Warrego tailings project, 36 km northwest of the township 
of Tennant Creek. The project area contains five historical 
tailings dams from past mining of ironstone-hosted copper 
and gold. Aard Metals are evaluating the production of 
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magnetite concentrate, with copper and gold as potential 
by-products. The project has an Indicated Resource of 
iron (magnetite) for the Warrego tailings of 7.72 Mt (dry) 
at 35.2% Fe, upgradeable to a concentrate of 2.92 Mt at 
67.1% Fe, accompanied by an Inferred copper and gold 
resource of 7.79 Mt (dry) at 0.21% Cu and 0.48 g/t Au. The 
company announced results of a feasibility study completed 
in November 2012 based on production of 500 000 tpa of 
iron ore fines for six years. Aard have an offtake agreement 
with Weisteel International Ltd. Media reports in October 
2013 indicated that Aard were seeking to sell the project.

Manganese

Oolitic and pisolitic manganese ore in Mesozoic sedimentary 
rocks on Groote Eylandt in the Gulf of Carpentaria forms one 
of the world’s highest-grade manganese deposits: 170 Mt at 
47.1% Mn. The mineralisation is in a stratiform sedimentary 
deposit in shallow-marine Cretaceous sediments. It was 
discovered in 1960 and has been continuously mined by the 
Groote Eylandt Mining Company (GEMCO) since 1966. 
Total production from Groote Eylandt in 2013 was a record 
4.894 Mt of Mn ore, following the completion of the $280M 
Phase 2 expansion of the GEMCO operation, which increased 
GEMCO’s beneficiated production capacity to 4.8 Mtpa. 

The only other operating manganese mine in the 
Northern Territory extracts ore from 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 2012, the total Mineral 
Resources were 29.5 Mt at 22.2% Mn and Ore Reserves 
were 15.7 Mt at 20.6% Mn. During 2013, OM Manganese 
Ltd mined 1.84 Mt of ore at 21.77% Mn, resulting in full-
year production of 826 599 t of ore at 35.03% Mn. Mining 
was mainly from the Shekuma deposit and the newly 
developed Zulu and Yaka deposits. No exploration results 
were announced by the company in 2013.

During 2013, West Rock Resources Ltd (now Pacifico 
Minerals Ltd) in alliance with Cliffs Natural Resources 
signed a binding agreement with Sandfire Resources NL to 
acquire up to 80% interest in Sandfire’s western tenement 
package in the McArthur Basin (Borroloola West JV). 
Pacifico Minerals is focussing on the manganese and copper 
potential of the tenements and must spend a minimum of 
$0.5M within the first year and can earn a 51% interest by 
spending $1.5M within two years. The company can earn 
an 80% interest by spending $7M within six years. Pacifico 
Minerals completed 13 aircore drillholes in late 2013 to 
provide stratigraphic and geochemical information to 
assess the manganese and copper potential.

Bligh Resources Ltd did not report significant on-
ground exploration during 2013 at their Bootu Creek Two 
manganese project, 40 km south of Bootu Creek, but have 
announced plans for a drilling program in 2014 to test 
targets generated by a 2012 VTEM survey.

Other companies exploring for manganese in the Territory 
include Universal Splendour Investments Pty Ltd (Amadeus, 
McArthur and Birrindudu Basins) and Sinosteel Australia 
Pty Ltd (Tomkinson Province and McArthur Basin).

Nickel

The most active nickel exploration in the Territory in 2013 
was in the Harts Range area of the eastern Arunta Region, 
where MMG Exploration Pty Ltd (MMG) are exploring for 
mafic-hosted Ni-Cu mineralisation in joint venture with 
Mithril Resources Ltd (Mithril). This follows Mithril’s 
discovery of Ni-Cu-PGE mineralisation at several locations 
in their project area in the eastern Arunta Region, including 
the Baldrick prospect, where drilling in 2009 yielded a 
best result of 9 m at 0.48% Ni and 0.37% Cu. Under a $4M 
option and joint venture between Mithril and MMG relating 
to Ni rights on Mithril’s wholly owned tenements (Huckitta 
JV), MMG undertook a detailed airborne magnetic survey 
targeting potential mafic intrusions under shallow cover, 
followed by a 2400 m RC drilling program within the 
eastern portion of the Huckitta JV area. Drilling intersected 
a range of gneissic and amphibolite rock types, including 
disseminated sulfides (pyrite-pyrrhotite), in a number of 
holes; assay results are pending. 

MMG entered into a second joint venture in the area 
(Harts Range Option and JV) whereby they can earn up to 
90% interest in a licence east of the Harts Range, currently 
held by Mithril (60%) and Oklo Resources (40%), by 
spending $5M over six years. In late 2013, MMG completed 
a high-resolution aeromagnetic survey over the Harts Range 
JV area to identify drilling targets. 

Kidman Resources Ltd undertook drilling in 2013 at 
the Prospect D Ni-Cu project, northeast of Barrow Creek 
in the Arunta Region. Prospect D was first identified in the 
1970s, and comprises pyrrhotite, pentlandite, chalcopyrite, 
sphalerite, pyrite, malachite and violarite in an unexposed 
amphibolite within metasedimentary rocks. Kidman 
consider the Cu-Ni mineralisation to be controlled either by 
structurally thickened tight folds, or by intersecting shears 
that plunge steeply to the northwest. These zones were the 
focus of Kidman’s maiden 1100 m RC drilling program at 
the prospect. Highlights included 8 m at 2.2% Cu, 0.2% Ni, 
0.2% Pb and 3.1 g/t Ag from 28 m, and 5 m at 1.66% Cu and 
0.56% Ni from 22 m.

In the previously unexplored Warumpi Province in 
the southwestern Arunta Region, Metals X Limited have 
continued on-ground exploration following up on rock chip 
samples containing up to 1.64% Ni from weathered dunite 
that has been mapped over approximately 1 km of strike.

Tungsten-molybdenum

Thor Mining PLC continued project optimisation and 
financing activities for their Molyhil molybdenum-tungsten 
project, which is near the Plenty Highway, northeast of Alice 
Springs. Molyhil is a skarn-related scheelite-molybdenite-
magnetite deposit in the Arunta Region, with a resource of 
4.71 Mt at 0.28% WO3, 0.22% MoS2 and 18.1% Fe, most 
of which is in the Indicated category. The deposit has an 
open cut Probable Ore Reserve of 1.64 Mt at 0.42% WO3 
and 0.13% MoS2. During 2013, Thor undertook a number 
of optimisation initiatives including ore-sorting test work, 
cost-reduction work and variations to the proposed process 
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flow to increase the economic viability of the project. In 
October 2013, Thor announced that a Letter of Intent had 
been received from Global Tungsten and Powders Corp of 
Pennsylvania regarding an offtake agreement for 70–75% 
of the scheelite concentrate from Molyhil. 

Vanadium-titanium-iron

TNG Ltd’s Mount Peake project is a gabbro-hosted 
vanadium-titanium-iron prospect in the northern Arunta 
Region, 60 km west-southwest of Barrow Creek. Following 
resource drilling carried out in 2012, a revised resource 
estimate of 160 Mt at 0.28% V2O5, 5.3% TiO2 and 23.0% 
Fe was announced in early 2013, with 75% of the resource 
in the Measured category. The 2012 drilling resulted in 
high-grade intersections including 147 m at 0.48% V2O5, 
8.8% TiO2 and 31.9% Fe from surface. During 2013 TNG 
announced a revised two-stage development plan for Mount 
Peake, with a low-capital-expenditure start-up development 
producing magnetite concentrate for export, prior to moving 
to development of a TIVAN metallurgical plant to produce 
the higher value, high-purity iron, V2O5 and TiO2. TNG have 
submitted a Notice of Intent for the Mount Peake project, 
and the definitive feasibility study and final Environmental 
Impact Statement are expected to be completed in 2014.

In December 2013, TNG announced the discovery of 
extensive new zones of outcropping magnetite-bearing 
gabbro containing high-grade vanadium and titanium at 
Eastern Target, 5–8 km east of the current Mount Peake 
resource.

There is mafic-hosted vanadium-magnetite mineralisation 
similar to that at Mount Peake at Arafura Resources Ltd’s 
Jervois vanadium project in the Arunta Region, northeast of 
Alice Springs, although no exploration was reported for this 
prospect in 2013. 

Mineral sands (zircon-ilmenite-rutile)

MZI Resources Ltd completed mining of zircon and 
titanium concentrate at their Lethbridge South mineral 
sands mine on Melville Island in the Tiwi Islands 
(Figure 8), with the fourth and final shipment of 8100 t of 
heavy mineral concentrate exported to China in January 
2013. This brought total production from the deposit to 
approximately 33 000 t of concentrate. The focus for 
MZI in the Tiwi Islands has now moved to Kilimiraka 
on southwestern Bathurst Island, which has an inferred 
resource of 56.2 Mt at 1.6% heavy minerals, for 893 700 t of 
heavy minerals, comprising 92 000 t zircon, 57 000 t rutile, 
127 000 t leucoxene and 368 000 t ilmenite. MZI reported 
that the Kilimiraka resource has the potential to underpin 
an 8–10-year mining operation, assuming mining rates of 
approximately 700 tonnes per hour. MZI slowed activity 
on Kilimiraka in 2013, but continued studies to support the 
environmental approval process. They announced that they 
plan to undertake further drilling in 2014/2015 to better 
define the resource and to identify a mining reserve.

In early 2013 Australian Ilmenite Resources Pty Ltd 
announced they were developing a mine at their SILL80 

project in the Roper River area. The ilmenite is associated 
with Derim Derim Dolerite sills in the Roper Group and 
associated placer deposits. This project has been reported 
to contain 27 Mt of ilmenite. The ilmenite is very low in 
deleterious minerals such as Cr2O3, U and Th, and is suitable 
for production of both synthetic rutile and titanium sponge. 
The mining operation received regulatory approvals in 
March 2013 and was expected to begin exporting ore in 
April with planned production of 300 000 tpa, but issues 
with commissioning of equipment have delayed production. 
Operations are reported to be on hold.

Rare earth elements

Arafura Resources Ltd (Arafura) are operators of the Nolans 
Bore rare earth elements project in the Reynolds Range, 
135 km northwest of Alice Springs. Measured, Indicated and 
Inferred Resources at Nolans Bore announced in 2012 total 
47 Mt at 2.6% rare earth oxides (REO), 11% P2O5 and 0.02% 
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U3O8, for 1.22 Mt REO, 5.4 Mt P2O5 and 8830 t U3O8. The 
Probable Ore Reserve is estimated at 24 Mt at 2.8% REO, 
12% P2O5 and 0.02% U3O8. Nolans Bore is a hydrothermal 
stockwork vein-style rare earth element (REE) deposit, 
hosted in metasedimentary and igneous rocks of the Aileron 
Province of the Arunta Region. Apatite mineralisation at 
Nolans Bore ranges from discrete, narrow, fine-grained veins 
to wide intervals of massive coarse-grained breccia. Activities 
in 2013 included reviews of the project capital expenditure and 
process flow to identify savings and optimisation, resulting 
in a $400M reduction in capital expenditure. This included 
moving the proposed intermediate chemical processing from 
Whyalla to a location close to the Nolans Bore mine site. The 
company undertook a 16-hole drilling program at the Mulga 
prospect, 500 m northeast of the Nolans Bore resource, with 
a best result of 1 m at 1.69% total rare earth oxides (TREO).

In 2013, TUC Resources Ltd (now Spectrum Rare 
Earths Ltd) focused on exploring additional heavy rare earth 
elements (HREE) prospects in the same district as their 2011 
Stromberg discovery, 200 km south of Darwin. In early 
2013, TUC announced assay results from metallurgical 
diamond drilling at Stromberg, including 3 m at 1.19% 
TREO from 5 m (92% heavy REO; HREO). From all drilling 
up to 2012, an average of 85.8% of the TREO are HREE, 
with key elements including dysprosium (7.5% of total REE), 
yttrium (64.9%), erbium (4.8%) and terbium (ca 1%). The 
HREEs are contained in xenotime, with a significant level of 
HREE associated with clay. In April 2013, TUC announced 
results of first-pass sampling at the Skyfall and Largo REE 
prospects, and confirmed that these were of similar style to 
deposits at Stromberg, with mineralised prospects identified 
over a distance of 30 km. TUC also announced that Largo 
contained yttriate, providing evidence for ‘absorption-style’ 
mineralogy similar to ionic clay deposits in China. At Skyfall, 
a mineralised area was identified over an area of 6 km × 1 km, 
with rock chip samples up to 1.25% TREO (37% HREO). 
A soil sampling program in late 2013 identified a number of 
anomalies with more than 500 ppm TREO in soils, which be 
the focus of further exploration.

Crossland Strategic Metals Ltd (formerly Crossland 
Uranium Mines Ltd) announced the results of a scoping 
study at its Charley Creek alluvial rare earths project, 
120 km west of Alice Springs. The resource is within 
unconsolidated alluvial outwash, sourced largely from 
the Teapot Granite Complex in the Warumpi Province to 
the south. The deposit includes an Indicated Resource of 
387 Mt at 295 ppm TREO and an Inferred Resource of 
418 Mt at 289 ppm TREO. The combined resource includes 
235 150 t of contained TREO, within 57 965 t of xenotime 
and 328 135 t of monazite. Given the high xenotime content, 
the proportion of HREE is high, with approximately 17% of 
TREO being HREO. The scoping study, released in April, 
was based on a low-cost alluvial sand-mining operation 
with a greater than 20-year mine life, with refining of 40% 
REO concentrate to produce high-purity mixed rare earths 
free of radionuclides, with a small amount of uranium by-
product. In late 2013, Crossland drilled 177 aircore holes 
(total 2073 m) to identify and delineate starter-pit resources 
with high grades of REE; assays are pending.

The Tanami Region continues to emerge as an important 
province for HREE. In the Browns Range, in Western 
Australia, within 10 km of the Northern Territory border, 
Northern Minerals Ltd upgraded their JORC reported 
resource at the Wolverine deposit to 4.13 Mt at 0.68% 
TREO (82% HREE). In 2013, Northern Minerals undertook 
their first on-ground exploration in the Tanami Region 
within Northern Territory, and confirmed the presence of 
xenotime-bearing quartz veins at the historic Boulder Ridge 
occurrence, located near the Tanami Road, 30 km east of 
the Western Australian border. Of 19 samples collected, 17 
had TREO grades of more than 1%, (most containing 99% 
HREE) with a maximum grade of 12.28% TREO including 
1.15% Dy2O3. The mineralised samples were all from quartz 
breccias in the Pargee Sandstone within a north-northwest-
trending structural corridor. A follow-up soil-sampling 
program is planned at Boulder Ridge to refine targets for a 
first-pass drilling program in 2014.

Phosphate

The Georgina Basin is a world-class province for 
sedimentary deposits of phosphate and was the focus of 
most phosphate exploration and development activity in the 
Territory during 2013.

Minemakers Ltd’s Wonarah phosphate deposit is in the 
Cambrian upper Gum Ridge Formation or basal Wonarah 
Formation of the Georgina Basin, close to the Barkly 
Highway. The deposit has Measured, Indicated and Inferred 
resources (at 10% P2O5 cut-off) of 842 Mt at 18% P2O5, 
comprising 707 Mt in the Main Zone and 135 Mt in the 
Arruwurra deposit. During 2013, Minemakers continued 
to progress a revised bankable feasibility study, focussed 
solely on the development of Wonarah by using the 
Improved Hard Process (IHP) patented by JDC Phosphate 
Inc. (JDCP) to produce superphosphoric acid at around 
70% P2O5, with a by-product of usable inert spent pellets. 
JDCP’s IHP Demonstration Plant in Florida is currently in 
the commissioning phase.

Rum Jungle Resources Ltd (Rum Jungle) continued 
resource definition and metallurgical studies at their 
Ammaroo phosphate project. During 2013, they completed 
55 diamond holes for a total 1726 m and 332 RC holes for 
a total 14 181 m. The project is in the southern Georgina 
Basin, about 80 km east of the Alice Springs – Darwin 
railway. During 2013, Rum Jungle completed a takeover 
of Central Australian Phosphate Ltd (formerly NuPower 
Resources), consolidating the resources at the Barrow 
Creek-1 (238 Mt at 14.6% P2O5) and Arganara (310 Mt 
at 15% P2O5) deposits into a single contiguous resource. 
In April 2013, Rum Jungle completed a scoping study on 
the Barrow Creek-1 deposit, based on three options: (1) 
Direct shipping ore (DSO) with start-up production at up 
to 1.8 Mtpa, followed by beneficiation; (2) beneficiation 
through flotation, increasing to 1.8 Mtpa of 30–32% P2O5 
rock; and (3) production of 540 000 tpa of merchant-grade 
phosphoric acid through either a wet acid process or a 
thermal process. The company considered that the results 
of the scoping study warranted commencement of a pre-
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feasibility study. In late 2013, Rum Jungle undertook a 
major RC drilling program to investigate a mineralised 
corridor in the Limestone Bore area, east of the known 
Barrow Creek-1 and Arganara resource. Initial assays 
included 3 m at 19.8% P2O5 (from 4 m), 7 m at 18.3% P2O5 
(from 18 m) and 3 m at 20.8% P2O5 (from 13 m). A major 
resource upgrade combining and extending the existing 
Barrow Creek-1 and Arganara resources is expected in the 
first half of 2014. Rum Jungle also expanded their tenement 
holdings for phosphate in the Georgina and Wiso Basins.

Potash

Rum Jungle Resources Ltd, in joint venture with Reward 
Minerals Ltd, continued to progress their Karinga Lakes 
potash project, which is between Erldunda and Curtin 
Springs, 200–300 km southwest of Alice Springs. The 
Karinga Lakes drainage system contains hundreds of 
salt lakes, representing the eastern extension of the Lake 
Amadeus system. The joint venture is investigating the 
potassium- and magnesium-rich brine resources for their 
potential as feedstock for production of sulfate of potash 
(SOP; potassium sulfate) and potassium magnesium 
sulfate (schoenite). The project has a maximum Inferred 
Resource of 5.5 Mt of SOP at an average aquifer thickness 
of 15 m and an average depth to the water table of 1 m. 
This equates to a maximum schoenite resource of 13 Mt. 
The average potassium grade from the 20 lakes in the 
resource is 4600 mg/l (at 3000 mg/l cut-off). There are two 
distinct aquifers, one in unconsolidated near-surface lake 
sediments, and the other in siltstone and sandy interbeds 
of the Devonian Horseshoe Bend Shale of the Finke Group 
(Amadeus Basin). An aircore drilling program in mid-2013 
drilled 95 holes in 28 lakes for a total of 1673 m (Figure 9). 
Sonic drilling provided samples for porosity, density and 
moisture content testing; 17 holes were drilled for a total 
of 259 m. Extended pump testing from trenches confirmed 

sustained brine flow and geochemistry over time. In 
December 2013, Rum Jungle Resources announced that it 
had signed an agreement with the Chinese International 
Chemical Consulting Corporation to undertake a pre-
feasibility study on the Karinga Lakes potash project.

Salt

Tellus Holdings Ltd (Tellus) hopes to develop an 
underground rock salt mine at their Chandler project near 
Titjikala, in the Amadeus Basin about 120 km south of Alice 
Springs. Interpretation of existing drilling and seismic 
data for the area has identified a potential halite resource 
within an extensive flat-lying evaporite unit (more than 
200 m thick) within the Cambrian Chandler Formation. 
The evaporite has a variable halite content that ranges from 
a 60–80 m-thick massive halite bed at grades of 80–95% 
NaCl to a 150–170 m thick succession of semi-massive 
halite beds with interbedded siltstone and anhydrite and 
an estimated grade of 30–40% NaCl. Should the project go 
ahead, it would produce high-quality halite, and the voids 
left behind could be used to store waste. In August 2013, 
Tellus announced that it was proceeding to a definitive 
feasibility study. Stage One of this process included the 
drilling of two cored salt wells late in 2013, to be followed 
by resource statement and update of the conceptual mine 
design. Results from the drilling are pending. If Stage 
One leads to a decision to proceed, Stage Two is planned 
to include additional cored salt wells and decline wells, 
3D seismic, resource and reserve statement, detailed mine 
design and a final investment decision

Uranium

It was a difficult year for uranium exploration in the 
Territory in 2013 due largely to a low uranium spot price 
and negative investor sentiment.

Figure 9. Aircore drilling at the Karinga 
Lakes potash project (image courtesy 
Rum Jungle Resources Ltd).



14

NORTHERN TERRITORY GEOLOGICAL SURVEYNORTHERN TERRITORY GEOLOGICAL SURVEY

Ranger is a world-class uranium deposit hosted in the 
lower Cahill Formation in the Pine Creek Orogen, close 
to the structural contact with the underlying Archaean 
Nanambu Complex. Existing Ore Reserves at Ranger 
are 27.69 Mt at 0.14% U3O8, and Mineral Resources are 
127 Mt at 0.09% U3O8. During 2013, the Energy Resources 
of Australia Ltd (ERA) Ranger Mine produced 2960 t of 
uranium oxide, a 20% decrease from the 3710 t produced 
in 2012. Most of the high-grade ore mined prior to the 
November 2012 completion of mining in Pit 3 was processed 
during the first half of 2013. As the mill was fed primarily 
with lower grade stockpiled material in the second half of 
the year, uranium oxide production was adversely impacted 
by lower mill-head grade. Since the completion of open cut 
mining at Ranger Pit 3, 22.9 Mt of waste had been backfilled 
into the pit by the end of 2013, out of total planned backfill 
of 30 Mt. According to ERA, exploration expenditure on 
the Ranger lease was $56M in 2013, comprising $46M for 
the exploration decline and $10M for surface exploration. 
Construction of the Ranger 3 Deeps exploration decline 
continued through 2013 with the face reaching 1694 m from 
surface at the end of 2013. The current Ranger 3 Deeps 
resource is 10 Mt at 0.34% U3O8 for an estimated 34 000 t 
U3O8. During 2013, ERA commenced underground drilling 
from the exploration decline; 54 holes were completed for 
a total of 13 294 m of drilling. Results from three cross-
sections of drilling have been announced; highlights 
include 39 m at 0.88% U3O8 and 33 m at 0.41% U3O8. A pre-
feasibility study on the Ranger 3 Deeps underground mine 
is scheduled for completion in late 2014.

Western Arnhem Land continued to be an important 
focus for uranium exploration in the Northern Territory in 
2013. Cameco Australia Pty Ltd have continued a significant 
exploration program in their Wellington Range project area, 
near the north coast of western Arnhem Land, although no 
exploration results have been publicly released from their 
2013 program. This project area includes the Angularli 
prospect, where Cameco have reported an intersection 
of 20.2 m at 5.2% U3O8 (including 0.5 m at 27.8% U3O8). 
The uranium mineralisation at the Angularli prospect is 
primarily associated with a post-Kombolgie Subgroup, 
north-northwest-trending reverse fault, and is mainly in 
the hangingwall of a structural zone that extends from the 
basement into the sandstone cover. 

Alligator Energy Ltd continued to actively explore their 
Tin Camp Creek project, south of Nabarlek, with a total of 
5584 m of diamond and RC drilling during 2013. The most 
advanced prospect in the project is the Caramal deposit, 
which has a resource of 0.94 Mt at 0.31% U3O8 for 2950 t 
of contained U3O8. Uranium mineralisation at Caramal 
is associated with strongly chloritised meta-arkose of the 
lower Cahill Formation, with strong geological similarities 
to mineralisation at Ranger and Jabiluka. Phase 1 drilling at 
Caramal in 2013 targeted possible structural repetitions to the 
north and northwest and resulted in intersections including 
6 m at 966 ppm U3O8 from 114 m, and 9 m at 652 ppm 
U3O8 from 110 m. The drilling showed mineralisation in 
the western half of Caramal to be associated with steeply 
dipping fault and breccia zones, which is different from the 

eastern half of the deposit. Phase 2 drilling was focussed on 
structural targets in the broader Caramal and Caramal East 
area, with a best intersection of 10 m at 672 ppm U3O8 from 
128 m.

Alligator Energy also undertook the first drilling since 
1972 at the Gorrunghar prospect, 12 km southwest of 
Nabarlek. Three holes were drilled for a total of 247 m, 
with a best intersection of 7 m at 0.29% U3O8 from 13 m. 
Mineralisation is associated with chlorite schist and initial 
results suggest it trends east-northeast and dips steeply.

Thundelarra Exploration Ltd (Thundelarra) continued to 
explore for both uranium and copper at its Allamber uranium 
project, 36 km north-northeast of Pine Creek. At Cliff South, 
two holes were drilled in 2013, intersecting further broad 
zones of uranium mineralisation, including 49 m at 787 ppm 
U3O8 from 58 m (including 17 m at 0.13% U3O8) and 17 m at 
974 ppm U3O8 and 0.15% Cu from 70 m. In November 2013, 
Thundelarra announced that they had sold their uranium 
interests in the Hayes Creek uranium project to an unlisted 
Australian company, pending shareholder approval.

Energy Metals Ltd have continued evaluating the 
Bigrlyi uranium deposit in the Mount Eclipse Sandstone 
of the northern Ngalia Basin. The 2011 resource for 
Bigrlyi contains total Indicated and Inferred Resources 
of 7.5 Mt at 0.13% U3O8 (500 ppm U cut-off) and 0.12% 
V2O5, for 9600 t of U3O8 and 8900 t of V2O5. Exploration 
at Bigrlyi and surrounding prospects is designed to 
achieve an increase in the resource base to improve project 
economics, as recommended by a 2011 prefeasibility study. 
A regional drilling program in late 2012 returned results 
including 12 m at 0.38% U3O8 and 0.12% V2O5 from 19 m 
at Anomaly 15 East, at the eastern end of the Bigrlyi 
mineralised zone, and 2 m at 0.28% U3O8 from 79 m at the 
Camel Flat prospect. Further drilling at Anomaly 15 East 
during 2013 yielded intersections including 3.9 m at 0.52% 
eU3O8 from 16.7 m, and 6.2 m at 0.18% eU3O8 from 8.1 m. 
Reconnaissance drilling at the Bigwest target, 8 km east 
of Bigrlyi, intersected 5.5 m at 338 ppm eU3O8 and 1.6 m 
at 0.22% eU3O8. Energy Metals also continued to run IP 
surveys over extensions of mineralised stratigraphy under 
thin transported cover. 

Thundelarra Exploration Ltd have continued to seek a 
partner for exploration at their Ngalia project, which includes 
significant palaeochannel-hosted uranium mineralisation in 
channels overlying the Ngalia Basin. There was no significant 
exploration on this project in 2012.

Onshore petroleum

The Territory has seen an ongoing high level of interest 
and activity in onshore petroleum activity during 2013, 
much of it due to increased interest in unconventional 
petroleum, such as shale oil and gas, and basin-centred 
gas. Figure 10 shows petroleum tenure and basins, and the 
location of wells drilled in 2013 in the NT. More detail on 
the location and specifications of petroleum wells, seismic 
and airborne geophysical surveys during 2013 is contained 
in the Energy-NT 2013 report which is downloadable from 
the Department of Mines and Energy website.
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Figure 10. Map of Geological Regions of the Northern Territory showing granted petroleum permits as of December 2013, along with 
wells and prospects referred to in the text.
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McArthur Basin
Armour Energy Ltd have a significant landholding in 
the southern McArthur Basin and northern Georgina 
Basin, and commenced exploration in the Batten Fault 
Zone in the McArthur Basin near Borroloola in 2012. In 
November 2013, Armour reported independent third-party 
assessments of conventional gas prospects in the Batten 
Fault Zone of 3496 PJ of unrisked Prospective Resources, 
principally in the Coxco Dolostone Member of the Teena 
Dolostone. Armour are also targeting a P50 Prospective 
Resource of 18.8 TCF of gas in undiscovered, prospective 
unconventional resources within the Barney Creek 
Formation, Lynott Formation and Reward Dolostone within 
their tenements, as well as 1.2 million barrels (mmbbl) of 
associated liquids within the Barney Creek Formation.

In 2012, Armour discovered gas at Glyde-1, in the 
Glyde Sub-basin 61 km south of McArthur River; the well 
intersected a continuous vertical section of 132 m of black, 
gas-charged, naturally fractured Barney Creek Formation 
before intersecting the Coxco Dolostone Member. A highly 
deviated lateral well (Glyde-1 lateral) was drilled from 
within Glyde-1 and flowed 3.33 million standard cubic feet 
per day (mmscf/d) equivalent at 125 psi pressure during a 
45 minute flow test from a reservoir within fractured Coxco 
Dolostone Member. 

In late 2013, Armour drilled the Lamont Pass-3 vertical 
well in the Glyde Sub-basin, 25 km north of Glyde-1, and 
reached a depth of 1275 m. Multiple oil and gas shows 
were reported over a 520-m-thick interval of Barney 
Creek Formation shale from 260 m to 780 m depth. The 
well encountered bitumen, fluorescence, blooming, milky 
and streaming oil cuts and live oil, as well as detecting 
significant connection gases (up to 100 units) by gas 
chromatography. Armour reported that the drilling results 
indicate a more extensive oil window in the area than was 
previously recognised. To date, this is the oldest live oil 
recovered in the world. Armour Energy has reported this 
well to the NT Department of Mines and Energy as an oil 
and gas discovery, but have made no estimate of the size of 
the unconventional resource in the vicinity of this well.

Also in 2013, Armour drilled the Myrtle Basin-1 
vertical well to a depth of 861 m to penetrate the Barney 
Creek Formation in the Myrtle Sub-basin. The Barney 
Creek Formation was encountered deeper than expected, 
and Armour plan to deepen the well to core through the 
prospective Barney Creek Formation and Coxco Dolostone 
Member targets.

Imperial Oil and Gas Ltd had their first tenement granted 
in the western and northern Batten Fault Zone in 2013, and 
plan to commence on-ground exploration in 2014. 

The Beetaloo Sub-basin is a significant depocentre 
of Mesoproterozoic Roper Group sedimentary rocks; it 
underlies the Mesozoic Carpentaria Basin in the area east of 
Dunmarra. In 2011 and 2012, as part of a farm-in agreement 
with Falcon Oil and Gas Ltd (Falcon), Hess Australia 
(Beetaloo) Pty Ltd (Hess) undertook a 3490  km 2D seismic 
survey in the Beetaloo Sub-basin at an estimated cost of 
US$55M. On 1 July 2013, Falcon announced that Hess had 
not elected to commit to drilling the five wells required to 

earn their interest in the permits by an agreed deadline, and 
the farm-in arrangement was therefore terminated. Falcon 
have subsequently evaluated the seismic data and have been 
advancing farm-out discussions with other parties.

In December 2012, Santos Ltd farmed in to three 
exploration tenements owned by Tamboran Resources, to 
the north and east of the Beetaloo Sub-basin, and can earn 
a 50% interest by undertaking a $41M phase-one work 
program in three years. In 2013, Santos completed a 497 km 
2D seismic survey on EP161, on the eastern flank of the 
Beetaloo Sub-basin, about 100 km west of McArthur River.

In 2013, Pangaea Resources Pty Ltd recorded about 
1400 km of 2D seismic data extending over previously 
unexplored western extensions of the Beetaloo Sub-basin, 
from the Daly Waters Arch (near the Stuart Highway) to the 
outcropping Birrindudu Basin. The company also completed 
large-scale airborne gravity gradiometry surveys.

Georgina Basin
Petrofrontier Corp. is a TSX-listed company with extensive 
exploration permits for conventional and unconventional oil 
and gas in the southern Georgina Basin. Under the terms of 
an amended farm-in agreement between Petrofrontier and 
Statoil Australia Theta BV (Statoil), Statoil has committed to 
spend a minimum of US$50M in Phase 2A of the agreement 
in 2013/14, which includes the 304 line-km Amy 2D seismic 
program conducted in 2013, five vertical test wells to be 
drilled in 2014, and the abandonment and reclamation of 
the wells Macintyre-2H, Owen-3H and Baldwin-2Hst1 that 
were drilled in 2011 and 2012. 

Amadeus Basin
The Northern Territory’s total onshore oil production 
comes from the Santos-owned and operated Mereenie 
field, west of Alice Springs, which has been in production 
since 1984. In 2013, Mereenie produced 0.203 mmbbl of 
oil, a 12% reduction from the 0.228 mmbbl produced in 
2012. However, production is set to increase during 2014 
as Santos refocuses on the oil side of its operations after 
completing an appraisal and development project that is 
currently underway at Mereenie. 

NT’s onshore gas production comes from the Mereenie 
and Palm Valley fields in the Amadeus Basin, west of Alice 
Springs. In 2013, 1.426 billion standard cubic feet (bscf) 
of gas was produced from the fields. Mereenie produced 
1.202 bscf while Palm Valley produced 0.224 bscf. Magellan 
Petroleum is planning to commence development of the 
Dingo gas field south of Alice Springs once a production 
licence over the field is granted by the NT Government.

Central Petroleum Ltd continued to move towards 
production at their Surprise discovery in the western Amadeus 
Basin, which has produced the first significant oil flows from 
a greenfields discovery in the NT for 50 years, and which 
underwent a successful extended production test in 2012. Oil 
at Surprise is reservoired in the lower Stairway Sandstone, 
and the company believes that the Horn Valley Siltstone 
is the source of the oil. In March 2013, Central Petroleum 
announced reserve estimates at Surprise of 7.48 mmbbl of 
Original Oil in Place (3P), giving 3P Recoverable Reserves of 
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2.1 mmbbl. The reserves are limited to the west of the main 
fault at Surprise (Surprise West), whereas east of the main 
fault (Surprise East), there are 2C Contingent Resources of 
17.7 mmbbl Original Oil in Place. In June 2013, Central’s 
board approved the first stage of development of Surprise, 
commencing with the development of Surprise West, 
including re-entry of the Surprise-1 well and construction of 
a production facility. In December 2013, the company signed 
a production agreement with the Central Lands Council, 
relating to their Production Licence application over Surprise. 

Central Petroleum also have a farm-in agreement worth 
up to $150M with Santos Ltd for an 80 000 km2 area in the 
Amadeus and Pedirka Basins. Under the agreement, Santos 
will fund an initial $30M for exploration, with options to 
invest in two more stages worth $60M each to earn rights 
of up to 70% in the area. Santos has assumed operatorship 
of the tenements. In 2013, Santos undertook 397 line-km 

of seismic acquisition northwest of Mereenie on EP115, 
and 1587 line-km of 2D seismic in the southern Amadeus 
Basin. On EP 125 in the southern Amadeus Basin, Santos 
drilled the Mount Kitty exploration well top hole to a depth 
of 785 m, with the main hole expected to be drilled in the 
first quarter of 2014.The Mount Kitty well is targeting gas, 
with the primary objective being the Heavitree Quartzite at 
around 2000 m depth.

