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Minerals and petroleum exploration activity in the 
NT - key highlights and trends from 2014  

Ian Scrimgeour  



Exploration in the Territory 
• Tale of two industries: unprecedented 

petroleum activity while minerals 
continues to struggle 

• The Beetaloo Sub-basin continues to 
show promise as a shale basin 

• Gold is back – resurgence in Tanami 
and Tennant Creek 

• Zinc continues to impress in the 
McArthur 

• Terrible year for iron ore, uranium still 
doing it tough 

• Resource base in the Arunta 
continues to increase, especially for 
copper 

• Greenfields expenditure for minerals is 
near historic lows 
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Annual petroleum exploration expenditure                   
(combined onshore and offshore, calculated quarterly) 

$M 

Source: ABS Petroleum Exploration Expenditure Statistics, Dec Quarter 2013 

2014 : $554M 



• Numerous large basins with highly prospective 
gas- and oil-bearing shales  

• Mesoproterozoic stratigraphy of McArthur Basin 
represents a major shale play being actively 
explored 

• McArthur Basin contains two stacked basins with 
multiple prospective shale horizons 

• Middle Velkerri Fm is demonstrated to be gas-
bearing over a large area of the McArthur Basin 

• Other shale plays at an earlier stage of 
exploration 

Shale gas in the Territory  



Origin-Sasol-Falcon JV –  Beetaloo Sub-basin 

• Nine well, $165M exploration and 
appraisal program over five years 
(commenced 2014) 

• Four vertical exploration wells 
• Five stimulated horizontal 

exploration/appraisal wells, including 
production testing 

• Drilling/testing specifically planned to 
take the project towards commerciality 

• Origin Energy are the operator 

Activity overview 

Source: Falcon Oil and Gas TSX Announcement, 2 May 2014 

Shale in the McArthur 



Shale in the McArthur 

Santos-Tamboran JV in eastern Beetaloo Sub-basin 

• Tanumbirini-1 was drilled to a depth of 
3,945 metres in mid-2014  

• Santos’s only shale gas well in 2014 
• Multiple thick intervals of organic-rich rock 

have been intersected at the Mid-Velkerri 
level, accompanied by significant mud gas 
shows.  

• Elevated gas readings were encountered 
over a total gross interval in excess of 
500m.  

• The well is being cased and suspended for 
re-entry in 2015. 

Activity overview 

Source: Santos Third Quarter Activities Report, October 2014 



• New (2013) seismic has extended the 
Beetaloo Sub-basin west by at least 200 
km 

• Flat-lying stratigraphy with prospective 
shale intervals at suitable depths 

• Drill testing occurred in 2014, testing the 
Velkerri Formation in the Beetaloo Sub-
basin, and also the deeper McArthur 
Group 

• No publicly released results to date 

Activity overview 

Source: Hoffman (2014), in NTGS Record 2014-001 

Pangaea Resources in western Beetaloo Sub-basin 

Shale in the McArthur 



• Cullen-1 well drilled to 3325m (Beach Energy) 

• 4 shallow stratigraphic wells in St Vidgeon area 
near Ngukurr (Imperial Oil and Gas) 

• 5 wells drilled in Southern Georgina Basin, 
targeting oil, with 2 hydraulically tested (Statoil) 

• Dingo field moving into production (Central 
Petroleum)  

• First oil production at Surprise (Central 
Petroleum) 

• Mt Kitty well (2140m) flowed gas from fractured 
basement beneath Amadeus Basin (Santos) 

 

Other activity in 2014 



2014 –  
$108.0M 

2011 –  
$228.4M 



ABS Definiton of Brownfields (Existing Deposits): delineating or proving up an 
existing deposit, including extensions and infill, which has been classified as an 
Inferred Mineral Resource or higher 



$M 



Activity reported to DME in 
2013  

Mineral ELs on which significant on-
ground exploration was reported to DME in 
2013 
 
Green = geophysics 
Red = drilling 
Blue = geochemistry 
 
Notes:  
1. This reflects exploration reported by industry in 

technical reports submitted in 2013. Exploration 
may have taken place during 2012 or 2013, and 
not all exploration undertaken in 2013 is included 

2. Only includes exploration on ELs, not MLs 
3. Excludes petroleum exploration 
 



Activity reported to DME in 
2014  

Mineral ELs on which significant on-
ground exploration was reported to DME in 
2014 
 
Green = geophysics 
Red = drilling 
Blue = geochemistry 
 
Notes:  
1. This reflects exploration reported by industry in 

technical reports submitted in 2014. Exploration 
may have taken place during 2013 or 2014, and 
not all exploration undertaken in 2014 is included 

2. Only includes exploration on ELs, not MLs 
3. Excludes petroleum exploration 
 





The Tanami is back 

Groundrush 

Old Pirate 

Old Pirate mine (ABM Resources) 
• 1.7 Mt at 11.7 g/t Au 
• Vein-hosted, at surface 
• Approvals in place, now in 

development 
• Processing at Coyote 

 
Central Tanami project (Tanami Gold) 
• 25.5 Mt @ 3.2 g/t Au 
• Includes Groundrush deposit           

(6.72 Mt @ 4.8 g/t Au) 
• Bidding war between Metals X and 

Northern Star 



Tennant Creek’s resurgence 

Emmerson Resources 
• $25M exploration farm-in by Evolution Mining to 

underpin aggressive exploration 
• Drilling at Chariot and Eldorado Deeps to increase 

gold resources 
Blaze International-Meteoric Resources JV 
• Bluebird prospect, 30 km east of Tennant Creek 
• 20m at 8.17g/t Au, 0.61% Cu, 0.22% Bi from 157m 
• 25m at 1.9% Cu and 0.3g/t Au from 69m including 

4m at 8.99% Cu and 1.06g/t Au from 74m 
• Characteristics of typical Tennant Creek style 

deposit 
Metals X Ltd – Rover 1 
• 20.9m @ 14.5 g/t Au,6.0% Cu, 0.22% Bi 
Metals X Ltd – Curiosity 
• 11.7m @ 4.86% Zn, 3.73% Pb, 1.02 g/t Au,          

33 g/t Ag, 0.24% Cu 

Curiosity 



Ongoing emergence of copper  
KGL Resources Ltd – Jervois Cu-Ag-Pb-Zn-Au 
• 25.3 Mt @ 1.1% Cu, 22.1g/t Ag 
• 280,000t contained Cu, high-grade Pb orebodies 
• 12 km long mineralised zone 
• Notice of Intent submitted, PFS being finalised 
• Mineralisation drilled to >800m from surface 
18m @ 16.39% Pb, 0.26% Cu, 0.95% Zn, 279.1g/t Ag 
7m @ 8.22% Cu, 53.1g/t Ag, 0.23g/t Au 
6m @ 8.55% Cu, 15.08% Pb, 10.95% Zn, 679.7g/t Ag, 4.87g/t Au 
 
 
Rox Resources – Bonya Cu 
• New discovery of high-grade 

vein-hosted copper, 20 km 
west of Jervois  

38m @ 4.4% Cu from 60m  
ended in mineralisation) 

13m @ 5.4% Cu from 111m 
8m @ 7.6% Cu from 97m 
 
 



Central Australian projects moving forward 

Arafura Resources: Nolans Bore 
• 47Mt @ 2.6% REO, 11% P2O5, 0.02% U3O8 
 
Nolans Development Report released Sept 2014 
Notice of Intent submitted December 2014 
Scheduled production 2019 

TNG Ltd - Mount Peake V-Ti-Fe 
• 160 Mt @ 0.28% V2O5 , 5.3% TiO2, 23% Fe  
• Now in Definitive Feasibility Study 
 
Rum Jungle Resources – Ammaroo phosphate 
• Resource consolidated into single project 
• 1.145 Bt @ 14% P2O5 (at 10% cutoff) including 
348 Mt @ 18% P2O5 (at 15% cutoff)  
 



Teena zinc discovery  
Teck Australia-Rox Resources 
• 10 km west of McArthur River 
2013 drilling: 
• 26.4m @ 13.3% Zn+Pb, from 1060m 
• 20.1m @ 15.0% Zn+Pb from 944m 

including 12.5m @ 19.5% Zn+Pb 
2014 drilling: 
• 14.7m @ 13.3% Zn+Pb from 796m 
• 4.9m @ 11.8% Zn + Pb from 653m 

 
 
 

 

Mineralisation extends 
over 1.9km x 0.8km 
 
MMG also actively 
exploring Batten Fault 
Zone 

Teena 

McArthur River 



Uranium - hanging in there 

ERA - Ranger 3 Deeps 
Decline complete, 47000m of drilling 
10m @ 1.47% U3O8 
50m @ 0.803% U3O8 
 
September 2014 resource 
12.19 Mt @ 0.285% U3O8 
 
Rockland Resources exploring Hayes 
Creek field 
 
Alligator Energy testing SAM/MMR 
surveys to image under the Kombolgies 
Subgroup cover 



Pine Creek’s 
polymetallic potential 

Iron Blow – Phoenix Copper 
JORC 2012 resource: 
2.6 Mt @ 2.4 g/t Au, 130 g/t Ag, 4.8% 
Zn, 0.9% Pb, 0.3% Cu 
 
2014 drilling: 
50.39m @ 10.12% Zn, 2.66 g/t Au, 
283 g/t Ag, 0.57% Cu, 1.39% Pb 
 
Thundelarra Exploration – Allamber 
Ox-Eyed Herring: 5m @ 4.23% Cu 



Rum Jungle Resources – Karinga Lakes 
Upgraded resource: 8.4 Mt K2SO4 (19 Mt schoenite) 
• Resources in brines in acquifers beneath salt lakes 

(in lake sediments and Devonian siltstone) 
• Scoping study released December 2014 

Amadeus Basin – Potash and salt 
Tellus Holdings – Chandler salt 
• >200m flat lying salt unit within 

Chandler Formation 
• Measured Resource 309 Mt NaCl 
• Total resource >4.5 Bt NaCl 
• Average grade 88.6%, individual 

layers of 98% NaCl 



A 4 year (2014-18)  $23.8M investment in growing the exploration sector 
 
• 4 year program to assess shale gas and oil resources ($2.0M pa) 
• Major new geoscience programs to lower risk exploration 
• Strong focus on copper and zinc mineral systems, and opening up 

undercover regions 
• Programs to attract investment into NT resources projects 
• Co-funding of industry greenfields drilling and geophysics 
 

Creating Opportunities for 
Resource Exploration (CORE) 
 



Vale Masood Ahmad 
1942-2014 



AGES 2015 Major Sponsors 

AGES 2015 Sponsors 



Geoscience web systems and products update  

Tracey Rogers 



GEMIS: upgrade and recap 
• Geoscience, Exploration and Mining Information System 

(GEMIS) upgraded in January 2015 
• Mineral industry reports: 

– Search all open file report records <1970 to present 

– Download report and data files for 1990 to present 

– Previously closed file reports 1970 to 1995 have been released 
under the five year release clause of the Mineral Titles Act 

• Search using defined indexed fields eg “subject” and filter 
or combine using Boolean operators 