Bonaparte Basin
Beach Energy Ltd have a farm-in agreement with Territory 
Oil and Gas Pty Ltd (TOAG), to earn up to 90% interest in 
TOAG’s tenements in the onshore Bonaparte Basin and up 
to 55% interest in adjacent offshore tenements. Following 
acquisition of airborne geophysical data over the tenements 
in 2013, Beach Energy are planning to drill two wells in the 
onshore Bonaparte Basin in 2014.

Introducing GEMIS, mineral exploration reports online, and new products
Tracey Rogers1

1 Northern Territory Geological Survey, GPO Box 4550 Darwin, 
NT 0801, Australia. Email: tracey.rogers@nt.gov.au.

Delivery of company reports online is now a reality. The 
new document delivery system is to be launched shortly 
before AGES 2014. GEMIS, the Geoscience, Exploration 
and Mining Information System, will provide modern 
searching functionality and enable clients to download 
individual full-text reports and associated data files or use 
a cart facility to download multiple files in one transaction.

Other significant achievements in 2013 include the 
completion and release of the Geology and Mineral Resources 
of the NT, the first of the new HyLogger Data Package series, 
five new Records and several gravity surveys. 

GEMIS

The new GEMIS online report delivery system is to be 
launched and available for AGES 2014 (Figure 1). The 
system provides the ability to search and download 
documents and any associated datasets. Documents are 
organised in collections, and the first to be made available 
is the mineral exploration report collection. The system 
will replace the current MEX database, which is a 
catalogue that provides the ability to search and identify 
relevant open file reports, but does not have a download or 
request function. 

Over the last year, considerable effort has been put 
into preparing the report files for web delivery; issues 
such as file-naming conventions, file formats, duplication, 
incomplete reports and file structures have had to be 
addressed. This work is ongoing, so open file reports will 
be uploaded to the system in batches going backwards in 
time. At the launch, the entire catalogue will be searchable 
but only reports and data from 1995 to the present will 
available for download, with the exception of geophysical 
data and other datasets larger than 1 Gb. In the meantime, 
reports and datasets that cannot be downloaded will be 

provided as usual upon request to the Minerals and Energy 
InfoCentre. Users can utilise the GEMIS request cart 
function, an enhancement over MEX, to provide a more 
streamlined request process.

Searches in GEMIS will run across all available 
collections by default, unless the search is limited to 
a specific collection. Simple search functionality uses 
a standard text box and includes full-text searching of 
report contents. Advanced search options allow users 
to limit search results by defining indexed fields, such 
as “geological province”, “subject”, “map sheet” or 
“company”, and combining them using Boolean operators 
(AND, OR, NOT). Results are displayed over multiple 
pages, showing the report number, the year the report was 
submitted, the title, company/author and the number of 
files available for download for each report (Figure 2). If 
there are files for download, an “Add to cart” button will 
also be shown, enabling users to add all the files for that 
particular report to the download cart. On the results page, 
users can also download the results list in several formats.

The detailed record for each report is accessed by 
clicking the relevant title on the results page. Each 
individual record shows the same information as in the 
MEX database, including the abstract, but now includes 
a list of files attached to that report. Users can select 
individual or all files to add to the download cart. The 
download cart can be viewed from either the detailed 
record or the results page. If there are no attached files 
listed in the detailed record, users can choose to request 
the item from the InfoCentre by adding the item to the 
request cart. As with the download cart, multiple items 
can be added. A request can then be sent to the InfoCentre 
asking for the reports to be sent to you. The request and 
download carts are also accessible at any time from links 
in the GEMIS banner.

Users can set up and manage their own profile to 
subscribe to RSS and alert emails for notification of new 
items added to the collection. GEMIS also has options 
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to browse several controlled or indexed fields such as 
“subject” or “company” and initiate searches from the 
browse mode, including a visual mapsheet search based on 
a static map of the Northern Territory geological regions 
with a 1:250 000 mapsheet boundary overlay.

Reporting under the Mineral Titles Act 2010

The Mineral Titles Act (MTA) includes a provision for 
open filing of annual and final reports after five years. 
Release under this provision has commenced, starting with 
the oldest reports and working forwards. The first batches 
cover 80 reports from 1960 to 1984 and were released in 
late 2013 and February 2014. Reports from 1985 to 1997 
will be released by June 2015. 

NTGS products

The long-awaited Geology and Mineral Resources of the 
NT book was released in hard back format in September 

2013. The 1100-page volume is the first comprehensive 
overview of the geology and resources of the Territory and 
is a definitive reference for mineral and petroleum explorers. 
A digital version of the book will be released in March 2014.

The first two of the new HyLogger Data Package 
series, five new Records, a fully revised GIS dataset for 
the HUCKITTA 1:250 000 outcrop geology map and 
the Southern Wiso gravity survey were also released in 
2013. The Southern McArthur Basin gravity survey was 
released in January 2014. Although the release in 2013 of a 
new edition ALCOOTA 1:250 000, a First Edition Quartz 
1:100 000 outcrop geology maps and GIS datasets, and a 
revised First Edition CALVERT HILLS 1:250 000 map 
and GIS dataset were predicted at AGES 2013, they were 
not released then. They are now nearing completion.

New editions of the NT-wide gravity map and 
metallogenic maps will be released at AGES 2014. Digital 
Information Package 8, the NT Geoscience GIS Package, 
has been updated and will now be released in both ArcView 
shape and MapInfo formats.

Figure 1. GEMIS home page.
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Figure 2. Example of GEMIS search results.

New regional geoscience in the Northern Territory
Dorothy F Close1

1 Northern Territory Geological Survey, GPO Box 4550 Darwin, 
NT 0801, Australia. Email: dorothy.close@nt.gov.au.

Strategic Development Zones – Regional Geoscience 
projects

Under the CORE (Creating Opportunities for Resource 
Exploration) initiative, the Northern Territory Geological 
Survey (NTGS) is continuing to build a regional geological 
and prospectivity framework for the Northern Territory. 
Through the restructure of the Regional Geoscience 
group (Close and Scrimgeour 2013) and as result of recent 
successful recruitment, NTGS is now well placed to 
undertake a range of new projects to provide pre-competitive 
geoscientific data across identified Strategic Development 
Zones. Two broad areas, the McArthur priority zone and 
the Central Australia priority zone (Figure 1), have been 
identified as a focus for future work, based not only on 

their geological prospectivity for mineral and petroleum 
resources, but also the potential for increased activity to 
drive regional economic development, thereby aligning 
with broader Government objectives. 

The revised structure of the Regional Geoscience group 
into four thematically organised teams: Basin Geoscience, 
Basement Geoscience, Geophysics and Remote Sensing, and 
Commodities and Territory Wide, is allowing an integrated 
approach to providing an improved understanding of the 
geological framework and resource prospectivity of these 
key areas.

McArthur priority zone

Basement Geoscience projects – Arnhem Province

The geological framework of the Arnhem Province in east 
Arnhem Land is currently poorly understood; the most 
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recent geoscientific investigation was undertaken as part of 
1:250 000 second edition mapping by NTGS in the mid-
1990s. The age of the metasedimentary packages and the 
timing of mafic and felsic intrusion, metamorphism and 
deformation are poorly constrained and the relationship 
of this province to the prospective Pine Creek Orogen are 
unknown. A program of 1:100 000-scale mapping of outcrop 
areas of the Arnhem Province is scheduled to commence 
during 2014 and aims to improve our understanding of the 
geological framework, the tectonic ties to the Pine Creek 
Orogen and the nature of the basement underlying the 
McArthur Basin in east Arnhem Land.  

Geophysics and Remote Sensing projects – Arnhem 
Province and McArthur Basin

Gravity Acquisition programs
Nearly the entire McArthur priority zone is currently 

covered by aeromagnetic and radiometric data at 500 m line 
spacing or better. However, until 2013, most of this area was 
covered by only 11 km spaced gravity datasets. Increasing 
the resolution of this key geophysical dataset is therefore 
a priority for this region. Last year NTGS undertook the 
Southern McArthur Basin Gravity Survey (Dhu et al 2014), 
covering 75 000 km2 at 4 km station spacing, with areas 
of industry infill to 2 km. An ongoing program of gravity 
surveys is planned (dependent on future funding) at 4 km 
spacing or better across the priority zone to improve our 
understanding of the framework architecture of both the 
Arnhem Province and the McArthur Basin. Interpretation 
of these datasets will be integrated into ongoing NTGS 
projects and outputs.

McArthur Basin 3D model
The McArthur Basin is currently covered by high-quality, 
seamless second edition 1:250 000-scale geological 
mapping as a result of campaign mapping by NTGS 
in the 1990s. However, the structural architecture and 
undercover configuration of the basin remains poorly 
constrained, as are the depth to prospective intervals 
within the outcropping basin and the undercover extents of 
the Birrindudu Basin and Tomkinson Province. To elevate 
our understanding of the architecture of the McArthur 
Basin to the next stage, NTGS is undertaking a project to 
build a 3D model of the McArthur Basin using GOCAD-
SKUA software (Bruna et al 2014). The model will 
represent the current configuration of the basin, including 
the orientation and offset of regional scale faults and 
depths to key stratigraphic intervals. Currently the data 
input to this model is constrained to published surface 
geology at 1:250 000 scale, cross-sections derived from 
this mapping and scarce existing stratigraphic drillholes. 
The recent extensive exploration seismic acquisition 
programs in the southern McArthur Basin, Beetaloo Sub-
basin and undercover extensions beneath the Mesozoic 
Carpentaria Basin will be incorporated in the model 
and will significantly improve the interpretation of the 
subsurface architecture of the basin. The inclusion of 
proposed exploration drillholes, combined with targeted 
field checking will also rapidly improve the derived 
output from the model. With ongoing refinement through 
increased data availability, it is expected that the model 
can ultimately be used to restore the stratigraphic intervals 
to their pre-deformation configuration.

McArthur Basin – HyLogging
NTGS has commenced routine hyperspectral and image 
scanning of drillcore from the McArthur Basin stored at 
the Farrell Crescent Core Facility. The data acquired from 
the scanning exercise and the resultant interpretations are 
available as HyLogger Data Packages (Dhu et al 2014). 
An objective of this exercise is to not only provide ease 
of access for clients to information on representative 
drillcore held at the Core Facility, but to also interrogate 
the spectral data against interpreted drill logs to determine 
any discrepancies between identified stratigraphy and 
contacts (Smith and Schmid 2014). Any discrepancies 

Figure 1. Mosaic of 1:250 000 scale geology of the Northern 
Territory, showing approximate areas of the two Strategic 
Development Zones where upcoming Regional Geoscience 
programs will be focussed. Blue and green hatching represents 
areas where there will be a particular focus on stimulating 
minerals or hydrocarbon development, respectively.
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will be followed up by stratigraphic relogging of key 
intervals and characterisation of spectral response against 
lithological type.

Basin Geoscience projects – McArthur Basin and 
correlatives

Stratigraphic typing and correlations
A remaining challenge for the vast McArthur Basin is 
the validity of basin-wide stratigraphic correlations. 
NTGS is commencing a program of characterisation of 
key stratigraphic intervals by undertaking a standardised 
approach of type-section mapping, lithological description, 
interpreted depositional environment, facies variation, 
representative geochemistry, isotopic signature, detrital 
zircon provenance, rock properties and, where possible, 
biostratigraphy. This will commence in the southern 
McArthur Basin where exposure and relationships are 
better understood, moving to the northern part of the 
basin to characterise and correlate less well understood 
stratigraphy in areas such as the Walker Fault Zone. The 
regular intervals of volcanic input to the basin through its 
evolution provide excellent time marker units, and these 
marker units will be targeted for precision isotopic dating 
to improve age constraints. 

Stratigraphy in the Birrindudu Basin and Tomkinson 
Province has been correlated with the McArthur Basin 
stratigraphy (Close 2014). These correlations will be 
further investigated and refined using the characterisation 
techniques outlined above to establish well-constrained 
regional stratigraphic correlations and unified basin models 
for the greater McArthur Basin.

Hydrocarbon and metallogenic prospectivity of black shale 
units
The black shale units of the McArthur Basin, such as 
the Barney Creek and Velkerri Formations and their 
correlatives, are highly prospective for both hydrocarbons 
and base metals. To understand the prospectivity and 
commence resource evaluation of these black shales, NTGS 
will compile and analyse their key attributes to provide 
a consistent dataset on thermal maturity, TOC, kerogen 
type, porosity, facies type, depositional environment, clay 
content, whole-rock geochemistry and iron speciation. 
Initially the black shale units known for their potential will 
be targeted and the project will ultimately include all black 
shale units within correlated stratigraphy of the Birrindudu 
Basin and Tomkinson Province.

Commodities and Territory-wide project – Copper based 
mineral systems

The McArthur Basin is host to several copper mineral 
occurrences and deposits, but there is a general lack 
of conceptual models for sediment-hosted copper 
mineralisation in the basin to assist in generating targets 
for large-scale copper-bearing mineral systems. As part 
of NTGS’s new focus on the McArthur Basin, a study is 
proposed to commence in 2015 on the sediment-hosted 

copper systems, including any relationships that may exist 
with zinc-lead systems in the basin.

Central Australia priority zone

Basement Geoscience and Commodities and  
Territory-wide projects – Arunta Region

NTGS has had an ongoing commitment since 2000 
to provide an updated, consistent and comprehensive 
understanding of the geological framework and evolution 
of the polymetallic Arunta Region. The first comprehensive 
modern geological summaries of the geology and resources 
of the three provinces of the Arunta Region were released 
during 2013 as part of the Geology and Mineral Resources 
of the Northern Territory volume. Mapping projects by the 
NTGS Basement Geoscience team are continuing in the 
eastern Arunta Region to produce first edition 1:100 000 
maps of Jervois Range and Jinka (Whelan et al 2014). These 
areas have been identified as key to not only improving our 
knowledge of the Arunta Region framework, but are also 
critical to understanding the sequences that host multi-
commodity base metal mineral occurrences, prospects 
and deposits such as the Jervois Cu-Pb-Zn-Ag deposit. The 
resultant improved understanding of the regional alteration 
systems, stratigraphy and structural controls on the existing 
mineral systems will be integrated into the copper mineral 
systems studies that will be undertaken by the Commodity 
and Territory Wide team.

The Jervois Cu-Ag-Au-Pb-Zn deposit, hosted in the 
Bonya Schist of the eastern Aileron Province, is a well 
exposed polymetallic deposit currently being explored by 
KGL Resources (Bennett 2014). The deposit has a reported  
existing resource of 13.5 Mt at 1.3% Cu and 25.8 g/t Ag 
and has a long and intermittent history of development, 
including a short period of open cut production in 
1982/1983. The base metal mineralisation is stratabound 
and hosted in steeply dipping lenses of calc-silicate rock, 
garnet-chlorite-magnetite rock and garnet-magnetite 
quartzite within a thick succession of andalusite-cordierite 
schist and quartz-sericite-feldspar schist. The Pb-Zn-Cu-
Ag mineralisation is typically hosted in the calc-silicate 
rocks, whereas the copper-silver-gold mineralisation is 
best developed in the magnetite-bearing schist layers that 
grade into magnetite-quartzite layers (Scrimgeour 2013). 
The currently recognised strike length of the mineralisation 
is 12 km with much of the host rock exposed at surface. 
The NTGS Commodities and Territory Wide team will 
commence a study on the Jervois mineral system in 2014, 
as the first stage of a broader program to understand 
polymetallic copper mineral systems across the Aileron 
Province. Continuous outcrop, shallow pits and adits, and 
abundant drilling data provide an excellent opportunity to 
investigate the paragenesis of the Jervois deposit and to 
understand the timing and relationship of the mineralising 
system(s) and characterise associated alteration 
assemblages. Much of the outcropping Aileron Province 
sequence immediately west of Jervois is interpreted to 
be the same stratigraphic succession, and hosts abundant 
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copper mineral occurrences. The characterisation of 
the mineralisation style at Jervois may assist in further 
understanding the controls on mineralisation in this region 
and potentially identify vectors to deposits of similar style.

Basin Geoscience and Geophysics and Remote Sensing 
projects – Amadeus Basin

Since its inception in 1979, NTGS has never undertaken 
significant pre-competitive geoscientific activities in 
the Neoproterozoic to Palaeozoic Amadeus Basin, with 
the exception of airborne geophysical surveys. Existing 
published first and second edition 1:250 000 maps in the 
basin are largely the result of campaign mapping by the 
Commonwealth agency BMR–AGSO (now Geoscience 
Australia) from the 1960s to 1980s. The Neoproterozoic 
stratigraphy of the Amadeus Basin is less well understood 
than the Palaeozoic succession and is relatively 
underexplored, but is recognised as having significant 
potential for hydrocarbons and base metal mineralisation. 
Therefore, to improve our understanding of this 
Neoproterozoic stratigraphy, NTGS has commenced 
a project to characterise and correlate Neoproterozoic 
formations, including type section mapping, lithological 
description, interpreted depositional environment, 
facies variation, representative geochemistry, isotopic 
signature, detrital zircon provenance, rock properties 
and, where possible, biostratigraphy. Upon completion 
of this work, mapping of key 1:100 000 mapsheets (eg 
Henbury) will be undertaken to provide spatial outputs 
that will outline the distribution of the redefined 
Neoproterozoic stratigraphy.

Minerals and petroleum exploration in the Amadeus 
Basin has also been hampered by a lack of coverage 
of modern gravity data. To improve this crucial 
geophysical dataset, NTGS has commenced a program 
of ground gravity data acquisition in the Amadeus 
Basin at a minimum spacing of 4 km. Following the 
release of the 2012 Eastern Amadeus Gravity Survey, 
NTGS is proposing to complete coverage of the basin 
with the Western Amadeus Gravity Survey during 
2014. This complete dataset will improve the quality 
of the geophysical coverage of the basin for use in 
structural interpretation, inversion modelling and 3D 
reconstruction. This survey will also complete gravity 
coverage of the entire Musgrave Province within the NT.
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Petroleum geology and prospectivity of the onshore Northern Territory, 2014: a new report from NTGS
Tim J Munson1

1 NT Geological Survey, GPO Box 4550 Darwin, NT 0801, 
Australia. Email: tim.munson@nt.gov.au.

The petroleum industry of the Northern Territory is 
currently experiencing a major boom with very high levels 
of expenditure in greenfields and brownfields exploration, 
and is moving towards increasing production in both 
onshore and offshore areas. The NT is very prospective 
for both conventional and unconventional hydrocarbons 
in a number of frontier basins. Petroleum tenements 
cover almost all of the onshore NT and record exploration 
expenditure is occurring in the most prospective areas. In 
this context, NTGS has completed a new comprehensive 
report on the petroleum geology and prospectivity of the 
onshore Northern Territory for release at AGES 2014. 

NTGS Report 22 (Munson 2014) provides up-to-date 
information and summarises the petroleum geology of all 
of the Territory’s more prospective onshore sedimentary 
basins. Brief reviews are also included of those basins 
with less petroleum potential. Estimated conventional 
and unconventional petroleum resources in the onshore 
Northern Territory, as of March 2014, are included in the 
report as standardised tables. Each basin is fully referenced, 
and summaries of the following topics, where applicable, 
are included:

• Stratigraphic successions, major structures and tectonic 
history. 

• History of petroleum exploration within the basin.
• Petrophysical and geochemical properties of source 

rocks, reservoirs and seals.
• Maturation and migration of hydrocarbons.
• Petroleum systems.
• Commercial fields and technical discoveries.
• Resource estimates.
• Prospectivity.

All of the Northern Territory’s onshore basins are very 
underexplored by world standards, with the most prospective 
being the Amadeus, McArthur, onshore Bonaparte and 
Georgina basins (Figure 1). Only the Amadeus Basin 
has producing fields, but both the McArthur and onshore 
Bonaparte basins have contingent petroleum resources. Other 
basins with some petroleum potential include the Birrindudu, 
South Nicholson, Warburton, Pedirka, Eromanga, Ngalia, 
Wiso and Hale basins, and the Lawn Hill Platform. The 
remainder of the Territory’s sedimentary basins have either 
untested or low prospectivity. Brief summaries of the more 
prospective basins are included below. 

McArthur Basin

The Palaeo- to Mesoproterozoic McArthur Basin contains 
an unmetamorphosed and relatively undeformed succession 
of sedimentary and minor volcanic rocks with a preserved 
thickness of up to 15 km in the northeastern NT. It contains 

elements of at least two Proterozoic petroleum systems; 
the oldest within the Palaeoproterozoic McArthur and 
Nathan groups, and the other within the Mesoproterozoic 
Roper Group. Other petroleum systems may also be 
present in equivalent and older groups of the basin. Armour 
Energy Ltd (Armour) has been targeting conventional and 
unconventional gas and oil resources in the McArthur Group 
within the Batten Fault Zone in the southern McArthur 
Basin. In 2012, Armour reported gas in Cow Lagoon-1 
and Glyde-1 ST1, and this was followed-up by significant 
oil and gas shows in Lamont Pass-3 in 2013. Glyde-1 is a 
shallow conventional gas accumulation within brecciated 
Coxco Dolostone Member (Teena Dolostone), underlying 
Barney Creek Formation source rocks. The Barney Creek 
Formation (Figure 2a) is a significant unconventional 
shale gas and -oil prospect and unconventional gas is also 
reservoired in relatively low-permeability reservoirs in the 
Lynott Formation and Reward Dolostone. 

Roper Group petroleum occurrences are within the 
Beetaloo Sub-basin, which is considered to be one of the 
most promising regions in the NT for shale oil and -gas. The 
sub-basin is also prospective for conventional petroleum, 
although no significant accumulations have been identified 
to date. Recent focus has been on the unconventional 
resources of the sub-basin, and several wells, in particular 
Shenandoah-1A (Falcon Oil and Gas), have confirmed 
the shale oil and -gas potential of the middle Velkerri 
(Figure 2b) and Kyalla formations, and the BCGA potential 
of the Bessie Creek and Moroak sandstones. 

The McArthur Basin is prospective for petroleum over 
large areas that remain virtually unexplored. Strata of the 
McArthur and Roper groups are likely to extend in the sub-
surface well beyond their currently defined geographical 
limits into areas that have yet to be tested. The unexplored 
Walker Fault Zone in the north of the McArthur Basin 
is analogous to the Batten Fault Zone in the south of the 
basin and contains strata equivalent to the petroliferous 
McArthur Group, but has no seismic coverage and has not 
been drilled. A significant, but unexplored depocentre to 
the west of the Beetaloo Sub-basin, as previously defined, is 
likely to contain Roper Group-equivalent strata in a similar 
geological setting to that of the sub-basin. Successions in 
other areas and at other stratigraphic levels of the McArthur 
Basin have never been tested for their petroleum potential, 
but could contain economic petroleum accumulations. 

Amadeus Basin

The Neoproterozoic to Late Devonian/Early Carboniferous 
Amadeus Basin is a large structural remnant of the 
Neoproterozoic–early Palaeozoic Centralian Superbasin 
in the central-southern NT. It contains a sedimentary 
succession up to 14 km thick that is prospective for 
petroleum at numerous stratigraphic levels. The basin 
contains the only producing conventional petroleum 
fields in the onshore NT (Mereenie oil and gas and Palm 
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Valley gas), with a third field (Surprise oil) likely to 
commence production in 2014. There are also a number 
of other undeveloped fields and prospects. Two petroleum 
systems are relatively well defined within the basin, and 
the existence of a number of other poorly defined systems 
has been demonstrated. 

The oldest Neoproterozoic system constitutes an 
excellent exploration target, particularly in the south of 
the basin, although it is essentially unexplored. The lower 
Gillen Member (Bitter Springs Formation) provides good 
source rock characteristics, and regionally extensive 
evaporites within the member act as a top seal over potential 
reservoirs in the Heavitree and correlative Dean quartzites. 
The system has been proved by oil shows within the Gillen 
Member and by a stabilised sub-commercial flow of gas 
from drillhole Magee-1 in the southern part of the basin. 
This system is currently being targeted by Santos for multi-
Tcf-sized conventional gas and helium at the Mount Kitty 
prospect in the southern portion of the basin. 

Neoproterozoic to Cambrian strata of the basin contain 
several petroleum systems, none of which are particularly 
well defined. Potential source rocks and possible reservoir–
seal configurations are present at a number of stratigraphic 
levels. The principle reservoirs recognised to date are the 
Pioneer Sandstone, which hosts the Ooraminna gas field, 
and Arumbera Sandstone, which hosts the Dingo gas field 
and Orange gas prospect. The Pertatataka Formation is a 
proven source rock within this system, but older rocks with 
good source characteristics, including the Aralka and upper 
Bitter Springs formations, are also present.

The Ordovician Lower Larapinta Group Total Petroleum 
System is currently the only commercially productive 
petroleum system in the basin and is the best target for 
petroleum exploration. This system includes the prolific 
Horn Valley Siltstone source rock unit and two principle 
reservoir units, the underlying Pacoota and overlying 
Stairway sandstones. It is responsible for the charge of the 
Mereenie oil-gas, Palm Valley gas and Surprise oil fields, 
and also includes the West Walker and Johnstone West 
prospects. The system is sealed by intraformational shale 
in the Pacoota and Stairway sandstones over reservoirs in 
the lower parts of these units, by the Horn Valley Siltstone, 
which seals some upper Pacoota Sandstone reservoirs (eg at 
West Walker), and by the Stokes Siltstone, which provides 
a thick seal for the upper Stairway Sandstone. The play 
fairway for this system is located in the northern part of 
the basin and it is considered to be oil- and gas-prone with 
increasing probability for oil westwards. The Horn Valley 
Siltstone is also very prospective for unconventional shale 
gas and -oil, and the Pacoota and Stairway sandstones are 
also prospective for basin-centred gas (Figure 3). 

Georgina Basin

The Georgina Basin is a polyphase intracratonic basin in the 
central-eastern NT and western Queensland that contains 
a thick succession of unmetamorphosed Neoproterozoic 
to Devonian sedimentary rocks that are prospective for 
petroleum at a number of stratigraphic levels. There have 
been no commercial discoveries in the basin to date, but 

Figure 2. Examples of McArthur Basin 
source rocks. (a) Barney Creek Formation 
shale in core from Lamont Pass-3 (after 
Armour 2013). (b) Middle Velkerri 
Formation shale in core from Altree-2 
(after Silverman and Ahlbrandt 2011).

a

b
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the potential of the basin for both conventional and large-
scale unconventional hydrocarbon accumulations has been 
clearly demonstrated. Three conventional petroleum systems 
with regional extent have been recognised in the southern 
Georgina Basin: the Thorntonia(!) Petroleum System includes 
source rocks of the Thorntonia Limestone, with the dominant 
reservoir-seal couplet being the Thorntonia Limestone/basal 
Arthur Creek Formation black shale (‘hot shale’, Figure 4). 
The Arthur Creek(!) Petroleum System includes source 
rocks of the Arthur Creek Formation and intraformational 
reservoir–seal couplets within the middle and upper parts 
of this formation. The Hagen(!) Petroleum System includes 
source rocks of the Hagen Member and encompasses basal 
grainstones sealed by intraformational evaporites. This is 
volumetrically the least important of these three systems and 
is only significant in the western Georgina Basin. A total 
petroleum system (Arthur Creek Formation Total Petroleum 
System) has also been defined to include all unconventional 

shale gas and –oil petroleum resources within this formation. 
Three assessment units (AU) have been defined; these are the 
Upper Arthur Creek Formation Continuous Gas AU, Lower 
Arthur Creek Formation Continuous Gas AU, and Lower 
Arthur Creek Formation Continuous Oil AU. 

The thick sedimentary succession in the southern 
Georgina Basin contains organically rich source rocks, 
reservoirs with effective vertical seals at various stratigraphic 
levels, and a variety of potential stratigraphic and structural 
traps. The Neoproterozoic–early Cambrian succession is 
prospective for conventional petroleum, but has received 
little attention from explorers to date. Middle Cambrian rocks 
are the main target for both conventional and unconventional 
accumulations, and there is also some potential for economic 
conventional petroleum in the late Cambrian–Ordovician 
succession. Underexplored portions of the basin to the north 
have only relatively thin successions and effective source 
rocks have not been identified, but potential reservoir/seal 
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Figure 4. Arthur Creek Formation basal 
black shale (‘hot shale’) disconformably 
overlying Thorntonia Limestone (pale 
grey) from NTGS Elkedra-7. Arrow 
marks karstified contact (after Dunster 
et al 2007).

Figure 3. Diagramatic Cross Section showing Assessment Units (AUs) of the Lower Larapinta TPS (after Warner 2012).
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couplets are present and some areas in the north might have 
received a petroleum charge from underlying Proterozoic 
source rocks of the McArthur and equivalent basins.

Onshore Bonaparte Basin 

The Bonaparte Basin is a large, predominantly offshore, 
composite polyphase sedimentary basin, extending from 
onshore coastal areas along the NT–Western Australia border 
northward into the Timor Sea across Australia’s continental 
margin. It contains up to 15 km of Phanerozoic, marine and 
fluvial, siliciclastic and carbonate sedimentary rocks with 
the thickest sections being offshore. The basin is a well 
established oil and gas province, with proven resources and 
a number of currently producing fields in offshore areas. The 
onshore basin in the NT contains the Weaber gas field, and 
oil and gas shows have also been recorded from a number 
of other wells. At the Weaber field, gas is reservoired in 
sandstone, interpreted to be the Enga Sandstone of the 
Langfield Group within a faulted anticlinal trap. The Keep 
River-1 prospect was a gas discovery that flowed a small but 
significant amount of gas to surface on test. Gas shows were 
reported from multiple fine- to medium-grained sandstones 
interbedded with shale in the lower Milligans Formation and 
from fractures within the Late Devonian succession.

Two conventional petroleum systems have been defined 
in onshore areas; in ascending stratigraphic order, these 
are the Ningbing-Bonaparte Petroleum System, and the 
Milligans-Kuriyippi/Milligans(!) Petroleum System. The 
Late Devonian Ningbing-Bonaparte Petroleum System is 
probably responsible for significant oil shows in Ningbing-1 
(WA) and in mineral drillholes along the southeastern 
margin of the basin, and for gas at the Garimala-1 prospect 
(WA). Possible source rocks include Late Devonian 
marine algal carbonate rocks of the Ningbing Group and/
or basinal marine shale of the Bonaparte Formation. The 
Carboniferous–Permian Milligans-Kuriyippi/Milligans(!) 
Petroleum System includes the Carboniferous–Permian-
reservoired oils in the offshore Turtle and Barnett fields. 
In onshore areas, it is responsible for gas at the Weaber 
field and Keep River-1 prospect (NT), for gas and oil at the 
Waggon Creek prospect (WA) and for gas at the Bonaparte-1 
and Ningbing prospects (WA). It is uncertain as to whether 
the effective source rock for this system is the Early 
Carboniferous Milligans Formation, or deep-water marine 
shale of the Late Devonian–Early Carboniferous Langfield 
Group (Bonaparte Formation) and it will probably need to 
be redefined and remapped. 

In broad terms, the most significant conventional 
exploration plays so far identified within the Late Devonian to 
Carboniferous succession are (1) reefal and vuggy/fractured 
limestone of the Late Devonian Ningbing Group, sealed by 
intraformational shale or by marine shale at the base of the 
Langfield Group and sourced by intraformational marine 
shales within the Ningbing Group; (2) marine sandstone and 
limestone of the Langfield Group, sealed by intraformational 
shale or by the marine shale of the overlying Milligans 
Formation, and sourced by intraformational marine shale 
within the Langfield Group; and (3) marine sandstones in 

the Milligans Formation sealed by intraformational shale 
and sourced either intraformationally or by underlying 
marine shale within the Langfield Group. Unconventional 
petroleum potential is provided by gas-condensate and 
shale oil plays in the lower Milligans Formation, and by 
tight gas plays in sandstone and limestone reservoirs in the 
Langfield, Ningbing and Cockatoo groups.

Warburton, Pedirka and Eromanga basins

The Early Palaeozoic Warburton Basin, Late Palaeozoic 
Pedirka Basin and Mesozoic Eromanga Basin are three 
stacked basins in the southeastern corner of the Northern 
Territory (Simpson Desert area) that extend over areas 
of adjoining jurisdictions. The exposed Eromanga Basin 
overlies the Pedirka Basin, which is largely restricted to 
the subsurface. The Warburton Basin is entirely concealed 
beneath the Pedirka and Eromanga basins. The basins 
have many significant structural features in common, 
including their major depocentres, and the identified 
petroleum systems in these basins are interbasinal to some 
extent (Figure 5). No commercial petroleum has been 
discovered in these stacked basins in the NT, but there are 
good petroleum indications in drillholes. At least three 
unnamed petroleum systems are present in the Simpson 
Desert area; these incorporate source rocks of the Permian 
Purni and Triassic Peera Peera formations (Pedirka Basin), 
and the Early Jurassic Poolowanna Formation (Eromanga 
Basin), plus a number of possible reservoir configurations. 
Late Palaeozoic and Mesozoic rocks remain the primary 
exploration targets for conventional petroleum, but 
underlying Palaeozoic (Cambrian to Devonian) clastic 
and carbonate rocks provide significant secondary 
objectives. Unconventional petroleum potential is provided 
by extensive Permian and lesser Triassic coal measures 
and carbonaceous shale of the Pedirka Basin, which 
could be exploited via coal bed methane drainage and/or 
underground coal gasification. The Toolebuc Formation and 
overlying basal Allaru Mudstone of the Eromanga Basin are 
also prospective for unconventional hydrocarbons. 

Ngalia Basin

The Ngalia Basin is an east–west-trending elongate 
structural basin containing a Neoproterozoic to 
Carboniferous sedimentary succession up to 5 km 
thick. It is interpreted to have been contiguous with the 
contemporary Amadeus Basin to the south for much of 
their histories. The basin is an asymmetrical synformal 
structure that preserves a much thicker succession adjacent 
to a strongly faulted northern margin. The southern margin 
is a gently north-dipping (basinward), basement–cover 
interface, disrupted by complex faulting. In general, the 
Ngalia Basin is regarded as a structural and depositional 
analog of the oil- and gas-bearing Amadeus Basin to the 
south, although the sedimentary succession is less complete 
and is more condensed. It is very underexplored for 
hydrocarbons and its potential for both conventional and 
unconventional petroleum is therefore largely speculative. 
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Petroleum systems have not been clearly defined and only 
minor gas shows have been reported from the few drillholes 
that penetrate the succession. However, potential source 
rocks, reservoirs, and intraformational and regional seals 
are present at numerous levels within the succession, and a 
number of untested anticlines or structural highs that could 
reservoir conventional hydrocarbons have been identified 
within the basin. It is notable that the Mereenie/Palm Valley 
to Darwin gas pipeline crosses the eastern margin of the 
basin, and this would enable even small discoveries to be 
potentially viable. 

Wiso Basin

The Wiso Basin is a large, intracratonic sedimentary basin 
located in the central northwestern Northern Territory. The 
vast majority of the basin is very shallow, containing less than 
300 m of platformal middle Cambrian rocks. The main basin 
depocentre is the Lander Trough along the southern margin, 
where there is a much thicker succession of Cambrian, 
Ordovician and ?Devonian rocks, that is estimated to be up 
to 2000–3000 m thick and may reach a maximum of 4500 m. 
The Wiso Basin is virtually unexplored and no petroleum 
or deep stratigraphic wells have been drilled anywhere in 
the basin, including the most prospective area, the Lander 
Trough, although there are a number of shallow mineral 
exploration and BMR stratigraphic drillholes. Minor 
hydrocarbon shows have been noted in the Montejinni 
Limestone in two of the BMR drillholes. Seismic coverage 
is very limited, but a gravity survey at a grid spacing of 
4 km was completed in 2013 over the southern Wiso Basin, 
including the Lander Trough, and the remainder of the basin 
is covered by an earlier gravity survey at 11 km spacing. 
A modern grid of aeromagnetic data at a line spacing of 
400 m or better is available over the entire basin. The most 
promising source rock intervals in the succession are the 
Montejinni Limestone and unit 3 of the Hanson River beds, 
although other intervals might also have source potential, 

and good source rocks might also be present in the subsurface 
within the Lander Trough. A number of Cambrian and 
Ordovician sandstone and carbonate intervals within the 
succession have good reservoir potential and either underlie 
effective sealing strata or contain intraformational seals. 
Fractured and vuggy carbonate rocks in the Montejinni 
Limestone, which is the main producing aquifer in the 
western Wiso Basin, have particularly good potential, and 
some parts of the overlying Hooker Creek Formation have 
produced good groundwater flows and may therefore form 
effective reservoirs. About 80% of the Wiso Basin (central 
and northern parts) contains generally less than 500 m of 
section and is therefore not considered very prospective for 
conventional hydrocarbons. Long-distance migration from 
possible source rocks in thicker successions in the south, 
or from underlying Proterozoic rocks (Birrindudu Basin 
and equivalents) would be required to charge any existing 
structures in these areas. However, the Lander Trough is 
much more prospective, and adjacent shallower parts of 
the basin may also have received hydrocarbons migrating 
northwards from more deeply buried sources. There is also 
potential for unconventional basin-centred gas and oil plays 
over large areas of the basin, particularly in the Montejinni 
Limestone.

Other basins

Minor indications of petroleum have been reported from the 
Proterozoic Birrindudu, and South Nicholson basins, and 
Lawn Hill Platform, which contain strata of equivalent age 
to petroliferous successions of the McArthur Basin. Other 
Neoproterozoic to early Palaeozoic basins in the western 
NT (Fitzmaurice, Murraba, Victoria, Wolfe, Canning, Daly 
and Ord basins) contain potential reservoir–seal couplets, 
but generally lack viable mature source facies. In all of these 
basins, conventional petroleum accumulations would be 
dependent on relatively long-distance vertical and/or lateral 
migration from viable source rocks in underlying or adjacent 

Figure 5. Schematic petroleum migration model for Pedirka and western Eromanga basins, showing significant reservoir/seal couplets 
(slightly modified after Ambrose et al 2002).

W E

Cadna-owie Formation

Cycle 1

Cycle 2

sealRegional

CRETACEOUS

BASAL JURASSIC

JURASSIC–EARLY
CRETACEOUS

TRIASSIC 

PALAEOZOIC 

Eromanga
Basin

EARLY PERMIAN

Northern
Poolowanna Trough

PALAEOZOIC

Migration pathway

Potential oil play

Potential oil/gas play

Algebuckina Ss

Peera Peera Fm

Poolowanna Fm

Purni Formation

Tirrawarra SS equiv.
Crown Point Fm

A12-019.ai

Algebuckina Sandstone
Poolowanna FormationPurni Formation

Tirrawarra Sandstone equiv. 

Crown Point Formation Peera Peera Fm

Pedirka
Basin

Semi-regional seals



29

NORTHERN TERRITORY GEOLOGICAL SURVEYNORTHERN TERRITORY GEOLOGICAL SURVEY

basins. Onshore successions of the Arafura and Money 
Shoal basins in the northern NT are relatively thin and 
unstructured, and are relatively distant from offshore source 
kitchens, so would also be reliant on long-distance migration 
of hydrocarbons for a hydrocarbon charge. Onshore Cenozoic 
basins are generally too thin and immature for conventional 
petroleum, but some unconventional potential might be 
present in lignite-rich units (eg, in Hale Basin) that have 
reported oil shale characteristics. All of the above basins are 
essentially unexplored and should be regarded as relatively 
high-risk frontier basins, at present levels of understanding.
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Protecting sacred sites in the Northern Territory: challenges, current practice and meeting the needs 
of stakeholders
Dr Ben Scambary1

1 Aboriginal Areas Protection Authority, GPO Box 1890 
Darwin, NT 0801, Australia. Email: ben.scambary@nt.gov.au.

This year is a milestone for the Aboriginal Areas 
Protection Authority and marks 25 years of operation of 
the Northern Territory Aboriginal Sacred Sites Act and 35 
years of sacred site legislation in the Northern Territory. 
The information held by the Authority and the processes 
for providing sacred site clearances have evolved 
significantly over the years and in this presentation I 
will focus on highlighting current practices around our 

processes and the services that we can offer under the Act. 
I will also focus on how this applies to exploration with 
particular focus on risk management considerations, our 
capacity and timeframes and how we work with mining 
and exploration companies to achieve an outcome within 
the timeframes of other approval processes, what we do 
protect, how we protect it, and the mechanisms for review 
or conference. The presentation will also seek to debunk 
a few of the myths that exist around sacred sites and the 
Authority. 
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NTGS geophysical and remote sensing program: acquisition and accessibility
Tania Dhu1,2, Belinda Smith1, Roger Clifton1, Pierre-Olivier Bruna1 and Lachlan Hallett1

1 Northern Territory Geological Survey, PO Box 4550 Darwin, 
NT 0801, Australia.

2 Email: tania.dhu@nt.gov.au

The Northern Territory Geological Survey (NTGS) is a 
leader in the delivery of pre-competitive geophysical and 
remotely sensed data to the exploration industry. This work 
is continuing under the CORE (Creating Opportunities for 
Resource Exploration) initiative with the completion of 
two gravity surveys adding approximately 11 500 gravity 
stations to the Northern Territory’s gravity database. Over 
52% of the Territory is currently covered by 4 km spaced or 
better ground gravity data. 

There is renewed focus on the application of geophysics 
through 3D modelling, synthesising existing geological 
and geophysical datasets to aid understanding of regional 
subsurface structure. A rock property program is 
underway, targeting collection and compilation of bulk 
density, magnetic susceptibility and gamma petrophysical 
properties, key inputs to geophysical modelling.

Accessibility of industry submitted geophysical data 
is improving through updates of publicly available spatial 
indexes and the development of standard image types 
for gravity, radiometric, magnetic and electromagnetic 
geophysical data. HyLoggerTM Data Packages (HDP) 
summarise the immense volume of hyperspectral data that 
is produced from the HyLoggingTM project for individual 
drillholes and provide valuable insight into mineralogy 
when compared with existing stratigraphic and lithological 
logs.

Gravity data acquisition

The Southern Wiso Basin and Southern McArthur Basin 
Gravity Surveys (Figure 1) were both completed in 2013. 
The Southern Wiso Basin survey, located between the 
Tennant and Tanami Regions, acquired 3857 new regional 
ground gravity stations at a spacing of 4 km, while the 
Southern McArthur Basin survey acquired 6275 stations, 
most at 4 km but including 1657 stations of industry funded 
2 km spaced infill.

The Wiso Basin is an intracratonic sedimentary basin 
bounded by the Palaeoproterozoic Tanami Region, Palaeo-
Mesoproterozoic Birrindudu Basin and Neoproterozoic 
Victoria Basin to the west, the Palaeo-Mesoproterozoic 
Tennant Region to the east, and the Palaeoproterozoic 
Aileron Province in the south (Ahmad et al 2013). The 
Southern Wiso Basin Gravity Survey covers approximately 
half of the basin, with the southern extent of the survey 
abutting the 2007 Central and 2010 West Arunta Gravity 
Surveys. The Bouguer anomaly map is dominated by a 
series of northwest-trending structures that are consistent 
with shallower magnetic signatures farther to the east 
(Figure 2a). The areas of low response (cold colours) in 
the south are generally consistent with the Lander Trough 
depocentres and are most likely the result of greater depth 

to basement in that region. Based on the new gravity data, 
the boundaries of these depocentres can be redefined.

The McArthur Basin is a large Palaeo-Mesoproterozoic 
sedimentary basin that has undergone polyphase 
deformation. The Southern McArthur Basin Gravity Survey 
was acquired south of the Roper River and adjacent to the 
2009 Barkley Gravity Survey. The Bouguer anomaly map 
(Figure 2b) shows a number of northwest-trending structures 
that are consistent with the strike of the Mallapunya Fault 
and the Calvert Hills Fault to the southeast of the survey 
and the Bulman Fault to the north. A depocentre of the 
Beetaloo Sub-basin (Munson 2014) is represented by an 
area of low response, bounded to the northeast by a sharply 
varying northwest-trending anomaly that is indicative of 
possible structural controls on basin formation. To the west 
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Figure 1. Outline of the Southern McArthur Basin and Southern 
Wiso Basin Gravity Surveys overlaid on Northern Territory 
1:2 500 000 regional geology.
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Figure 2. (a) Southern Wiso Basin Gravity Survey Bouguer anomaly image (pseudocolour histogram stretch) overlaid on part of the 
Territory-wide reduced to pole TMI RTP (greyscale histogram stretch) image. The Lander Trough depocentres are modified from Ahmad 
et al (2013). (b) Southern McArthur Basin Gravity Survey Bouguer anomaly image (pseudocolour histogram stretch) overlaid on part of 
the Territory-wide TMI RTP (greyscale histogram stretch) image. The interpreted Beetaloo Sub-basin and some faults derived from the 
McArthur Basin 1:1000 000 special map are also shown.
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of this depocentre, the north-trending Daly Rivers Arch 
corresponds with a positive Bouguer anomaly (hot colours), 
which is consistent with this being a relative basement high.

Value of gravity infill

Industry participation in NTGS ground gravity surveys 
can be highly beneficial; participants incur no mobilisation/
demobilisation costs, thus securing significant per station 
cost savings due to survey size, and surrender all land 
clearance responsibility to NTGS. The questions of 
whether to infill and what station spacing is required for 
the data to have greatest impact are dependent on the 
target being considered. The presence of shallow bodies 
can be determined by a station spacing equal to their 
extent, and for deeper bodies equal to twice their extent 
(Murray and Tracey 2001). To reasonably represent the 
shape of an anomalous body, rather than just identifying its 
presence, station spacing needs to be equal to or less than 
one-third the wavelength of the anomaly. Thus anomalies 
with wavelengths of 12 km or greater can be reasonably 
represented by 4 km spaced gravity stations, which is 
adequate for regional scale studies but often too coarse for 
exploration projects.

In the Southern McArthur Basin Gravity Survey, Santos 
Ltd infilled 4 km spaced gravity to 2 km spacing in their 
area of interest. Data can be reasonably gridded at one 
quarter to one-fifth of the station spacing, approximately 
800 m for 4 km spaced data and 400 m for 2 km spaced 

data. Figure 3 shows a comparison between an 800 m and 
400 m grid of the infill area. The higher resolution image 
shows a greater level of detail across the entire image with 
better definition of anomalies and more pronounced internal 
structure within previously bland anomalies.

Imaging of industry-submitted geophysical data

The exploration industry contributes a significant volume of 
highly detailed geophysical data to NTGS holdings through 
exploration reporting requirements. Recent work has 
focused on developing a standard suite of image types for 
the most common geophysical techniques, namely airborne 
magnetic, radiometric and electromagnetic surveys and 
ground gravity surveys. From airborne magnetic data, Total 
Magnetic Intensity (TMI), TMI Reduced to Pole (RTP), TMI 
First Vertical Derivative (1VD) and TMI RTP 1VD grids 
and images are being created (Figure 4b-e). Ternary images 
(RAD) containing potassium in the red channel, thorium 
in the green channel and uranium in the blue channel are 
being created for airborne radiometric surveys along with 
potassium (K), thorium (TH), uranium (U) and total count 
(TC), either as counts per second or ground concentration 
if these have been derived (Figure 4f-j). Ground gravity 
Bouguer Anomaly (BA) and BA 1VD images are produced 
in either milligals or gravity units (GU), assuming a density 
of 2.67 mGal (Figure 4k-l). There is a wide variety of 
airborne electromagnetic techniques and processing options 
presently in use, so only the time decay in the x-component 

a b

Figure 3. Both figures show a Bouguer anomaly image of an identical area of gravity infill data (2 km × 2 km spaced) within the 
Southern McArthur Basin Gravity Survey. (a) Data gridded at 800 m (appropriate for 4 km × 4 km spaced data); (b) data gridded at 400 m 
(appropriate for 2 km × 2 km spaced data). Image (b) shows better definition of anomalies and increased structural detail.
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Figure 4. Standard display types available from NTGS shown for two industry surveys: Open File Report CR2008-0854 magnetic and 
radiometric survey, and Open File Report CR2009-0199 ground gravity survey. (a) Location of surveys, (b) Total Magnetic Intensity, 
(c) Total Magnetic Intensity First Vertical Derivative, (d) Total Magnetic Intensity Reduced to Pole and (e) Total Magnetic Intensity 
Reduced to Pole First Vertical Derivative. Radiometric images of (f) Potassium, (g) Thorium, (h) Uranium, (i) Total Count and (j) Ternary 
image (potassium, red; thorium, green; uranium, blue). (k) Bouguer Anomaly and (l) Bouguer Anomaly First Vertical Derivative.
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is imaged for these surveys. Digital Elevation Model (DEM) 
images are also created where practicable.

Industry data are prioritised for processing based 
on two criteria, being located in an area that is currently 
being studied by the NTGS and how recently the data 
has been submitted. The first criterion addresses the 
imaging of historical data over time and provides detailed 
geophysical inputs into current NTGS projects. In areas 
where a significant volume of industry data exists, higher 
resolution regional images will be constructed, both for 
project use and for distribution to the public. The second 
criterion provides an added level of quality control on data 
submissions, ensuring that geophysical data submitted by 
industry is complete and useable in years to come.

Both images and the grids they are derived from are 
available to the public through the Minerals and Energy 
InfoCentre in a number of formats. Images are provided 
in ERDAS Enhanced Compression Wavelet (ECW) format 
and GeoTIFF, making them accessible through standard 
Geographic Information Systems (GIS) software, but 
also allowing anyone with a computer to view images in 
a non-georeferenced environment. Grids are available in 
ERDAS ERMapper grid format, which can be manipulated 
and filtered in a number of geophysical and GIS software 
packages. ERMapper algorithm files, which contain grid 
display information, are also available. 

Grids are created consistently, using the same software 
and gridding algorithm, at one-fifth the line or station 
spacing. Images are also displayed consistently, so that 
comparison of surveys becomes easier. A standard metadata 
document that outlines gridding and display information 
(eg channels gridded, colour stretches applied and naming 
conventions) is also supplied to enable grids and images to 
be easily understood.

Interpreting HyLoggerTM data

HyLogger Data Packages (HDP) contain high-resolution 
JPEG format images of drillcore (that have been scanned 
by the NTGS HyLoggerTM), hyperspectral datasets in The 
Spectral Geologist (TSG) software format, and a summary 
document. The summary document presents hyperspectral 
data in a number of forms, including dominant mineralogy 
identified in the Very Near Infrared (VNIR), Shortwave 
Infrared (SWIR) and Thermal Infrared (TIR) wavelengths 
and comparisons with pre-existing stratigraphic or 
lithologic logs. A number of scalar plots that display 
imported or calculated values related to the drillcore and 
associated spectra are individually tailored for each HDP to 
highlight observations of geological significance that may 
assist explorers in their geological setting of interest. A wide 
range of scalar plots exist that can illustrate mineralogical 
changes such as variations in white mica composition or 
silica abundance. These summaries are interpretations of 
the hyperspectral data, which give users an insight into the 
significant findings associated with particular drillcores, 
and can assist new users of TSG software to efficiently 
interrogate and integrate TSG data with other exploration 
data. 

Developing a coherent story through 3D modelling

Geological and geophysical investigations often produce 
datasets in one and two dimensions that reflect characteristics 
of three-dimensional geology. The ability to synthesise 
these disparate data into a single environment can be an 
important aid in developing an interpretation that honours 
the complete volume of knowledge in an area. Unfortunately, 
when interpreting on a regional scale, especially in areas of 
minimal outcrop or drill control, modelling often suffers 
from insufficient data. As a result of undersampled data, 
over-interpretation or speculative assumptions are often 
required to build a model. To counter these limitations, 
NTGS is applying 3D modelling to identify areas for 
further field investigation and to recognise regions where 
current observations are contradictory. The 3D model is 
then updated taking into account new data and improved 
understanding, making this an iterative process. Models 
will be released to industry at regular intervals to allow 
nesting of prospect-scale datasets and their incorporation 
into regional models. 

Measuring rock properties

Geophysical modelling of gravity and magnetic data 
produces a mathematical solution to a geophysical problem. 
In situations where there are no real-world constraints 
the number of possible solutions is infinite. The level of 
uncertainty associated with this process can be decreased 
by linking geological bodies with geophysical responses 
through rock properties. A consistent approach to capturing 
magnetic susceptibility, bulk density and gamma datasets 
is currently being implemented by NTGS in parallel with 
compilation of existing industry, academic and geological 
survey rock property data. Minimum standards for capture 
of new data are being developed to ensure that results 
are comparable within known error margins. Along with 
site location, geological information (dominant lithology, 
unit name, formation etc), sample description (sample 
and surface type), technique used (instrument, correction 
factors etc) and statistical rock property values will be 
recorded and made accessible to industry. 

Estimating depth to magnetic basement

The thickness of sedimentary cover overlying magnetic 
basement rocks remains a crucial input to many mineral 
and petroleum exploration programs. A number of 
geophysical techniques exist to estimate the depth to the 
source of a magnetic anomaly, including the Spector Grant 
method (Spector and Grant 1970). Previous work by Clifton 
(2013) has demonstrated that this process can be automated, 
providing estimates of depth to magnetic source across 
the Northern Territory. Mathematical simulations using 
randomly located dipoles have confirmed that this approach 
provides realistic depth estimates, though these results 
become less reliable when multiple sources are present 
(Clifton in prep). Depth profiles have been created at 5 km 
intervals across the entire Territory, where individual 
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profiles indicate depth (y-axis) and relative probability of 
depth to source (x-axis, the stronger the peak the more 
likely that this is the depth to source) and are available to 
view on the NTGS Geophysical Image Web Server (GIWS). 
Each depth profile relates to a 20 km × 20 km area and is 
plotted at the area’s centre point. While further case study 
is ongoing, a comparison of a depth profile with nearby 
magnetic susceptibility measurements (Figure 5) from 
borehole ANT002 (Ausquest Ltd 2006) indicates that these 
depth estimates can best be summarised as responding to 
the depth to the closest or strongest layer of magnetisation 
(Clifton in prep).

Summary

The NTGS Geophysics and Remote Sensing program has 
completed ground gravity data acquisition in the Southern 
Wiso and Southern McArthur Basins. Future gravity data 
acquisition programs will target the West Amadeus and 
Northern McArthur Basin and will provide petroleum 
and minerals exploration companies the opportunity to 
partner with NTGS to acquire infill gravity data. A new 
3D modelling program is underway that will use the rock 
property data being collected and compiled by NTGS to 
improve our understanding of the structural framework 
of the McArthur Basin through integrated interpretation 
of disparate geological and geophysical datasets. Efforts 
to improve the accessibility of data continue through the 
development of interpretative products such as HDP and 
depth to magnetic basement estimates and also through 
ongoing imaging of industry submitted geophysical data.
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A systematic appraisal of the Neoproterozoic stratigraphy of the Amadeus Basin – building a 
framework for assessing resource potential
Christine J Edgoose1,2 and Verity J Normington1

1 Northern Territory Geological Survey, PO Box 8670 Alice 
Springs, NT 0871, Australia.

2 Email: christine.edgoose@nt.gov.au

The Amadeus Basin is a large (ca 170 000 km2), elongate 
intracratonic basin that extends for approximately 800 km 
east–west and for a maximum of about 300 km north–
south in central Australia (Figure 1). It overlies Palaeo–
Mesoproterozoic basement of the Musgrave Province to the 
south and Arunta Region to the north, and is overlain by 
the late Palaeozoic Pedirka Basin and Mesozoic Eromanga 
Basin in the southeast, and by the Palaeozoic Canning 
Basin to the west. The Amadeus Basin has a depositional 
history spanning the Neoproterozoic to the Devonian–
Carboniferous. It was initiated as part of the Neoproterozoic 
Centralian Superbasin, which formed in an intracratonic 
setting related to the break up of Rodinia. Sedimentation in 
the superbasin continued until the 580–530 Ma Petermann 
Orogeny, which coincided with the assembly of Gondwana 

and resulted in fragmentation of the superbasin into separate 
intracratonic basins, including the Amadeus Basin.

The Amadeus Basin has had comparatively little 
exploration for mineral commodities, with much of the 
western half of the basin having had no modern exploration. 
Its known mineral endowment includes gold, base metals, 
uranium, phosphate and manganese. The basin is highly 
prospective for both conventional and unconventional 
hydrocarbons, with five petroleum systems now 
recognised, in which there are two commercial gas fields 
and a new oil field. To date, little work has been done in 
relation to collecting and interpreting the sedimentological, 
geochemical and sediment provenance data needed to 
provide baseline data and stratigraphic profiles that can 
be applied to assessing the metallogenic and hydrocarbon 
potential of the basin succession. 

In late 2013, the Northern Territory Geological Survey 
commenced a project to systematically acquire, compile 
and interpret these data to build a framework that can 
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be used as a basis for assessing the resource potential 
of the stratigraphic units. The initial phase of this large 
project will target the Neoproterozoic rocks of the basin. 
Neoproterozoic deposition in the basin began with fluvial 
to shallow marine clastics and an overlying dominantly 
calcareous and fine clastic sequence, representing the 
initial sag phase of the basin (Heavitree/Dean Quartzites 
and Bitter Springs Formation, Figure 2). This sequence 
is overlain by sediments related to both the Sturtian 
(Areyonga Formation/Inindia beds) and Elatinan 
(Olympic Formation/Pioneer Sandstone/Inindia beds) 
Neoproterozoic glaciations, as well as varied glaciogenic, 
fluvial and shallow marine sequences (Aralka/Pertatataka/
Julie Formations/Inindia beds). 

The 580–530 Ma Petermann Orogeny significantly 
transformed the basin architecture, with the development 
of major basin features that controlled subsequent 
sedimentation. Depositional loci shifted to the northern 
part of the basin, with Palaeozoic successions largely 
concentrated in sub-basins and troughs, where up to 14 km 
of sediments are preserved. Palaeozoic sedimentation 
was restricted or absent in the southern part of the basin. 
The pre–Petermann Orogeny Amadeus Basin basement 
architecture, sediment source areas, and other controlling 
factors differed significantly from those that operated 
during the better known Palaeozoic history of the basin. For 
example, prior to the Petermann Orogeny, sedimentation 

was more evenly distributed, with a probable thickening 
of the succession in the south. Sediment provenance for 
the Neoproterozoic was dominated by input from the 
hinterland basement of the Arunta Region and Musgrave 
Province (Zhao et al 1992, Camacho et al 2002, Maidment 
et al 2007). Detritus from the Arunta Region (2.5 Ga, 
1.9 –1.8 Ga) dominates in the older rocks, with an increasing 
Musgrave Province signature (1.2–1.0 Ga) up section and 
into the early Cambrian as a consequence of its exhumation 
during the Petermann Orogeny. In contrast, from the late 
Cambrian and throughout the Palaeozoic, a fundamental 
shift occurred in the sediment source when the basin 
became part of an epicontinental sea, and significantly 
younger detritus (0.6–0.5 Ga) with no apparent local source 
became dominant (Maidment et al 2007). 

The Neoproterozoic Amadeus Basin is perceived to 
contain some of the most prospective basin-fill sequence, 
with known Au, and multiple base metal (dominantly Cu) 
occurrences. Three conventional petroleum systems have 
been identified, with the oldest (Heavitree Quartzite/Gillen 
Member, Figure 2) considered to be well-established 
(Munson 2014, this volume). Potential source rocks have 
been identified in many of the stratigraphic units. Several 
units that are included within the conventional petroleum 
systems are also prospective unconventional petroleum 
targets (Tiem et al 2011). 

The NTGS project will involve a comprehensive 
characterisation of the Neoproterozoic stratigraphy. The 
resultant systematically documented baseline dataset of 
the Neoproterozoic succession will be applied to resolving 
issues related to the character and correlation of units, 
and be a primary component of building a framework for 
the Neoproterozoic history of the basin. Module 1 of the 
project will focus on the northeastern part of the basin, 
where the Neoproterozoic succession is best exposed and 
defined. The characterisation of the stratigraphy will entail 
collection of consistent field data (lithological samples, 
outcrop observations of thickness, facies variations, and 
depositional environment indicators such as sedimentary 
structures) for each formation and member. Stratigraphic 
nomenclature will be assessed and type sections will be 
revised where necessary. Analytical data will include but 
not be limited to petrography, geochemistry, stable isotopes, 
geochronology, biostratigraphy, and rock properties for 
each stratigraphic unit. This work will then be integrated 
with other datasets related to fundamental aspects of basin 
initiation and evolution to derive a framework from which 
we hope to compile a toolkit for assessing mineral and 
hydrocarbon prospectivity. 

Although the project is in its preliminary stage, some 
key developments related to the Bitter Springs Formation 
are already apparent.

• Basalts in the Bitter Springs Formation (Figure 2) have 
been confirmed as comprising a single unit near the top 
of the Johnnys Creek Member (previously described as 
being at several stratigraphic levels).

• The basalts are much more widespread in the northeast 
of the Basin than previously described.

Figure 2. Neoproterozoic stratigraphy of the Amadeus Basin 
(modified from Marshall et al 2007, Haines et al 2010), showing 
petroleum systems from Munson (2014).
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• The basalts are associated with distinctive sedimentary 
facies of the Johnnys Creek Member that are consistent 
over a large distance.

• Lithological subdivisions of the Gillen Member need to 
be revised.

These findings have important implications for the 
metallogenic potential of this part of the basin as the basalts 
are associated with a Cu mineralising system of regional 
extent.

Module 2 of this project will extend the work in the 
northeastern part of the basin to the central and southern 
parts. Recent work by the Geological Survey of Western 
Australia in the Western Australian part of the western 
Amadeus Basin has indicated that fundamental revision of 
the Neoproterozoic stratigraphy is required there (Haines 
et al 2012). Much of the stratigraphy identified as pre–
Petermann Orogeny has been redefined as post–Petermann 
Orogeny, so that most of the the Neoproterozoic stratigraphy 
of the central and southern Amadeus Basin is now within a 
single stratigraphic unit (Inindia beds, Figure 2). The aim 
of Module 2 is to apply the stratigraphic characterisations 
and framework developed in Module 1 to the central 
and southern parts of the basin. The major objective is 
to subdivide the stratigraphy into the formalised units of 
Module 1 where possible, and to extend the metallogenic 
and hydrocarbon potential assessments across the whole 
basin. Module 2 will comprise 100 000 scale geological 
mapping as the base for data collection and reporting, and 
will commence in 2015.
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COBRA – Amadeus Basin Project – how petroleum exploration leads to base metal mineralisation!
Susanne Schmid1

1 CSIRO CESRE – Minerals Down Under Flagship, 26 Dick 
Perry Ave, Kensington WA 6151, Australia. Email: susanne.
schmid@csiro.au.

The Central Oz Basins Resource Assessment (COBRA) 
initiative involves collaboration between CSIRO, the 
Northern Territory Geological Survey, Geological Survey 
of Western Australia, and industry partners Central 
Petroleum, Globe Mineral Resources Investment and 
First Quantum Minerals. The project aims to assess the 
mineral (U, Cu, Au, Pb, Zn and Mn) and hydrocarbon 
potential of Central Australian sedimentary basins by 
applying and bringing together new technology and 
systems thinking from hydrocarbon and minerals research. 
The expected outcomes will be vectors to exploration, 
linking the understanding of depositional environments 
with hydrocarbon and mineral systems and enhancing the 
potential for new discoveries.

One component of the Amadeus Basin project includes 
acquisition of downhole geochemical data from rock chips 

with the aim of establishing geochemical background 
vectors for the entire stratigraphy of the basin. The results 
can be interpreted towards identification of changes in 
mineralogy that might be caused by sedimentological 
processes that affect (1) variations in depositional 
environment, (2) variations in burial depth and (3) variations 
in provenance rock. Any geochemical signatures that cannot 
be explained by sedimentological or diagenetic processes 
could potentially provide hints about processes that (1) 
transport exotic fluids into an established system along 
fluid pathways such as faults, (2) are caused by water–rock 
interactions within basin during fluid circulation in porous 
and permeable sediments and (3) are caused by structural 
rearrangement of the basin during orogenies.

Preliminary data indicate a spatial link between the 
oil- and gas-hosting Pacoota Sandstone and base metal 
enrichment (Cu, Pb, Zn). Elevated base metal contents were 
measured in wells that are producing oil and gas (Figure 1). 
Wells that did not encounter gas or oil in the Pacoota 
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Interpretation of shallow structure in the Amadeus Basin using intra-sedimentary magnetic anomalies
Clive A Foss1,2, James R Austin1 and Susanne Schmid 3
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NSW 2113, Australia.
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Sandstone or Larapinta Group have no indication of elevated 
base metals. The cause of that relationship is currently 
under investigation. There are examples worldwide, where 

MVT style deposits occur in association with oil fields. The 
Amadeus Basin is seen as having great potential for base 
metal mineralisation spatially related to hydrocarbons.

Figure 1. Downhole portable XRF geochemistry (3 m composite every 10 m) showing Cu, Pb and Zn anomalies in reservoir rocks in the 
Amadeus Basin.

The Amadeus Basin is covered by regional aeromagnetic 
surveys flown on north–south flight lines at 400 m spacing 
and a nominal 80 to 120 m terrain clearance. Because of 
the substantial depth to basement across much of the basin, 
magnetic anomalies due to basement magnetisations are 
of long wavelength (they appear smooth in magnetic field 
imagery, Figure 1) and are only detectable where those 
basement magnetisations are especially strong and of large 
volume. There are few magnetic anomalies due to strongly 
magnetised intra-sedimentary volcanic or intrusive sources 
in the Amadeus Basin, the main exceptions being sharp, 
irregular anomalies over disrupted basalts in the south of 
the basin (Bladon and Davies 1982). However, the Amadeus 
Basin has remarkable elongate and highly continuous, 
moderate- to low-amplitude magnetic anomalies due to 
stratabound, near-surface magnetisations (Burgess et 
al 2002, Foss 2003). The anomalies are quite subtle as 
imaged in the measured total magnetic intensity (TMI) of 
Figure 1. They are most evident over the western section 
of the basin; over the eastern section of the basin they are 
weaker, but are still discernable because of their extreme 
strike extent. A strong sun-shading enhancement of the 
first vertical derivative (FVD) transform of TMI, shown in 
grey scale in Figure 2, reveals the anomalies much more 
clearly, and they very effectively map the major structures 
in the near-surface. 

Magnetic anomalies over the western part of the basin

Figure 3 shows detail of the FVD over the western area of 
the basin (area marked in Figure 1). There are two prominent 
zones with west-southwest trend, suggesting that these may 
be controlled by basement faulting or structure, but the 
magnetic marker units are strongly disrupted in a complex 
pattern of superposed folds. In several areas the magnetic 
imagery is dominated by dendritic patterns, marking drainage 
or palaeodrainage channels, most probably containing 
maghemite. Careful interpretation of these anomalies may 
also provide information about recent tectonic activity that has 
influenced local ground elevation changes. Figure 4 shows a 
translucent drape of the scanned 1:250 000 RAWLINSON 
and MACDONALD geological maps over the enhanced 
magnetic field imagery. This combination of imagery is 
highly informative. It reveals the geological units in which 
the magnetisations are sourced, and it allows extrapolation of 
the outcropping geology beneath cover, based on continuity 
of the magnetic signal. The magnetic imagery can clearly be 
used to complete a subcrop map. 

Magnetic anomalies over the central and eastern parts 
of the basin

Figure 5 shows detail of the FVD over the central and 
eastern area of the basin (area marked in Figure 1). The 
magnetic anomalies are of generally lower amplitude 
than those in the west but they are still very effective in 
mapping geological structure. In the central and eastern 
section of the basin, the tectonics are somewhat different 
to those in the west. Here the magnetic field imagery 
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Figure 1. Total Magnetic Intensity 
image over the Amadeus Basin. Data 
downloaded from the Geophysical 
Archive Data Delivery System 
(GADDS) available through www.
geoscience.gov.au/gadds/. 

Figure 2. Sun shading of First Vertical 
Derivative of TMI over the Amadeus 
Basin.

Figure 3. Detail of the First Vertical 
Derivative of TMI over the western 
section of the Amadeus Basin (location 
shown in Figures 1 and 2). 

shows more consistently parallel west-northwest trending 
magnetic markers, which in many areas can be mapped 
directly to outcropping geology over the major anticlines. 
A smaller number of magnetic markers are oblique to the 
main anticlinal trends, and there is also some suggestion of 
more mobile (possibly salt related) tectonics but this is less 
prominent than over the western area. We believe that the 
pattern of deformation evident in the outcropping folds, and 

imaged more continuously by both magnetic and gravity 
data, is generated by the sedimentary section’s response to 
basement faults of both reverse and strike-slip movement. 