• Download files from different reports in one transaction 
• Items not available for download can be collated in a 

Request cart and emailed in one transaction 
 



GEMIS – geoscience.nt.gov.au/gemis 
• Search 

• Access specific collections 

• Browse or filter for 
specific results 

• Register for 
email alerts 

• Review Download 
and Request 
Carts 



GEMIS: Well completion reports 

• Well completion reports collection added in January  

• Metadata including bibliographic details, indexed fields 
eg subject, geological province, bottom hole formation 

• The majority of reports and associated data files 
(<1.5GB) for 150 onshore wells can be downloaded 

• 279 of 358 reports have files attached, the remainder will 
be uploaded in the coming months 

 
 



GEMIS Search Results  
• Modify or new search 

options 
• Display options 

• number of results per 
page  

• sort by selected field 
• descending or 

ascending order 

• Save list of results 

• Number of search results 
and other results pages  

• Access the detailed record 
by the Title hyperlink 

• “Add to cart” button and 
the number of files 

Filters 



STRIKE II 

• New version of STRIKE launched November 2014 

• Replaces both Titles Information System and previous 
version of STRIKE 

• Replaces systems with aged technology and browser 
compatibility issues 

• Modern, robust and scalable platform 

• Facilitates integration and incorporation of data from 
other systems 

 
 



STRIKE – new features 

• Integration with other systems eg links to GEMIS to 
access industry reports 

• Additional ancillary layers eg topography, flora, water 
bores 

• Increased flexibility for display space – open and close 
panels 

• Improved display of attributes, with options to show/hide 
columns/fields and sorting of results 

• Image transparency and comparison 

• Redlining and annotation 

• Delivery of  web map services 

 
 



STRIKE – strike.nt.gov.au 

• Search 
Help 

• Right click layer 
for metadata or 
to make active 

• Toolbar 

• Menu for layer 
selection, display 

• Cursor 
coordinates 

• Active layer 

• Scale 

• Overview map 

• Access/close data pane 

• Titles summary 
report 

• Legend 



STRIKE – Data pane 

• Click column header for 
show/hide and sort options 

• Data tab (map 
pane) 

• Remove, refine, export  
items from data pane 

• Pan/zoom to selected 
item in data pane 



STRIKE – GEMIS links 

• Quick Search – 
select item 

• Historical title 
record 

• GEMIS link 

• Reports for 
title 



STRIKE – Transparent image overlays 

• Step 1: move Map - Active Imagery 
slider to right – 2nd slider appears 

• Step 2: select from dropdown and 
move slide for transparency 



STRIKE – Title summary report 

Shows 
• Title status, area, 

holders and contact 
information 

• Transaction history 
• Open file reports 

covered by title area 
with links to GEMIS 



STRIKE – help • Download NT wide 
data 

• Overview 
video 

• Download user guide 



2014-15 Product Highlights 

• 28 HyLogger Data Packages  

• Western Amadeus gravity survey data and images 

• New 250k GIS datasets: Napperby, Illogwa Creek, Hale River  

• Revised edition 250k maps and GIS datasets for Limbunya, 
Delamere, Wave Hill, Calvert Hills, Auvergne, Victoria River 
Downs, Waterloo 

• Northern McArthur gravity survey data 
and images 

• Dunmarra airborne magnetic and  
radiometric survey data and images 

• 2 geochronology Records 

 



250k GIS datasets: 
current status 

Releases in last 12 months: 
• New GIS datasets 

• Napperby, Illogwa 
Creek, Hale River 
 

• Update of published 
datasets with an older data 
dictionary 

• Hermannsburg 
• Roper River/Urapunga 

 
• New GIS datasets for 

revised maps  
• 7 released 



Just released 

• Stratigraphic drilling report for the TANAMI and THE GRANITES 
1:250 000 map areas, Northern Territory by Vandenberg LC et al 
(Record 2014-006) 

• Methodology for shale analysis of onshore basins, NT: a compilation 
of analytical methodologies used by Weatherford Laboratories by 
Daniel Revie (Record 2015-004) 

• 2015 edition of the Metallogenic Map 
 of the NT 

• 2015 edition of the Gravity Map of the 
 NT, Magnetic Map of the NT,  
Radiometric Map of the NT 

• Groote Eylandt Special 250k GIS 
 (conversion of 1st edition map) 

• 4 new Digital Information Packages 

 
 



Feedback and Requests 

 
geoscience.info@nt.gov.au 

or 08 8999 6443 
 
 

Minerals and Energy InfoCentre 
3rd Floor, Paspalis Centrepoint Bldg, 

Smith St Mall, Darwin 
 

Arid Zone Research Institute,  
Stuart Highway, Alice Springs 



Enhanced Regional Geoscience programs under 
the CORE initiative 

Dorothy Close 



CORE initiative funding 
4 year (2014-18)  $23.8M investment in growing the exploration sector 
 
 

4 year extension of existing CORE initiative ($3.95M pa) 
4 year program to assess shale gas and oil resources ($2.0M pa) 
 
• New focus on understanding the Territory’s onshore petroleum 

potential 
• New geoscience programs to lower risk for minerals and petroleum 

exploration 
• Programs to attract investment into NT resources projects 
• Co-funding of industry greenfields drilling and geophysics 
 



Areas of focus and objectives: CORE 2104-18 
• Arnhem Province, greater 

McArthur Basin, Arunta 
Region (eastern), Amadeus 
Basin 

• Ongoing provision of high 
quality pre-competitive 
geoscientific data 

• Provision of high quality 
pre-competitive 
geoscientific information 
(interpreted outputs) 

• Annual updates at AGES 



Objectives and progress to date 
• increase resolution of regional 

geophysical data 
• improve understanding of 

geological framework and 
evolution 

• provide drillhole imagery & spectral 
data; provide consistent rock 
property data 

• copper (+base metal) focused  
mineral system studies 

• construction of 3D model (basins) 
• systematic analysis of shale units 

for hydrocarbon and mineral 
prospectivity 



Arnhem Province: geological framework 
• geological framework 

mapping to produce series of 
1:100k maps and 
accompanying notes 

• continue to build 
understanding of the evolution 
of the North Australian 
Craton: relationship with 
western Arnhem Land and 
Pine Creek Orogen 

• understand the nature of the 
basement beneath the 
McArthur Basin 



greater McArthur Basin 
• correlatives at surface & 

beneath cover between 
McArthur/Birrindudu basins 
& Tomkinson Province 

• > 500 000 km2 

• informal package 
nomenclature until formal 
correlations are established 

McArthur Basin Birrindudu 
Basin 

Tomkinson 
Province 

Wilton package Roper Group Tijunna 
Group 

Renner 
Group 

Favenc package Nathan/Mount 
Rigg groups 

Bullita/Wattie 
groups 

Glyde package McArthur/Bulma/
Hapgood groups 

Limbunya 
Group 

Namerinni 
Group 

• redefinition to series 
of stacked basins – 
unique or similar 
evolution  

 

McArthur 
Basin 

Birrindudu 
Basin 

Tomkinson 
Province 



greater McArthur Basin: architecture and evolution 
• DIP 015 

“Geophysical 
and structural 
interpretation of 
the greater 
McArthur 
Basin” PGN 
Geoscience 
Report 2014 

• analysis & interpretation of existing regional geophysics & published outcrop 
maps 

•  interpret fault activation & kinematics             influence on the Palaeo-
Mesoproterozoic evolution & architecture  of the greater McArthur Basin 
 

     



greater McArthur Basin 
• Top down approach – 

focus on packages with 
known prospectivity 

1. Wilton package 
(Roper/Tijunna/Renner 
groups) – depocentre = 
Beetaloo Sub-basin 

2. Glyde package  
McArthur Basin Birrindudu 

Basin 
Tomkinson 
Province 

Wilton package Roper Group Tijunna 
Group 

Renner 
Group 

Favenc package Nathan/Mount 
Rigg groups 

Bullita/Wattie 
groups 

Glyde package McArthur/Bulma/
Hapgood groups 

Limbunya 
Group 

Namerinni 
Group 



greater McArthur Basin: geophysics 
• Improved resolution 

of geophysical data 
through acquisition 
programs 

• North McArthur 
Gravity Survey: ≤ 4km 
ground gravity 

• Dunmarra Magnetic 
and Radiometric 
Survey: 400m line 
spacing  

• Data available 
through GADDS & 
InfoCentre 



greater McArthur Basin: HyLogging & petrophysical 
data • Systematic HyLogging of 

drillcore held by NTGS an 
Geoscience Australia 

• Provision of drill core imagery, 
spectral data and analysis 

• Processed data available 
through AuScope Discovery 
Portal  

• Interpreted data available as 
HyLogger Data Packages 
(HDP) through InfoCentre 

• Systematic collection of rock 
property data including 
magnetic susceptibility, 
density 

• DIP 013 “Petrophysical data 
of the Northern Territory”   

HyLogged 
HyLogged 2014 
Petrophysical data 



greater McArthur Basin: shale analytical data 
• Compilation and 

systematic analysis of 
black shale formations 

• TOC & Programmed 
Pyrolysis, Shale Rock 
Properties, XRD Data, 
Elemental Kerogen Data, 
Whole Rock Geochemistry 
 
 

DIP 014 “Shale resource data 
from the greater McArthur Basin”   
 



greater McArthur Basin: 3D model 
• Construction of 3D 

model  through GOCAD 
SKUA 

• Series of key surfaces: 
topography, top of the 
Bessie Creek-Corcoran 
group and the base 
Roper Group 
unconformity and 
structural framework 

• DIP 012 “3D model of 
the greater McArthur 
Basin”   
 



greater McArthur Basin:  
stratigraphic characterisation and correlation 

• characterise 
sedimentary units of 
Wilton package 
equivalents. 

• dating and provenance 
studies of selected 
intervals. 

• intra- and interbasinal 
correlations. 

• regional 
palaeogeographic 
reconstructions in 
tectonic context. 
 



greater McArthur Basin: copper mineral systems 

• PhD project: UTas- 
CODES 

• Characterising styles of 
Cu mineralisation: 

•  “Amelia style”: 
Coppermine Creek - 
Glyde package   

• Redbank/Stanton style 
– Redbank package 

• Investigation chemistry 
temp, age etc of ore 
fluids 
 

Cu Mineralisation 
(MODAT) 



Arunta Region: geological framework 
• geological framework 

mapping to produce series of 
1:100k maps and 
accompanying notes: Jervois 
Range, Jinka …. 