Possible source of the anomalies

The petrologic cause of the anomalies is presently 
uncertain. Intra-sedimentary magnetic anomalies are 
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reported in various other sedimentary basins around the 
world, from detrital ferromagnetic minerals (especially 
magnetite), and from diagenetic magnetite or pyrrhotite 
that has formed in a reducing environment. Neither of 
these models are successful in explaining the anomalies 
in the Amadeus Basin, which are at considerable distance 
from any potential basement supply of magnetite (so 
that most magnetite grains would be expected to have 
oxidised during transport); and which are sourced within 
high-energy interbedded sandstone–shale sequences 
not typically associated with reducing depositional 
environments. A more likely explanation for these unusual 
anomalies is that they are due to magnetisations that were 
created or enhanced during the low-grade metamorphism 
of the Alice Springs Orogeny. In the Ngalia Basin (and 
possibly the Amadeus Basin) these magnetisations are not 
just restricted to particular stratigraphic units but are also 
found in thrust planes, suggesting that fluid movement 
may have a role in their generation. Another possible 
mechanism to spread a magnetisation widely and quite 
uniformly across such a large sedimentary area is by 
volcanic eruption of magnetic tuffs but we are not aware 
of any extensive tuff layers in the Amadeus Basin at the 
appropriate stratigraphic level. In several areas, we have 
modelled the magnetic anomalies (see also Foss 2003). In 
a few cases, inversion of the anomalies suggests that the 

magnetisations reach close to surface, but in other areas 
of shallow outcrop, the tops of the modelled bodies are 
buried to depths of at least several tens of metres, and in 
some cases up to several hundred metres. We interpret 
this to be due to destruction of the magnetisation due 
to surface weathering. Although the magnetic material 
appears to only rarely outcrop, we can correlate the tops of 
the magnetised bodies over several of the anticlines with 
geological mapping, airborne radiometrics, topography, 
and Landsat imagery, revealing that the magnetisations 
are primarily sourced in recessive shales rather than the 
better outcropping sandstones. 

Formation dip estimation from the anomalies 

The cross-sectional shape of an elongate magnetic anomaly 
depends on the geomagnetic inclination, the orientation 
and structural dip of the source, and the direction of 
magnetisation (resolved in the plane perpendicular to 
strike). The orientation of these magnetisations is unknown, 
but profile inversion of selected anomalies in areas of 
measured structural dip, using the local geomagnetic 
field direction, results in models that have dips consistent 
with those directly measured. This suggests that the 
magnetisations are in layers parallel to bedding. Further 
work is required to validate the direction of magnetisation, 

Figure 4. Geology draped as a 
translucency over the First Vertical 
Derivative of TMI for the western 
section of the Amadeus Basin (same 
area as for Figure 3). 

Figure 5. Detail of the First Vertical 
Derivative of TMI over the western 
section of the Amadeus Basin (location 
shown in Figures 1 and 2).



42

NORTHERN TERRITORY GEOLOGICAL SURVEYNORTHERN TERRITORY GEOLOGICAL SURVEY

Figure 6. Location of a 4.5 km north–
south modelled aeromagnetic line over 
TMI (left, contour interval 2 nT), and 
FVD (right).

Figure 8. Location of an 11.5 km north–
south modelled aeromagnetic line over 
TMI (left, contour interval 2 nT), and 
FVD (right).

Figure 7. Model section for the line shown in Figure 6. The 
processed TMI is shown in black, the interpreted regional in 
purple, and the sum of the regional and computed model fields in 
red. The model is shown at 1:1 horizontal to vertical.

but if it can be reliably established to be in the present 
field direction, then we can map structural dip beneath 
cover from inversion of these anomalies. Figures 6 and 7 
show an example of modelling of magnetic anomalies on a 
4.5 km north–south (flight line) profile in the southeast of 
the basin. The short-wavelength anomalies due to shallow 
structure are superimposed on a much broader, smoother 
and higher amplitude regional variation due to an 
underlying deep basement magnetisation (Figure 6). This 
superposition of anomalies obscures the fold structure, 
which is revealed much more clearly in the FVD image. 
The model section is shown in Figure 7. The interpreted 
background field has been represented by a low-order 
polynomial, and the fields from the model bodies are 
calculated as departures from that. The anomalies mostly 
have peak-to-trough amplitudes of 4 to 6 nT. The two 
outer bodies are the same unit on the two limbs of what 
appears to be a steep, slightly overturned fold. This is one 
of the models where the magnetisations approach closest 
to the surface. The modelled magnetic susceptibilities 
of up to almost 10-3 SI are high for sedimentary rocks. 
Figures 8 and 9 show a corresponding model derived 
from anomalies in the western area (the location of this 
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Figure 9. Model section for the line shown in Figure 8. The 
processed TMI is shown in black, the interpreted regional in 
purple, and the sum of the regional and computed model fields in 
red. The model is shown at 1:1 horizontal to vertical.

11.8 km profile is also plotted in Figures 3 and 4). These 
anomalies have higher amplitudes of up to 20 nT, and are 
clearly evident in the TMI image. The profile shown in 
Figure 9 clearly reveals the influence of formation dip on 
the form of the anomalies. The two anomalies are due to 
the same stratigraphic unit, yet they are of quite different 
pattern, because of the difference in dip of the two limbs 
of the fold. The modelled magnetic susceptibility of this 

unit is 10-2 SI. We hope to use this process of determining 
formation dip to assist in structural mapping of regions 
beneath cover. The magnetic anomalies are widespread 
across the Amadeus Basin but are not suitable for 
modelling in all cases, as this requires lateral separation 
between adjacent anomalies, and a reasonable signal 
to noise ratio in the critical short-wavelength band of 
the data. From these studies we also hope to determine 
if it is possible to derive a magnetic stratigraphy, such 
that individual anomalies might (with some independent 
constraints) be assigned to a specific stratigraphic unit. 
At present it is not clear whether individual stratigraphic 
units carry consistent magnetisations across the basin. 
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Santos NT exploration – insights into the geology of the Amadeus and McArthur basins from new 
seismic data
Sandy J Watters1, Phil Plummer1 and Jenni Clifford 1

1 Santos Ltd, 60 Flinders St, Adelaide SA 5000, Australia.

During 2013, Santos operated two significant exploration 
programs within the Northern Territory to acquire over 
1800 kilometres of seismic data across seven Permits in the 
Amadeus Basin (Figure 1), and about 500 kilometres of 
seismic data within EP161 in the McArthur Basin (Figure 2). 
Preliminary results from the acquired seismic data have 
been very encouraging for exploration opportunities in both 
basins, and will generate further significant exploration 
activity during 2014 by Santos and its partners. 

The seismic data acquired in the McArthur Basin, located 
in an area with no previous seismic or drilling activity, has 
shown the highly prospective Beetaloo Sub-basin Roper 
Group stratigraphy extends further eastward, thickening 
towards the Mullapunyah Fault zone, and preserving 
more Roper Group sediments beneath the Base Jamison 
Unconformity than previously thought, in the OT Downs 
sub-basin within EP161. On the basis of the seismic data, 

Santos is currently planning  the drilling of the Roper Group 
unconventional shale targets within EP161. 

In the Amadeus Basin, the new regional framework of 
seismic data, notably the first regional data acquired across 
the south-west part of the basin, has illuminated the basin 
architecture and halokinesis in that part of the basin thus 
providing key insights into the prospectivity of the region. 
Based on the analysis of the final seismic data, Santos will 
have the option to acquire, at a minimum, an additional 1,000 
kilometres of infill seismic data within the Amadeus Basin 
during the latter half of 2014. 

Santos in the NT

Santos has operated the Mereenie field in the Amadeus 
Basin since 1993. By year end 2012, Santos had expanded 
its exploration footprint within the Northern Territory to 
nearly 90 000 square kilometres with key transactions in 
the Amadeus and McArthur Basins.  The Santos exploration 
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Figure 2. McArthur Basin Santos-Tamboran tenement map showing the 2013 seismic acquisition program.

     






















     

Figure 1. Amadeus Basin Santos-Central tenement map showing the 2013 seismic acquisition program.  
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strategy is strongly focused on delivering options to underpin 
long term organic growth within Australia by leveraging our 
existing onshore capabilities.  

With this recent growth initiative, Santos has partnered 
with Central Petroleum to operate about 63 650 square 
kilometres of acreage across eight Exploration Permits and 
two Retention Leases in the Amadeus Basin, and is a natural 
extension to Santos’ existing operations in the Mereenie 
field.  Another targeted entry for Santos was partnering 
with Tamboran Resources to operate about 26 000 square 

kilometres of acreage across four Exploration Permits 
within the heart of the McArthur Basin, which is highly 
prospective for unconventional shale gas and oil. 
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investigations in the Jervois Range area
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New 1:100 000 mapping of the Jervois range mapsheet 
area by NTGS commenced in 2013. This work focuses on 
characterising the stratigraphy and the nature, timing and 
setting of magmatism, sedimentation, deformation and 
metamorphism of the rocks of the Aileron and Irindina 
provinces that are exposed in the Jervois range area. Field 
observations have identified clear cross-cutting relationships 
that have allowed revision of the stratigraphy of the area and 
new geochemical data have been used to identify greater 
variation in mafic magmatism than previously reported. 

Over the past decade the Northern Territory Geological 
Survey (NTGS) has undertaken a targeted program of 
1:250 000 and 1:100 000 scale geological mapping in the 
under-explored central and eastern Arunta Region (Figure 1). 
This work builds on the geological framework established 
by NTGS in the northern, western and southern areas of the 
Arunta Region (Scrimgeour 2013a, b). New interpretations 
resulting from this work are summarised in Figure 2.

In the central Arunta Region, NTGS mapping projects 
in ALCOOTA6 and NAPPERBY have identified regional 
stratigraphic correlations of metasedimentary packages 
and characterised the nature, distribution, and overprinting 
relationships of the major tectono-metamorphic events of 
the Aileron Province, thus extending the spatial extent of 
tectonothermal activity associated with the Stafford and 
Yambah events (Beyer et al 2010, Beyer et al in prep). Work 
undertaken on high-heat-producing granites exposed in 
NAPPERBY has identified a regional-scale metasomatic 
event in the central Arunta Region that is associated with 
the ca 1590–1560 Ma Chewings Event. Metasomatism was 
responsible for hematite-silica and potassic alteration and 
greisenisation of the ca 1777 Ma Wangala Granite and 
the ca 1621 Ma Ennugan Mountains Granite by a REE-
F-U-rich fluid and highlights the area’s potential for iron-

oxide–copper–gold (IOCG) mineralisation (Figure 1; 
Beyer et al 2012a, b).

In the eastern Arunta Region, mapping projects 
undertaken by NTGS in Quartz and LimbLa have 
highlighted the potential of this region to host a variety 
of commodities, including orthomagmatic Ni-Cu±PGE 
mineralisation associated with the Lloyd Gabbronorite 
(Figure 1; McKinnon-Matthews 2010, Whelan et al 2009a, 
b, 2010) and intrusion related Cu±Au, and in particular 
IOCG-style mineralisation (Figure 1; Whelan et al. 2009a,b, 
2011, 2012a, 2013, Lyons et al 2013). Studies in the eastern 
and central Arunta Region have redefined the stratigraphy 
of the Harts Range Metamorphic Complex of the Irindina 
Province (Beyer et al in prep, Whelan et al in prep) and 
characterised the nature, timing and distribution of the major 
tectonothermal events recognised in the Arunta Region. A 
major outcome of this work has been the identification of a 
previously unrecognised high-T, low-P event in the region 
at 1755–1740 Ma (Figure 2; Whelan et al 2012b). Evidence 
for this event has also been identified in HUCKITTA, where 
zircon rims from an unnamed orthogneiss yielded an age of 
1744 ± 4 Ma (Kositcin et al 2011), and in NAPPERBY where 
zircon overgrowths from the Ngalurbindi Orthogneiss gave an 
age of 1753 ± 3 Ma (Kositcin et al 2013). Work in ILLOGWA 
CREEK, HUCKITTA and HALE RIVER has provided 
a preliminary geochemical and isotopic framework for the 
evolution of Palaeoproterozoic to Cambrian magmatism for 
the eastern Arunta Region (Whelan et al 2010, 2012b). 

The Jervois range area contains elements of the 
Palaeoproterozoic Aileron Province and the Neoproterozoic 
to Palaeozoic Irindina Province and is prospective for a 
variety of commodities including Cu-Au, Pb-Zn-Ag, Mo-W 
and Fe-Ti-V (eg Lennartz 2012, Scrimgeour 2013a, Bennett 
2014), and includes the highly prospective Jervois Mineral 
Field. 

The specific aims of the Jervois range project are to (1) 
redefine the stratigraphy of the Palaeoproterozoic Bonya 
Schist and Mascotte Gneiss Complex, and identify any 
possibly correlations with older elements in the Aileron 
Province; (2) define and characterise the Irindina Province 
stratigraphy and build on our understanding of the geological 
framework and prospectivity of the Harts Range Metamorphic 
Complex; (3) understand and characterise the style, setting 
and controls on mineralisation in the Jervois Mineral Field, 
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and identify similarly prospective stratigraphy in the adjacent 
Bonya Hills area; and (4) establish an understanding of the 
geological evolution and geodynamic setting of this part of 
the Arunta Region that will be extended into future project 
areas in Jinka and Dneiper. 

Previous work

Previous 1:250 000 mapping (Freeman 1986) of the 
HUCKITTA map area (Figure 1) resulted in the 
classification of lithologies exposed in the Jervois range 
mapsheet area according to the scheme of Shaw et al 
(1984), who subdivided the metasedimentary rocks of 
Arunta Region into three broad lithostratigraphic divisions. 
Though previous mappers recognised that the former 
Harts Range Group (now Harts Range Metamorphic 
Complex) is a different part of the stratigraphy to the other 
metasedimentary rocks exposed in the area, it wasn’t until 
fifteen years later that investigations in the Harts Range led to 
the fundamental recognition that part of the eastern Arunta 
Region is a succession of Neoproterozoic to Cambrian 
upper-amphibolite- to granulite-facies metasedimentary 
rocks (Mawby et al 1999, Buick et al 2001, 2005, Maidment 
2005). The Harts Range Metamorphic Complex of the 
Irindina Province is now interpreted to represent a high-
grade correlative of the Amadeus, Georgina, Ngalia and 
Officer Basins (Maidment 2005, Maidment et al 2013). 

More recent geochemical and isotopic studies of the 
Palaeoproterozoic units of the Aileron Province (eg Zhao 
and McCulloch 1995, Claoué-Long and Hoatson 2005, 
Hoatson et al 2005, Kositcin et al 2011) have indicated a 
maximum age of deposition of the oldest sedimentary 
succession in Jervois range of ca 1805 Ma and identified 
a range of crystallisation ages that suggest magmatism 
occurred during or after the Stafford, Yambah and 
Strangways events. Zhao and McCulloch (1995) included 
a number of the intrusive rocks in the Jervois area in their 
High-Heat Producing (HHP) and Main groups and Hoatson 
et al (2005) reported that the 1786 Ma Attutra Metagabbro 
has potential to host stratabound PGE-sulfide associations.

The Jervois Range area has a long history of mining 
and exploration. The Jervois Cu-Pb-Zn prospect, hosted 
in the Bonya Schist, was discovered in 1929, but it wasn’t 
until the 1960s that the first modern exploration program 
was undertaken (Scrimgeour 2013a and references therein). 
Between 1982 and 1983, Plenty River Mining extracted 
44 000 t of oxidised ore from the Green Parrot ore body. 
Recent work by KGL Resources (formerly Kentor Gold Ltd) 
has reported resources (mostly Indicated) of 13.5 Mt at 1.3% 
Cu and 25.8 g/t Ag, for 170 416 t Cu and 11.6 Moz Ag. A 
smaller lead-zinc resource of 1.0 Mt at 2.6% Pb, 2.2% Zn 
and 73 g/t Ag has been identified at the Green Parrot deposit 
(Scrimgeour 2014).

Field observations

New regional mapping in Jervois range has led to a number 
of preliminary interpretations that have implications for the 
prospectivity of the area.

Metasedimentary units

Most of the metasedimentary rocks assigned to the 
Aileron Province have been previously mapped as Bonya 
Schist. Field observations indicate a potential subdivision 
of this formation into two distinct units, based on 
composition and structural overprint. The dominant unit 
is a muscovite-biotite±cordierite±sillimanite schist with 
minor phyllite. Cordierite porphyroblasts up to 2 cm in 
diameter are locally developed, wrapped by a pervasive 
sub-vertical, transpositional schistosity. The main exposure 
of this unit is in the Bonya Hills area (Figure 1b) and is 
tentatively interpreted to be equivalent to schists of similar 
composition exposed in the ‘J-fold’ (Figure 1b) to the east, 
where they host the deposits of Jervois Mineral Field. These 
schists have also been observed to host Cu mineralisation 
in the Bonya Hills area, typically in the vicinity of mafic 
intrusions (Figure 3a). 

The second unit is a succession of dominantly 
calcareous meta-siltstone with subordinate meta-sandstone 
and meta-carbonate that outcrops in central Jervois range 
(Figure 1b), with minor exposures east and north of the 
‘J-fold’ (Figure 1b). This unit is overprinted by tight, 
north–south oriented, steeply south-plunging folds that 
show pervasive axial-planar slaty cleavage. In contrast to 
the porphyroblastic schist unit, no mineralisation has been 
observed associated with the carbonate-dominated unit to 
date. New SHRIMP U-Pb dating of zircons from meta-
sandstone collected from this unit yielded a maximum 
depositional age of 1807 ± 21 Ma (Kositcin et al in prep) 
similar to that obtained by dating of zircons from a meta-
psammite by Claoué-Long et al (2005), exposed northeast 
of the ‘J-fold’ (Figure 1b). 

Mafic magmatic units

Mafic rocks exposed in Jervois range are currently 
assigned to either the Attutra Metagabbro, previously 
dated at 1786 ± 4 Ma (Claoué-Long and Hoatson 2005) 
or the Kings Legend Amphibolite, interpreted to be of 
Palaeoproterozoic age (Figures 1b and 2). Preliminary 
results from geochemical analyses of mafic magmatic units 
indicate a greater variation in geochemical signature than 
previously recognised, suggesting potentially more than 
two phases of mafic magmatism. Furthermore, massive 
vanadium-magnetite mineralisation has been identified 
in association with the Attutra Metagabbro (Scrimgeour 
2013a and references therein), and is similar in style to 
mafic-hosted V-Ti-Fe mineralisation in MOUNT PEAKE 
(Figure 1). This raises the possibility that the mafic hosts 
of this mineralisation may share a common source, or that 
there are multiple Fe-Ti-V mineralising events. 

The Kings Legend Amphibolite, previously interpreted 
to be a member of the Bonya Schist, has been observed 
to have a clear intrusive relationship to the muscovite-
biotite±cordierite±sillimanite schist in the Bonya Hills 
(Figures 1 and 2). The Kings Legend Amphibolite 
comprises fine-grained and porphyritic phases. Phenocrysts 
are locally glomerophyric, with plagioclase aggregates up 
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Figure 2. Space–time diagram summarising the findings of recent NTGS mapping programs in the central and eastern Arunta Region, 
including known mineralising events and relevant 1:250 000 mapsheet names. Abbreviations: MG = Mary Granite; CG = Corkwood 
Granite; LGB = Lloyd Gabbronorite; IIC = Indiana Igneous Complex; CGB = Cogans Gabbro; RA = Riddock Amphibolite; HRMC = 
Harts Range Metamorphic Complex; SQ = Stanovos Quartzite; PPm = Pulya Pulya metamorphics; EMG = Ennugan Mountains Granite; 
JG = Jinka Granite; WGC = Woodgreen Granite Complex; MSG = Mount Swan Granite; Bs = Bullhole syenite; AG = Aleeltara Granite; 
WG = Windajong Granite; LN = Leaky Norite; BIG = Bruna Igneous Complex; AS = Atneequa Suite; IG = Gidyea Granite; ALM = 
Alooarjara Metamorphics; BM = Bungatina Metamorphics; LS = Ledan Schist; UQ= Utopia Quartzite; MM = Mendip Metamorphics; 
RG = Redhackle Granite; RRG = Reynolds Range Group; LGB = Lucy Gabbro; KG Koonoonyeri Granite; EG = Esther Granite; AO = 
Anmatjira Orthogneiss; ASS = Ambulbinya Supersuite; AM = Albarta Metamorphics; Bm = Bonya metamorphics; BLM = Bluebush 
Metamorphics; QFG = Queenie Flat Granite; COG = Copia Granite; BO = Boothby Orthogneiss; CHG = Crooked Hole Granite; WDG = 
Woola Downs Granite; IDG = Ida Granite; PO = Phoenix Orthogneiss; LG = Langford Granite; SGB = Spinifex Gabbro; SG = Salthole 
Gneiss; HG = Harverson Granite; UP = Aldirra Porphyry; NO = Ngalurbindi Orthogneiss; NG = Napperby Gneiss; MAO = Mount 
Airy Orthogneiss; YO = Yaningidjara Orthogneiss; YM = Yakalibadgi Microgranite; PC = Possum Creek Charnockite; ATG = Attutra 
Metagabbro; ALG = Aloolya Gneiss; EM = Entia Metamorphics; UM = Unnamed migmatitic gneiss; MTG = Mount Tietkens Granite 
Complex; KLA = Kings Legend Amphibolite; MG = Marshall Granite; DG = Dneiper Granite; VG = Jervois Granite; UG = Unca Granite; 
XG = Xanteen Granite; MGS? = Mascotte Gneiss; SMC = Strangways Metamorphic Complex, DM = Delmore Metamorphics; DLM = 
Delny Metamorphics; KM = Kanandra Metamorphics; BM = Bleechmore Metamorphics. 

Figure 3. (a) Muscovite-biotite±cordierite schist showing visible malachite. (b) Strongly veined, mineralised Fe-oxide-altered Kings 
Legend Amphibolite showing abundant Malachite. Photograph locations are shown in Figure 1b.   

a b

to 4 cm across. Such textures are consistent with a high 
level of intrusion. Secondary Cu mineralisation has been 
observed at a number of locations in the Bonya Hills area 
where it is spatially associated with apophyses of the Kings 
Legend Amphibolite that intrude the Bonya Schist and with 
pervasive quartz and rare carbonate veining (Figure 3b).

Regional-scale association between hematite-silica 
alteration and brecciation 

In the northern Bonya Hills area and west into the Jinka 
plain (Figure 1b), large-scale Fe-Si±F alteration of granite 
and granodiorite is common. Locally, this alteration 
is associated with extreme brecciation of the igneous 
protolith and hematisation of feldspars (Figure 4a). 
Preliminary petrographic observations of examples of 
brecciated and altered granite from Jervois range suggest 
that hematite-silica alteration is associated with pyrite 
and pyrrhotite, and that all phases were formed before or 
during brecciation. 

In eastern Jervois range, large-scale brecciation 
of a granitic protolith is common (on a scale of tens 

of kilometres) in the vicinity of the Lucy Creek Fault 
(Figure 1b). Brecciation is accompanied by silicification 
and locally associated with hematite alteration (Figure 4b). 
The large-scale brecciation is exposed over a greater area in 
eastern Jervois range than in the west; however, fluid flow 
associated with brecciation in the east is silica-dominated, 
compared to iron-dominated fluid flow in the west.

There are rare exposures of a similar style of granite 
brecciation and alteration 150 km south-southeast of the 
Bonya Hills in LimbLa; these have been shown to be associated 
with IOCG-style mineralisation (Whelan et al 2013, Lyons 
et al 2013; Figure 1a). Large-scale hematite-silica-fluorite 
alteration and mineralisation occurs along or near northwest-
trending structures that cross-cut granitic rocks of the 
ca 1750 Ma Atneequa Suite. At the Perenti prospect, 100 km 
west-northwest of the Bonya Hills (Whelan et al 2013; 
Figure 1a), brecciated granite with associated Fe alteration 
has been observed in drillcore in a zone of northwest-trending 
structures associated with the Delny – Mount Saint Hill Shear 
Zone (Ivanac 1970, Beyer et al 2010, Whelan et al 2013). 

Further work is required to determine whether the 
deformation and alteration observed within Jervois range 
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is associated only in terms of fluid sources and timing, 
or whether this alteration system is associated with a 
larger regional alteration event that has been shown to be 
associated with copper mineralisation in the Illogwa IOCG 
belt (Whelan et al 2012, 2013, Lyons et al 2013).

Future work

The NTGS focus in 2014 will be on geochemical and 
isotopic studies to characterise the crust underlying the 
Jervois range area and the source regions for magmatism 
and sedimentation. Pressure–temperature analyses of key 
metamorphic assemblages, coupled with geochronological 
data, will characterise the nature, timing and rates of 
metamorphism and provide insight into the tectonothermal 
evolution of the area. NTGS will also commence a project 
to characterise the nature, timing and controls on Cu 
mineralisation in the Jervois Mineral Field, which will assist 
in assessing the potential for similar styles of mineralisation 
in the Aileron Province to the west.

References

Bennett M, 2014. Jervois Copper Project – in search of 
extensions: in ‘Annual Geoscience Exploration Seminar 
(AGES) 2014. Record of abstracts’. Northern Territory 
Geological Survey, Record 2014-001 (this volume).

Beyer EE, Edgoose CJ, Vandenberg LC, Webb G and 
Bodorkos S, 2010. Regional geology and prospectivity 
of the Aileron Province in Alcoota 1:250 000 mapsheet 
area: in ‘Annual Geoscience Exploration Seminar 
(AGES) 2010. Record of abstracts’. Northern Territory 
Geological Survey, Record 2010-002.

Beyer EE, Kositcin N and Dunkley DJ, 2012a. Prospectivity 
of high-heat producing granites of the central Arunta 
Region, Northern Territory: in ‘Annual Geoscience 
Exploration Seminar (AGES) 2012. Record of abstracts’. 
Northern Territory Geological Survey, Record 2012-002.

Beyer EE, Kositcin N and Dunkley DJ, 2012b. 
Geochronological and geochemical evidence for a 
regional hydrothermal event during the 1590–1560 
Ma Chewings Orogeny in the central Arunta Region, 
Northern Territory. Proceedings of the 34th International 
Geological Congress, Brisbane, Australia 5-10 August 
2012, Australian Geoscience Council.  

Beyer EE, Edgoose CJ, Vandenberg LC and Webb GP, in 
prep. Alcoota, Northern Territory. 1:250 000 geological 
map series explanatory notes, SF53-10. Northern 
Territory Geological Survey, Darwin.

Buick IS, Miller JA, Williams IS and Cartwright I, 2001. 
Ordovician high-grade metamorphism of a newly 
recognised late Neoproterozoic terrane in the northern 
Harts Range, central Australia. Journal of Metamorphic 
Geology 19, 373–394.

Buick IS, Hand M, Williams IS, Mawby J, Miller JA and 
Nicol RS, 2005. Detrital zircon provenance constraints 
on the evolution of the Harts Range Metamorphic 
Complex (central Australia): Links to the Centralian 
Superbasin. Journal of the Geological Society of London 
162, 777–787.

Claoué-Long JC and Hoatson DM, 2005. Proterozoic 
mafic-ultramafic intrusions in the Arunta Region, 
central Australia. Part 2: Event chronology and regional 
correlations. Precambrian Research 142, 134 –158.

Freeman MJ, 1986. Huckitta, Northern Territory (Second 
Edition). 1:250 000 geological map series explanatory 
notes, SF53-11. Northern Territory Geological Survey, 
Darwin.

Hoatson DM, Sun S-s and Claoué-Long JC, 2005. 
Proterozoic mafic–ultramafic intrusions in the Arunta 
Region, central Australia. Part 1: Geological setting and 
mineral potential. Precambrian Research 142, 93–133.

Ivanac JF, 1970. AP 2162 – Perenti, progress report for 
September 1970. Central Pacific Minerals NL. Northern 
Territory Geological Survey, Company Report 
CR1970-0098.

a b

Figure 4. Examples of hematite-silica±fluorite alteration associated with brecciation in granitic protolith in (a) western and (b) eastern 
Jervois range. Photograph locations are shown in Figure 1b. 



51

NORTHERN TERRITORY GEOLOGICAL SURVEYNORTHERN TERRITORY GEOLOGICAL SURVEY

Kositcin N, Magee CW, Whelan JA and Champion DC, 
2011. New SHRIMP geochronology from the Arunta 
Region: 2009–2010. Geoscience Australia, Record 
2011/14.

Kositcin N, Beyer EE, Whelan JA, Close DF, Hallett L 
and Dunkley DJ, 2013. Summary of results. Joint 
NTGS–GA geochronology project: Arunta Region, 
Ngalia Basin, Tanami Region and Murphy Province, 
July 2011–June 2012. Northern Territory Geological 
Survey, Record 2013-004.

Kositcin N, Edgoose CJ, Normington V, Beyer EE 
and Whelan JA, in prep. Summary of results. Joint 
NTGS–GA geochronology project: Amadeus Basin 
and Arunta Region, July 2013–June 2014. Northern 
Territory Geological Survey, Record.

Lennartz R, 2012. Jervois – reactivating a historic mining 
field: in ‘Annual Geoscience Exploration Seminar 
(AGES) 2012. Record of abstracts’. Northern Territory 
Geological Survey, Record 2012-002.

Lyons P, Mizow D, Lockheed A, Goldman M, McKinnon-
Matthews J and Hutton D, 2013. Discovery of the 
Illogwa IOCG belt: Mithril opens new exploration 
space in the east Arunta Region: In ‘Annual 
Geoscience Exploration Seminar (AGES) 2013. Record 
of abstracts’. Northern Territory Geological Survey, 
Record 2013-001.

Maidment DW, 2005. Palaeozoic high-grade 
metamorphism within the Centralian Superbasin, 
Harts Range region, central Australia. PhD thesis, 
Australian National University, Canberra.

Maidment DW, Hand M and Williams IS, 2013. High-
grade metamorphism of sedimentary rocks during 
Palaeozoic rift basin formation in central Australia. 
Gondwana Research 24, 865–885.

Mawby J, Hand M and Foden J, 1999. Sm-Nd evidence 
for Ordovician granulite facies metamorphism in an 
intraplate setting in the Arunta Inlier, central Australia. 
Journal of Metamorphic Geology 17, 653–668.

McKinnon-Matthews J, 2010. Blackadder meets Basil: 
more copper and nickel sulphides in the Irindina: in 
‘Annual Geoscience Exploration Seminar (AGES) 2010. 
Record of abstracts’. Northern Territory Geological 
Survey, Record 2010-002.

Scrimgeour IR, 2013a. Aileron Province: in Ahmad M 
and Munson TJ (compilers) Geology and Mineral 
Resources of the Northern Territory, Northern 
Territory Geological Survey, Special Publication 5.

Scrimgeour IR, 2013b. Warumpi Province: in Ahmad 
M and Munson TJ (compilers) Geology and Mineral 
Resources of the Northern Territory, Northern 
Territory Geological Survey, Special Publication 5.

Scrimgeour IR, 2014. Overview of mineral and petroleum 
exploration and production in 2013: in ‘Annual 
Geoscience Exploration Seminar (AGES) 2014. Record 
of abstracts’. Northern Territory Geological Survey, 
Record 2014-001 (this volume).

Shaw RD, Warren RG, Offe LA, Freeman MJ and Horsfall 
CL, 1984. Geology of Arunta Block in the southern part 

of the Huckitta 1:250 000 sheet area – Preliminary data 
1980 survey. Bureau of Mineral Resources, Australia, 
Record 1984/3.

Whelan JA, Hallett L and Close DF, 2009a. Magmatism in 
the eastern Arunta Region: implications for Ni, Cu and 
Au mineralisation: in ‘Annual Geoscience Exploration 
Seminar (AGES) 2009. Record of abstracts’. Northern 
Territory Geological Survey, Record 2009-002.

Whelan JA, Close DF, Scrimgeour IR and Hallett L, 2009b. 
Magmatism and mineralisation in the eastern Arunta 
Region, central Australia: in Williams PJ (editor) ‘Smart 
science for exploration and mining.’ Proceedings of the 
10th Biennial SGA Meeting, Townsville, 20 August 2009. 
Society for Geology Applied to Mineral Deposits.

Whelan JA, Hallett L, Close DF and Yaxley GM, 2010. 
Geochemical and isotopic constraints on mafic 
magmatism in the Irindina Province, eastern Arunta 
Region: implications for mineral prospectivity: in 
‘Annual Geoscience Exploration Seminar (AGES) 2010’. 
Record of abstracts. Northern Territory Geological 
Survey, Record 2010-002.

Whelan JA, Webb G, Close DF, Kositcin N, Bodorkos 
S and Huston DL, 2011. New geochronological and 
geochemical data from the Limbla 1:100 000 map area: 
implications for mineralisation in the eastern Arunta 
Region: in ‘Annual Geoscience Exploration Seminar 
(AGES) 2011. Record of abstracts’. Northern Territory 
Geological Survey, Record 2011-003.

Whelan JA, Webb G, Close DF, Kositcin N, Bodorkos S 
and Maas R, 2012a. New copper-gold discoveries in 
the eastern Arunta Region: implications for Cu-Au 
mineralisation in the Arunta: in ‘Annual Geoscience 
Exploration Seminar (AGES) 2012’. Record of 
abstracts. Northern Territory Geological Survey, 
Record 2012-002.

Whelan JA, Close DF, Webb G, Kositcin N, Bodorkos S, 
Carson CJ, Woodhead JD, Allen CM and Armstrong RA, 
2012b. U-Pb-Hf-Nd isotopic constraints on magmatism 
in the eastern Arunta Region, central Australia: 
implications for source regions and Palaeoproterozoic 
tectonism. Proceedings of the 34th International 
Geological Congress, Brisbane, Australia 5–10 August 
2012, Australian Geoscience Council.

Whelan JA, Close DF, Scrimgeour IR, Beyer EE, Kositcin N 
and Armstrong RA, 2013. The Cu ± Au potential of the 
Arunta Region: Links between magmatism, tectonism, 
regional-scale alteration and mineralisation: in ‘Annual 
Geoscience Exploration Seminar (AGES) 2013. Record 
of abstracts’. Northern Territory Geological Survey, 
Record 2013-001.

Whelan JA, Hallett L and Close DF, in prep. Quartz, 
Northern Territory (Second Edition). 1:100 000 
geological map series explanatory notes, 5951. 
Northern Territory Geological Survey, Darwin.