• continue to build 
understanding of the evolution 
of the tectonically active 
southern margin of North 
Australian Craton 

• provide framework to 
understand mineral systems 



Arunta Region: copper mineral systems 
• analysis and 

characterisation  of 
Jervois base metal 
system 

• comparison to adjoining 
Bonya Hills area 

• undertake similar analysis 
with other copper bearing 
systems in the Arunta 
Region…. Home of 
Bullion, Hardy’s copper 
field, Illogwa IOCG 



Amadeus Basin: geophysics, 3D model 
• West Amadeus 

Gravity Survey  
• Complete gravity 

coverage of 
Amadeus Basin at ≤ 
4km spacing 

COBRA project 
(CSIRO) 
• Construction of 3D 

model through 
potential field 
modelling of new 
gravity 
 



Amadeus Basin: Neoproterozoic stratigraphic 
characterisation and correlation 

• characterise  
Neoproterozoic 
stratigraphy of NE 
Amadeus Basin 

• assign reference and type 
sections 

• Stromatolite identification 
as correlation tool 

• collect baseline 
geochemical and 
petrological dataset 

• assess provenance using 
U-Pb and Hf detrital 
zircon analysis  



Geophysics and Drilling Collaborations 

• collaborative funding for 
drilling and geophysical 
acquisition programs in 
‘greenfields’ areas 

• funding of 50% of costs to 
a maximum of $100 000 
per project 

• information open filed 6 
months after project 
completion 

• to date: 29 229 drill 
metres, 12 701 gravity 
stations, 26 547 EM line 
kms 



Geophysics and Drilling Collaborations 
• Funding will continue 

under CORE initiative 
• Change to guidelines 

– Smaller scale programs 
using innovative techniques 

– Consider deep holes under 
existing shallow drilling 

• Call for applications to 
Round 8 opened on 9 
February 

• Close of applications 
10am CST 13 April 2015, 
no extensions 
 
 

 

www.minerals.nt.gov.au/collaborations 



Northern Territory 
Oil and Gas Regulatory Review  
 

Victoria Jackson 

Executive Director, Energy Directorate 



Outline 

• The Hawke Report 
 Overarching Themes 
 Key Recommendation 

 

• Governments Response 
 Contemporary Legislative Regime 

 Onshore Oil and Gas Guiding Principles 
 Community Engagement 

 

• Status of Earlier Work 
 Hunter Review Progress 
 Relationship to Hawke Report and the Regulatory Review 



• NTG released Hawke Report on 26 
February 

• Six recommendations – many findings   
• Themes at the broadest level are about 

good regulation and better community 
engagement 

• NT Legislation changes to account for 
cumulative impact of large scale shale 
gas appraisal and production 

• Key recommendation:  
Consistent with other Australian and 
International reviews, the environmental 
risks associated with hydraulic fracturing 
can be managed effectively subject to the 
creation of a robust regulatory regime 

• Cites the South Australian model as a 
useful benchmark 
 

Hawke Report – Overarching Themes and Key 
Recommendation 



• Commitment to build 
contemporary (petroleum) 
regulatory regime 
 Provide access to independent 

expert advice while developing 
legislation 

 IESC Statutory Authority under 
the EPBC Act 

• Commitment to better engage 
with the community 

• Potential for further funding 
NTG to conduct geology and 
hydrology baseline studies 
targeting MacArthur and 
Amadeus Basins 
 

Government's Response 



• Onshore Oil and Gas Guiding Principles 
 Government’s expectations while new regulatory regime built 
 Open for comment: www.onshoregas.nt.gov.au   

 

• Community Engagement 
 Build on earlier work   

 Oil and Gas, Its for all of us; 
 Its for employment, 
 Its for  working together  
 It’s for the future 

 Finalising a comprehensive community engagement strategy 
 Direct engagement – Multiple themes; Land access, water, exclusion 

zones (Reserve Blocks), new legislation 

• The Territory Government sees onshore gas exploration 
as providing significant economic benefits and is 
committed to working with stakeholders to develop world 
best standards to manage industry activities  

 
 
 

Status 



• Key criticism, Schedule to the PA not strictly 
enforceable 

• Draft Environmental Regs – Risk/Outcomes 
based  
Reviewed by External Expert  
Seek industry and community input 

• Draft Resource Management Regs underway 
• Consistent with Hawke Report and Onshore Oil 

and Gas Principles 
•   Water MOU – DRLM and DME 

Consistent with Onshore Oil and Gas Principles 
NTG may consider merits of Petroleum activities being 

subject to Water Act 
• Subject to community and industry consultation 

Hunter Review (2012) Progress 



Petroleum Act Review 
• Petroleum Act Full Review 

 Will begin soon – concurrent with other work 
 More flexibility will be considered for permits and 

RL’s 
Dealing with adjacent permits as a “project” 

with  respect to mandatory relinquishment 
 Falcon Beetaloo Permits = Test Case 

 Competitive bidding process – (work programs) 
 Share your thoughts with the DME at: 

www.onshoregas.nt.gov.au  
 

 

 



Looking Back - 2014  
  

• First Production Licence in 32 
years – Surprise Field 

• Santos drills Tanumbirini in 
eastern McArthur 

• Pangaea drills in  
West McArthur 

• Dingo Pipeline, Palm Valley 
gas for Alice Springs 

• Ichthys gas export pipeline 
completed in NT waters 

• NTG explores potential for 
NEGI pipeline 
 

Chief Minister turns Dingo Pipeline  

first sod 12 May 2014 



Looking Forward –  2015 and beyond 

         



Pre-competitive geophysical data under the CORE 
initiative  
 

Tania Dhu 



Introduction 
• Geophysical data are 

important tools for 
understanding regional 
geology 

• NTGS is improving pre-
competitive gravity 
coverage to a spacing of 4 
km or better and magnetic 
and radiometric coverage 
to a line spacing of 400 m 
or better, focusing on the 
greater McArthur Basin 
(Close 2014) and the 
Amadeus Basin 

The greater McArthur Basin 
(blue outline) is a regional 
correlation between the 
Palaeo- to Mesoproterozoic 
McArthur and Birrindudu 
basins and the Tomkinson 
Province covering an area of 
approximately 550,000 km2 
in the northern NT 

The Amadeus Basin (red 
outline) is a Neoproterozoic 
to Palaeozoic elongate 
intracratonic basin covering 
approximately 170,000 km2 
in the southern NT 



NT Magnetics and Radiometrics 

Completed 2014: Dunmarra 
Magnetic and Radiometric 
Survey 
36,000 km2, ~100,000 line km 

Prior to the CORE initiative 
the majority of the Territory 
was covered by magnetic and 
radiometric data with line 
spacing of 500 m or better 

Planned 2015: Delamere and 
Spirit Hills Magnetic and 
Radiometric Survey 
36,000 km2, ~100,000 line km 

Delamere: 25,000 km2, 
~60,000 line km at 400 m line 
spacing 

Spirit Hills: 8,000 km2, ~20,000 
line km at 400 m line spacing 

CORE initiative magnetic and 
radiometric surveys will 
increase the area of the 
Territory covered by magnetic 
and radiometric data with line 
spacing of 400 m or better by 
more than 5% 



NT Wide Magnetic & Radiometric Stitch (Clifton 2015) 

Total Magnetic Intensity (TMI), Reduced to Pole (RTP) Ternary Radiometrics 



Dunmarra Magnetic & Radiometric Survey 

greater McArthur Basin 

Dunmarra Magnetic and 
Radiometric Survey 

Beetaloo Sub-
basin (Close 2014) 

Intrepreted 
extension of the 
Mallapunyah Fault 
zone (Bruna 2015) 



Dunmarra Magnetic & Radiometric Survey 

Reduced to Pole (RTP) Total Magnetic Intensity (TMI) First Vertical Derivative (1VD) RTP TMI 

Beetaloo Sub-
basin 

Mallapunyah 
Fault zone 



Beetaloo Sub-
basin 

Mallapunyah 
Fault zone 

Upward continued 2000 m TMI RTP Ternary radiometrics (K = blue, TH = green, U = blue) 

Dunmarra Magnetic & Radiometric Survey 



NT gravity NT gravity: up to 80% covered 

Prior to the CORE initiative 
approximately 43.5% of the 
Territory covered by 4 km 
spaced gravity or better 

Completed 2013: Southern 
Wiso Basin Gravity Survey 
60,000 km2, ~4500 stations 

Completed 2013: Southern 
McArthur Basin Gravity 
Survey 
75,000 km2, ~6000 stations 

Completed 2015: West 
Amadeus Gravity Survey 
45,000km2, ~8000 stations 

Completed 2014: Northern 
McArthur Basin Gravity 
Survey 
70,000km2, ~7000 stations 

Planned 2015: Northern 
Wiso Basin Gravity Survey 
95,000km2, ~6000 stations 

Planned 2015: Victoria 
Basin Gravity Survey 
100,000km2, ~6000 stations 

Proposed: Daly Basin 
Gravity Survey 
55,000km2, ~3500 stations 

Proposed: South Nicholson 
Basin Gravity Survey 
25,000 km2, ~1600 stations 

Proposed: Northwest 
McArthur Basin Gravity 
Survey 
55,000km2, ~3000 stations 



Gravity: greater McArthur Basin 

greater McArthur Basin 

Northern McArthur 
Basin Gravity Survey 
red outline (2014) 

Urapunga Fault Zone 

Batten Fault Zone 

Walker Fault Zone 

Tennant Creek 
Gravity Survey 
yellow outline 
(2001) 

Southern McArthur 
Basin Gravity Survey 
blue outline (2013) 

1:2500000 Faults 

Barkly Gravity 
Survey green 
outline (2009) 

Beetaloo Sub-basin 

Mallapunyah Fault zone 



greater McArthur Basin: old data 

Gravity Station Locations Bouguer Anomaly 



greater McArthur Basin gravity: new data 

Gravity Station Locations Bouguer Anomaly 



greater McArthur Basin gravity: comparison 

Bouguer Anomaly: new data Bouguer Anomaly: old data 



greater McArthur Basin gravity 

Bouguer Anomaly: upward continued 2000 m Bouguer Anomaly: new data 



greater McArthur Basin gravity 

Bouguer Anomaly: upward continued 5000 m Bouguer Anomaly: new data 



greater McArthur Basin gravity 

Bouguer Anomaly: residual Bouguer Anomaly: new data 



greater McArthur Basin gravity 

Bouguer Anomaly: residual Bouguer Anomaly: new data 



greater McArthur Basin gravity 

Bouguer Anomaly: tilt derivative Bouguer Anomaly: new data 



greater McArthur Basin gravity 

Bouguer Anomaly: total horizontal derivative Bouguer Anomaly: new data 



Amadeus Basin gravity 

1:2500000 
Faults 

West Arunta 
Gravity 
Survey red 
outline 
(2010) 

West 
Amadeus 
Gravity 
Survey  blue 
outline 
(2014) 

Central Arunta 
Gravity Survey 
yellow outline 
(2007) 

East 
Amadeus 
Gravity 
Survey 
green 
outline 
(2012) 

Quasar 
Resources 
Pty Ltd  
Curtin 
Springs 
Gravity 
Survey 
(2009/10) 

Quasar 
Resources Pty 
Ltd Mt Ebenezer 
Gravity Survey 
(2008/2009) 

Quasar Resources Pty Ltd 
Kulgera Gravity Survey 
(2008/2009) 

Central 
Petroleum 
Ltd Henbury 
Gravity 
Survey 
(2008/2009) 



Amadeus Basin gravity 

1:2500000 
Faults 

Amadeus Basin 

Musgraves Province 

Warrumpi Province 



Amadeus Basin: old data 

Gravity Station Locations 



Amadeus Basin: old data 

Bouguer Anomaly 



Amadeus Basin: new data 

Gravity Station Locations 



Amadeus Basin: new data 

Bouguer Anomaly 



Amadeus Basin: comparison 

Bouguer Anomaly: new data 

Bouguer Anomaly: old data 



Amadeus Basin: upward continued 2000 m 



Amadeus Basin: upward continued 5000 m 



Amadeus Basin: residual 



Amadeus Basin: residual 



Amadeus Basin: tilt derivative 



Amadeus Basin: total horizontal derivative 



Conclusion 
• The NTGS is improving quality and resolution of precompetitive datasets on a 

regional scale within the greater McArthur and Amadeus basins 

Close D, 2014. The McArthur Basin: NTGS’s approach to a 
frontier petroleum basin with known base metal prospectivity: 
in ‘Annual Geoscience Exploration Seminar (AGES) 2014. 
Record of abstracts’. Northern Territory Geological Survey, 
Record 2014-001. 