Zhao Jian-xin and McCulloch MT, 1995. Geochemical and 
Nd isotopic systematics of granites from the Arunta 
Inlier, central Australia: implications for Proterozoic 
crustal evolution. Precambrian Research 71, 265–299.



52

NORTHERN TERRITORY GEOLOGICAL SURVEYNORTHERN TERRITORY GEOLOGICAL SURVEY

Jervois Copper Project – in search of extensions
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The Jervois Copper Project is 380 km northeast of Alice 
Springs in the Northern Territory. Base metal mineralisation 
at Jervois is hosted by a lower- to middle-amphibolite grade 
metasedimentary sequence of the Bonya Schist (Freeman 
1986). The Bonya Schist is a unit in the Aileron Province 
of the Palaeoproterozoic eastern Arunta Region that reached 
peak metamorphic conditions during the regionally extensive 

high-T low-P Strangways Event at ca 1735 –1690 Ma 
(Scrimgeour and Raith 2001). The sediments have been 
strongly deformed and display a well-developed foliation and 
isoclinal folding, which has later been re-folded to form the 
characteristic J-shaped local range. 

Mineralisation at Jervois is stratabound in a series of 
sub-vertical lenses over a strike length of 12 km. The main 
deposits discovered to date are Marshall-Reward, Bellbird 
and Green Parrot (Figure 1). Other smaller deposits along 
the trend include Bellbird North, Rockface, Cox’s Find 

Figure 1. Jervois Copper Project: regional geology and prospects.
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and North Reward. Marshall-Reward, the largest deposit, 
is a predominantly Cu-Ag/Au deposit hosted by garnet-
magnetite quartzite and schist (Figure 2). Bellbird is 
also Cu-rich, but contains more magnetite than Marshall-
Reward. Green Parrot is Pb-rich, but also contains Zn-
Cu-Ag and is hosted by calc-silicate rocks. The style of 
mineralisation is controversial and has been described as 
having similarities with SEDEX, VMS, BHT, IOCG and 
skarn-type deposits, or a combination of these (Whelan et 
al 2012). There are also occurrences of scheelite that have 
been exploited on a small scale.

Exploration and mining history

Jervois has had a long history, the early years of which 
are documented by Kurt Johannsen (Johannsen 1992), a 
Northern Territory mining pioneer, bush engineer and 
inventor. Copper was discovered at Jervois in 1929 during 
mustering of stray cattle on a track near Tobermorey 
on the Northern Territory – Queensland border. Kurt 
Johannsen acquired the leases in the 1950s and mined 
copper carbonate. The first modern exploration was by 
New Consolidated Goldfields in the early 1960s; they were 
followed by Petrocarb and Plenty River Mining, who briefly 
mined Pb and Ag at Green Parrot. From 1999 to 2001, Mount 
Isa Mines (MIM) farmed-in to the project and conducted 
a detailed Induced Polarisation (IP) survey, followed by 

diamond drilling. Kentor Gold Ltd (now KGL Resources 
Ltd) acquired Jervois through acquisition of Jinka Minerals 
Ltd in 2011 and have undertaken reverse circulation (RC) 
drilling, diamond drilling and geophysical programs.

KGL Resources exploration

In December 2011, Kentor Gold announced an Inferred 
resource (determined by Hellman & Schofield Pty Ltd) 
of 11.9 Mt at 1.3% Cu and 25.2 g/t Ag for 150 500 t of 
contained copper. Following additional drilling in 2012, 
the resource was increased by 13% to 13.5 Mt at 1.3% Cu, 
25.8 g/t Ag with 69 000 oz of Au, and upgraded to include 
7.9 Mt of Indicated resource. Significant drill results from 
the 2011/12 drilling programs include:

•  72 m at 3.3% Cu, 51.2 g/t Ag, 1.16 g/t Au from 414 m 
(Hole RJ169)

• 9.05 m at 4.9% Cu, 66.2 g/t Ag, 1.22 g/t Au from 509 m 
(Hole RJ204W1).

A program of more than 20 000 m of RC and diamond 
drilling that commenced in September 2013 was designed to 
significantly increase and upgrade the resources at Bellbird 
and Marshall-Reward by drilling at depth and along strike. 
Some drilling also tested targets at the smaller Rockface 
and Cox’s Find prospects. 
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Selection of drilling targets was assisted by the results of 
remodelled Induced Polarisation (IP) data acquired by MIM. 
Base metal mineralisation at Marshall-Reward and Bellbird 
shows a close correlation with linear aeromagnetic highs and 
IP chargeability anomalies (Figure 3). Of particular interest 
is a large linear chargeability anomaly at Morley, which 
extends north but is offset to the northeast from Reward. 
There is also a large deep-seated IP anomaly south of Bellbird 
and a smaller anomaly near the Rockface prospect. 

In 2013, up to three drill rigs were in operation at Jervois 
and by the end of January 2014, about 60 RC and diamond 
holes had been completed, primarily at Reward and Bellbird. 
A pre-feasibility study is in progress and will be completed 

during the June quarter of 2014 and a definitive feasibility 
study will commence later in 2014. 

Jervois Mine sequence

The mine sequence at Jervois has been metamorphosed 
to amphibolite facies and is interpreted to have been of 
sedimentary and felsic volcanosedimentary composition 
(Rugless 2013), comprising mudstones, siltstones and 
sandstones that are commonly coarsely to finely interbedded. 
Thick, poorly bedded limestone units are also common. The 
sequence has been intruded by amphibolite, granite and 
pegmatite.

Figure 3. IP chargeability for the Marshall-Reward Deposit.
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Figure 4. Massive chalcopyrite veins in core from Hole KJCD058.

Whelan et al (2012) described the mine sequence as 
comprising garnet-chlorite-magnetite and garnet-magnetite 
quartzite with thick sequences of andalusite-cordierite schist 
and quartz-sericite-feldspar schist. Epidote-rich calc-silicate 
rocks, marble and magnetite quartzite were also noted.

In drillcore, the dominant rock type is schist, often rich 
in muscovite and containing coarse andalusite crystals. 
Narrow interbeds of magnetite-bearing sandstone are 
common and increase in number and magnetite content with 
proximity to mineralisation. Proximal to mineralisation 
there is a characteristic garnet-andalusite-(magnetite) rock. 
Chlorite and epidote are variably present and garnet crystals 
can be up to 1 cm in diameter. Copper mineralisation, 
predominantly chalcopyrite, can occur as massive and 
semi-massive veins (Figure 4), as thin veins along foliation, 
or disseminated. At Bellbird, there is massive magnetite-
chalcopyrite or stringer veins along foliation. Pb-Zn 
mineralisation is dominant over Cu mineralisation at Green 
Parrot and is hosted primarily by marble or skarn.

Local structural setting

Geological mapping and interpretation of geophysical 
data by Crowe (2011) highlighted the importance of high-
rheological contrasts during a progressive D2 deformation 
that created dilation sites for enhanced hydrothermal fluid 
ingress. Attenuation of competent blocks of limestone and 
sandstone during shortening, isoclinal folding and faulting, 
has created boudins and fault-bounded blocks of limited 
extent along strike. Copper mineralisation is focused 
within and on the margins of these competent blocks 
within enclosing sediments that have undergone ductile 
deformation. Progressive deformation, possibly under a 
dextral transpressional regime, led to further shortening 
and isoclinal folding. With further deformation and strain 
hardening, shortening was accommodated by high-angle 
conjugate faults (Crowe 2011) that offset the mineralisation. 

This extended period of deformation and mineralisation has 
generated a complex distribution of base metal mineralisation 
within a broad mineralised corridor. This is exemplified 
by the recent discovery of massive and semi-massive Pb-
Zn mineralisation in a block of skarn in the lower central 
portion of the Reward deposit (Hole KJCD048). This style of 
mineralisation was previously considered to be restricted to 
the Green Parrot deposit to the south.

•  Hole KJCD048: 18 m at 19.63% Pb, 3.77% Zn, 0.88% 
Cu, 732.3 g/t Ag, 0.61 g/t Au from 273 m;

• includes 9 m at 22.08% Pb, 3.07% Zn, 1.48% Cu, 740 g/t 
Ag, 0.53 g/t Au from 291 m.

Future exploration

Mineralisation at Jervois extends over a strike length of 
12 km but in detail, the host lithology and metal zonation 
can vary over short distances along strike and downdip. This 
presents challenges for targeting of exploration drilling. 
Reprocessing of old airborne electromagnetic (EM) data 
has revealed a conductor that coincides with the massive 
sulfide mineralisation intersected in Hole KJCD048. Large 
fixed-loop and downhole EM surveys are planned for early 
2014 to locate off-hole conductors and to search for new 
conductors along the sparsely drilled trend north of Reward, 
where recent drilling has discovered a possible new lode 
at East Reward. One kilometre north of East Reward, a 
traverse of RC holes intersected copper and broad zones of 
weak zinc mineralisation in calc-silicate rocks.

Phase 2, comprising more than 20 000 m of resource 
extension drilling, will commence in March 2014 and will 
build on the results from Phase 1 and the EM survey data.
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An integrated geological model for Tennant Creek style Au-Bi-Cu mineralisation
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Leederville WA 6007, Australia.
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The Tennant Creek Mineral Field (TCMF) is a well-endowed 
metallogenic province that has produced approximately 
157 t of gold, 345 000 t of copper, 14 000 t of bismuth, 220 t 
of selenium and 56 t of silver from 130 mines; the majority 
of production was derived from 12 deposits between 1932 
and 2005 (Ahmad et al 2009, Donnellan 2013, Figure 1). 
The geology and mineralisation in the TCMF has been the 
subject of numerous publications, postgraduate and honours 
studies (CSIRO, BMR, NTGS, Australian universities) 
focused on specific deposits. This paper presents an 
overview of alteration and vein paragenesis for the Tennant 
Creek Au-Bi-Cu deposits, and explores their different styles 
of mineralisation.

Historically, explorers have focused on the strong 
association of copper and gold mineralisation with 

magnetic ironstones as the primary exploration model in 
the TCMF. Numerous targets identified from magnetic data 
have been tested, leading to the discovery of some of the 
highest grade copper-gold deposits in Australia. However 
the TCMF is a relatively mature mineral field and most 
targets with magnetic signatures analogous to known high-
grade deposits have been extensively tested. Emmerson 
Resources Ltd is taking a new approach that involves 
seeking a better understanding of mineralisation processes 
and trying to predict and detect system-scale alteration 
footprints, regardless of host rock.

Emmerson’s exploration approach is multifaceted, 
however a key facet is the ability to detect the products of 
mineralisation processes, in particular, primary sulfides 
and associated iron, and the breakdown of these within the 
oxidised environment. To this end, Emmerson is using a 
powerful, airborne electromagnetic system (HeliTEM), 
which is being flown at 100 m line spacing, some 30–50 m 

Figure 1. Interpreted map of the Palaeoproterozoic geology of Tennant Creek, showing gold mines that have produced more than 100 000 oz 
of gold (modified from Donnellan 2013).
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above ground level. However, it is important to note that 
conductive anomalies in the TCMF are relatively weak 
(conductivities of mineralised rocks elsewhere can be up to 
70 times those of barren rocks), especially when compared 
to deposits such as Sandfire’s DeGrussa and Sirius’s Nova 
deposits in Western Australia. The relative weakness of 
conductivity anomalies means that proprietary processing 
of electromagnetic data is essential to enhance their 
signatures and reduce the number of false anomalies, as is 
the use of ground-based induced polarisation (IP) surveys 
to further refine drilling targets. Despite the availability of 
these detection technologies, an understanding of the 3D 
geodynamic setting of the TCMF is required to provide 
the framework within which to predict the best place to 
explore. These predictions rely on a robust understanding 
of mineralising processes, which is the subject of this paper. 

Testament to the success of this approach is the recent 
discovery of two new deposits (Goanna and Monitor) within 
the Gecko Corridor, the first new discoveries within the 
TCMF for over a decade. Geophysical images of the Gecko 

Corridor (Figure 2) show the locations of the historically 
known mineralised ironstone bodies and the Goanna and 
Monitor discoveries. The Goanna mineralisation is devoid 
of a signature in conventional magnetic data, yet is clearly 
identified by HeliTEM. Discovery drilling at both prospects 
was guided by a good understanding of the 3D structure, 
geology, and some ground-based IP data. 

Structural analysis of oriented drillcore combined with 
detailed analyses of paragenesis and geochronology of 
Tennant Creek Supersuite intrusions have provided a new 
understanding of mineralisation processes and the roles 
of magmatic fluids and pre-existing ironstone bodies and 
shear zones.

Most of the Tennant Creek Au-Bi-Cu mineralisation is 
hosted by iron-oxides (known locally as ironstones) and 
associated altered rocks. Two styles of hosting have been 
identified for Au-Bi-Cu ores: (A) predominantly ironstone-
hosted (Figure 3a), and (B) shear-hosted ironstone 
(Figure 3b). The ironstone-hosted mineralisation is 
localised along fractures and at the margins of magnetite 

Figure 2. Geophysical techniques applied in the Gecko Corridor. (a) Magnetic intensity image. Vector residual magnetic intensity image 
covering the Gecko Corridor showing that the Gecko mine anomalies are centred on discrete oval magnetic highs. (b) Helicopter-borne 
electromagnetics (HeliTEM). HeliTEM generated an excellent dataset for defining significant and minor structures that have undergone 
intense alteration, indicative of shear zones. The combination of these results with ground-IP surveys (white lines) and 3D integration of 
geology led to the discovery of the Goanna and Monitor prospects (circled in yellow).

a

b
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Figure 3. Schematic diagrams showing the two styles of mineralisation in the TCMF and their associated alteration assemblages and vein 
stages. (a) Predominantly ironstone-hosted type: mineralisation is localised along fractures and margins of magnetite and/or hematite-
altered magnetite; gold pods are generally found in the apical and bottom sections of the ironstone bodies as minute to large grains 
associated with sulfides and bismuth sulfosalts hosted in pervasive chlorite alteration or quartz veins (eg Gecko). The thickness of the 
ironstone body varies from 10 to 75 m (38 m average). (b) Shear-hosted ironstone type: mineralisation is localised in high-strain zones and 
intensely foliated chloritised sedimentary units (eg Chariot and Orlando). The thickness of the shear zone varies from 10 to 50 m. Figure 
3A adapted from Ding and Giles (1993) (North Flinders Mines Ltd) and Figure 3B adapted from Meyers (2005). 

a b
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and/or hematite-altered magnetite. Gold mineralisation is 
generally found in the apical or lower sections of ironstone 
bodies, where it occurs as minute to large grains associated 
with sulfides and bismuth sulfosalts hosted in pervasive 
chlorite+hematite alteration. In the shear-hosted ironstones, 
gold mineralisation is localised in zones of high strain 
surrounding narrow, rhombic or sigmoidal ironstone pods. 
Here, the gold occurs as coarse grains disseminated in 
intensely foliated, chlorite-altered shear zones locally 
associated with hematite. 

Alteration and mineralisation

Based on detailed paragenetic studies, eleven vein stages 
(Table 1) and nine alteration assemblages (Table 2) have 
been identified and are summarised for deposits and 
prospects in the TCMF (Figure 3). Alteration and vein 
assemblages are classified into four main groups on the 
basis of their timing: (A) Pre-main stage, (B) Early stage, (C) 
Main stage, and (D) Late stage mineralisation. Significant 
amounts of gold and copper sulfides were deposited during 
main stage mineralisation. 

Pre-mineralisation alteration

A pervasive quartz-chlorite-sericite alteration assemblage 
is the earliest alteration style recognised in the TCMF and 
is developed in meta-siltstone and meta-greywacke of the 
Warramunga Formation. In the greywacke layers, the clay 
matrix has been recrystallised to sericite-chlorite±rutile. 
Clay minerals in the siltstone layers are uniformly 
recrystallised to sericite (Mason 2001). The sedimentary 
rock sequence underwent lower greenschist facies 
metamorphism (Skirrow 2000, Mason 2001).

Moderate to pervasive magnetite alteration is locally 
restricted to thin (2–3 m thick) argillaceous banded iron-
formation, hematite-rich shale and siltstone. Primary 
hematite formed as lath-like crystals or mammillary bands 
and spherulitic aggregates and has been replaced by magnetite 
(Huston et al 1993, Large 1974). Stage 1B (Table 1) massive 
magnetite bodies and stringers formed at this time.

Pervasive chlorite alteration envelopes the magnetite 
bodies (Stage 1B veins) and has formed 5 to 20 m from 
the contact. Where it occurs adjacent to ironstone bodies, 
microcrystalline chlorite alteration has imparted a dark-
green to black colour to the wallrock, which is locally 
termed chlorite rock. Under the microscope, the chlorite has 
green to normal interference colours (indicating Mg-rich 
composition). The intensity of chlorite alteration decreases 
away from the margins of magnetite bodies. 

Pre-mineralisation stage veins

Stage 1A is characterised by massive, milky, thin, ptygmatic 
quartz veinlets without discernible crystal growths. The 
stage 1A veins formed early in the deposit history either 
before, or more likely during, the D1 deformation event 
(east–west-trending folds and cleavage formation (Cuison 
et al 2013). Sulfides are absent from these veins. 

The formation of ironstones is characterised by stage 
1B veins composed of magnetite±quartz±chlorite. These 
magnetite bodies form as tabular, cross-cutting pods and 
sigmoidal or en echelon lenses (Figure 3). Alteration 
envelopes of dark-green chlorite occur around stage 
1B veins and up to 20 m away from ironstone margins. 
Individual magnetite bodies are from metres to tens of 
metres in horizontal extent (10–75 m, 38 m average) and up 
to ~500 m in vertical extent (290 m average, Figure 3). They 
are typically subvertical and are found in various locations: 
(A) along the hinge region of D1 anticlinal folds in axial 
planar shear zones, and on the limbs of sub-kilometre-scale 
folds; (B) within shear zones close, or parallel to, steeply 
dipping bedding; or (C) along lithological contrasts (eg 
Gecko ironstones are within an intraformational sandstone 
and siltstone breccia unit, Wedekind et al 1989). Locally, 
magnetite is spatially associated with hematitic siltstones 
and shales. The magnetite bodies occur in dilatant jogs in 
shear zones caused by local competency contrasts, and were 
emplaced during D1. Linear trends of magnetite bodies can 
be traced discontinuously for distances of up to 40 km. Stage 
1B veins have been cut by mineralised quartz-chalcopyrite 
veins (stage 3C, Figure 4b). 

Abundant thin magnetite stringers are well developed 
above and below the magnetite bodies (Figure 3a) and 
are hosted in pervasive chlorite-altered zones. They are 
considered to represent fluid pathways and extend to depths 
of 300 m below the No. 2 orebody at Juno (Large 1975) 

Early-stage alteration

Early quartz-sericite-albite-chlorite-actinolite alteration 
and veins are temporally and spatially related to the Tennant 
Creek Supersuite (TCS) (Table 2). The sedimentary 
units in contact with the TCS have undergone weak to 
moderate contact metamorphism including silicification 
and recrystallisation of interlocking grains of quartz, albite, 
sericite, chlorite and epidote. 

Early-stage veins

Stage 2 quartz-epidote-tourmaline-feldpspar-pyrite-
pyrrhotite-chalcopyrite veins occur along the contacts 
of the Tennant Creek Granites (TCG) and wallrocks, 
but can be found up to ~4 km away from the intrusive 
contacts (Crohn and Oldershaw 1965). 

Main-stage alteration

Most of the gold and copper mineralisation was introduced 
during the main stage and consists of five substages of veins 
identified as parts of stage 3 (Table 1). The veins are best 
developed within and along the margins of stage 1B veins. 

Pervasive hematite alteration is locally restricted to 
argillaceous banded iron-formation and hematite-rich shales 
and siltstones (Figure 3a). Hematite alteration extends 15–
20 m away from the margins of ironstone bodies, whereas, 
locally, the hematite is progressively replaced by sericite 
(Figure 3a). 
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Vein stage1

Veining/filling Alteration 
envelope/

width
Thickness Length Form, texture, and zonation Distribution and occurrence LocationMajor 

minerals
Minor 

minerals

Pre-mineralisation stage veins

Stage 1A Quartz none 1–10 mm Milimeters Continuous, ptygmatic; characterized by massive 
milky quartz 

Occur proximal and distal to the orebodies TCMF, 
Goanna

Stage 1B Magnetite chl, qtz Mg-rich 
chl,       < 
20m

1–40m Meters 
to tens of 
meters

Continuous to discontinuous, massive, with brecciated 
texture infilled by later minerals. Magnetite bodies 
form as tabular, cross-cutting pipes, pods or elongate, 
ellipsoidal and sigmoidal or en-echelon lenses. 
Magnetite bodies have dark-green to black chlorite 
alteration halo (<20m); quartz occurs with magnetite. 
Localized magnetite occurs as colloform textures 
in the form of mammillary bands and spherulitic 
aggregates replacing  primary hematite 

Magnetite bodies are mostly subvertical and located 
as follows: (A) Along the the hinge region of D1 
anticlinal folds in axial planar shear zones, also 
occur on the limbs of sub-km scale folds, (B) Within 
shear zones close, or parallel to steeply dipping 
bedding, (C) Along lithological contrasts. Locally 
magnetite is spatially associated with hematitic 
siltstone and shale. 

Examples (A) 
Juno, Orlando, 
Gecko  (B) 
Ivanhoe, Argo, 
Goanna (C) 
Gecko

1-20mm Milimeters Continuous to discontinuous, wavy-edged to diffuse 
vein walls, incipient veinlets; magnetite occurs as 
monomineralic stringers and veinlets, chains and/or 
beads, locally disseminated

Well developed in the apical portions above and 
below the tabular magnetite bodies considered to 
represent fluid channellways

Early stage vein

Stage 2 Quartz, 
epidote

Felds, ccp, 
py, po, tur

none <5mm Milimeters to 
centimeters

Continuous to discontinuous, diffuse vein walls Temporally and spatially associated with the  TCG, 
typically located near  and/or along the contact with 
the wallrocks.  Associated veins occurring up to 
~4 km  from the intrusive contacts

Tennant Creek 
Granites

Main mineralisation stage veins

Stage 3A Quartz, 
hematite- 
specularite

py none 1-50m Centimeters 
to tens of 
meters

“Quartz-hematite-specularite breccia”, contains up to 
60% quartz and hematite, and ~40% early magnetite 
clasts (from stage 1B veins); magnetite clasts  occur 
as ‘kernels’ in the quartz and have been partially to 
completely altered to hematite; hematite is silvery, 
flaky, and occurs around the magnetite clasts

Present in most magnetite bodies Gecko-AN2

none <1m Continuous to discontinuous, wavy-edged to diffuse 
veins walls, hematite-specularite occurs as coarse-
grained masses with individual bladed or lath-like 
crystals (1–3 mm) 

Developed as veins, veinlets and fracture fillings 
within and outside the ironstone bodies and up to 
1m from their margins

Gecko-K44, 
Juno, Goanna

Stage 3B Chlorite,  
gold, bismuth 
sulfosalts, 
quartz, 
hematite-
specularite

ccp, py, bn,  
apy, cob

none <1m Milimeters to 
centimeters

Native gold occurs as minute to large grains 
(<200 μm) disseminated in chlorite-filled cracks 
within the hematite-altered magnetite  aggregates, or 
disseminated in Fe-rich chlorite-altered shear zones. 
Locally, a trace of native gold occurs within the 
hematite

Mineralisation is localized in high strain zones; in 
intensely foliated, chloritized sedimentary units 
along shear zones, or developed within, or around, 
brecciated ironstone

Juno, Chariot, 
Gecko- K44, 
Chariot, 
Orlando

Gold is coarser (up to 1mm)  intergrown with 
bismuthinite and chalcopyrite in high grade gold 
zones

Found along fractures and the margins of brecciated 
magnetite and sheared chlorite-magnetite stringers

White Devil

Bismuth sulfosalts  form anhedral aggregates or 
discontinuous veinlets intergrown with sulphides in 
quartz veins. In places, chalcopyrite and bismuthinite 
are associated with very fine grained gold (<5 μm).  

Bismuth sulfosalts increase in concentration 
towards the outer margin of the gold pods. Usually 
occur within the dark-green, intense chlorite 
alteration zone and associated magnetite stringers

Gecko, 
Goanna

Sulfide minerals, bismuth sulfosalts and gold occur as 
blebs in quartz veins. Gold occurs with chalcopyrite-
bornite and along fractures in pyrite

Developed near the margins of brecciated magnetite 
and hosted in chlorite-altered metasediments

Monitor, 
Goanna

Table 1. Vein stages in TCMF (continued on next page).
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Vein stage1

Veining/filling Alteration 
envelope/

width
Thickness Length Form, texture, and zonation Distribution and occurrence LocationMajor 

minerals
Minor 

minerals

Stage3C Chalcopyrite, 
pyrite

chl Fe-rich chl, 
<10 mm

1–100 mm Milimeters to 
centimeters

Continuous to discontinuous, wavy-edged to diffuse 
vein walls; chalcopyrite occurs as monomineralic 
stringers and veins  locally characterized by the 
presence of apple-green chlorite selvage

Occur as breccia fill in the ironstone or as veins and 
stringers in the intense chlorite alteration zone 

Gecko-K44, 
Goanna, 
Monitor

Chalcopyrite occurs as massive aggregates replacing 
magnetite, locally associated with pyrrhotite, 
sphalerite, gold, bismuth, chlorite 

West Peko

Stage3D Quartz, ccp py none 1–100 mm Milimeters to 
centimeters

Continuous to discontinuous, straight-edge walls, 
chalcopyrite occupies a central band or as discrete 
aggregates, or massive blebs throughout the vein 

Well developed within the chlorite alteration zone 
below the ironstone bodies and proximal to the 
margins. Below the ironstone bodies, the quartz 
occurs as stockworks or networks of veins

Goanna, 
Monitor

Stage3E Quartz, 
chlorite

ccp, py Ser, 10 mm Continuous, sharp vein walls; characterized by 
greenish quartz with chlorite laminations(<1mm), 
crack-seal veins,  locally deformed. Minor 
chalcopyrite and pyrite as blebs or specks in the 
quartz 

Occur proximal and distal to the orebodies Gecko Mine, 
Goanna, 
Monitor

Late stage veins

Stage 4A Dolomite, 
talc

ser, chl, py, 
ccp

none 1–20 m Centimeters 
to tens of 
meters

Dolomite occurs as banded masses, veins or 
stockworks. Talc typically forms as  extension-fibre 
infill

Occur adjacent to ironstones (commonly above and 
lateral to ironstones)

TCMF

Stage 4B Calcite 1–100 mm Milimeters to 
centimeters

Continuous , straight -sided, sharp contact with 
wallrocks, locally occurring as thin fracture fill and 
late infill to dolomite veins

Occur proximal and distal to the orebodies TCMF

Stage 4C Quartz hem-spec none 1–20 m Centimeters 
to tens of 
meters

Continuous, straight-sided, sharp contact with 
wallrocks, white, sugary, cutting early dolomite-talc 
veins 

Commonly developed throughout the TCMF above 
the mineralisation or above the barren ironstones

TCMF

Hematite-specularite occurs as fine to coarse grained 
vug fills within quartz; as large laths intergrown with 
the quartz crystals; also occur as fine grained masses 
along the margins of the quartz veins or as masses in 
the central portion of the veins

Abbreviations: Au = gold, Apy = arsenopyrite, bn = bornite, cal = calcite, ccp = chalcopyrite, chl = chlorite, cob = cobaltite, ep =  epidote, Fe = iron, Felds = feldspar, hem = hematite, Mg = magnesium, mgt = 
magnetite, Po = pyrrhotite,     py = pyrite, qtz = quartz, spec = specularite, tur = tourmaline, TCG = Tennant Creek Granite, TCMF = Tennant Creek Mineral Field.
1The vein stages are listed from oldest to youngest from top to bottom, as observed from crosscutting relationships in drill core and previous studies.

Table 1. Vein stages in TCMF (continued from previous page).
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Alteration 
assemblage1

Major 
minerals2

Minor 
minerals2 Alteration intensity and styles Spatial and temporal association and distribution Related 

vein stages

Pre-mineralisation Alteration Stage

Quartz, 
chlorite

ser, rt Weak to strong, locally pervasive; fine argillaceous matrix recrystallized 
to sericite + chlorite + quartz

Well developed in meta-siltstones and  meta-greywacke (regional low  grade 
metamorphism - greenschist facies)

Stage 1A

Magnetite chl, ser Strong, pervasive magnetite alteration of early (primary)  acicular, 
needle or lathlike/bladed and platy grains of hematite  crystals. 
Magnetite also inherits the colloform textures in the form of mammillary 
bands and spherulitic aggregates replacing hematite.

Spatially restricted to the thin (2–3 m thick) argillaceous banded iron-formation and 
hematite-rich shales and siltstones of the Warramunga Formation 

none

Chlorite 
(Mg-rich)

py Strong, microcrystalline pervasive dark-green to black chlorite alteration 
(chorite rock). Locally, disseminated pyrite accompanies this chlorite 
alteration zone. 

Well developed in meta-sedimentary rocks adjacent to, or along, the margins of 
the magnetite bodies; chlorite rock is  temporally and spatially related to magnetite 
bodies occurring  as halos(<20 m thick) below and around  the ironstones. A chlorite 
alteration pipe occurs below the ironstone  and defining an alteration channel.  Pervasive 
chloritization extends 15 m–20 m into the wall rocks away from the shear zone

Stage 1B

Early Stage Alteration

Quartz, 
sericite, 
albite

chl, act, 
epi

Weak to moderate, selectively pervasive silicification around the 
intrusions where most of the original composition has been recrystallized 
into mosaics of interlocking grains of quartz, albite, sericite, chlorite, 
epidote

Temporally and spatially restricted to the TCS intrusions and associated veins developed 
along the contacts with the wall rocks; the rock units in contact with the intrusions are 
only slightly metamorphosed with silicification occurring up to 12 m from the contact;  
a 100 m wide contact metamorphic aureole with associated spotty hornfels alteration is 
observed in the intruded Warramunga Formation sedimentary package

Stage 2

Main Stage Alteration

Hematite, 
quartz

chl, ser Strong, pervasive hematite alteration; microcrystalline; fine-grained 
mosaic 

Spatially related to ironstone bodies and locally restricted to hematite-rich shales and 
sandstones; hematization extends 15 m– 20 m laterally outwards from the margins of the 
ironstone bodies 

Stage 3A, 
Stage 3B, 
Stage 3C

Chlorite 
(Fe-rich), 
hematite, 
quartz

ccp Intense, pervasive apple-green chlorite alteration,  fine to coarse-grained, 
highly foliated. Where this intense chlorite alteration has undergone 
intense deforamtion, the chlorite resembles chlorite schist . Chlorite 
occurs as masses of  very fine fibrous grains that are aligned parallel 
to pronounced cleavage in the rock. Fe-rich chlorite occurs as breccia 
fill and microveinlets hosting gold, sulfides and bismuth sulfosalts.  
Hematite replacement occurs along the magnetite grain boundaries to 
almost complete replacement.

Spatially related to ironstone bodies; well developed along the fractures and margins of 
brecciated ironstone bodies and sheared zones 

Stage 3A, 
Stage 3B, 
Stage 3C

Chlorite, 
quartz

mus Moderate, selectively pervasive Fe- and/or Mg-rich chlorite alteration 
containing stringers of magnetite and sulfides. The chlorite is 
characteristically intergrown with muscovite

Forms a 20–100 m wide zone extending  beneath and above the ironstone bodies defining  
channelways along the shear zones. Outside the shear zones,  the chlorite-quartz-ser 
alteration extends ~100 m laterally outwards from the margins of the chlorite rock.

Stage 3D, 
Stage 3E

Sericite, 
chlorite, 
quartz

Weak- moderate to strong, selectively pervasive sericite - chlorite-quartz  
alteration

Occurs away from the ironstone bodies and outside the shear zones. Locally overprinting 
the hematite-quartz alteration. 

Stage 3D, 
Stage 3E

Late Stage Alteration 

Dolomite, 
talc

qtz, chl Moderate to intense, pervasive alteration of chlorite to talc; coarsely 
crystalline dolomite may be found in pink, white and colourless 
varieties, is typically coarse grained and forms late cross-cutting veins  
and  stockworks, or massive aggregates replacing wallrocks. Quartz is 
generally intergrown with the coarse dolomite, while talc (or chlorite) 
occur  as infill

Defines a cap (up to 18 m thick) above and partly adjacent to the ironstone bodies (e.g. 
Juno, Argo, TC8, Golden Forty, Northern Star and Gecko AN3) or as irregular zones 
adjacent to the main mineralisation zone (e.g. Orlando Ivanhoe, White Devil and Peko). 
Dolomitic zones are best developed adjacent to hematite-rich shale units (e.g. Argo, Juno 
and Gecko AN3) 

Stage 4A

Abbreviations: act = actinolite, chl = chlorite, ep =  epidote, Fe = iron, Felds = feldspar, hem = hematite, Mg = magnesium, mgt = magnetite, mus = muscovite, py = pyrite, qtz = quartz, rt = rutile, ser = sericite, spec = 
specularite, tur = tourmaline, TCMF = Tennant Creek Mineral Field
1Alteration assemblages are listed from oldest to youngest, from top to bottom
2 White mica and chlorite compositions confirmed by Short Wavelength Infra-Red (SWIR) 
Table 2. Styles, Spatial and Temporal Distribution of Alteration Assemblages in TCMF.
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Figure 4. Examples of mineral paragenesis and gold mineralisation in the TCMF. (a) Stage 3A quartz-hematite-specularite breccia with 
magnetite clasts cutting a Stage 1B magnetite vein. Magnetite has been partially replaced by hematite-specularite. (b) Stage 3C chalcopyrite 
vein cutting a Stage 1B magnetite vein. The magnetite has been selectively replaced by hematite-specularite. (c) Photomicrograph (rl) of 
Stage 3B quartz-hematite-gold veins hosted in sheared pervasive chlorite alteration. The gold is intimately associated with quartz and 
hematite (Marathon prospect, Hole TCMD057, 166.4 m). (d) Photomicrograph (rl) of Stage 3B hematite-gold hosted in sheared pervasive 
chlorite alteration. The gold is interstitial to hematite-altered magnetite. Locally, magnetite has been partially to completely replaced 
by hematite (Chariot Mine, Hole CHDD090, 330 m). (e) and (f) Photomicrographs (ppl) and (rl), respectively, showing fine gold specks 
disseminated in mottled Fe-rich chlorite alteration. This early alteration is later cut by a coarser chlorite-quartz alteration assemblage 
(Chariot Mine, Hole CHDD090, 330.5 m). (g) Stage 3E quartz-chlorite vein cutting stage 3D quartz-chalcopyrite veins hosted in massive 
siltstone of the Warramunga Formation that has undergone strong chlorite-sericite-quartz alteration (Goanna, Hole GODD004, 290.3 m) 
(h) Stage 4B quartz-hematite vein cutting stage 4A dolomite stockworks (Goanna, Hole GODD016). Abbreviations: ccp = chalcopyrite, chl 
= chlorite, au = gold, Fe =iron, mgt = magnetite, ppl = plane polarised light, py = pyrite, qtz = quartz, rl = reflected light.

a
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Pervasive pale apple-green chlorite alteration is 
intimately related to stage 3A, 3B and 3C veins. Fine- to 
coarse-grained, highly foliated chlorite occurs along zones 
of high strain, surrounding sigmoidal pods of hematite-
altered magnetite and replacing early oxide-stage Mg-
rich chlorite. With increasing deformation, the chlorite 
develops a schistose fabric and resembles chlorite schist. 
Under the microscope, chlorite has green to green-brown 
pleochroism and dark-brown to Berlin blue interference 
colours indicative of Fe-rich composition, which has been 
confirmed by Short Wave Infra-Red (SWIR) techniques 
(Burley 2013). Chlorite occurs as masses of very fine 
fibrous grains that are aligned parallel to pronounced 
cleavage in the shear zones and as open-space breccia-
fill and microveinlets hosting gold, sulfides and bismuth 
sulfosalts. At the Chariot Mine, this Fe-rich chlorite is cut 
by a later coarse fibrous chlorite (Figure 4e). 