Bruna B et al, 2015. 3D architecture of the Wilton package 
throughout the greater McArthur Basin: structural implications 
for petroleum systems at various investigation scales ‘Annual 
Geoscience Exploration Seminar (AGES) 2015. Record of 
abstracts’. Northern Territory Geological Survey, Record 2015-
001. 
 



3D architecture of the Wilton package throughout the 
greater McArthur Basin: structural implication for 
petroleum systems at various investigation scales  

Pierre-Olivier BRUNA, 

Tania DHU, Nicholas OWEN, Daniel REVIE, 
Tim MUNSON and Dorothy CLOSE  



The Wilton package in the greater McArthur Basin 

• Huge basin  
• Complex stratigraphy and 

large thickness variations 
• Simple rock-types 
• Mainly flat-laying  

Modified after Bruna et al., 
2014 and DIP 015 

Modified after Munson 2014 



Objectives 
• Architecture of the subsurface 

of the greater McArthur Basin 
 2 models 

• What is the variation of 
thickness along key units? 

• Zones of priority = refinements 
– economic targets? 

 

 

• Identification of fault type 

• How to represent these objects 
in a 3D model (property) ?  

• Natural fracture directions 

• Is there any directional 
pathways or barrier for fluid 
flow ?  

Investigation scale 

Modified after Bruna et al., 
2014 and DIP 015 



Constraints of the model, 1 – Stratigraphy  

Modified after Munson 2014 R
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Constraints of the model, 2 – Surface data & XS 

Urapunga Fault Zone = 
Target of 2014 field 
season 

• Digitisation of real top and real 
base of each of the selected 
groups of formations in the 
McArthur Basin s.s. and  in the 
Tomkinson Province 

• Collection of additional data 
along traverses close to existing 
seismic surveys  Balanced 
cross-sections 

 



Constraints of the model, 2 – Surface data & XS 
α version 

β version 



Constraints of the model, 3 – Seismic data 

Recent reprocessed (closed) 
and reinterpreted (open) 
Roper Valley seismic survey 

Historic Beetaloo 
seismic 
interpretation 
(open) Pangaea Hidden Valley 

seismic survey (closed) 

Reinterpretation 
of base Roper 
Group 
unconformity 

Available data are 

• Base Roper Group unconformity 

• Near top Limmen Sandstone 

• Near top Bessie Creek Formation 

• Near top Moroak Formation  

• Near top Jamison Formation 

 

 



152 wells re-
investigated = 
stratigraphy + 
markers  

• Markers represents top AND 
base of each considered 
stratigraphic interval 

• The location of wells is 
confined to the central and 
the eastern part of the greater 
McArthur Basin  

 

Constraints of the model, 4 – Wells 



Constraints of the model, 5 – Faults 
Modified after DIP 015 



Constraints of the model, 5 – Faults 

Slickensides 

Fault wall 

DIP 015 



Elliot 1 

Shenandoah-1A 

Burdo 1 Walton 2 

Borrowdale 2 

Tarlee S3 

Broughton 1 Friendship 1 

Alexander 1 

Sever 1 

3D Model realisation, 1 – Regional scale 

Elliot 1 

Shenandoah-1A 

Burdo 1 Walton 2 

Borrowdale 2 

Tarlee S3 

Broughton 1 
Friendship 1 

Alexander 1 

Sever 1 

• Resolution of the regional model = 1200 m × 400 m (Horizontal-vertical) 

• Three surfaces generated that fit to well, seismic, surface geology, faults throw and 
stratigraphic relationships 

• All of these element are released in the Digital                                                                        
Information Package 012 

 

Topography BessieCreek-Corcoran Base_Roper
Minimum 0 -240.824 0
Average 0 40.03324 91.0905
Maximum 0 330.811 277.62



3D Model realisation, 1 – Thickness maps 
Base Roper unconformity Top Bessie Creek-Corcoran group 

Elliot 1 

Shenandoah-1A 

Burdo 1 

Walton 2 

Borrowdale 2 

Tarlee S3 

Broughton 1 

Friendship 1 

Alexander 1 

Sever 1 

Elliot 1 

Shenandoah-1A 

Burdo 1 

Walton 2 

Borrowdale 2 

Tarlee S3 

Broughton 1 

Friendship 1 

Alexander 1 

Sever 1 

Daly Waters  
arch 

Daly Waters  
arch 



3D Model realisation, 1 – Grid 

Stratigraphic unit Build Number of cells Cells thickness Unit median thickness 
Topography yes 323 25 1039.62
BessieCreek-Corcoran yes 3 200 589.514
Base_Roper no 1 - -



3D Model realisation, 1 – Regional scale – grid 

Stratigraphic unit Build Number of cells Cells thickness Unit median thickness 
Topography yes 323 25 1039.62
BessieCreek-Corcoran yes 3 200 589.514
Base_Roper no 1 - -

Geometric anisotropy (High variability) 

Isolated 

Hole effect 

Ellipsoid modelled 
from spheric 
variogram 

• Grid population with 
the TOC property 
analysed with 
variographic analysis 

• This property is highly 
variable in space  

• High value of TOC are 
cyclic in vertical 
direction 

• Bodies organisation is  
patchy + trends in 
various horizontal 
directions 

 



3D Model realisation, 1 – Regional scale – grid 

Stratigraphic unit Build Number of cells Cells thickness Unit median thickness 
Topography yes 323 25 1039.62
BessieCreek-Corcoran yes 3 200 589.514
Base_Roper no 1 - -

Geometric anisotropy (High variability) 

Isolated 

Hole effect 

Ellipsoid modelled 
from spheric 
variogram 

• A single simulation of the TOC repartition in 
the entire grid (not formation specific)  
need refinement and combinations 

Elliot 1 

Shenandoah-1A 

Walton 2 

Broughton 1 

Sever 1 



3D Model realisation, 2 – Beetaloo scale 
Top Hodgson-Jalboi Group Top Moroak-Velkerri group 

• Resolution of the small model = 700 m × 200 m (Horizontal-vertical) 

• Four surfaces generated that fit to well, seismic, surface geology, 
fault throw and stratigraphic relationships  

• Resolution issues due to the strong thickness variation between shelf 
and basin 

 

Elliot 1 

Shenandoah-1A 

Burdo 1 
Walton 2 

Tarlee S3 

Broughton 1 

Friendship 1 
Alexander 1 

Sever 1 Borrowdale 2 

Elliot 1 

Shenandoah-1A 

Burdo 1 
Walton 2 

Tarlee S3 

Broughton 1 

Friendship 1 
Alexander 1 

Sever 1 Borrowdale 2 



The future…  



The future…  



Small scale deformations, results 

• Fracture type mode 1 (prior tilting) and mode 2 / Ø mechanic stratification  

• N010-020, N070 and N120-140  

• Statistical distribution does not clearly emphasize the presence of huge fault damaged zone  

 

 

 

STATION 8 

STATION 17 

STATION 25 

STATION 24 

STATION 16 

STATION 12 

STATION 13 

STATION 14 

STATION 15 

STATION 19 



Conclusions 
Investigation scale 

• Large model  resolution 1200 × 400 m 

• Provides the first regional structural framework for the greater McArthur Basin  
fits with available data and can be refined as new data became available  

• Show the importance of large-scale WNW-ESE structures  

• The modelled deepest part of the basin coincides with wells showing the highest 
values of TOC 

• This model is accessible for everyone in DIP 012 (Bruna and Dhu, 2015) 

• Small model  resolution 700 × 200 m 

• Will be released soon, facing resolution issues 

• Designed to generate probabilistic models on = TOC, maturity, facies, volume 
estimation…  

• Small scale  faults and fractures 

• Facies do not have a significant impact on fracture orientation (but may partially 
control the density of fractures) 

• Faults objects need to be considered as their trace only (damage zone dimension 
is mainly negligible), the diffuse fracturing compartmentalise potential reservoirs 

 

 

  

 

 



Thank you for your attention ! 



UNDERSTANDING 

UNCONVENTIONAL PETROLEUM 

RESOURCES OF THE GREATER 

MCARTHUR BASIN FROM 

POTENTIAL FIELD, WELL AND 

SEISMIC DATA

Karen Connors and Andrew Krassay*

*Now with Beach Energy

AGES, 2015

Alice Springs
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OZ SEEBASE™ PROTEROZOIC Basins



Outline

• Introduction

• Datasets

• Regional Geology

• Basement interpretation

• SEEBASE™ 

• Seismic and well data

• Integration of datasets

• Conclusions

OZ SEEBASE™ PROTEROZOIC Basins



Introduction

• Based on historic 

seismic and well data 

• Integrated with 

potential field data in 

order to extend 

interpretation beyond 

the limited seismic and 

well data

OZ SEEBASE™ PROTEROZOIC Basins



Potential Field Data

Bouguer

200km HP Bouguer

RTP

Ternary of RTP



Regional Geology

• Stratigraphy

• Definition of basement

• Crystalline basement

• Economic basement

• Magnetic basement

Surface geology

(modified from NTGS and GA)



Lawn Hill - Murphy Inlier
Super-

basin
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(2004; left) and Bradshaw et al. (2000; right).