Replacement of early magnetite by hematite also 
occurred at this time. Microscopic textures indicate that 
hematite variably replaces magnetite and precipitates in 
dilational zones as open-space fill (Figure 4d).

Outwards from the pervasive chlorite alteration, 
moderate to selectively pervasive Fe- and/or Mg-rich 
chlorite-sericite alteration extends up to 100 m away 
from ironstone bodies. The chlorite is characteristically 
intergrown with muscovite and grades outwards into weak 
to strong, selectively pervasive sericite-chlorite-quartz 
alteration. 

Main mineralisation stage veins

Stage 3 quartz-gold-sulfide veins introduced the bulk 
of gold and copper mineralisation in the TCMF, and are 
associated with the main stage alteration assemblage 
(Table 2). The veins are best developed within and along 
the margins of stage 1B bodies. Gold is found localised in 
high-strain zones along shear zones, and within fractures 
and at the margins of brecciated stage 1B veins. 

Locally developed stage 3A quartz-hematite-
specularite breccia contains up to 60% quartz and hematite, 
and ~40% early magnetite clasts (from stage 1B veins). 
Magnetite clasts occur as kernels in the quartz and have 
been partially to completely altered to hematite. Hematite-
specularite occurs as silvery, coarse-grained flaky masses 
with individual bladed or lath-like crystals (1–3 mm) that 
typically surround magnetite clasts (Figure 4a). Stage 3B 
veins are present in most magnetite bodies. 

Gold-bismuth mineralisation is associated with stage 
3B quartz-chlorite-gold veins. Native gold occurs as 
minute to large grains (<200 μm) disseminated in chlorite-
filled cracks within hematite-altered magnetite aggregates 
(eg Gecko, Goanna, Monitor), or disseminated in Fe-rich 
chlorite-altered shear zones (Figure 4f, eg Chariot and 
Orlando). Locally, traces of native gold occur within the 
hematite (Figure 4c). In high-grade gold zones, the gold 
is coarser (up to 1 mm) with intergrowths of bismuthinite 
and chalcopyrite. Locally, gold occurs with chalcopyrite 
and bornite and within microfractures in pyrite grains. In 
places, chalcopyrite and bismuthinite are associated with 

very fine-grained gold (<5 μm). Bismuth sulfosalts form 
anhedral aggregates or discontinuous veinlets intergrown 
with sulfides, or occur locally as blebs in quartz veins.

Stage 3C veins comprise chalcopyrite±pyrite, locally 
characterised by the presence of apple-green Fe-rich 
chlorite selvages (up to 5 mm, Figure 4b). Chalcopyrite can 
occur as monomineralic veins (up to 5 cm) or veinlets, or 
as massive aggregates replacing magnetite and associated 
locally with pyrrhotite, sphalerite, gold, bismuth and 
chlorite. It can also occur interstitially in fractured early 
pyrite grains and as breccia-fill in ironstone, or as veins 
and stringers in intense chlorite-alteration zones. Locally, 
chalcopyrite is intergrown with pyrite (eg Gecko K44 
orebody). Stage 3C veins are commonly undeformed.

Stage 3D is characterised by quartz-chalcopyrite±pyrite 
veins (Figure 4g). Chalcopyrite occupies a central septum 
(<10 mm) or occurs as discrete aggregates or massive blebs 
throughout veins. The absence of alteration selvages and 
the morphology of chalcopyrite grains within veins suggest 
low-temperature annealing and/or remobilisation from 
stage 3C veins. These stage 3D veins are well developed 
within the zone of chlorite alteration and proximal to the 
margins of ironstones. 

Distinctive laminated quartz-chlorite±pyrite± 
chalcopyrite veins are diagnostic of stage 3E veins. Where 
cross-cutting relationships have been observed, stage 3E 
veins have invariably truncated stage 3D veins. Stage 3E 
veins are characterised by anhedral pale quartz intergrown 
with sub-millimetre chlorite laminations. Minor amounts 
of pyrite or chalcopyrite are disseminated within the 
veins and occur up to 80 m away from ironstone bodies, 
but within the chlorite-quartz-sericite alteration envelope 
(Figure 3a).

Late-stage dolomite-talc alteration

Carbonate alteration is extensively developed above the 
ironstones (Figure 3a) and has produced characteristic 
white to locally pink, and buff to brown networks of 
dolomite veins and stringers. Moderate to strong pervasive 
dolomite-talc alteration occurs as discrete envelopes and 
defines a cap up to 18 m thick above and partly adjacent to 
many ironstone bodies (eg Juno, Argo, TC8, Golden Forty, 
Northern Star and Gecko AN3) or as irregular zones 
adjacent to the main mineralisation zone (eg Orlando, 
Ivanhoe, White Devil and Peko). Dolomitic zones are best 
developed adjacent to hematite-rich shale units (eg Argo, 
Juno and Gecko AN3). 

Late-stage veins

Stage 4A dolomite-talc veins commonly cut mineralised 
veins. Coarsely crystalline dolomite occurs as banded 
masses, veins or stockworks in pink, white and colourless 
varieties. Talc typically forms as extension-fibre fill in 
the dolomite and appears to be an alteration product of 
early chlorite. Stage 4A veins occur adjacent to ironstones, 
commonly above and lateral to them.
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Stage 4B calcite-bearing veins are rare, occurring only 
in the upper and distal areas of deposits (Figure 3a). The 
calcite truncates early stage 4A veins and occurs as infill to 
dolomite veins.

Stage 4C veins comprise quartz with minor amounts 
of hematite-specularite (Figure 4h) and occur as fine- 
to coarse-grained vug fill within quartz, as large laths 
intergrown with the quartz crystals, and as fine-grained 
masses along the margins or central septa of quartz veins. 
Stage 4C veins are commonly developed throughout 
the TCMF either above mineralisation or above barren 
ironstones.

Synthesis and conclusions

There are two types of Au-Cu-Bi mineralisation in the 
TCMF, the predominant ironstone-hosted type and the 
shear-hosted ironstone type. Mineralisation of both types is 
intimately associated with the main alteration stage (quartz-
hematite-chlorite alteration) that is hosted in massive, 
brecciated or sheared magnetite bodies and hematite-
altered magnetite bodies. Minor sulfide mineralisation also 
occurs in chlorite shear zones. Multiple events of quartz-
gold-sulfide veining and related alteration are associated 
with at least two mineralisation events. The first event 
involved quartz-hematite-gold-bismuth±copper formation 
followed by precipitation of copper±gold. Alteration 
is zoned around the ironstones and shear zones from 
proximal pervasive chlorite alteration that passes upward 
and outward to chlorite-quartz-sericite alteration, sericite-
chlorite-quartz alteration, and finally to distal dolomite-
talc alteration. Hematite-quartz-chlorite alteration around 
the ironstones is restricted to argillaceous shale units. 
Au-Bi-Cu mineralisation is associated with reactivation of 
pre-existing shear complexes and subsequent brecciation 
and overprinting of magnetite-quartz-chlorite bodies. This 
probably occurred soon after emplacement of the Tennant 
Creek Supersuite during the D3 event. Remobilisation 
of this primary assemblage (copper in particular), likely 
occurred during D4. The relatively continuous nature of 
these sulfides, their extent (beyond the discrete ironstone 
bodies), and their propensity to oxidise and react with the 
surrounding alteration envelope to produce clays in the 
supergene zone, enhances their detection by electrical 
geophysical methods. Furthermore, an understanding of 
mineralisation processes and the recognition of alteration 
footprints and metal zonation (as presented in this paper) 
will provide explorers with the tools to better understand 
where they occur relative to the larger hydrothermal 
systems — keep in mind that the Monitor-Gecko-Goanna 
hydrothermal complex is now the largest in the TCMF, 
stretching for over 2.5 km along strike, to 500 m depth 
(and still open), and of 300 m width. 
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Introduction

Targeting magnetic anomalies from IOCG mineralisation 
is common practice in the mineral exploration industry. 
Although there are generic models to explain the geophysical 
responses of IOCGs (eg Clark 2014), in reality the term 
IOCG is applied to a wide range of architectures and 
mineralogies, and hence to a variety of magnetic anomaly 
styles. The inner workings of their magnetic anomalies, 
that is, the importance of remanent magnetisation and self-
demagnetisation, the relationships between mineralisation 
and magnetisation, and the zonation of magnetic minerals, 
are often overlooked. In this study we briefly review some 
of the magnetic characteristics of magnetite. We then 
present some examples of geophysically different end-
members of the IOCG family in order to identify the critical 
characteristics of specific deposit types. We then review the 
characteristics of several IOCG deposits and targets from 
the Tennant and Arunta Regions of the Northern Territory 
(Figure 1). 

Induced vs remanent magnetisation

Magnetism within most rocks containing magnetic 
minerals comprises two components, induced and remanent 
magnetisation, and it is important to consider both when 
modelling geological bodies. Induced magnetisation is a 
response to the ambient field and is equal to the product 
of the magnetic susceptibility and the inducing field. It is 
parallel to the direction of the Earth’s geomagnetic field. 
Remanent magnetisation is not induced by the Earth’s field, 
but is retained in rocks over geological time spans by fine-
grained particles of magnetite, pyrrhotite and hematite. 
Following thermal or metasomatic events, rocks will 
acquire remanence that is parallel to the direction of the 
magnetic field at that time, as they cool through the Curie 
point. The orientation of remanent magnetisation can be 
stable for billions of years, or it can be highly dynamic, 
acquiring new magnetisation over periods from days to 
years. Its stability is primarily a function of grain size. 
Magnetite, grains larger than about 1 μm form magnetic 
domains. 

Where grains are >10 μm, there are scores of domains of 
opposite polarity, which reduces the magnetostatic energy 
of those grains. These are called multidomain (MD) grains 
and are magnetically unstable. Finer grained magnetite 
grains (eg <0.1 μm) cannot form magnetic domains, so 
they are called single-domain grains. The single-domain 
grains usually carry stable remanence for long periods. For 
further discussion on the factors influencing magnetism at 
the grain scale, refer to Austin et al (2013c).

Remanent magnetisation in magnetite-rich IOCGs 

Detailed studies of numerous IOCGs in northern Australia 
(eg Warrego and Explorer, Clark and Tonkin 1987; West 
Peko, Hoschke 1991; Ernest Henry, Clark 1994; Starra 
and Osborne, Clark 1988; Monakoff, Austin et al 2013b) 
have shown that remanence is approximately one-fifth 
the intensity of induced magnetisation (ie the ore has a Q 
ratio of ~0.2). Of this, around 60–80% of the remanence 
is commonly viscous remanence carried in MD magnetite, 
meaning it is unstable. Usually this component is aligned 
with the Earth’s field thus mimicking the effect of the 
induced magnetisation, however in some circumstances 
remanence can contribute significantly to an anomaly (eg at 
West Peko, Hoschke 1991). Hematite and pyrrhotite in IOCG 
systems are more likely to retain remanence. For example, 
at Monakoff the host iron formations retain remanence up 
to 13 times stronger than induced magnetisation in barren 
hematite along strike from the main zone (Austin et al 
2013b). At Brumby, remanence up to 90 times stronger than 

Figure 1. Location map showing geological regions, mineral 
deposits and prospects.
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induced magnetisation is present in pyrrhotite associated 
with elevated copper concentrations (Austin et al 2013a). 

Self-demagnetisation in IOCGs

Self-demagnetisation occurs in all magnetic bodies. 
However, the effect is negligible for susceptibilities of 
less than about 0.1 SI. The demagnetising field within a 
body tends to oppose the inducing field, which effectively 
decreases its magnetisation hence reducing the measured 
anomalous field, and may lead to rotation of the magnetic 
field vector into the plane of the body. Self-demagnetisation 
led to incorrect modelling of the dip of the Osborne 
IOCG, and was responsible for initial drilling missing 
mineralisation (eg Gidley 1988). Self-demagnetisation was 
a critical factor that led to the use of ellipsoids to model 
Tennant Creek Fe-oxide-Cu-Au deposits (eg Clark and 
Tonkin 1987, Hoschke 1991), because an ellipsoid facilitates 
more accurate calculation of the demagnetisation effect 
than for other bodies, such as pipes and planar bodies. 

Geophysical characteristics of IOCGs

There are three main geophysical criteria that are commonly 
applied to exploration for IOCGs: 

1. Substantial gravity anomalies indicating substantial Fe-
oxide ± Fe-sulfide minerals (eg Olympic Dam).

2. Large magnetic anomalies indicating substantial 
magnetite (eg Osborne).

3. Proximity to crustal-scale geophysical lineaments (eg 
Austin and Blenkinsop 2009), which are interpreted to 
be crustal-scale faults that act as pathways to intrusions 
and mineralising fluids (eg Olympic Dam, Ernest Henry, 
Candelaria). 

Despite the term IOCG referring to a specific metallogenic 
model for mineral deposit genesis, it has evolved to become 
a generic descriptor for a variety of deposits that contain 
Fe-oxides, copper and gold, and may include anything from 
skarns to porphyries, intrusion-related gold deposits and 
iron formations.
In detail the geophysical characteristics of IOCG deposits 
are widely variable. Obviously, their depth and orientation 
will always affect the amplitude and wavelength of any 
given anomaly but there are several specific variables that 
control the geophysical signatures of IOCGs. These are: 

1. Relative abundances of magnetite, pyrrhotite, hematite 
and other Fe±Cu sulfides. 

2. The degree to which these minerals coincide spatially (ie 
zonation). 

3. The specific architecture of structural controls on 
precipitation of Fe-oxides and Fe±Cu sulfides.

4. Mechanisms and structural controls for Fe-Oxide/sulfide 
destructive alteration. 

Some of the differences are briefly illustrated below 
using examples that can be considered geophysical end-
member IOCG types.

Hematite-dominated breccias, such as Olympic Dam in the 
Gawler Block, South Australia, can have very large gravity 
anomalies (up to 20 mGal) but often have subtle magnetic 
anomalies (Figure 2). They can be modelled as zones of 
brecciation at the intersections of faults, using either simple 
pipe geometries or more complex architectures (eg Olympic 
Dam, Austin and Foss 2012). The magnetic and gravity 
anomalies are often broadly coincident at surface and 
caused by a spatially coincident source (eg Oak Dam, Austin 
and Foss 2012), but can also be due to bodies at different 
depths. For example, Olympic Dam can be modelled as 
vertically zoned with hematite-rich breccia near surface and 
magnetite at depth. Most IOCGs outside South Australia 
are not hematite-dominated, hence they have very little in 
common, geophysically speaking, with Olympic Dam–type 
IOCG deposits. 

Magnetite-dominated breccia pipes, such as Ernest 
Henry and Brumby in the Cloncurry district, Queensland, 
commonly cause a bullseye magnetic anomaly and often 
have coincident gravity anomalies. They can be modelled 
as a pipe at the intersection of two faults (eg Brumby; 
Figure 3) or within fault jogs (Mark et al 2006). They 
may display concentric zonation of oxides (commonly 
magnetite) and sulfides within the breccia pipe. The 
magnetite is commonly oxidised to hematite near the 
surface, and native copper may be formed by supergene 
processes (eg E1, near Ernest Henry; Austin, unpublished). 

Figure 2. A simplified gravity and magnetic model of the Olympic 
Dam IOCG (from Austin and Foss 2012).
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Sulfides appear to be syngenetic with magnetite 
precipitation and appear to overprint oxides as a result of 
metasomatism along fractures (eg Brumby, Austin et al 
2013a).

Ironstone-hosted deposits, such as Starra, Osborne and 
Monakoff in the Cloncurry district, Queensland, are 
associated with narrow elongate anomalies that can be 
modelled as sub-vertical sheets or elongate steeply plunging 
elliptical prisms. Often, these relatively thin bands of 
mineralisation are too narrow to be mapped with gravity 
data, because the resolution is inadequate, however they 
commonly have elevated densities (eg 4 g/cm3 at Monakoff, 
Austin et al 2013b). The magnetite and Fe-sulfides can be 
syngenetic and/or precipitated by replacement of Fe-oxide 
during metasomatic activity. The deposits may be laterally 
zoned with magnetite±sulfides in the core of the system and 
distal hematite (eg Monakoff). At Monakoff (Figure 4), 
Austin (2013b) suggested that mineralisation formed via 
replacement of the hematite iron formation during dilation 
associated with a subtle change in deformation direction. 
This caused the central part of the iron formation to acquire 
a higher magnetic susceptibility (Figure 4). 

Magnetite-poor, carbonate-dominated breccia-vein 
systems, such as Great Australia in the Mount Isa Inlier 
near Cloncurry, are often grouped in the IOCG category 

(eg Cannell and Davidson 1998, Mark et al 2006). These 
deposits are usually Au-poor and Cu-rich and commonly 
lie adjacent to major faults and/or geophysical lineaments. 
They are structurally controlled (eg Great Australia is 
hosted in a dilational jog, Cannell and Davidson 1998), but 
the carbonate host also exercises lithological control. These 
deposits are usually not coincident with significant magnetic 
anomalies because they are magnetite-poor. They are much 
more reduced than most IOCG deposits, containing a greater 
proportion of Fe-sulfides such as pyrrhotite and pyrite. 

Replacement Manto-type IOCG deposits, such as 
Candelaria in Chile, are much younger than IOCGs in 
Australia but have some genetic and structural similarities. 
Candelaria lies beneath a series of east–west-oriented 
magnetic anomalies, adjacent to a north-northeast-striking 
major structure, the Atacama Fault. These anomalies can be 
modelled as a series of sub-horizontal magnetite sheets of 
very high susceptibility (averaging >3 SI) (Figure 5). The 
magnetite was precipitated early then partially replaced by 
sulfides along the vertical faults. The very high susceptibility 
and layered architecture of the deposit make it highly prone 
to the effects of self-demagnetisation. Austin et al (2014) 
demonstrated that the magnetic anomaly at Candelaria was 
suppressed by about 50% due to self-demagnetisation.

Northern Territory case studies

Tennant Region

Tennant Creek Fe-oxide, Au-Cu-Bi deposits, such as 
Peko, Juno and Eldorado (Figure 6), range from magnetite-
pyrrhotite-pyrite Cu-rich deposits (reduced) and magnetite-
rich high-grade Au-Bi deposits, to hematite-rich high-grade 

Figure 3. Magnetic model of the Brumby IOCG prospect, showing 
a pipe-like body at a fault intersection (from Austin et al 2013a).

Figure 4. Magnetic model of the Monakoff IOCG, showing 
lateral zonation of magnetite (from Austin et al 2013b).
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Au (oxidised) deposits (Skirrow and Walshe 2002). In terms 
of their Fe mineralogy, deposits such as Peko and Warrego 
are reduced end members (cf. Eloise and Mount Elliot) with 
pyrrhotite-magnetite-pyrite mineralogy. Juno is typical of 
an intermediate type (cf. Ernest Henry) with magnetite-
hematite-pyrite±pyrrhotite, and Eldorado is an oxidised 
end-member (cf. Starra), with pyrite-hematite-magnetite 
mineralogy (Skirrow and Walshe 2002). The deposits are 
structurally controlled and tend to align within a number 
of distinct mineralisation corridors (eg the Peko line, 
Emmerson Resources 2008).

Not surprisingly, this variable chemistry results in a 
range of magnetic properties within the deposits, and 
wide variability of the associated magnetic anomalies. 
The susceptibility of a given deposit is a function of the 
Fe mineralogy and concentration in the deposit. Tennant 
Creek–type deposits can have very high susceptibilities (eg 
ironstones at Warrego have an average susceptibility of 0.7 SI, 
Clark and Tonkin 1987). These high-susceptibility deposits 
are prone to self-demagnetisation effects. More-oxidised 
deposits tend to have much lower bulk susceptibilities. For 
example, modelling of the Eldorado deposit indicates that 
it has a bulk susceptibility of ~0.2 SI. The more-reduced 
magnetite-rich end members are likely to have sharp positive 
magnetic anomalies (eg Peko, Figure 6) whereas the more-
oxidised deposits tend to have more-subtle anomalies (eg 
Juno, Figure 6). However, the anomalies are also a function 
of depth and orientation of the orebody. They can be modelled 
as ellipsoidal (pod-like) bodies (eg Hoshcke 1991) containing 
variable amounts of magnetite and pyrrhotite. The Eldorado 
deposit can be modelled as either a sheet-like body or as an 
east-southeast-plunging ellipsoidal body (Figure 7), however, 
in reality the deposit architecture is most likely intermediate, 

that is, the anomaly is partly due to magnetite in a shear zone 
and partly due to secondary replacement mineralisation in an 
ellipsoidal shape, plunging to the east-southeast. 

Rover 3 is one of many magnetic anomalies that have been 
targeted for IOCG mineralisation within the Rover Field, 
southwest of Tennant Creek. It was drilled on the basis of a 
large negative magnetic anomaly (Figure 8). The modelling 
on which the drillhole was sited suggested that the depth to 
the body was ~260 m (Stephens 2010) from surface. Rocks 
encountered at the target depth were intermediate volcanic 
units with low susceptibility, and did not explain the anomaly. 

Figure 5. Magnetic model of the Candelaria IOCG, showing a 
shallow-dipping sheet architecture (from Austin et al 2014).

Figure 6. Total magnetic intensity map of an area east of Tennant Creek, showing magnetic anomalies associated with several IOCGs. The 
deposits lie along a number of mineralisation corridors, such as the two shown as dashed lines (data from Milligan et al 2010).
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Figure 7. A 3D TMI grid over the Eldorado deposit near Tennant 
Creek. The deposit can be modelled as either a sheet like body 
(maroon) or as an east-southeast-plunging ellipsoidal body 
(yellow). However, in reality the source body is intermediate to 
those models. Note that the ellipsoidal body intersects the surface 
pit of the mine.

Figure 8. The Rover 3 magnetic anomaly, and a modelled set of 
elliptical prisms representing a layered caldera-fill architecture 
(from Austin and Foss 2014).

A case study on Rover 3 (Austin and Foss 2014) determined 
that the source of the anomaly was actually remanent 
magnetisation within the volcanic units. It is very rare for 
remanence to be strong in IOCGs because the magnetite 
in them is usually coarse grained. Although remanence 
can be associated with skarns (eg Clark and Lackie 2003), 
it is much more likely to be associated with finer grained 
magnetite, which is more common in mafic rocks. Negative 
magnetic anomalies indicate that remanent magnetisation is 
significant in the source, and this cannot be measured with a 
magnetic susceptibility meter. Products such as the Q-meter 
(Schmidt and Lackie 2013) are required to measure remanent 
magnetisation in the field.

Arunta Region

The Arunta Region in the southern Northern Territory is 
a relatively new IOCG exploration frontier containing a 
number of promising prospects. Some of these prospects 
show evidence of copper mineralisation associated with Fe-
oxide veining (eg the Illogwa area), and others have strong 
affinities with skarn-like carbonate-magnetite alteration (eg 
Johnnies Reward).  

The Illogwa area is 150 km east of Alice Springs, just north of 
the Amadeus Basin. Historically a number of surface copper 
shows have been found in the area (eg Bullhole Bore, Albarta), 
which were described at the time as sediment-hosted Cu. More 
recently Mithril Resources have been exploring for IOCG-
style mineralisation across several prospects (Figure 9). 
These prospects show a number of indications that IOCG 

Figure 9. A total magnetic intensity map of the Illogwa area, showing a number of Mithril Resources prospects, and some interpreted 
linear structures (dashed lines). Major lineaments are grey, minor structures are black (after Hutton 2012, data from Milligan et al 2010).

Eldorado
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mineralisation may be present. Most have copper ± gold 
anomalies, and/or associated iron veining with or without 
fluorite alteration (Hutton 2012). The prospects are associated 
with intensely altered granite and are interpreted to lie along 
fault zones adjacent to a major crustal structure, a trait typical 
of IOCGs. Most of the prospects are not associated with 
obvious magnetic anomalies, which are typical of Tennant 
Creek and Cloncurry type IOCGs. There does appear to be 
significant magnetite- alteration associated with the major 
structures, and there are a number of bullseye targets in the 
area, many of which are close to Cu anomalies. Modelling 
of bullseye targets at the Bigglesworth prospect suggests 
that these source bodies have magnetic susceptibilities of 
~0.2 SI, which indicates significant amounts of magnetite. 
However, as a general rule the anomalies are quite subtle, 
which is consistent with alteration by relatively oxidised 
fluids associated with hematite-dominated mineralogy, and 
with the observations of Whelan et al (2013).

Johnnies Reward is an IOCG target in the Arunta Region, 
70 km north-northeast of Alice Springs. It coincides with a 
bullseye magnetic anomaly and can be modelled as a pipe 
(Figure 10), which is consistent with IOCGs in the Cloncurry 
District (eg Brumby Prospect). The modelled susceptibility 
is reasonably high (0.15–0.3 SI), which is also comparable to 
the Brumby prospect (average 0.4 SI) and most Cloncurry-
type IOCGs but is significantly less magnetic than the more 
reduced Tennant Creek–type IOCGs. Transol Corporation 
(2012) suggested that the deposit is a carbonate-rich, Au-
rich, Cu-poor variant of the IOCG family. It has strong 
skarn-like affinities, including diopside-magnetite±sulfide 
and marble±magnetite lithologies, and is hosted in garnet-
biotite gneiss. These characteristics are again very similar 
to many IOCGs in the higher grade areas of the Cloncurry 
region (eg Brumby). Localisation of the deposit appears to 
be controlled at a broad-scale by a north–south structural 
corridor along which there are a number of similar deposits, 
a common characteristic of IOCGs. A cross-section of the 

deposit (Transol Corporation 2012) suggests that a number 
of faults controlled fluid flow and precipitation of Fe-oxides 
and sulfides within the deposit. 
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Application of NTGS magnetic depth profiles
Roger Clifton1

1 Northern Territory Geological Survey, GPO Box 4550 Darwin, 
NT 0801, Australia. Email: roger.clifton@nt.gov.au.

The Northern Territory lacks extensive borehole coverage 
but has generally complete coverage of magnetic data, 
mostly collected at 400 m line spacing and stitched into a 
single grid at 80 m cell size (Clifton 2010). A comprehensive 
set of magnetic depth profiles has been derived from the 
magnetics, which were revised during 2013 (Clifton 2013).

A ‘magnetic depth profile’ is a set of probabilities for the 
existence of a magnetic layer at each of a range of depths 
below the centre of a 20 × 20 km sample of magnetic grid 
(Clifton in prep).

An extension of the Spector–Grant method (Spector 
and Grant 1970) has allowed automated production of 
approximately 50 000 depth profiles across the Northern 
Territory. Individual profiles may be studied on the NTGS 
Geophysical Image Web Server (http://geoscience.nt.gov.
au/giws/), or applied as an overlay in a GIS environment as 
an aid to geological mapping (Figure 1).

Depth profiles tend to be noisy, and are easier to interpret 
when a series of profiles are lined up along a transect (Figure 2).

Transects across all Northern Territory 1:250 000 series 
geological maps, arranged in MPEG files of 24 transects 
each, are available on DVD from the NTGS InfoCentre. 
Readily available software such as Windows Media Player, 
can be used to display the transect images, allowing freeze-
frame and screen capture of transects of interest.

The depth profiles were originally developed to aid 
mapping of basalts in the Northern Territory. The basalts 
show strong magnetic responses on the transects but the 
signal comes from a layer within basalt stack, rather than 
from the top or the bottom. Some interpretation is needed 
as the signal can be dominated by the most magnetically 
susceptible layer, or may simply represent the topmost 
layer. Depths less than the line spacing of the original 
survey frequently contain artefacts, so have been routinely 
deleted from the display. Strongly magnetic layers tend to 
mask signals from layers above and below them (Figure 3). 
Most of the transects show a single layer however at other 

Figure 1. Depth profiles (red traces) 
from the NTGS Geophysical Image Web 
Server overlaid on a geological map of 
Darwin. Profiles were extracted from a 
20 × 20 km magnetic dataset centred on 
the zero mark of each profile. The 5 km 
separation of the profiles provides an 
overlap of magnetic data.

Figure 2. East–west transect of 
magnetic profiles from the northern 
ELKEDRA 1:250 000 geological map, 
showing the Kudinga Basalt dipping 
eastwards. At the western end of the 
transect, the basalt is known to outcrop, 
but the surviving signal comes from 
deeper within the basalt.  

Figure 3. South to north transect from 
the northern 1:250 000 WINNECKE 
CREEK geological map, showing a 
dominant basalt layer. There are basalts 
above (and probably below) it, in a stack 
of flows of several hundred metres 
thickness.
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times a second layer becomes visible, such as when weakly 
magnetic sediments overlay strongly magnetic basement. 
The response of the sediments can be identified because of 
their proximity to the surveying instrument however this 
response is still relatively quiet and if the deeper magnetic 
response is sufficiently strong, it can also be identified. 

A syncline is visible in Figure 4 and is also evident on 
adjacent traverses. Synclines defined on transects overstate 
true structural relief because individual profiles tend to 
emphasise the shallowest responses from tilted layers 
within the 20 × 20 km sample.

Metasedimentary rocks can exhibit sufficient magnetic 
layering to be visible in transects. Figure 5 shows such a 
magnetic layer, possibly delineating the base of the Arunta 
Region near the southern boundary with the Amadeus Basin 
sequences. Although the apparent structural relationships 
are evocative of thrusting, other interpretations are possible.

Artefacts due to low quality of original survey data can 
often be discriminated by using flight paths overlays, which 
are also available on the Geophysical Image Web Server. 
The overlap provided by depth profiles produced from 
20 × 20 km samples at 5 km spacing often causes a strongly 
magnetic compact body to appear with similar expression 

in four adjacent profiles, thus belying any such magnetic 
feature as an artefact (Figure 6).

Explorers are invited to obtain a DVD of the NT’s 
magnetic depth transects from NTGS and to explore the 
transects in their regions of interest. An appreciation of 
their value can be obtained by comparing the data with 
transects in areas of known geology.
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Figure 4. South to north transect across 
a syncline in the Amadeus Basin.

Figure 5. South to north transect 
showing a magnetic layer in the Arunta 
Region that appears to be truncated at 
the base of the Amadeus Basin sequence.

Figure 6. Two magnetic layers are 
apparent at the far west and east of this 
transect across the VICTORIA RIVER 
DOWNS 1:250 000 mapsheet. A compact 
body near 131.30°E 16.00°S appears 
on four successive depth profiles. The 
characteristic pattern on each profile 
rules out the possibility that this feature 
is an artefact. Further east of the compact 
body, poor data due to wide flight-line 
spacing results in loss of shallow layers 
and a weak signal at depth.
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Old Pirate High-Grade Gold Project: new insights into geology and the use of bulk sampling as an 
exploration tool
Kate Eiloart1, Pascal Hill1,2, Darren Holden1, Patrick Smillie1 and Alwin Van Roij1

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

2 Email: pascalh@abmresources.com.au

The Old Pirate High-Grade Gold Project is in the Tanami 
District of the Northern Territory (Figure 1). Old Pirate 
is part of the Twin Bonanza Regional Gold Project (Twin 
Bonanza) and is one of a number of gold occurrences within 
the project area.

Old Pirate is characterised by coarse free gold hosted 
primarily in quartz veins within a turbidite sequence of the 
Killi Killi Formation, with mineralisation preferentially 
developed in shales rather than sandstones. On a project 
scale, the sediments are folded to form a south-plunging 
anticline. Quartz veins vary in width from 0.2 m to several 
metres over relatively short strike lengths. The overall 
mineralisation system at Old Pirate comprises multiple 
zones and is approximately 1.8 km long (Figure 2). 
The current JORC compliant global resource is 1.88 Mt 
averaging 10.1 g/t gold (top cut) for 611 000 oz.

During 2013, ABM conducted trial mining and 
processing (bulk sampling) of a parcel of 9844 t of material 
from Old Pirate. The aims of the bulk-sample trial were 
to assess overall grade and confirm the viability of the 

project, unveil further insights into the local geology and 
check whether the gold within the system can be recovered 
using gravity-only methods. Bulk sampling is an important 
exploration technique used to overcome the ‘nugget effect’ 
in mineralisation systems with unevenly distributed gold 
and a high coarse-gold component. Overall, the trial met 
our expectations. There were several new insights into the 
geological model and controls on mineralisation including:

1. Gold appears to be strictly confined to quartz veins in 
the main Old Pirate area however in the Golden Hind 
zone, gold is also contained within sediments in a highly 
altered shear zone.

2. The eastern limb of the Old Pirate anticline is highly 
sheared and gold-bearing veins cross-cut the fold nose 
and continue on to the south, contradicting the previous 
model of saddle reef mineralisation.

3. The narrow vein (0.2 to 0.5 m) at Western Limb has 
several high-grade mineralised footwall splay structures, 
potentially increasing the width of the mineralised 
zone and explaining the wider zones encountered by 
drilling versus the narrower zones identified by surface 
sampling.

Figure 1. Map showing ABM Resources 
tenements in the Northern Territory and 
location of Old Pirate.

Tenement Location Map
ABM Resources NL
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4. The Old Pirate South blow-out zone of high-grade 
surface mineralisation was revealed to be a tight M-fold 
plunging at 18° to 20° to the south.

The head grade of the bulk sample was 17.8 g/t gold 
and reconciled overall with the global resource estimation 
model. Work is underway to assess potential extension 
targets and other nearby zones to enable the company to 
develop a revised Stage 2 mine plan.

Trial mining excavation

During 2013, 9844 t of mineralised material was processed 
from a total of 15 pits. Most of the pits were excavated to 
1.5–2 m depth; however, the Golden Hind and Old Pirate 
South pits were excavated to 5 m. The Western Limb pit was 
excavated to a depth of 4–5 m over much of its length, but 
the lower bench was not mapped or sampled. Mineralised  
material was excavated to a minimum mining width of 0.3 m, 
with quartz veining removed prior to excavation of waste 
(Figure 3). At the completion of each bench (nominally at 
1.25 m bench heights), the pit floor was sampled and mapped. 
Sampling was completed as continuous channels orthogonal 
to the quartz vein strike, with channels spaced at 2.5 to 10 m. 
The quartz veins were also sampled longitudinally, in line 
with ABM’s ‘surface trenching’ methodology.

The pits excavated during the trial mining exercise have 
provided 100% exposure of the limb and hinge zones at Old 
Pirate as well as the high-grade Golden Hind area, which 

Figure 2. Aerial view of Old Pirate system, viewed from the southeast, showing prospect locations. Faults marked in red.

Figure 3. Removal of mineralised quartz vein during trial 
excavation at Golden Hind.
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the contact between a hanging wall shale (to the west) and 
a footwall sandstone. However, the vein locally transgresses 
and lies within the shale, remaining parallel to bedding. The 
vein is 10–40 cm thick, but pinches and swells at various 
points along its strike length. Blow-out areas of the vein 
along this section of Old Pirate are rare, but where they do 
occur are up to 1 m wide. Fluid–wallrock alteration (typically 
silicification) is observed in zones where the vein has pinched 
out and these areas commonly coincide with vein offsets of 
up to 2 m. Visible coarse gold (up to 2 mm grains) is found in 
several sections of the Western Limb vein; in these areas the 
quartz typically exhibits a crustiform–velvety texture and is 
hematite stained.

Quartz splays within the sandstone footwall, striking 
at approximately 015° and 075°, were identified along the 
southern half of the pit wall. In the most southerly section, 
these veins are up to 10 cm thick, exhibit boudinage 
structures and are locally auriferous (highest assay returned 
92 ppm Au). The splays dip 50–75° to the east, commonly 
cross-cutting bedding and typically changing strike towards 
the northwest until the splays become parallel with the main 
vein (Figure 5).

Figure 4. Geological domains defined at Old Pirate, showing 
entire project area (right) and northern part of project area (left). 

has allowed a greater understanding of the complexity of the 
system; this information will be vital in progress towards a 
full-scale mining operation.

Update of geology

Old Pirate is a coarse-gold mineralisation system that is hosted 
within bedding-parallel quartz veins in a southerly plunging 
anticline. Recent pit investigations and detailed mapping 
have improved our understanding of the constraints on 
mineralisation within the Old Pirate system. For the purpose 
of this paper, Old Pirate has been split into several geological 
domains (Figure 4), which are described separately below. 

Previous interpretations have been guided by the saddle 
reef model, which is comparable to the Bendigo/Ballarat 
turbidite-hosted orogenic gold mineralisation systems. 
Although elements of previous interpretations remain 
valid, it has become clear that there are additional structural 
complexities, particularly in the hinge zone, which are not 
adequately explained by previous models.

Western Limb

The Western Limb is a continuous vein, mapped at surface 
over more than 600 m, which strikes north-northwest and dips 
steeply to the west, and is on the western limb of the anticline. 
A 300 m section of the Western Limb was excavated as part 
of the Old Pirate bulk sample. Typically, the vein occurs at 

Figure 5. Geological map of Western Limb, southernmost part 
of the pit.
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Figure 6. Geological map of Central Domain. Figure 7. Geological map of Heartland.

Central Domain

The Central Domain contains multiple veins (up to 5 m 
wide) and wide zones of mineralisation. It includes the Old 
Pirate fold hinge area, Heartland, the southern extension 
of Western Limb and an area previously known as the 
South East veins. Based on field observations of quartz 
distribution, the Central Domain had formerly been 
interpreted as a large-scale parasitic M-fold in the hinge of 
the Old Pirate anticline. Recent mapping suggests that an 
alternate interpretation is possible.

Mapping in the Central Domain (Figure 6) revealed a 
north-northwest trending zone of quartz veins. In contrast 
with the Western and Eastern Limb areas, the Central 
Domain hosts numerous subparallel veins, generally 
parallel to foliation, and occasionally stepping across 
bedding, particularly within the Heartland pit (Figure 7). 
In the south, these veins are complex; the presence of 
splays leads to complicated spatial relationships. To the 
north, in the Heartland area, veins are more consistent 
in strike although they still traverse across bedding. 
Importantly, numerous northwest–southeast cross-cutting 
faults, with associated veining, are observed in the Central 

Domain (again, notably at Heartland). Recent sampling of 
these faults did not yield high-grade results, but gold (up to 
2 ppm) is present in the cross-cutting veins.

Eastern Limb

Eastern Limb appears to be proximal to the axial plane 
of the Old Pirate fold. Surface trenching results indicate 
two mineralised veins at surface with lateral extents of 
about 225 m, striking north–south. Upon excavation and 
sampling, it became apparent that the veins are developed 
within shale in the south, and within sand to the north 
(Figure 8). In the south, mineralisation at Eastern Limb 
is in two discontinuous veins developed at the hanging 
wall and footwall contacts of a narrow shale band. In 
the north of the pit, the single vein is continuous and is 
developed within a thick sand unit. There are thin lenses 
of shale within this sand, and the vein is locally within 
the shale.

The Eastern Limb mineralisation is interpreted to be 
analogous to that at East Side (see below) as it is laterally 
continuous, has a similar strike and occurs dominantly as 
a single vein.
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East Side

East Side is a high-grade, near-continuous 300 m-long 
vein on the eastern limb of the Old Pirate anticline, to the 
southeast of Eastern Limb. Surface trenching assays show 
short (~20 m) very high grade intervals (>50 g/t) adjacent 
to lengths of lower grade mineralisation. The vein varies 
in width, typically 10–70 cm, strikes north–south and dips 
70 –80° to the east. It frequently pinches and swells, and 
is offset locally by distances of less than 1 m; silicic and 
hematitic alteration of the shale is observed where the vein 
narrows. Mineralisation commonly occurs where the vein 
bifurcates. In the northern pits, the vein is stratabound within 
a shale unit whereas in the southern pits, the vein cross-cuts 
the shale unit and is bounded by sandstone on either side, but 
becomes stratabound within a shale unit further to the north.

At the southernmost end of the East Side vein is Old 
Pirate South. Surface data indicate a quartz blow-out area, 
and subsurface excavations down to a fourth bench level 
(5 m) revealed a 40 m long, high-grade vein, 10–30 cm 
wide, and dipping 50–55° to the east along a strike of 190° 
(Figure 9). At the southern extent, the vein is deformed into 
an M-fold, which plunges 20° to the south with fold axis 
cleavage (in shale) dipping 85° towards 090°.

Golden Hind

In 2012, Golden Hind was identified as a zone of multiple 
veins within shale. During trial mining excavation in 2013, 

Figure 8. Geological map of Eastern Limb. Figure 9. Geological map of Old Pirate South.

it became apparent that Golden Hind is hosted within a 
shear zone (Figure 10). Fine-grained gold occurs within 
an interbedded sequence of iron-rich sheared sands and 
silts with quartz stringers. Competent, coarse-grained 
sandstone beds constrain the limits of the shear zone, 
with shearing observed in shales and thinner sand beds. 
Gold is found within the shale lenses, closely associated 
with thin (0.5 –2 cm) stringers of sheared boudinaged 
quartz. Coarse gold is also evident within larger veins 
that are predominantly in the hanging wall and footwall 
of the system. These include two large (10–40 cm wide) 
mineralised veins marking the eastern and western limits of 
the shear zone on the fourth bench.

Veins proximal to the shear zone are typically of lower 
grade (0.1–1 ppm Au) than their counterparts within the main 
shear zone where grades are commonly more than 50 ppm 
Au. The highest assay result from trial mine excavation at 
Golden Hind was 518 ppm Au (sample OPBS101465).

Golden Hind is on the western limb of the same large 
anticlinal structure that hosts Old Pirate but is 600 m south 
of Old Pirate. The rock units, in general, dip to the west, 
however several veins hosted in the medium- to coarse-
grained footwall sandstones in the east of the pit dip 65 –80° 
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to the east where veining has preferentially followed 
the jointing in the sandstone. Chlorite was observed in 
conjunction with quartz in these gold-bearing veins.

Revised interpretation

Current mapping supports the existence of a fold at Old 
Pirate however there is considerable internal complexity 
within the key shale marker units that host mineralisation.

Mineralisation at both Western Limb and Eastern Limb 
is hosted in narrow, laterally extensive (>600 m at Western 

Limb) quartz veins. These veins are typically stratabound 
within shales; the host shales at both prospects are 3–5 m 
thick. In the Old Pirate South pit, a thin sand is locally 
observed adjacent to the quartz vein and, at Eastern Limb, 
the vein is locally developed within a thick sand unit. The 
mineralised quartz vein is clearly folded in the Old Pirate 
South pit, and the shale is thickened around the fold, 
indicating that the vein pre-dates folding.

A zone of subparallel and anastamosing veins in the 
Central Domain is interpreted to represent the introduction 
of fluids to the axial plane of the fold (as opposed to 
being folded themselves). Cross-cutting relationships are 
complicated in this zone. In the south, veins and splays 
show en echelon steps however to the north, veins are cut 
by faults, occupy faults and locally postdate faults. Veins 
locally transgress bedding, and in the east of the Central 
Domain, veins have developed in relatively thick sand 
units.

The origin of mineralisation at Golden Hind remains 
equivocal. The orientation of the main mineralised trend 
suggests that mineralisation developed within a Western 
Limb equivalent environment however significant 
mineralisation is restricted to a zone of shear in which 
several splay veins are developed. The nearest analogue is 
in the south of the Central Domain.

From the data acquired during trial excavation, our 
interpretation is that a series of laterally continuous thin 
veins were developed parallel to bedding prior to folding 
and are now expressed as the Western and Eastern Limbs, 
East Side and possibly Golden Hind. It is likely that vein 
material was introduced into the axial plane during 
folding. Additional veins appear to have been introduced 
in the Central Domain during subsequent ductile to brittle 
deformation, probably late during the folding event. Late-
stage brittle deformation shows offsets along northwest–
southeast trends, accompanied by the introduction of quartz 
that contains some gold, but does not yet show evidence of 
ore grades. Thus, at least three episodes of vein formation, 
potentially accompanied by gold mineralisation, are 
indicated.

Surface sampling during 2011/2012 suggests there are a 
number of additional Limb-style targets, but also shows a 
series of targets that may reflect southward and northward 
extension of the axial-planar mineralisation (Central 
Domain). Further work is required to better define the 
stratigraphic and structural relationships between the Old 
Pirate South and Golden Hind areas.Figure 10. Geological map of Golden Hind (second bench).
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Frances Creek iron ore deposit – a unique style of iron mineralisation?
Linda M Glass1,2 and Daemon de Chaeney1
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Introduction

The Frances Creek iron ore operations are about 200 km 
southeast of Darwin and 20 km north of Pine Creek 
(Figure 1). The area was first mined about 45 years ago 
focusing on massive outcropping lenses of gossanous 
ironstone however operations ceased 10 years later. 
Mining resumed in 2007 and the mine is still in operation 
today. The current operator, Territory Iron Pty Ltd (a 
Noble Group company) produced ~1.5 Mt (dry) of ore with 
an average grade of 55.5% Fe in the 2013 calendar year and 
has committed to expenditure of A$11.5M for resource 
development and exploration in 2014.

Economic grade iron mineralisation is concentrated 
primarily within basal breccias of the Palaeoproterozoic 
Wildman Siltstone (Mount Partridge Group; Figure 2) 
within regional fold hinge zones and limbs of overturned 
north-northwest trending, shallow plunging, non-
cylindrical folds and subordinate parasitic folds and fold 
flexures (Figure 3). The Wildman Siltstone is a dominantly 
pelitic sequence, about 750 m thick and containing up to 
10% sandstone (Stuart-Smith et al 1987). It consists of a 
lower and upper member. The lower member in surface 
outcrop consists of bleached white to grey carbonaceous 
shale including highly angular iron-rich breccias and 
massive ironstone, overlain by laminated grey, brown, red 
and cream shale and siltstone. At depth, the carbonaceous 
shale is pyritic. The upper member is composed of thinly 
bedded shale and sandstone. Although not recognised 
in the official stratigraphic definition for the Wildman 
Siltstone, drilling at Frances Creek has revealed extensive 
dolostone in the lower member. Iron enrichment is not 
restricted to one stratigraphic unit and occurs in strata 
both above and below the Wildman Siltstone, although 
these enrichments do not reach economic levels. A 
characteristic feature of the Frances Creek deposit is that 
high-grade zones comprise numerous small, irregular, 
pod-like orebodies that are about 10–20 m in diameter and 
are generally found within 100 m of the contact with the 
underlying Mundogie Sandstone.

The Frances Creek iron ore deposit has been described 
previously as a distal hydrothermal deposit (Ferenczi 2001) 
that most likely formed by low-temperature hydrothermal 
hematite deposition within pre-existing breccias (Freeman 
n.d.). Iron-bearing oxides include hematite (Fe2O3) and 
goethite (FeO(OH)) ± accessory manganese minerals 
associated with the goethite. High-grade iron ore (>65% 
Fe) is characterised by hard, grey, massive hematite or 
friable purple, microplaty hematite. These ores can range 
from extremely fine grained to coarse grained and bladed 
with numerous irregularly shaped vugs and skeletal 
textures reminiscent of boxworks, in which vugs are 

commonly filled with late-crystallising, coarse-grained 
hematite. Goethite occurs in both ochreous and vitreous 
forms. Petrographic images of hematite in reflected light 
show small (0.05 mm) cubic voids, which suggest the 
presence of an original cubic mineral, perhaps pyrite or 
halite. Carbonate minerals include dolomite, siderite and 
ankerite.

In the main ore zone (FCA pit), Fe-mineralised breccia 
is associated with extensively altered dolerite and breccias 
(Figure 3). Differences in competency (flexural slip 
in folds) between bedding-parallel stratigraphic units 
(eg dolerite sills and metasiltstone/shale) are thought to 
provide a control on mineralisation by providing zones of 
dilation and brecciation. Mineralisation may be associated 
with dolostone-dissolution collapse breccias, and of 
interest is the discovery of large water- and mud-filled 
cavities in drillholes intersecting dolostone within the 
main Frances Creek ore zone (Freeman n.d.). In addition, 
recent drilling results at the Elizabeth Marion prospect 
reveal that goethite/hematite mineralisation is sometimes 
associated with the lithological contact between siltstone/
shale and dolostone. 

A key feature of the deposit is the close spatial 
relationship between the highest grade Fe-mineralisation 
and post-deformational ~1820 Ma Allamber Springs 
Granite (Cullen Supersuite; Figure 2). Concentration of 
high-grade hematite occurs proximal to the granite margin 
(<1.5 km) and goethite (± accessory manganese minerals) 
is more distal. Partial Fe-enrichment of surface siltstone 
by hematite and goethite (± cubic pseudomorphs) is also a 
common feature. 

Oxygen isotope compositions of hematite and goethite 
mineral separates show relative depletion in δ18O relative 
to Standard Mean Ocean Water (SMOW); hematite values 
range from –5.8 to –2.9 δ18O ‰ and goethite –4.0 to –2.3 
δ18O ‰. These values suggest the influence of meteoric 
water.

Current exploration by Territory Iron is focused 
near-mine in order to increase the current iron resource 
inventory. Recently acquired geophysical data (ground 
gravity and airborne time-domain electromagnetic 
surveys) are being used to provide additional information 
about subsurface geology with the aim of better defining 
new drilling targets. 

Preliminary genesis model

In direct contrast to the better known banded iron formation 
(BIF) deposits, we propose a preliminary model for Frances 
Creek style Fe-mineralisation that involves initial basin 
formation and rifting (deposition of ca 2020 Ma continental 
shelf, shallow marine siltstone, shale, dolomite and deeper 
water facies euxinic pyritic carbonaceous shale) followed by 
burial and diagenesis. Regional deformation and greenschist 
facies metamorphism between 1860 and 1830 Ma caused 
east–west shortening, locally producing southwest-dipping, 
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Figure 1. Regional map showing location of the Frances Creek mine site and tenements 
(highlighted by red rectangle).
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Figure 3. Geological cross-section along 8494300N, showing iron ore in the FCA pit, Frances Creek mine site. Map compiled by Dr Richard 
Russell, consultant geologist to Territory Iron Pty Ltd.

north-northwest-plunging overturned isoclinal folds. Post-
deformational (ca 1830 Ma) I-type granites were intruded 
into the metasedimentary sequence and most likely provided 
a long-lived heat source, facilitating deep convection cells 
circulating meteoric hot oxidising fluids.

Metasiltstone and shale are relatively impermeable 
to deep-seated fluid transfer, so structurally enhanced 
pathways are required for fluid migration. These include 
faults, bedding-parallel thrust fault breccias, shear zones, 
dilation zones and flexural slip at boundaries between 
lithological strata of different competency (eg dilation 
in parasitic folds between dolerite and shale). Uranium 
radiometric data has highlighted areas that may facilitate 
fluid transfer within the lower Wildman Siltstone.

The ultimate (primary) source of iron is not constrained at 
present but it may have been derived either from deep-seated 
metasedimentary strata or by oxidation of pyrite (FeS2, which 
is abundant in lower Wildman Siltstone carbonaceous shales) 
by heated, oxidised meteoric water. Oxidation of pyrite forms 
sulfuric acid and Fe2+ in solution, possibly leading to the 
formation of siderite and ankerite, which were later oxidized 
to form goethite and hematite. The acidic solutions may 
have also been responsible for the formation of dolostone-
dissolution cavities. In addition, the spatial relationship 

of I-type granites to goethite, and hematite in particular, 
suggests a role for the granite in mineralising processes.

Structural pathways may have controlled the continued 
distribution of fluids, dissolution of dolostone and 
precipitation of Fe-bearing carbonate, resulting in massive 
sinkholes and eventual gravity collapse of the overlying 
strata (shale, siltstone) to form large zones of brecciation. 
Such sinkholes should be irregular and pod-like, as they form 
along and close to pre-existing structural corridors (faults) 
and along lithological boundaries, especially in the hinges 
of synclines and anticlines. These processes may explain 
the pod-like distribution of high-grade ore zones mined in 
the pits. It is possible that late-stage tropical weathering and 
oxidised meteoric water resulted in supergene enrichment 
as evidenced by coarse hematite crystals filling vugs. 
Constraining the timing of iron formation is therefore 
important to further the understanding of this deposit.

Unravelling the chemical and mineralogical paragenetic 
evolution and structural complexity of the Frances Creek 
iron ore deposit is critical for forward exploration planning. 
To further our understanding of the Frances Creek iron ore 
deposit, Territory Iron is collaborating with the University 
of New England to sponsor and co-supervise an Honours 
student in 2014. 
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What information do we need?

• Source of iron
• Spatial distribution of ore minerals (particularly in 

relation to the granite) 
• Relationships and timing between different mineral 

phases involved in ore genesis (ie determine the 
paragenetic sequence)

• Source(s) and nature of fluid(s) responsible for 
mineralisation

• Pressure, temperature conditions of ore-forming 
processes. 

How can we gain that information?

• Petrography of key specimens – textural relationships 
between minerals 

• Mineral chemistry – SEM/microprobe analyses of 
mineral phases

• Evaluation of geochemical/mineralogical data, 
particularly in a spatial sense

• Stable isotope analyses (oxygen, carbon, hydrogen) – 
build on existing oxygen data

• Fluid inclusion study of quartz, carbonate minerals and 
opaque minerals

• Develop Eh/pH diagrams for appropriate P, T and 
pCO2 conditions to establish path of fluid evolution and 
mineralogical changes/zonation

• Determine chronology of key events (possibly by dating 
of xenotime or monazite).
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Geoscience Australia’s onshore hydrocarbons program in Northern Territory basins, with reference to 
HyLoggingTM in the Georgina Basin
Bridget Ayling1,2, Dianne Edwards1, Jon Huntington3, Karen Higgins1, John Laurie1, Chris Boreham1, Tegan Smith1, 
Lisa Hall1, Robbie Morris1, Alfredo Chirino1, Belinda Smith4 and Takehiko (Riko) Hashimoto1

1 Basin Resources Group, Energy Division, Geoscience 
Australia, GPO Box 378 Canberra, ACT 2601, Australia.

2 Email: bridget.ayling@ga.gov.au
3 Huntington Hyperspectral Pty Ltd, 34 Craiglands Avenue, 

Gordon NSW 2072, Australia.
4 Rocksearch Australia Pty Ltd, GPO Box 3509 Darwin, NT 

0801, Australia.

Geoscience Australia, in collaboration with the Northern 
Territory and state government authorities, is undertaking 
an assessment of selected Australian sedimentary basins 
for their unconventional hydrocarbon resource potential. 
Currently a study of the southern Georgina Basin is 
compiling a cross-border dataset of all accessible open file 
seismic, well, geological and geochemical data for public 
release in mid-2014. Major resampling of old wells, in 
addition to recent exploration drilling data accessed via 
industry collaboration, have generated new information 
on source rock characteristics, kerogen kinetics, and gas 
and oil isotope geochemistry. Preliminary 3D geology and 
1D/2D petroleum systems models have also been generated.  

A major output of the study has been the biostratigraphic 
revision of the Cambrian Series 2 and 3 in the southern 
Georgina Basin. The base of the Arthur Creek Formation 
is now regarded as diachronous, its age varying from 
latest Ordian to Templetonian in the west, and to Floran 
or younger in the east. Furthermore, the Thorntonia 
Limestone in the northeast Undilla Sub-basin has been 
found to consist of two successions, an upper Templetonian 
unit, disconformably overlying a lower Ordian unit, 
whereas in the southern part of the basin, the unit termed 
Thorntonia Limestone belongs to the lower Ordian only. 

These results will be released in a series of short technical 
reports during early 2014.

Several cores from the Georgina Basin have been 
HyLogged by the geological surveys of Northern Territory, 
Queensland and New South Wales, using HyLogging 
facilities funded by AuScope Pty Ltd and CSIRO as part of 
the National Collaborative Research Infrastructure Strategy 
(NCRIS) and CSIRO National Virtual Core Library (NVCL) 
Project. Geoscience Australia currently has a project 
underway to reprocess the raw HyLogging data using a 
common set of mineral scalars, to create an internally 
consistent basin-wide dataset. A composite HyLogging data 
package will be publicly released during 2014, which will 
include reprocessed data, information about the processing 
methods used, and metadata. A second stage of the project 
will involve interpretation of the reprocessed data to further 
examine the relationships between the spectroscopic and 
mineralogical properties measured by the HyLogger, and 
core total organic carbon (TOC), XRD, XRF and ICPMS 
compositional data, gamma log data, and biostratigraphic 
data. This information will better delineate the extent 
of the lower Arthur Creek Formation (and the ‘hot shale’ 
within), and thus should assist in constraining the intervals 
to be used in future unconventional hydrocarbon resource 
assessments in the Georgina Basin. 

Initial work has indicated interesting trends, such as 
the apparent relationship between gamma intensity, core 
SWIR albedo (mean shortwave infrared reflectance) and 
quartz content (Figure 1). Peaks in gamma intensity 
broadly align with troughs in albedo, suggesting that the 
reduced albedo is a result of increased TOC content. In the 
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1 Northern Territory Geological Survey, PO Box 4550 Darwin, 
NT 0801, Australia.

2 Email: dorothy.close@nt.gov.au

absence of TOC or gamma logs, the HyLogging data thus 
may provide useful proxies, enabling potential application 
to other wells in the basin that are data poor. Integration of 
HyLogging data with other data types thus appears to have 
significant potential for rapid assessment of the geology 
and petroleum prospectivity of a frontier basin.

Future work in the Northern Territory by Geoscience 
Australia is likely to include an assessment of the 

Figure 1. Preliminary HyLogging results from the Todd-1 well, Georgina Basin. Top plot: smoothed gamma log coloured by HyLogger-
derived quartz absorption depth (a surrogate for quartz abundance). Relatively high quartz (red) coincides with high gamma; low quartz 
(blue) coincides with low gamma. Bottom plot: HyLogger albedo. Bright rocks (higher albedo) correspond to low gamma, lower quartz 
and higher carbonate (not shown).

unconventional and conventional hydrocarbon potential 
of other basins in the Centralian Superbasin system 
(eg the Amadeus and Warburton Basins). A desktop 
study has commenced to establish the current status of 
knowledge of these basins and to identify priority areas 
for future work. Discussions are underway with NTGS, 
industry and universities to identify potential areas of 
collaboration. 

The McArthur Basin: NTGS’ approach to a frontier petroleum basin with known base metal 
prospectivity
Dorothy F Close1,2

The McArthur Basin is a Palaeo to Mesoproterozoic basin 
that contains key stratigraphic intervals that are prospective 
for both petroleum and mineral resources. It includes the 
world class McArthur River Pb-Zn-Ag mine, containing 
reported total mineral resources of 171.3 Mt @ 11.14% 
Zn, 4.74% Pb, 48.5 g/t Ag which is hosted in the  HYC 
Pyritic Shale Member of the ~1640 Ma Barney Creek 
Formation within the Batten Fault Zone. The recent Teena 
zinc discovery (Taylor and Dalrymple 2014) highlights the 
potential for further large zinc discoveries in the Basin. The 
Barney Creek Formation is also interpreted as a significant 

source rock potential for oil and gas generation and reservoir 
potential with significant gas shows, flows and flares as 
illustrated from Armour Energy’s Glyde-1 gas discovery 
(Munson 2014). In addition, the 1500-1400 Ma Roper Group 
hosts the iron ore deposits of the Roper iron field, and black 
shale units within the same group are a significant target for 
unconventional petroleum exploration, particularly within 
the unexposed Beetaloo Sub-basin.

Despite this prospectivity and known resources, much 
of the McArthur Basin, particularly outside the Batten Fault 
Zone, remains a greenfields exploration province where 
there is limited past exploration and a lack of information on 
3D basin architecture. Areas such as the Walker Fault Zone 
in eastern Arnhem Land are known to be likely correlatives 
of the Batten Fault Zone with high potential for base metals 

Todd-1, 800–950 m depth section
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and hydrocarbons but remain effectively unexplored. 
Similarly, undercover extensions of the basin, and links to 
apparent correlative successions in the Birrindudu Basin 
and Tomkinson Province have remained poorly understood.

A key to further understanding the McArthur Basin’s 
potential for petroleum and minerals resources is to improve 
the knowledge of distribution, depth and character of the 
prospective intervals. This will take an integrated approach 
to understanding the stratigraphy, depositional environment 
and structural evolution of the Basin. 

Upon completion of 1:250 000 mapping the McArthur 
Basin by Northern Territory Geological Survey (NTGS), 
Rawlings (1999) established a framework for correlation 
of stratigraphy across the Basin through definition of non-
genetic depositional ‘packages’ bound by disconformities or 

unconformities (Figure 1).  Each package is characterised 
by similarities in age, stratigraphic position, lithofacies 
composition, style and composition of volcanism and basin 
fill geometry (Ahmad et al 2013).  The boundaries of these 
packages provide appropriate basin-wide surfaces for initial 
building of a 3D model. 

Numerous investigations since the late 1990s (eg 
Scott et al 2000; Hussey et al 2001, Cutovinos et al 2002, 
Carson 2013) have increasingly recognised stratigraphic 
correlations between the McArthur Basin, the Birrindudu 
Basin and the Tomkinson Province. These have been based 
on lithostratigraphic correlations, ages of tuffaceous sections 
and similar provenance from U-Pb dating of detrital zircons 
producing maximum deposition ages. These correlations 
are now being further supported by evidence from seismic 
data that demonstrates undercover continuity between these 
widely dispersed outcropping basins (eg Hoffman 2014). 
Current information suggests that the Glyde package of the 
McArthur Basin, which includes the McArthur Group in the 
Batten Fault Zone, Habgood and Balma Groups in the Walker 
Fault Zone and Vizard Group in the Urapunga Fault Zone, 
is a correlative of the Limbunya Group in the Birrindudu 
Basin, and the Namerinni Group of the Tomkinson Province 
(Figure 2). Similarly, the Favenc package (Nathan and Mount 
Rigg Groups of the McArthur Basin) is a likely correlative 
of the Wattie and Bullita Groups in the Birrindudu Basin. 
The overlying Wilton package, comprising the Roper Group 
of the McArthur Basin is correlated with the Renner Group 
in the Tomkinson Province and more tentatively with the 
Tijunna Group in the Birrindudu Basin (Figure 3, 4). The 
outcropping and undercover extent of the McArthur Basin 
and its contiguous regional correlatives are informally 
referred to here as the greater McArthur Basin.

The challenge is now to combine the understanding 
of these disparate basins into a unified basin model and 
prospectivity assessment; and to open up the entire region 
of the greater McArthur Basin as a single highly prospective 
basin system for both petroleum and minerals exploration. 
To initiate this next step, NTGS is building a 3D model of the 
McArthur Basin based on existing published information 
(Bruna et al 2014). 

Key aspects of NTGS’s approach to improving 
understanding of prospectivity across the greater McArthur 
Basin include:

• characterising known prospective shale units and 
identifying and characterising lesser known shale 
intervals

• systematic correlation of stratigraphy in drillcore 
including using HyLoggerTM (Smith and Schmid 2014) 

• establishing stratigraphic correlations within the 
basin and including the Birrindudu Basin and 
Tomkinson Province and undercover extents through 
characterization of stratigraphy, seismic correlation and 
detailed isotopic studies

• utilising geophysical datasets to assist in understanding 
the basin architecture and evolution through time, 
identifying potential growth faults and depocentres (eg 
Ailleres et al 2014, Betts et al 2014)

Figure 2. Interpreted correlation between the Glyde package of 
the McArthur Basin (including the McArthur Group in the Batten 
Fault Zone, Habgood and Balma Groups in the Walker Fault Zone 
and Vizard Group in the Urapunga Fault Zone) the Limbunya 
Group in the Birrindudu Basin, and the Namerinni Group of the 
Tomkinson Province. Outcropping units are solid grey polygons. 
Interpreted undercover extent is indicated by brown hatching. 
Interpreted extent of the greater McArthur Basin indicated by 
dark red boundary.
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• building a 3D of the McArthur Basin in current 
configuration to generate 2D depth surfaces to top/
bottom of prospective intervals.

NTGS is seeking to work with industry throughout the 
greater McArthur Basin to collaborate on acquisition of 
new data from regional exploration programs, as well as 
bringing newly acquired industry data into the model.
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Preliminary basement architecture of the greater McArthur Basin from gravity inversions
Laurent Ailleres1,2, Robin Armit1 and Peter G Betts1

The greater McArthur Basin has been defined as comprising 
the McArthur and Birrindudu Basins. Both basins are 
intracratonic and of Palaeo- to Meso-Proterozoic age. 
They have previously been interpreted to be contiguous 
(Rawlings 1999, Scott et al 2000). We modelled the pre-
1800–1790 Ma basement architecture by using constrained 
inversions of the gravity field. This allows us to compare the 
modelled deep architecture with a recent interpretation of 
the fault architecture and basin evolution proposed by Betts 
et al (2014, this volume).

The greater McArthur Basin is bounded by and 
unconformably overlies the Arnhem Province to the 
northeast, the Pine Creek Orogen to the northwest, the 
Halls Creek Orogen to the west, the Tanami Region and 
the Tennant Region to the south and the Murphy Province 
to the southeast. Broadly speaking, the basin is overlain 
by younger basins: the Wiso, Victoria, Arafura, Georgina, 
Carpentaria and Ord Basins (Jackson et al 1987, 2000, 
Rawlings et al 1997, Scott et al 1998, Rawlings 1999, 2007, 
Southgate et al 2000).

Our focus was to understand and image the geometry 
of the pre-sedimentation basin architecture of the greater 
McArthur Basin. We did this by performing basin-wide 
gravity inversion of a very simplistic reference model. The 
reference model was constrained at first by the extent of the 
basin (the boundary with known outcropping underlying 

Palaeoproterozoic orogenic belts), and drilling information, 
either as hard intersections of the basement geology or as 
a minimum bound for the depth of the basement. Seismic 
interpretations will be incorporated at a second stage, when 
they become available. Complications in our inversions 
arose from the presence of the coastline in the model area. 
We used a topographic model including bathymetry that 
was derived from Shuttle Radar Topography Mission data 
and bathymetric data (obtained from Geoscience Australia). 

The inversion parameters were the density distribution 
in both basement and basin sediments and the geometry of 
the top of the basement. Although the density distributions 
are highly unconstrained, we assumed homogeneous density 
values for both sediments and basement rocks and derived a 
best-fit basement geometry from a series of inversions testing 
variable density contrast across the basin–basement interface. 

The inversions were carried out using GOCAD-VPmg 
software (Fullagar et al 2004, Fullagar and Pears 2007, 
Fullagar et al 2008) and the ‘geophysical toolbox’ provided 
by MIRA Geoscience. The reference model, comprising 
topography, base of ocean, and a reference top-to-basement 
surface, was discretised within a 2 km × 2 km grid. Each 
element of the subdivided top-to-basement surface was 
permitted to move up or down to better fit the gravity field 
for each of the density contrasts chosen. The gravity data 
were regridded on a 2 km × 2 km grid (Figure 1).

The results are a series of basement cover interfaces that 
are geologically consistent and provide an estimate of depth 
to basement, including uncertainties, and an estimation of 
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the appropriate density contrast. Although these preliminary 
results may not be accurate, the trends and gradients of the 
top-to-basement topography can be analysed and interpreted 
against current knowledge of the basin evolution and, in 
particular, the new architecture proposed by Betts et al (2014).