Basement Terranes
• North Australian “craton” 

= amalgamation of 

smaller terranes during 

Barramundi Orogeny 

(1870-1820 Ma)

• Two smaller cratons

• Some relatively 

competent blocks with 

minimal reactivation

• Some elongate 

curvilinear belts with 

evidence of repeated 

reactivation

Legend: Basement Terranes - (Type)

Craton Undifferentiated Continental Undifferentiated Orogenic Belt

Accretion Complex Accreted Arc Cratonised Arc

Arnhem

Tenant Creek

Tan
am

i

Larrimah

Tanumbirrini

Murphy North

Murphy South

Robinson

Bauhinia

Creswell

Pine Creek



Basement Terranes

Terrane Boundaries and 100km HP of RTPTerrane Boundaries and 200km HP of Bouguer



SEEBASE™ 

• 3D depth to basement 

model (magnetic 

basement)

• Hand contoured

• Integrated structural 

model based on 

basement rheology 

and tectonic events 

history

• Allows prediction of 

depocentre geometry 

and location

Updated SEEBASE™ depth to basement 3D model



SEEBASE™ 

• Basement depth from magnetic data

• >3.5s TWT = 7 km (or more)

• Depocentre deepens to south 8-10km

4

Lawn Hill Platform

Modified from Bradshaw and Scott (1999)

2

“Murphy Shelf”



SEEBASE™ 

• Calibrate interpretation of depth to magnetic 

basement using seismic data

100km HP of RTP 200km HP of Bouguer

Need to understand the basement composition in order

to interpret the 3D geometry of basement and the

potential distribution of the unconventional targets



Risks 

Derim Derim

Dolerites ~1324 Ma

Antrim Basalt ~510-500 Ma

1VD of RTP

1VD of RTP

Lower Roper Gp stratigraphy = green

In covered areas, magnetic data can be 

used to assess the distribution of 

Upper Roper Group stratigraphy which 

includes the Kyalla and Velkerri 

unconventional targets



McArthur - Isa 

groups
Well documented in some 

areas; poorly known 

elsewhere

Significant variations in 

thickness and preserved 

stratigraphy

Surface geology

(Modified from NTGS and GA)

8-10km

3-5km

4-7km~1km

~1km

~1-2km

0.1-0.2km
?
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~1-2km

~
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k
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McArthur - Isa 

groups

Barney Creek is present 

in the Batten depocentre 

but absent on 

Malapunyah Ridge and 

Wearyan Shelf

SEEBASE™ depth to basement model

Estimated thickness of McArthur – Isa gp in red

3-5km
~1-2km

0
.1

-0
.2

k
m

?

Seismic and gravity model from Rawlings et al. (2004)

McArthurRoper

McArthur River



River?

DD92LH375 (~60m 

offline)

Loretta, Gun & Prize Lawn

DD92LH235 

Loretta is truncated to the 

east (above)

Lawn

Basement Basement

0

1

2

3

4

5

T
W

T
 (

s
) A

91bn-28/33

06GA-M2

River

Lawn

A

Elizabeth Creek 

Fault Zone (EC)

Lawn Hill Platform

McArthur - Isa groups

Growth into ~ENE and ~NNW faults

08GA-M2 – modified from Geoscience Australia

interpretation, pers comm. R Korsch, 2011

91bn-28/33 – modified from 

Bradshaw and Scott (1999)



Beetaloo Sub-basin
2D seismic and well data provide good

understanding of stratigraphy, but deep

horizons are not well image and only local

“hints” of basement

Nathan - McArthur Gp McArthur

Group

Focus on Roper Group

Kyalla and Velkerri

Kyalla
V

e
lk

e
rri



Well and Seismic data

Top Velkerri 

Formation

Kyalla

Antrim

Middle

Velkerri

Moroak

Bessie

V
e

lk
e

rri

Top Velkerri 

Formation

Hydrocarbon generation 

thresholds (based on well data)

Immature

Early oil mature

Gas mature

Mid oil mature

Late oil mature

Well data, logs, rock properties 

database; well composites and well ties 

Assess maturity and prospectivity

Interpreted present-day hydrocarbon maturity based on pyrolysis data (eg

Tmax), organic petrology measurements (alginite reflectance values and

maturation parameters such as the methyl-phenanthrene index (MPI-1)).



Seismic Data Kyalla and Velkerri Depth Surfaces

Top Kyalla Depth Surface

Top Velkerri Depth Surface

Ternary Image of Bouguer



Near top 

Velkerri 

Formation

Integration and Prediction

Extrapolated

Near top Velkerri 

Formation

WB

LW
SD

OT

Stratigraphic 

Model

SEEBASE™ 

Model



Conclusions

Importance of 

understanding 

basement



• Basement – major control on deposition and inversion in overlying basins, e.g.

• Arnhem and Wearyan shelves

• Murphy Inlier

• Batten and Walker troughs

• McArthur / Isa groups - major variations in thickness and preserved stratigraphy

• Thickest McArthur / Isa deposited in E-W (Lawn Hill) and N-S (Batten-Walker) depocentres –

controlled by basement terranes

• Uplift and erosion controlled by basement terranes and variations in basement rheology

• Roper Group – more uniform stratigraphy

• Some syn-depositional variation but most variation in thickness related to erosion / inversion

along major faults (especially terrane boundaries)

• Thickest sections overlie competent basement (terranes and large granitoids)

• Prediction of new depocentres / sub-basins with prospective unconventional targets

(thermally mature)

Conclusions



• Basement – major control on deposition and inversion in overlying basins, e.g. 

• Arnhem and Wearyan shelves 
• Murphy Inlier 
• Batten and Walker troughs 

• McArthur / Isa groups - major variations in thickness and preserved stratigraphy 

• Thickest McArthur / Isa deposited in E-W (Lawn Hill) and N-S (Batten-Walker) depocentres – 
controlled by basement terranes 

• Uplift and erosion controlled by basement terranes and variations in basement rheology 

• Roper Group – more uniform stratigraphy 

• Some syn-depositional variation but most variation in thickness related to erosion / inversion 
along major faults (especially terrane boundaries) 

• Thickest sections overlie competent basement (terranes and large granitoids) 

• Prediction of new depocentres / sub-basins with prospective unconventional targets 
(thermally mature) 

Conclusions 



Kathleen Grey 
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Mesoproterozoic biostratigraphic correlation in 
the Beetaloo Sub-Basin, NT and Correlation 
potential with other northern Australian basins 



Outline 
Geology of Roper Group 

 

Palynology 
 

Preparation 
 

Mesoproterozoic palynomorphs 
 

Preliminary results from Roper Group 
 

Conclusions 



Mason 1 

McManus 1 Altree 2 

Urapunga 4, 5, 6 

Balmain 1 

Jamison 1 

Beetaloo Sub-basin 

BHP Sherwin River drillholes 

Amoco 82/3 

Altree 2 

X 

Drillholes examined  (current study) 

BHP drillhole s  examined (Peat et al., 1978 

Lower Roper Group drillholes examined  
(Javaux et al. , 2001) 

Other drillholes (not examined ) 

Palynology drillholes in Beetaloo Sub-basin and McArthur Basin. Petroleum wells and seismic lines after Munson (2014) 

McArthur Basin 

Golden Grove 1 

Elliott 1 

Shenandoah 1/1A 
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Jamison & Bukalorkmi 

Sherwin Formation 
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Moroak Sandstone 

Sandstones 

Hayfield Mudstone 

Antrim Plateau Volcanics 

Chambers River 
Formation 

Kyalla Formation 

Velkerri Formation 

Bessie Creek Sandstone 

Corcoran Formation 

Derim Derim Dolerite 

Crawford Formation 

Mainoru Formation 

Limmen Sandstone 

Bukalara Sandstone 

Stratigraphy after Silverman et al 2007; Ahmad et al 2013; Rawlings 2014). 
Geochronology: 1Kralik 1982. 2Kendall et al 2009. 3Sweet et al 1999. 4Jackson et al 1999. 
R=reservoir, SR=source rock.  
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Previous studies - 1978 
Peat et al 1978 
McArthur Basin 
 
From BHP Sherwin Creek 
iron deposit drillholes 
 
‘McMinn Fm’ = 
Sherwin /Kyalla Fms 
 
367 samples studied 
 
Reported very diverse, 
abundant  assemblage 
 
Details in thesis only – 
never published 
 

Very promising results which were never followed up 



Previous studies - 2001 
Javaux et al 2001, McArthur Basin,  Mainoru, 
Crawford, Jalboi and Corcoran Formations 
 
• Mainly paleobiological study 

 
• Recognized large process-bearing acritarch, 

Tappania plana 
 

• Other acritarchs – earliest convincing 
evidence of eukaryotes 
 

• Control mainly environmental 
 

• Biostratigraphic distributions not published 

Interpretation implied that the 
palynomorphs were unsuitable for 

biostratigraphic correlation so results 
never followed up 



Beetaloo Sub-basin – drillholes studied 
for this report 

Beetaloo Sub-basin 

Balmain 1 

Shenandoah 1/1A 

Altree 2 

Mason 1 

McManus 1 

Altree 2 
Drillholes examined  
(current study) 

15° 

16° 

17° 

18° 

132° 133° 134° 135° 136° 

0 100 km 
Elliott 1 

Jamison 1 

Palynology of drillholes sampled by ENI ca. 2010 



Palynology 
Greek paluno: 'to sprinkle' and pale: 'dust' (Hyde & Williams  1944) 
 

• Study of acid-insoluble microfossils 
 

• Various organisms including: 
• bacteria and other prokaryotes 
• some eukaryotes, mainly algae 

 

• Advantages and limitations: 
• Abundant - wide range of specimens and species (c. 1000 specimens from 25g) 
• More precise stratigraphic control 
• Best lithologies are siltstone and mudstone (sandstone and limestone tend to be barren) 
• Modified techniques may be needed to extract Precambrian palynomorphs 
• Labour intensive 
• Specimens tend to be compressed 
• Can be used as a guide to thermal maturity 
• Contaminants – identifiable and can be discounted 
• Taphonomy (degradation) – recognisable, discount in identification,  environmental 

indicator 
 

Proterozoic palynology is c. 50 years behind Phanerozoic palynology  
 

 



50µm 

Microfossil 
A fossil that requires microscopic study 

 
Usually applied to fossils of bacteria and other prokaryotes, and 

some eukaryotes, such as algae 
 

Generally refers to microscopic fossils preserved in chert 
 

Dresser Formation (Awramik et al 1983) Apex Chert (Schopf and Packer1983) 

10µm 

Farrel Quartzite, Sugitani et al 2007 Gunflint Chert, c. 1.9 Ga 

Bitter Springs Formation, c. 800 Ma 

50µm 

20µm 

Doushantuo Fm,Yin et al 2004, c. 600 Ma 
100 µm 

Pertatataka Fm, c. 580 Ma, Grey 2005 
Polybessurus, Johnnys Creek  
Member c. 750 Ma (Photo HJA) 

50µm 



50µm 

Palynomorph 
Palynomorph (Tschudy, 1961): microfossil resistant to HCl, HF, H2NO3, 

NHOH3 and similar corrosive chemicals (Jansonius & McGregor, 1996) 

Kunja Siltstone, c. 1.6 Ga Badgeradda Beds, Mesoproterozoic 

10µm 

Wilari Dolomite Member, c. 560 Ma Devonian spore 

Pinus pollen grain 

20µm 

10µm 
Conodont, Natural History Museum Chitinozoan, Ordovician, MoroccoMa 

50µm 

20µm 

Dinoflagellate, Cretaceous, Backhouse 1988 

Assemblage: distinctive species associations 
 

Palynoflora: assemblages with some species in common (broader concept) 
 



100 µm 100 µm 

Acritarch 
Greek, akritos: uncertain, confused and arche: origin (Evitt, 1963)  
 
‘unicellular, or apparently unicellular, resistant-walled microscopic 
organic body of unknown or uncertain biological relationship and 
characterised by varied sculpture, some being spiny and others 
smooth’ (Bates & Jackson  1980) 

 