Future work will incorporate further constraints (eg 
seismic interpretation of the top-to-basement surface and 
later iterations of stratigraphic boundaries) with the aim of 
developing a 3D stratigraphic and architecture model of the 
greater McArthur Basin.
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New insights into the expanse of the McArthur Superbasin
Todd W Hoffman1,2

Previous workers have postulated that the Palaeoproterozoic 
McArthur Basin is correlative with the Birrindudu Basin, 
the Tomkinson Province and the Lawn Hill Platform and 
forms part of a single, large superbasin that is linked at depth 
beneath the overlying Georgina, Wiso, Daly and Carpentaria 
basins (Powell et al 1987, Dunster and Ahmad 2010, Ahmad 
et al 2013, Ahmad and Scrimgeour 2013) (Figure 1).  These 
previous correlations have mainly been founded on field 
observations of closely comparable stratigraphic sequences 
and facies within these basins and limited age dating.  
However, the difficultly with linking these Palaeoproterozoic 
sequences, particularly the Birrindudu and the McArthur 
basins has been the lack of drilling, seismic and gravity data 
across the non-exposed basinal areas, particularly west of the 
Daly Waters Arch. 

In 2013, Pangaea undertook a substantial exploration 
program across four permits (EP 167, EP 168, EP 169 and 
EP 198) in the McArthur Basin consisting of an extensive 
regional 2D seismic survey of approximately 1,400 km and 
29,000 line km of Airborne Full-Tensor Gravity Gradiometry 
(FTG) data (Figure 1 and 2).  The combination of the two 
geophysical datasets along with the integration of regional 
geological data, particularly mineral drilling and historical 
2D seismic, has confirmed previous inferences about 
the extent and distribution of the McArthur Basin in the 
subsurface.  

Regional seismic lines acquired by Pangaea that extend 
from the Birrindudu Basin outcrop show that the basin 
continues east beneath the Roper, Wiso and Carpentaria 
Basins to the Daly Waters Arch.  An angular unconformity 
at the base of the Roper Basin truncates the Wattie and 
Bullita Groups (Nathan Group and Mount Rigg Formation 
equivalents) of the upper Birrindudu Basin towards the east 
in EP 167 and EP 168.  Adjacent to the Daly Waters Arch, 
the Base Roper Unconformity appears to have completely 
removed the Wattie and Bullita Groups in places, and has 
partially truncated the upper Limbunya Group (McArthur 
Group equivalent).  To the east of the Daly Waters Arch in the 
Beetaloo and OT Downs sub-basins, the base of the Roper 
Basin is difficult to interpret as no clear angular unconformity 
is obvious, suggesting that the Daly Waters Arch may have 

acted as a hinge point with more tilting of the basin to the 
west at this time.  

The Limbunya Group within Pangaea’s tenements 
consists of continuous parallel seismic reflection events with 
a very characteristic high amplitude package which can be 
mapped across the entire area.  This intra-Limbunya Group 
seismic event can be seen in the limited open file seismic 
data that intersects the Daly Waters Arch and can be mapped 
across and into the Beetaloo and OT Downs sub-basins to 
the east.  Further east along the western side of the Batten 
Trough where the McArthur Group is dipping west beneath 
the Roper Basin, this same seismic response can be tied to 
the McArthur Group outcrop along the 2002 Geoscience 
Australia Deep Seismic Profile where only a very thin 
interval of  Nathan Group may be present.  

The linking of the McArthur and Birrindudu basins 
beneath the overlying sedimentary cover to form the 
“McArthur Superbasin” is now clearly evident based on the 
newly available seismic data (Figure 2).  However, the exact 
correlation of individual formations within the McArthur 
and Limbunya Groups and those in the Namerinni Group 
in the Tomkinson Province is more difficult.  The limited 
age dating from mineral hole and outcrop samples in the 
Limbunya and Namerinni Groups indicate that formations 
of similar age to the Barney Creek Shale exist in both areas.  
However, the lack of stratigraphic drilling, well-to-seismic 
ties and limited age dating makes exact correlations difficult.  

During 2014, Pangaea plan to drill several shallow 
stratigraphic and unconventional exploration wells to 
confirm the existence of thick organic rich shale across the 
western extent of the McArthur Basin and to understand any 
facies variability.   
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Figure 1.  Regional geological map showing the location of the McArthur Basin in relation to other Palaeoproterozoic basins and orogens 
across the Northern Territory.   The outcrop zones of the McArthur, Nathan and equivalent groups in the Birrindudu Basin, Tomkinson 
Province and the Lawn Hill Platform are also shown, along with Pangaea’s 2013 2D seismic and FTG survey area.
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Figure 2.  Regional map showing the newly interpreted extension of the McArthur Superbasin (McArthur and Nathan Group equivalents) 
overlain on the Proterozoic OZ SEEBASE (De Vries et al 2006).     
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Unravelling the McArthur Basin fault architecture and comparisons with the Mount Isa terrane
Peter G Betts1,2, Robin Armit1 and Laurent Ailleres1

The McArthur Basin (Figure 1) represents part of a large 
intracratonic basins system that evolved throughout the 
North Australian Craton in the overriding plate of a protracted 
convergent margin along the southern margin of the craton 
during the Palaeoproterozoic and Mesoproterozoic. Basin 
initiation was probably driven by retreat of a north-dipping 
subduction trench in response to accretion of the West 
Australian Craton at ca 1790 Ma (Betts and Giles 2006). 
The basins of the north Australian Craton preserve a 
complex evolution involving discrete episodes of crustal 
extension, transient basin inversion and regional switches 
in the direction of extension (Betts et al 2004). The basins 
are best preserved in the Mount Isa Inlier and the McArthur 
1 PGN Geosciences, PO BOX 1033 Melbourne, VIC 3001, 

Australia.
2 Email: peter.betts@pgn.com.au

Basin. In the Mount Isa Inlier, Palaeoproterozoic basins 
are strongly overprinted by intense shortening associated 
with the Isan Orogeny. In contrast, contractional overprint 
throughout the McArthur Basin is mild in comparison.

The evolution of the McArthur Basin spans almost 
400 million years between ca 1790 Ma and ca 1400 Ma 
(Rawlings 1999) and gave rise to five stacked basinal 
packages termed the Redbank package (ca 1790–1710 Ma), 
Goyder package (ca 1710–1690 Ma), Glyde package (ca 
1670–1600 Ma), Favenc package (1600–1570 Ma), and 
Wilton package (1500–1400 Ma).

The Redbank package (ca 1790–1710 Ma) comprises 
shallow-marine to fluvial sandstone, and lesser lutite, 
conglomerate, dolostone and bimodal volcanic and shallow 
intrusive rocks, that display a relatively uniform thickness 
(2.5–6 km) with little variation in facies architecture over 

Figure 1. Shaded relief (45-45) Bouguer 
Gravity map of the greater McArthur 
Basin showing the major boundaries of 
the basinal packages.
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large areas of the McArthur Basin (Rawlings 1999). Locally, 
lithostratigraphic packages thin against palaeogeographic 
highs such as the Murphy tectonic ridge and Urapunga 
ridge. The Redbank package is generally flat lying to 
shallow dipping and forms a layer-cake stratigraphy that 
formed in a southward thickening stratal wedge over 
an area greater than 1 000 000 km3. This has led to 
interpreted models of subsidence driven by a combination 
of forebulge or dynamic topography (Scott et al 2000) in 
either an intracratonic setting or cratonic platform setting 
(Rawlings 2007). The Redbank package correlates with the 
Leichhardt Superbasin in the Mount Isa terrane (Table 1). 
The Leichhardt Superbasin records a protracted period of 
fault-controlled deposition, including opening of a large 
continental rift preserved in the Leichhardt River Fault 
Trough, followed by an episode of north–south extension 
and the development of overprinting east–west-striking 
normal faults (O’Dea et al 1997). Basin deposition was 
interrupted by a basin inversion event (Betts 1999), which 
may correlate with the mid-Tawallah inversion reported by 
Rogers (1996).

The Goyder package (ca 1710–1670 Ma) is spatially 
restricted to a ~6 km-thick depocentre in the central 
Walker Fault Zone (northeastern Arnhem Land) and 
comprises dominantly shallow-marine to fluvial sandstone 
(Rawlings 1999). The package shows distinct stratal-wedge 
architecture that thickens towards north–south trending 
faults, suggesting deposition in a fault-controlled half-
graben during localised east–west extension (Figure 2). 
The Goyder package correlates with the sedimentary 
and volcanic succession of the Calvert Superbasin in the 
Mount Isa Inlier. The early phase of the Calvert Superbasin 
sedimentary succession was deposited within half-graben 
bounded by northeast-striking normal faults during 
northwest–southeast extension (Betts et al 1999). During 

the waning stages of the Calvert Superbasin the direction 
of regional extension switched to northeast–southwest and 
led to the development of a north-northwest- and northwest-
trending half-graben that may have continued to evolve 
during the development of the overlying Isa Superbasin 
(Gibson et al 2008). 

The Glyde package (ca 1670–1600 Ma) defines a change 
in architecture to a basin characterised by deposition 
of stromatolitic and evaporitic dolostone, fine-grained 
siliciclastic sedimentary rocks, with smaller constituents 
of coarse-grained sandstone and tuffs (Rawlings 1999). 
The Glyde package was deposited in shallow to moderately 
deep-water conditions (Rawlings 1999) and is exposed in 
the Walker and Batten Fault Zones in the northern and 
southern McArthur Basin, although geophysical data 
suggest that the Glyde package may be more extensive 
beneath younger packages to the west and south of present-
day exposures. The Glyde package is extensively affected 
by syn-depositional basinal faults that are evident in 
geophysical datasets. The pattern of basinal faulting is 
complex and variable across the basin. For example, in 
the central Batten Trough, the Glyde package depocentres 
are controlled by rhomb-shaped sub-basins defined by 
northwest-striking normal faults and north- to north-
northeast striking sidewall faults. In the northern Batten 
Trough the distribution of the Glyde package appears to 
be controlled by linear northwest-striking basins bounded 
by normal faults. Locally, basin depocentres appear at the 
intersection of major north–south faults (eg Emu Fault 
Zone) and east–west faults (eg Etheridge and Wall 1994), 
which may have acted as extensional faults (Neudert 
and McGeough 1996) controlling local facies variations 
and producing stratal wedges of the upper Umbolooga 
Subgroup, which thickened to the east and northeast. On a 
more regional scale, northwest-trending normal faults such 

Basin package Age McArthur kinematics Mount Isa terrane Isa kinematics

Redbank package 1790–1710 Ma Poorly constrained – possibly E–W striking 
normal faults controlling south-thickening 
regional stratal wedges.

Leichhardt 
Superbasin

E–W extension associated with the 
development of the Leichhardt Rift 
(ca 1790–1760 Ma) and N–S extension 
between ca 1760 and 1740 Ma (O’Dea 
et al 1997).

Goyder package 1710–1670 Ma West-thickening stratal wedges controlled by 
N–S-striking normal faults, suggesting E–W 
extension.

Calvert Superbasin NW–SE extension at ca 1710–1690 Ma 
(Betts et al 1999) and NE–SW 
extension between ca 1690 and 1670 Ma 
(Gibson et al 2008).

Glyde package 1670–1600 Ma Basin depocentres controlled by N-striking 
normal faults, localised rhomb-shaped 
sub-basins bounded by NW-striking normal 
faults and ~N-striking sidewall faults, and 
intersection between E–W-striking faults and 
N-striking faults. The kinematics of all of these 
fault relationships suggests NE–SW extension 
at ca 1640 Ma.

Isa Superbasin NE–SW extension between ca 1670 
and 1640 Ma (Gibson et al 2008). 
Riversleigh inversion at ca 1640 Ma 
associated with N–S shortening 
(Southgate et al 2000).

Favenc package 1600–1570 Ma No known kinematics. Upper Isa 
Superbasin

Negative and positive flower structures 
associated with west-northwest strike-
slip faults and northeast-striking 
splays associated with east-southeast 
wrenching (Scott et al 1998)

Wilton package 1500–1400 Ma Stratal wedges thickening towards NW-striking 
and N–S-striking faults, indicating NE–SW to 
E–W extension. 

South Nicholson 
Basin

Not constrained.

Table 1. Comparison of the kinematic regimes of McArthur Basin and Mount Isa terrane.



96 N
O

R
TH

E
R

N
 TE

R
R

ITO
R

Y
 G

E
O

LO
G

IC
A

L S
U

R
V

E
Y

N
O

R
TH

E
R

N
 TE

R
R

ITO
R

Y
 G

E
O

LO
G

IC
A

L S
U

R
V

E
Y

Figure 2. Geological and geophysical data of the Parsons Range illustrating stratal growth during deposition of the Parsons Range Group (Goyder package) towards 
north–south-striking normal faults. Left: Distribution of outcropping geology (sourced from NTGS GIS databases). Right: Solid geology interpretation of the major basinal 
packages. Both images have interpreted faults superimposed.
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Figure 2 (continued). Right: Solid geology interpretation of the major basinal packages. Left: Tilt derivative image of the RTP magnetic grid (NTGS Grid). Right: Sun-shaded 
first vertical derivative image of Bouguer Gravity data (NTGS Grid). Both images have interpreted faults superimposed. 
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as the Mallapunyah Fault (and its along-strike extension) 
bound major depocentres to the southwest. We speculate 
that the Glyde package fills these depocentres based on the 
influence of northwest-trending faults on basin architecture. 
The pattern of fault activity during deposition of the Glyde 
package is consistent with northeast–southwest extension. 
The Glyde package has been correlated with the successions 
deposited within the Isa Superbasin (Southgate et al 2000). 
Gibson et al (2008) reported syn-sedimentary faulting 
and half-graben formation associated with approximately 
northeast–southwest extension, which continued until 
ca 1640 Ma. In the northern Mount Isa terrane, the Isa 
Superbasin experienced a basin inversion associated with 
north–south shortening at ca 1640 Ma. Structures formed 
during this inversion have not been documented for the 
McArthur Basin, although the inversion may be recorded by 
the unconformity that separates the Umbolooga Subgroup 
and the Batten Subgroup (Jackson et al 1987). 

The Favenc package (ca 1600–?1570 Ma) outcrops 
from the southern McArthur Basin to northeastern 
Arnhem Land and comprises a ~50–1600 m-thick package 
of stromatolitic and evaporitic dolostone and intercalated 
sandstone deposited in a shallow and marginal marine, 
peritidal-shelf and continental sabkha setting (Rawlings 
1999). The Favenc package shows little evidence for 
fault-controlled deposition and is interpreted to represent 
the sag-phase of the evolution of the basin (Rawlings 
1999). The Favenc package correlates with the upper 
stratigraphic successions of the Isa Superbasin. Deposition 
of the Favenc package coincided with the onset of the 
Isan Orogeny (Betts et al 2006), and the development of 
negative and positive flower structures associated with 
west-northwest strike-slip faults and northeast-striking 
splays associated with east-southeast wrenching (Scott 
et al 1998). Post-Favenc crustal shortening resulted in 
thrust duplication of the Redbank and Glyde packages (eg 
Batten Ranges) and has been interpreted to have occurred 
during east-southeast to west-northwest shortening 
(Rawlings et al 1997). Under this kinematic regime, major 
northwest-striking faults would have undergone sinistral 
reactivation, whereas the approximately north–south-
striking faults would have reactivated as reverse and/or 
thrust faults. This shortening event correlates with the 
main phase of east–west shortening of the Isan Orogeny 
in the Mount Isa Inlier.

Renewed basin development is represented by 
the Wilton package (ca 1500–1400 Ma), which is 
characterised by a widely distributed cyclic successions 
of siliclastic sediments deposited during shallow-marine 
and nearshore to shelf environments (Rawlings 1999). 
The Wilton package represents a broad platform that is 
thickest in the Beetaloo Sub-basin but thins towards the 
Urapunga and Batten Fault Zones (Rawlings 1999). There 
is evidence for stratal growth during deposition of the 
Wilton package at several locations; for example, distinct 
stratal-wedge architecture, characterised by northward 
thickening of the Abner Sandstone towards the Lagoon 
Creek Fault Zone (Figure 3). Subtle evidence for growth 
of the Abner Sandstone towards north–south striking 

faults is also found on the Bauhinia Shelf. North–south 
trending fault zones also bound the Wilton package along 
the western margin of the Batten Trough and this may 
represent a large basinal fault zone. Regional geophysical 
data in the northern Batten Trough suggest deposition 
of the Wilton package was controlled by northeast-
striking faults associated with local northwest–southeast 
extension. The pattern suggests that pre-existing 
northwest-striking faults behaved as side-wall faults at 
this time.

Inversion of the Wilton package resulted in the 
development of open folds with north–south- and 
northwest-oriented axial traces. Rawlings et al (1997) 
interpreted a northeast–southwest shortening direction. 
Northwest-oriented folds are developed adjacent to major 
northwest-striking faults; we suggest that these folds are 
related to basin inversion, reactivation of deeper faults and 
development of isolated growth anticlines. Rogers (1996) 
interpreted dextral movement along the Tawallah Fault 
consistent with northeast–southwest shortening. However, 
reactivation of faults oriented north–south, northwest and 
northeast is consistent with east–west shortening. The 
timing of this shortening event is poorly constrained, but 
pre-dates the development of the Neoproterozoic Arafura 
Basin (Rawlings 2007).
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Figure 3. Geological and geophysical data of the Lagoon Creek Fault Zone illustrating stratal growth during deposition of the Abner Sandstone. Left: Distribution of 
outcropping geology (sourced from NTGS GIS databases). Right: Solid geology interpretation of the major basinal packages. Both images have interpreted faults superimposed. 
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Figure 3 (continued). Left: Tilt derivative image of the RTP magnetic grid (NTGS Grid). Right: Sun-shaded first vertical derivative image of Bouguer Gravity data (NTGS 
Grid). Both images have interpreted faults superimposed. 
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Three-dimensional modelling is extensively used in the 
petroleum and mining industries to fill the gap between 
subsurface reality and a geologically scarce database of 
seismic lines, boreholes and outcrop data (Borgomano et 
al 2008). Several innovations in the world of 3D models 
have dramatically reduced the time, cost and difficulty of 
building a structural model (Calcagno et al 2008, Caumon 
et al 2009). These new methods allow multiple structural 
models to be realised for a single area of interest, statistically 
limiting the bias induced by the modelling process and 
by considering only a single structural realisation. In 
this context, the McArthur Basin Project was initiated 
to compile heterogeneous geological data in a coherent 
3D stratigraphic framework. The obtained model will be 
updated regularly to incorporate new data and can be used 
as a keystone tool to visualise subsurface structure and to 
interpolate properties in a 3D environment. 

Geological setting

For the purpose of this study, the greater McArthur 
Basin was defined as a huge area composed of a series 

of sedimentary basins that are equivalent in age and 
composition to the McArthur Basin sensu stricto. This area 
is in the northern half of the Northern Territory, Australia. 
Preliminary results presented here are focused on the area 
of exposed McArthur Basin rocks, an area covering about 
800 × 600 km. 

Stratigraphic divisions and targeted horizons

The McArthur Basin sequence is from 8 to 10 km thick 
(Figure 1) and comprises a succession of primarily 
sedimentary rocks with subordinate volcanic rocks, which 
has previously been subdivided into five basin-wide 
lithostratigraphic packages characterised by similarities 
in age and lithofacies, each separated by a regional 
disconformity or unconformity (Ahmad et al 2013). Based 
on these subdivisions, correlation between the basins has 
been attempted throughout the greater McArthur Basin. 
Nevertheless, these packages are themselves subdivided 
into formations whose presence and composition vary from 
one region to another. At the scale of the greater McArthur 
Basin, the correlations between these formations need to be 
clearly established. 

In the McArthur Basin, the main economic targets are 
within two of the previously defined packages: the Glyde 
and Wilton packages (Figure 1). The Glyde package is a 
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sandstone–dolomite succession, 5 to 7 km thick, containing 
major unconventional hydrocarbon reservoirs (eg Teena 
Dolostone, Stretton Sandstone) and important ore deposits 
(eg HYC horizons in the Barney Creek Formation) 
(Figure 1). The Wilton package is a 2 to 3 km thick, 
mainly sandstone succession targeted for hydrocarbons, 
iron ore and heavy mineral resources (Figure 1). The 
Wilton package is thickest in the Beetaloo Sub-basin of the 
McArthur Basin, which lies under cover of the Mesozoic 
Carpentaria Basin. The Beetaloo Sub-basin (Figure 1) is 
recognised as having the greatest petroleum potential of 
the McArthur Basin and consequently is probably the best 
subsurface-constrained area (due to an extensive seismic 
database from the petroleum industry).

Basin structure

The present-day structure of the McArthur Basin preserves 
a polyphase and complex structural history (Ahmad et al 
2013). Some of the major structures in the basin are the 
result of reactivation of inherited deep basement structures 
(Haines et al 1999). The sedimentary basin development 
was then perturbed by thin-skin deformation and by 

reactivation of basement structures. The basin displays two 
main, highly deformed structures: the north–south Walker–
Batten Fault Zone and the east–west Urapunga Fault Zone. 
These fault zones separate four relatively undeformed areas 
(Figure 1). 

Project objectives

The main questions addressed in this work are: (1) how 
to model such structural and stratigraphic complexity at 
regional scale and then apply the model to improve and 
validate subsurface information; (2) what are the limitations 
of the 3D implicit modelling technique and what types 
of structures need to be considered; and (3) what further 
work needs to be undertaken to improve the fundamental 
understanding of the geological history of the McArthur 
Basin. 

Method and available data  

The implicit modelling method (GOCAD-SKUA® 
software) was used to initiate the building of the McArthur 
Basin model. This method allows stratigraphic horizons to 
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Figure 1. Location, geology and stratigraphy of the area of interest. (a) Map of the greater McArthur Basin showing the sub-basins 
considered in this study; (b) McArthur Basin geology and structure highlighting the main north–south Walker–Batten Fault Zone and 
east–west Urapunga Fault Zone and the relatively undeformed areas between them; (c) synthetic lithostratigraphic log focused on the Glyde 
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be modelled in independent fault or unconformity bounded 
blocks, and permits easy update of input data (Caumon et al 
2009, Cherpeau et al 2010). It also allows complex structures 
such as ‘Y faults’ or large-scale deformation structures to be 
represented while limiting boundary artefacts. The available 
inputs to the model are a combination of 1D (petroleum 
wells) and 2D data (maps, cross-sections, seismic lines and 
gravity surveys). The Batten Fault Zone and its surrounds 
were initially modelled using a series of cross-sections 
that were developed by the Predictive Mineral Discovery 
Cooperative Research Centre (pmd*CRC). 

Preliminary results

A map-based interpretation combined with a synthesis 
of available stratigraphic and field data was conducted to 
delimit the extension of the main economic targets in the 
area of interest (limits of Glyde and Wilton packages). This 
step was necessary to define the boundaries of the volume 

of interest used in the modelling process. The interpretation 
of the extents of these packages restricts the area of focus 
and highlights potential correlations between neighbouring 
basins. This raises the question of whether the McArthur 
Basin represents a series of stacked basins.

Due to the size of the basin and the number of mapped 
faults present, a classification of faults as first and second 
order was undertaken. This limited the number of objects 
in the model and placed the focus on the most important 
deformations (Figure 2). This classification was based 
on information extracted and interpreted from cross-
sections, maps, field descriptions and geophysical data 
and allowed us to establish a hierarchy of fault trace 
length and geometry, estimated fault offset and type of 
fault. This process highlighted a series of structures that 
are incompletely or wrongly characterised with respect 
to the available data. In the BLUE MUD BAY 1:250 000 
mapsheet area, the northern termination of the Walker 
Fault Zone appears as an important structure that is poorly 

Figure 2. 3D environment of the McArthur Basin. The black line is the NT coastline, the blue polygon is the extension of the Glyde 
package and the yellow polygon is the extension of the Wilton package in the greater McArthur area. The red curves are the first order 
faults and the green are the second order faults. The beige coloured area represents the pmd*CRC study area and displays the first-pass 
model generated on the Batten Fault Zone.
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understood and characterised. The classification and 
interpretation process limited the total number of faults to 
be included in the 3D model to 150 for the entire McArthur 
Basin (Figure 2). 

An interpretation of subsurface fault geometry was 
also realised (Figure 2) and integrated in the modelling 
process. The basin displays both shortening and extensional 
deformations and it appears that some of the faults are 
bent in potential décollement layers or at weak interfaces 
identified in the sedimentary series. These types of 
structures are generally associated with low-angle faults 
and with imbricate structures (sequences, duplexes). As an 
example, the Geoscience Australia seismic line across the 
Batten Fault Zone, reflects a sequence of fault-bend folds 
branched in a major first-order fault bent in the weak base 
of the upper Tawallah Group (Wollogorang Formation.). 
In addition, some of these faults are clearly thick-skinned 
style structures, deeply branched in the basement. In a first 
approximation, décollement layers have been considered as 
flat and continuous, but their geometry will be improved as 
additional data is acquired. 

Future work

First modelling runs have been restricted to a highly detailed 
area in the southeastern McArthur Basin where a simplified 
and updated model was proposed as an alternative to the 
existing one (Figure 2). This fault structure model was 
undertaken to improve fault geometry. Ongoing work aims 
to propagate the 3D fault model to the northern part of the 
McArthur Basin. This phase is a prerequisite to modelling 
horizons using a combination of outcrop and subsurface 
data. 

Fieldwork is planned to improve the understanding 
of key structures such as the northern termination of the 
Walker Fault Zone and the eastern part of the Urapunga 
Fault Zone. Construction of a series of ‘balanced cross-
sections’ (Suppe 1985) is planned to constrain the model 
where data are scarce and to improve the understanding 
of the fault geometry and evolution of deformation in the 
McArthur Basin.

Finally, micro- to meso-scale investigations are planned 
to investigate the distribution, type and frequency of 
fractures in prospective units of the McArthur Basin. 

A further aim of this project is to clarify potential 
correlations between the basins that constitute the greater 

McArthur Basin. The Birrindudu Basin, Tomkinson 
Province and South Nicholson Basin are of potential 
economic interest and are fundamental to understanding 
(1) the geodynamic evolution of the greater McArthur 
Basin, (2) thickness variations throughout sedimentary 
packages and (3) the resource potential of the entire greater 
McArthur Basin (Figure 1). Focusing exclusively on the 
Glyde and Wilton packages, the sedimentary succession 
is reasonably comparable between the McArthur Basin 
and the Birrindudu Basin – Tomkinson Province (Ahmad 
et al 2013). A major question to be addressed, however, 
is estimation of the reduction rate of the sedimentary 
succession due to the apparent lack of the Favenc package 
in both the Birrindudu Basin and the Tomkinson Province. 
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The Teena Prospect is a sediment-hosted Zn-Pb massive 
sulfide (SHMS) occurrence located in the Northern Territory 
of Australia, approximately 8 km west of Glencore Xstrata’s 
McArthur River Mine (196 Mt at 11.0% Zn, 4.8% Pb and 
53 g/t Ag; Glencore Xstrata 2013, IntierraRMG 2013). 
Teena occurs in Palaeoproterozoic sedimentary rocks of 
the north-northwest-trending intracratonic McArthur Basin 
of the Carpentaria zinc province, which contains seven 
giant Zn-Pb deposits (McArthur River, Mt Isa, George 
Fisher, Hilton, Century, Cannington and Broken Hill). 
Mineralisation at Teena is hosted within a discrete, fault-
bounded, fourth-order sub-basin (Teena Sub-basin) within 
the Barney Creek Depositional Sequence (McGoldrick et al 
2010), which comprises a package of platform carbonates, 
tuff, sandstone and reduced siltstone and shale that was 
deposited in a complex extensional regime around 1640 Ma. 

Teck Australia Pty Ltd entered the area in 2011 through 
an earn-in option with Rox Resources Ltd, due to its 
prospective setting adjacent to an interpreted east-trending 
growth fault (Bald Hills Fault), the presence of the Barney 
Creek Formation (host to the McArthur River deposit) at 
depth and indications of anomalous zinc mineralisation. 

The first systematic exploration of the Teena Sub-
basin was completed in the late 1950s by the Carpentaria 
Exploration Company (CEC) following the discovery of 
outcropping float coated in cerussite at the base of a hill 
on the western margin of the Teena Sub-basin. In 1961, 
CEC drilled a single diamond hole 250 m down dip of 
this outcrop, but intersected only narrow lower grade Pb 
mineralisation. Exploration recommenced in the area 
in the mid-1970s. A second diamond hole drilled 2 km 
further west intersected 9.2 m at 3.49% Zn and 0.44% Pb. A 
further two holes were completed, but were reported as not 
intersecting any significant mineralisation. Investigations 
by Teck in 2012 revealed that an additional five holes had 
been drilled by CEC in the mid-1970s on the margins of the 
Teena Sub-basin. 

Integration of structural interpretations based on 
potential field surveys (eg Falcon gravity survey), mapping 
of surface geology and re-logging of the historical drill 
core yielded vectors toward the more prospective sub-

basin depocentre in the axis of a syncline, which remained 
untested. 

The first drilling in the Teena Sub-basin by Teck, in 
June 2013, tested the interpreted sub-basin depocentre and 
returned higher grade mineralisation in multiple horizons, 
including 16.2 m at 17.2% Zn+Pb in the first hole (TNDD09), 
20.1 m at 15.04% Zn+Pb in the second hole (TNDD10) 
drilled into the synclinal axis ~250 m from the first, and 
a further two holes that returned significant mineralisation 
(Rox Resources Ltd public releases 2013). 

Mineralisation at Teena occurs as several styles hosted in 
reduced pyritic and non-pyritic shale, dolomite and siltstone 
interbedded with siliciclastic and volcaniclastic ‘mass 
flow’ beds belonging to the basal portion of the Barney 
Creek Formation. Sulfide styles include a dominantly fine-
grained, laminated stratiform Zn-Pb phase (Zn>Pb), a 
stratabound sphalerite-galena phase, and replacement-style 
mineralisation associated with veining and fault breccias. 
To date, drilling has defined mineralisation over a strike 
length of 1.3 km; however, further exploration is required 
to understand the economic potential of the prospect.

The Teena discovery presents one of the more promising 
discoveries of higher-grade stratiform zinc mineralisation 
in the Carpentaria province over the last two decades. 
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Introduction

A key requirement for explorers in the greater McArthur 
Basin region is to be able to identify the location of 
prospective subsurface stratigraphic units. One factor 
that has hindered this process is stratigraphic logging 
of drillcore by many different geologists in different 
mineral and petroleum companies over several decades, 
with little relogging or comparison between drillholes. 
NTGS is scanning its core facility drill core through the 
HyLogger and initial comparisons of logged stratigraphy 
with HyLogged mineralogy show inconsistencies both 
within holes (Figure 1) and between neighbouring 
holes. For example, logged stratigraphic boundaries 
(particularly unconformities) often do not show expected 
sharp mineralogical or textural contrasts, or the dominant 
mineralogy does not match that described for a particular 
stratigraphic interval.

To gain better stratigraphic controls across the McArthur 
Basin, HyLogger data will be used for sedimentological 
interpretation with an initial emphasis on stratigraphic units 

Correlation between HyLoggerTM data and sedimentology across the McArthur Basin – Phase 1
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in the economically significant Glyde package. HyLogger 
results so far have highlighted changes in mineralogy such as 
from quartz-rich to carbonate-rich rocks; as well as changes 
in carbonate composition, core colour changes, and changes 
in albedo (reflectance). Such changes may relate to variations 
in depositional environment, which can be interpreted from 
gradational boundaries. Specifically mineralogy changes 
may also result from variations in diagenesis, or overprinting 
due to metasomatic/hydrothermal alteration.  Black shales, 
which are important for both unconventional hydrocarbon 
potential as well as base metal potential, can be mapped 
by low albedo (in contrast to surrounding lithologies) 
and a SWIR ‘aspectral (noisy or non-matching) response 
(Figure 2). The metalliferous properties of the black shales 
may be indirectly measured by the HyLogger gypsum 
response. Gypsum commonly forms as a weathering 
product of pyrite under humid and hot conditions during 
core storage.

One way of correlating drill holes across the basin is 
to identify and map marker horizons. Tuffaceous units 
provide excellent time marker horizons. There are several 
tuffaceous layers within dololutites and carbonaceous, 
dolomitic shales, including the economically significant 
black shales of the Barney Creek Formation. The tuffs are 
commonly diagenetically altered and replaced by silica 
and potassium feldspars and form a strong mineralogical 

Bukalara Sst

Quartz

Sly Creek Sst McDermott Fm

Carbonate

Figure 1. HyLogger output from drillhole GSD7, showing logged stratigraphy (top row), dominant SWIR mineral (row 2), dominant TIR 
mineral (row 3) and core colour (row 4). Drillhole depths increase from left to right. The stratigraphic log came from a company report. 
The logged stratigraphic boundary between the Sly Creek Sandstone and the McDermott Formation is clearly defined by a sharp change 
in the mineralogy (from quartz-rich to carbonate-rich in the TIR) and in core colour.  However, the logged unconformity between the 
Cambrian Bukalara Sandstone and the Proterozoic Sly Creek Sandstone is indistinguishable from the HyLogger results.  The core colour 
and mineralogy appear to be continuous across this boundary.  This contact requires further checking.
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Figure 2. Logged Proterozoic Barney Creek Formation (Glyde package) from drillholes MY5 (Figure 2a) and GRNT79-8 (Figure 2b).  
X-axis shows drillhole depths and Y-axis plots (smoothed) albedo. Plots are coloured by the dominant mineral group in the TIR. The tuffs 
are compositionally distinct (orange colour is feldspars, light pink is quartz) and have an albedo contrast to the rest of the Barney Creek 
Formation lithologies (particularly the dark shales, which have low albedo). The khaki colour shows spectral matches to gypsum, which is 
interpreted to be a weathering product after pyrite (post-drilling effect) in the dark shales.

contrast to the otherwise carbonate dominated sediments, 
which may be difficult to visually identify on core. 

This phase of work is designed to integrate the HyLogger 
response with sedimentology in order to work towards 
constraining the stratigraphy within the McArthur Basin.  

The first stage of this work is concentrating on characterising 
and mapping tuffaceous units within the black shales of the 
Glyde package, which will allow their use as a marker horizon 
with the ultimate aim of assisting explorers in correlating 
prospective stratigraphy within their project areas.

a

b
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