Tappania plana, lower Roper Group 
(photo E. Javaux) c. 1.4 Ma 

10µm 10µm 

Tanarium conoideum, Wilari Dolomite, 
Ediacaran, c. 560 Ma 

50µm 

Cerebrosphaera buickii, Burra Group, 
Cryogenian, c. 750 Ma 

Multiplicisphaeridium sp. Morocco, 
Ordovician 



Nature of acritarchs 
Polyphyletic, eukaryotic, unicellular, phytoplankton 

 

Mainly resting cysts of prasinophyte algae 
 

May include other organisms, e.g. protist eggs 
 

May include other green algae of undetermined affinities 
 

Some resemble dinocysts (dinoflagellate cysts) but lack key features 
 

Some are colonial green algae 
 
Nomenclature follows the International Code of Nomenclature for 

algae, fungi and plants (Melbourne Code, 2011, ICNafp (ICBN) 
 

Distribution patterns more important for biostratigraphy than their 
paleobiology 



Palynological preparation (Grey 1999) 

Mechanical disaggregation of raw sample, c 25 gm 
Clean, wash, split along bedding plane, crush to pea size 

HCl digestion – carbonate removal 
~10% HCl until reaction ceases 

HF digestion – silicate removal 
~200 ml 70% HF until reaction ceases 

Boiling HCl treatment – fluoride removal 
~10% HCl in test tube in boiling water 

Kerogen strew mount 
Mount and examine unoxidized slide 

Oxidation with concentrated HNO3 
~200 mL conc. HNO3 until brown fumes released 

Filtration in millipore filter funnel– using selected filters 
>25, 25-10 & <10 µm filter cloth 

Swirling to separate heavy minerals 
Separated by rotation of millipore funnel 

Prepare strew mounts 

Distilled water 
wash 

Decant supernascent 
liquid 

Gravity settle 

Repeat about 5 times until 
neutral 
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Example 
of a 
Range 
Chart 
Munta 1 
(Ediacaran) 



Scale bar 5µm 

Filaments and spheres 



Scale bar 5µm 

Colonial aggregates 



Scale bar 5µm 

Acritarchs 



Oddities 

Scale bar 5µm 
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Leiosphaeridia spp. 

Tappania plana 

Satka squamifera 
Satka favosa 

Valeria lophostriata 

Stictosphaeridium sp. 

Leiosphaeridia minutissima 

Leiosphaeridia with equatorial ridge 

Leiosphaeridia jacutica 

Satka spp. 

Satka ?colonialica 
Simia annulare 

Simia sp. 

?Valeria lophostriata 

Chuaria cf. circularis 

Acritarch with ridged ornament 

Myxococcoides spp. 

Synsphaeridium sp. 

Leiosphaeridia crassa 
Leiosphaeridia tenuissima 

Symplassosphaeridium spp. 
Dictyosphaera sp. 

Linked chain 

?Arctacellularia ellipsoidea 

Siphonophycus kestron 
Siphonophycus robustum 

Chlorogloeaopsis contexta 
Clavitrichoides sp. 
Chains of spheres in cuboids 

Trachythrichoides ovalis 
Siphonophycus solidum 
Siphonophycus septatum 
Chlorogloeaopsis kanshaniensis 

?Arctacellularia elegans 
Filaments 

Acritarchs 

Siphonophycus typicum 
Siphonophycus spp. 
Linked chains 
Sheaths 
Large striated tubes 
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Conclusions 
Roper Group contains abundant, diverse palynomorphs 

 

Good correlation potential but basic study needed first 
 

Possible first appearance datum (FAD) for some taxa 
 

Appears to be a difference in species between the older Collara Subgroup 
and younger Maiwok Subgroup 
 

Probable environmental control, but biostratigraphy also important 
 

Good  match between species in Maiwok Subgroup in both the Beetaloo 
Sub-basin and McArthur Basin 
 

Microbiotas recovered from Bungle Bungle Dolomite (Osmond Basin), 
Stubb Formation and Kunja Siltstone (Birrindudu Basin) and McNamara 
Group (Mount Isa Orogen) indicate that further palynostratigraphic 
studies of Beetaloo Sub-basin, McArthur Basin and other northern 
Australian Mesoproterozoic basins are warranted 
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Unlocking potential for unconventional 
petroleum resources in the frontier greater 
McArthur Basin, NT 
 

DANIEL REVIE 



Overview 

• Basin overview – greater McArthur Basin 
• Petroleum Exploration History 
• Conventional to Unconventional Thought 
• Legacy Data and Newly Acquired Data 
• DIP 014 dataset release 
• Application of New Data 
• Moving Forward in data compilation 

 



The greater McArthur Basin 

• The greater McArthur Basin is a regional 
correlation between the existing Palaeo- to 
Mesoproterozoic McArthur and Birrindudu 
basins. 
 

• Approximate area within the Northern 
Territory is 550,000 km2 in the northern 
section of the NT, extending through to 
QLD and WA borders and to the 
Tomkinson Province in the south. 
 

• Overlain by Neoproterozoic and 
Phanerozoic basins. 

 
 



Stratigraphy of the greater McArthur Basin 

WILTON PACKAGE – ROPER GROUP 



Stratigraphy of the greater McArthur Basin 

GLYDE PACKAGE – McARTHUR GROUP 



Stratigraphy of the greater McArthur Basin 

REDBANK PACKAGE   
– TAWALLAH GROUP 



Petroleum Exploration History 

• Intermittent exploration since the 
1960’s, increased interest through the 
1980-90’s. 
 

• Exploration was for conventional trap 
and seal style targets for 
hydrocarbons.  

 
• Information gains on source rock 

geochemistry, identifying five potential 
source rock units in the southern 
McArthur Basin 
 

• An example of middle Velkerri 
Formation shale intersected 
in BMR Urapunga 3, (drilled 
1985). 



Unconventional Petroleum Exploration History 

• Mid-2000’s interest turned to shale gas potential, riding on the successes of 
shale gas and oil developments in the USA 
 

• 2007 Shenandoah-1 is drilled, followed by a deepening and fracture -
stimulation in 2010 as Shenandoah-1A. This targeted the organic carbon-rich 
middle Velkerri Formation and flared gas. Proven active petroleum system 
present 
 

• How much of this potential can be revealed by studying legacy cores? 



Greater McArthur Basin Legacy Data 

• 2822 data points from 71 
open file cores have been 
interrogated. 

 
• Mostly basic source rock 

analysis. 
 
• Limited data exists from 

X-ray diffraction, gas 
chromatography, kerogen 
analysis, porosity, 
permeability, maturity 
analyses 

 
• Vertical sample spacing 

very large, up to 20m 
between intervals 
 
 



Basin wide sampling on legacy cores 
 

• 649 additional sample 
points from 44 wells 

 
• Mainly Roper Group, 

limited sampling from 
the Tawallah Group 
and Limbunya Group 

 
• Specifically targeting 

the shales for source 
rock and reservoir 
properties 
 

• A wealth of 
information contained 
minerals holes 
 
 

 
 

Sampling program: 

TAWALLAH 
GROUP LIMBUNYA GROUP  

ROPER GROUP 



Digital Information Package: DIP 014  

• DIP 014: shale resource 
data from the greater 
McArthur Basin. 

• MS Excel format 
• Contains 3700 datapoints 

encompassing: 
– TOC & Programmed 

Pyrolysis 
– Shale Rock Properties 
– XRD Data 
– Elemental Kerogen Data 
– Whole Rock Geochemistry 
 
 

• No interpretation of the 
results contained in the 
dataset 

DIP014 is now available at the Dept. of Mines and Energy booth! 



• Results coming for addition to the dataset include: 
– 195 CHONS elemental kerogen analyses, incorporating Fe and 

organic Sulfur content analysis 
– 192 XRD Bulk and Clay fraction analyses 
– 20 GC biomarker analyses 
– 10 Shale Rock Properties analyses 
– 8 Mechanical rock properties analyses – Young’s modulus and 

Poisson’s ratio. 
– 30 Whole rock geochemistry analyses 

Digital Information Package: DIP 014  



Minimum requirements for high volume shale 
gas systems 

• TOC >2% (non-residual organic carbon) 
 
• Maturity over 1.1%, under 3.5% 

 
• Over-pressured (>0.45 psi/ft) 

 
• Brittle mineral content >40%, clay mineral content <30% 

 
• Air porosity over 2%, permeability over 0.1 X 10-3  mD 

 
• Effective thickness of organic–rich shale over 30-50 m 

Adapted from Zou (2013) 



Desirable properties of the shale source rock:  
• Type I, II or IIs kerogen (marine/lacustrine) 
 
• S1 >2 mg HC/g rock 

– Free hydrocarbons present in rock 
 

• S2 >10 mg HC/g rock 
– Potential to generate hydrocarbons if buried deeper 
 

• Sand-rich facies within the shales 
– High micro-fracture content in quartz 

 

Desirable qualities for shale gas systems 



Total Organic Carbon 

• TOC needs to be at least 2% for gas 
generation in economic quantity 



Total Organic Carbon 

• TOC needs to be at least 2% for gas 
generation in economic quantity 



Total Organic Carbon 

• TOC needs to be at least 2% for gas 
generation in economic quantity 



2D TOC mapping 

Beetaloo sub-basin 

• 2D subsurface mapping 
of the Kyalla Formation 
TOC content based on 
legacy reported data 
 

• Incorporation of new 
data into grid in 2015 
 

• Sub-surface mapping to 
be incorporated into 3D 
structural model 
 

• TOC, maturity isotherms, 
mineral tenacity, 
euxinia/anoxia facies 
mapping, isopach 
thickness maps to be 
derived from dataset 

2D sub-surface map of maximum TOC of the Kyalla 
Formation in the Beetaloo sub-basin area. 



Mineralogy of the shales 

 
• Brittle mineral 

content (quartz, 
carbonates, 
feldspars) over 
40% 

• clay mineral 
content under 
30% 
 • Sample numbers (n =) are low 



Mineralogy of the shales 
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• Brittle mineral 

content (quartz, 
carbonates, 
feldspars) over 
40% 

• clay mineral 
content under 
30% 
 



Mineralogy of the shales 
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Mineralogy of the shales 

• Sample numbers (n =) are low 
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Mineralogy of the shales 

 
• Brittle mineral 

content (quartz, 
carbonates, 
feldspars) over 
40% 

• clay mineral 
content under 
30% 
 • Sample numbers (n =) are low 



Mineralogy of the shales down hole 

>30% 
CLAY 

Walton 2 mineralogy by weight % 

Velkerri Formation - middle 



Mineralogy of the shales 

HyLogger results can provide increased resolution to infill the gaps between 
XRD sampling, deriving the tenacity of the shales through mineral composition  



Mineralogy of the shales 
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Maturity 1.1% to 3.5% 

OIL GAS 
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Formula computation from (Jarvie et al, 2001) 



Maturity 1.1% to 3.5% 

Formula computation from (Jarvie et al, 2001) 

• Challenge of maturity data in Proterozoic basins 
 

• Bituminite and alginite reflectance can yield some 
excellent direct measurement data 
 

• Most calculations used to derive equivalent values 
are based on data for younger sediments. 
 

• Sulfur content affects maturation of kerogens, eg 
Monterey Shale in the USA has generated low-
maturity oils at 0.35% Ro due to presence of high-
sulfur kerogens. 



How are the shales comparing? 



Moving forward 

• 572 further data points 
• High-end 

geochemistry and 
mechanical rock 
properties 

• Focus moving to 
Favenc and Glyde 
Packages of the 
McArthur Basin and 
equivalents 
 

 

• Data still to come:  • Products: 
• Organic Geochemistry 

dataset 
• XRD mineral dataset 
• Elemental Kerogen 

dataset 
• Porosity and 

Permeability dataset 
• Summary report and 

data interpretation on 
Roper Group and 
equivalents 



• Jarvie DM, Claxton BL, Henk F and Breyer JT, 2001. Oil and shale gas from the Barnett 
Shale, Fort Worth Basin, Texas. AAPG Annual Meeting Program 10, A100. 

• Zou C, 2013. Unconventional Continuous Petroleum Accumulation: in ‘Unconventional 
petroleum geology’. Elsevier Inc, 27-60. 
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Exploration techniques for uranium 
deposits on the example of Caramal 
prospect, Alligator Rivers Uranium Field 
Yulia Uvarova|  Senior Geochemist 
Jim Austin and Louise Fisher 
17 March 2015 

MINERAL RESOURCES FLAGSHIP 



Exploration techniques for uranium deposits|  Yulia Uvarova |  Page 2 

Alligator Rivers Uranium Field  

 Collaborative research 
project between CSIRO and 
Alligator Energy Ltd. 

 Caramal prospect, Myra 
Falls Inlier, NT 

 Trial the application of 
geochemical and geophysical 
techniques to improve 
exploration targeting for 
unconformity-type uranium 
systems 



Techniques trialled 

Exploration techniques for uranium deposits|  Yulia Uvarova |  Page 3 

 Conventional petrography and SEM; 
 Short-wave infra-red spectroscopy to identify important 

alteration signatures and moreover to calculate temperatures of 
crystallisation of clay minerals associated with mineralising event 

 Weak acid leach and subsequent analysis by HR-ICP-MS for 
elemental concentrations and Pb and U isotope ratios of samples, 
particularly around unconformity contacts 

 Lithogeochemical assessment of the existing database to identify 
alteration indices and vectors to mineralisation  
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Proterozoic basins 

-Similar age (minimal deposition age ca. 1750 Ma) 
-Similar age of mineralisation  (ca. 1650 Ma) 
-Similar alteration styles 
-Alteration associated with main uranium mineralisation has T ca. 250°C 
 

All of the processes that operate to produce geochemical anomalies 
associated with unconformity-related deposits are applicable to all other 
types of uranium deposits and should be integrated into learning curves 
for effective exploration of uranium. 



Optical petrography and SEM 

Exploration techniques for uranium deposits|  Yulia Uvarova |  Page 5 

Fe-Chl 

Mg-Chl 

Trs 
Urn 

Py 

Tristramite, a Ca-Fe-U4+ phosphate 



Alteration halos of unconformity-type deposits in 
the Athabasca Basin 

Exploration techniques  for deep-seated U deposits|  Yulia Uvarova |  Page 6 

Sandstone 

Basement 
After Thomas (2008)  

SWIR offers the ability to (1) identify clay minerals, (2) estimate relative 
proportions of alteration minerals—missing is temperature, which is as 
critical as alteration mineralogy 
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Some spectral features for phyllosilicates 

Fe-OH feature 
at ∼ 2250 nm 
 
Mg-OH feature 
at ∼ 2320 nm 

H2O feature 
at ∼ 1900 nm 

Al-OH feature 
at ∼ 2200 nm 

C
hlorite 

Illite 

Cation exchange geothermometry (for chlorite and white micas) and 
kaolinite crystallinity (from XRD) were used to calibrate 
thermometers and develop scalars 
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Spectral features vs. temperature of crystallization-micas 
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Spectral features vs. 
temperature of 

chlorites and kaolin-
group minerals 

Thus, temperatures of 
formation are possible 
with SWIR if 
calibrated properly 
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The Athabasca example—is temperature critical? Examine 
results from cores near and far from mineralization 

VR-01 

Rumple 

WQS-2 

ZK85-01 
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VR-01 far from mineralization—no temps above 250oC 

 lithology  clays 

MFd 

MFc 

MFa 

WP 
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WQS-2-near mineralization—many temps above 250oC 

bsmt 

MFd 

MFc 

MFb 

MFa 

lithology   clays 
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At Caramal 
 With SWIR: 

Clay speciation = alteration patterns: mostly illitic and chloritic halos 

Temperatures of crystallisation = prospectivity indicator 
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Weak acid leach (WAL) - Method 

(1) A sample (rock) crushed to a size of 30-50 µm to disintegrate it 
but not crush individual mineral grains 

(2) Crushed rocks is treated with 2% nitric acid to release elements 
adsorbed on mineral surfaces but not to dissolve individual 
mineral phases 

(3) Leachate samples are analysed for Pb and U isotope ratios as 
well as leached elemental concentrations with HR-ICP-MS 

(4) This technique is now being offered as a service by a number of 
commercial laboratories 
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Weak acid leach (WAL) - Rationale 

(1) 206Pb and 207Pb are daughter products of 238U and 235U decay, 
respectively, at a known rate 

(2) 204Pb in contrast is the only stable isotope of Pb and is 
unchanged through time for a closed system 

(3) Thus, 206Pb/204Pb and 207Pb/204Pb ratios provide information 
about the relative influence of 238U and 235U in a given system 

(4) 206Pb/204Pb > 19.8 is radiogenic, 206Pb/204Pb > 30 is very 
radiogenic 

(5) There are two ways how a rock can acquire radiogenic signature: 
internal decay of U contained in the rocks, and introduction of 
mobile radiogenic Pb from a U-rich source (e.g., U 
mineralisation) 



Exploration techniques  for deep-seated U deposits|  Yulia Uvarova |  Page 16 

Caramal Diagram developed by Holk 
et al. (2003) 
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Excess radiogenic Pb 
that was introduced 
from an external 
source 

- WAL and subsequent 
analysis for Pb and U 
isotope ratios detected 
mobile radiogenic Pb.  

-In some samples it was 
unsupported mobile 
radiogenic Pb in the 
proximity to 
mineralisation <1000 m. 

-Moreover, hyperspectral 
techniques identified 
alteration chlorite halo 
T=200-250°C.  



WAL and Pb isotope ratios – Preserving the 
signal of mineralisation 100s-1000s m away 
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Holk et al. (2003)  



Lithogeochemical assessment of historical 
drilling data 
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 The successful application of modern exploration techniques and our 
accumulated knowledge of U systems to previously explored areas  

 
Feldspar control

Muscovite control

Illite control

Chlorite control
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Summary 

(1) Presented techniques have been proven to be rapid, cost-
effective and useful in exploration for deeply buried uranium 
mineralisation 

(2) SWIR can give information on clay mineral speciation (alteration 
halos) and can aid in estimating temperatures (prospectivity 
indicator) 

(3) WAL is extremely helpful in determining the proximity to 
mineralisation 100-1000s m. 

(4) Biogeochemistry (tree cores) – future research required with 
Australian species, very effective in Canada 
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The Arnhem Province: New findings on the 
Palaeoproterozoic basement in east Arnhem Land 

S. Kraus, J.A. Whelan, 
B.L. Reno, N. Kositcin  



New NTGS mapping program in east Arnhem Land 



Regional geological setting 

• Arnhem Province unconformably overlain by the Palaeo- to Mesoproterozoic McArthur Basin 
and the Cretaceous Carpentaria Basin. 
  

• Arnhem Province and polymetallic Pine Creek Orogen form central-northern part of the 
basement of the NAC. 
  

• Connection between Arnhem Province and Pine Creek Orogen? 



• New 1:100 000 geological 
mapping project under the 
CORE initiative. 
  

• Focused on geology and  
review of the resource potential 
of the Palaeoproterozoic Arnhem 
Province. 
  

• Enhance the knowledge on the 
stratigraphy of the Arnhem 
Province. 
  

• Subdivide the recognised units 
reliably into subunits. 

Project objectives 



• Discontinuous belts 
and patches of 
outcrop. 
  

• Re-definition of 
outcrop extension 
through on-the-
ground mapping. 
  

• Subdivision into 
five main 
lithological units. 
  

• Bradshaw Complex 
likely to be 
discarded. 

New mapping: 
Preliminary 

results 



Grindall Formation 
• Only exposed in the Blue Mud Bay area. 

  

• Previously interpreted as stratigraphically 
lowest and thus oldest unit of Arnhem 
Province (Haines et al., 1999). 
  

• Steeply dipping interlayered, metre- to 
decimetre-thick beds of fine grained sand-, 
silt- and mudstones. 
  

• Total thickness thought to be in excess of 
1000 m (Haines et al., 1999). 
  

• Turbidite sequence deposited in  a broad, at 
times deep marine basin. 

Grindall Fm. 



Grindall Formation on Morgan Island 
• Key relationships between Grindall Fm. and 

intruding fa-bt-granite, possibly Bukudal 
Granite (Giddy Suite). 
  

• Minimum depositional age constrained by ca 
1835 Ma age of intruding fa-bt-granite. 
  

• New SHRIMP U-Pb zircon maximum 
depositional age (1934 ± 47 Ma). 
  

• Locally contact metamorphosed (Coast 
Range, Haines et al., 1999), but on Morgan 
Island unmetamorphosed. 
  

• Upright, ENE-plunging open folds in SE 
Morgan Island. 
  

• Quartz-veining is common, usually cm-thick 
but locally up to dm-thick. 
  

• Regular geochemical analysis: 1 sample 43 
ppb gold, several others ca 10 ppb. 



Metamorphics & migmatites 
• Granulite-facies metasedimentary and 

metaigneous migmatitic rocks (formerly part 
of the Bradshaw Complex). 
  

• Elongate, NE-striking belt in northern 
Arnhem Province (Wonga Creek area). 
  

• Scattered outcrops across Gove Peninsula. 
  

• High-grade equivalents to the largely 
unmetamorphosed Grindall Formation? 
  

• Two subgroups: 
(A) orthogneiss and migmatite in Wonga 
Creek area as far east as Cape Arnhem: 
- bt-Kfsp-pl-qtz±grt orthogneiss 
  

- igneous crystallisation zircon age of  
  1879 ± 5 Ma (protolith) 
   >> oldest known intrusive of Arnhem P. 
  

- Main gneissic foliation overprinted by 
  parasitic tight folds > 2 discrete events? 

Metamorphics 
and migmatites 



Metamorphics & migmatites 
• Two subgroups: 

(B) metasedimentary migmatite 
      (Melville Bay Metamorphics). 
  

• Interlayered migmatite, quartzite, 
metagreywacke and metasiltstone. 
  

• Evidence for high-T, low-P granulite-facies 
metamorphism (840 °C, 0.83 GPa). 
  

• grt-bt-pl-qtz±crd assemblage. 
  

• Migmatite with extensive crd-grt-bearing 
leucosome (e.g. Wargarpunda Point). 
  

• Leucosome forms network of former melt 
veins; evidence for transport from sites of 
partial melting to zones of melt 
accumulation, up to m-scale channels. 
  

• Compositional layering reflects original 
sedimentary bedding, overprinted by grain 
shape foliation. 
  

• Garnet and cordierite observed as peri-
tectic phases formed during partial melting. 

1860 ± 5 
(metamorphic event) 



Cordierite-garnet-bearing S-type granites 
• A suite of garnet- and/or cordierite-bearing, locally foliated S-

type leucogranites. 
  

• Includes the Drimmie Head Granite, Bawaka granite (informal), 
and some unnamed intrusions, all previously mapped as 
undivided Bradshaw Complex (Pietsch et al., 1997). 
  

• S-type mineralogy, ubiquitous metasedimentary 
xenoliths/restites similar to rocks from the Grindall Formation 
and the Melville Bay Metamorphics. 
  

• Formation by in situ partial melting of a proximal (meta-) 
sedimentary protolith during peak metamorphism. 

• Migmatites associated to the Melville Bay 
Metamorphics are at least partial source of S-
type granites (field evidence e.g. at Yirrkala). 
  

• grt-crd-bt-Kfsp-plag-qtz assemblage. 

S-type 
granites 



Cordierite-garnet-bearing S-type granites 
• Drimmie Head Granite crystallisation age 

(1862 ± 4 Ma) is consistent with 
metamorphic zircon growth in quartzite 
and migmatite of Melville Bay Meta-
morphics. 
  

• Broadly granitoid composition, SiO2 68.6 
– 75.0 wt%, alkaline and subalkaline. 
  

• Weakly to strongly peraluminous. 

• Locally preserved grain shape foliation 
(fsp-bt), orientation reflects only one major 
deformational event. 
  

• Locally developed flow banding defined by 
aligned K-feldspar. 



Fayalite-biotite-bearing A-type granites (Giddy Suite) 
• Youngest unit of the Arnhem Province. 

  

• Comprises the Giddy, Garrthalala, Bukudal and 
Dhalinybuy granites (Rawlings et al., 1997; Haines et 
al., 1999). 
  

• Exposed over most of the Arnhem Province. 
  

• Absence of xenoliths, crd and grt. 
  

• Generally unmetamorphosed and undeformed. 
  

• Giddy Granite has locally spaced cleavage >> upper 
crustal brittle deformation during exhumation? 
  

• Fayalite is ubiquitous, diagnostic for the Giddy Suite. 

Giddy Suite 



Fayalite-biotite-bearing A-type granites (Giddy Suite) 
• Bukudal Granite: 

- cm-sized reddish spots consisting of Fe- 
  stained fsp usually with a fa-crystal or 
  small mafic xenolith at the centre. 
  

- Also red Fe-staining along joints. 
  

>> post-magmatic mobilisation of Fe, 
liberated from breakdown of fa and/or 
mafic xenoliths. 
  

• - Miarolitic cavities in Bukudal Granite 
- subvolcanic textures 
- megacrystic, resorbed K-fsp 
  

>> high-level emplacement of Giddy 
Suite. 

Giddy Granite 

fa 

Mobilized Fe 
staining fsp  

Bukudal 
Granite 



Fayalite-biotite-bearing A-type granites (Giddy Suite) 

Subalkaline granites to transitional alkali granites, weakly to strongly peraluminous 
(67.3 wt% - 78.8 wt% SiO2). 
  

New SHRIMP U-Pb zircon dating: 
- Bukudal Granite 1824 ± 5 Ma (magmatic cryst.), 
- Giddy Granite 1829 ± 5 Ma (magmatic cryst.). 
  

>> within error or only slightly younger than previously reported ages 
    (Rawlings et al., 1997). 
  

>> all subunits of the Giddy Suite coeval in age? 



Change in metamorphic grade across Arnhem 
Province 

• Metamorphic grade lowest in the south: unmetamorphosed Grindall Formation. 
  

• Highest in the north: granulite-facies metasedimentary-migmatitic rocks of the Melville 
Bay Metamorphics. 
  

• Is Grindall Fm. unmetamorphosed equivalent of the Melville Bay Metamorphics? 
Two possible scenarios: 
(A) higher metamorphic grade in the N result of greater burial depth and/or an 
      elevated geotherm at 1870-1860 Ma, 
(B) so far unrecognised regional-scale structure (e.g. strike-slip fault?) juxtaposes 
      granulite-facies rocks in the N against unmetamorphosed rocks in the S. 
  

>> apatite fission track studies along a S-N profile, p-T calculations on garnet. 
  

• Grindall Formation may represent a potential protolith, BUT: 
New U-Pb detrital zircon age data show differences in provenance between Grindall 
Fm. and Melville Bay Metamorphics. 
 
>> possibility of lateral variations in available detrital sources, 
     further isotopic information required, also on xenoliths from S-type granites. 



Correlation with other basement terranes 
Nimbuwah Domain 



Arnhem Province: potential correlatives 
• (Meta-)sedimentary units of 

the Pine Creek Orogen. 
  

• Cosmo Supergroup? 
- maximum depositional ages  
  younger than Arnhem Prov., 
  

- has 1860 Ma detrital zircon  
  peak, at which time Melville  
  Bay Metamorphics under- 
  went metamorphism. 
 

Results of new work: 
  

• Nimbuwah Domain: 
Cahill Formation shares 
dominant age peaks with the 
Grindall Formation (ca 2300, 
2150, 2090, 2050). 
  

• Cahill Formation shares ca 
1910 Ma detrital zircons peak 
with the Melville Bay Meta-
morphics. 



Nimbuwah Domain: compression at ca 1870-1860 Ma 

The ca 1871–1857 Ma Nimbuwah Event is characterised by: 
  

• Felsic and intermediate magmatism, emplacement of the Nimbuwah Complex. 
  

• High-P, moderate-T metamorphism at ≥ 9.2 kbar and 650 °C. 
   

• Crustal thickening associated with collisional tectonism. 
 

(Hollis & Glass, 2012)  



? 

• Different tectonic setting: 
-  Arnhem extensional,  
-  Nimbuwah compressional. 
  

• Different thermal gradients: 
-  Arnhem high-T, low-P 
-  Nimbuwah moderate-T, high-P 
>> direct juxtaposition of Arnhem 
Province and Nimbuwah Domain 
at 1870 – 1860 Ma unlikely.  

 
• Detrital zircon patterns indicate: 

Grindall Fm., Melville Bay 
Metamorphics, Cahill Fm. and 
Nourlangie Schist share partly 
the same sources, but in very 
different proportions. 
 
>> coeval lateral equivalents, 
deposited in different parts of 
a large sedimentary basin? 

What we know: comparison at 1870-1860 Ma 
Arnhem Province Nimbuwah 

Domain 

Nimbuwah Domain 

Cahill Formation, 
Nourlangie Schist 
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Hayes Creek Project Exploration 
 Iron Blow and Mt Bonnie: High grade base and precious metals 

deposits 
 Uncovering new base metal deposits 
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Phoenix Copper’s Entry into NT 

Leigh Creek 
Project 

Burra Project 

Yorke Peninsula Project 

Hayes Creek, 
Burnside, Moline and 

Chessman Projects 

 Transaction with Crocodile Gold announced August 2014 
― Acquired tenements “Hayes Creek Project” 
― Earn-in tenements: Burnside, Moline and Chessman (Maud) Projects 
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 Two known deposits: 
― Iron Blow:  2.6MT containing 125,000t Zinc, 

200,000 oz Gold and 10.7M oz Silver 
― Mount Bonnie:  similar geophysical signature 

as at Iron Blow = similar potential 

 Historic small scale open pit oxide mining 
 Exceptional grades from past exploration and 

mining  
 Proven massive sulphide mineralisation at 

both deposits - similar geological setting 
 >10km prospective stratigraphy 
 Multiple commodity focus – Zinc, Gold, Silver 
 Located on granted MLs  
 Close to infrastructure 
 Untested VTEM and geochemical targets 

close by – past exploration focus on gold 
 

Mt Bonnie 

Iron Blow 

Hayes Creek Project Overview 
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Iron Blow Background 

 Previously mined in the 
late 1800’s and mid-1980’s 

 Past production of oxide 
and supergene ore 
~35,000t grading ~7.6 g/t 
Au and 328 g/t Ag 

Iron Blow open pit 
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Iron Blow Geology 

 Two massive sulfide lenses 
 Ore geometry 

― ~400m known strike extent 
― Lens thicknesses 10-20m 
― Outcrops and extends to at 

least 250m depth 

 Lower Mt Bonnie Fm: 
transitional depositional 
environment 

 Structure: 
― Bedding parallel thrusts (basin 

inversion) 
― Open folding (N-S axis – 

Margaret Syncline) 
― E-W cross faults 
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Recent exploration at Iron Blow 
 Outstanding results from first drill hole IBDH023: 

― 50.39m @  10.12% Zn, 2.66 g/t Au, 283 g/t Ag, 0.57% Cu, 1.39% Pb 
from 155.72m  

― Incl. 19.45m @  15.48% Zn, 2.65 g/t Au, 492 g/t Ag, 0.56% Cu, 2.52% Pb 
from 156.5m 
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Iron Blow Long Section 

 Mineralisation plunges 
to the south 

 High-grade core of 
base metals with 
elevated gold grades 

 Opportunities up and 
down-plunge 
― Oxide material 

close to surface 
(western 
lens/lode) 

― Sulphide material 
offset at depth or 
laterally (EM to 
assist with 
targeting) 

 

IBDH023 high grade massive 
sulphide core – the interval 
between 162m-165m 
assayed 19.4% Zinc, 2.7g/t 
Gold, 630g/t Silver, 0.85% 
Copper, and 3.2% Lead 
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Iron Blow Resource 
 Mineral Resource Estimate at Iron Blow (reported in accordance with JORC 2012) 
 Resource contains approximately:  

― 200,000 ounces of gold,  
― 10.7 million ounces of silver, and 
― 125,000 tonnes of zinc 

 Most of the resource is amenable to open pit mining methods 
 Good potential to expand 
 Multiple metals – high $ value per tonne of ore 

Depth 
AuEq 

cut-off 
(g/t) 

Tonnes AuEq 
(g/t) Au (g/t) Ag (g/t) Cu (%) Pb (%) Zn (%) ZnEq % 

> -90 mRL 0.7 2.2Mt 6.7 2.4 140 0.3 1.0 4.9 11.8 

< -90 mRL 3.0 0.4Mt 5.6 2.7 71 0.4 0.4 4.1 10.0 

Total Inferred Mineral 
Resource   2.6Mt 6.5 2.4 130 0.3 0.9 4.8 11.5 

Total Contained Metal 543,000 
oz 

203,000 
oz 10,700,000 oz 7,000 t 23,000 t 125,000 t 300,000 t 

Iron Blow Inferred Mineral Resource Estimate as at 8th October 2014. See ASX release 3 November 2014, ‘High Grade Mineral Resource Estimate for Iron Blow 
Deposit’, where further details are provided. Note there has been no material change in the Mineral Resource Estimate since it was first reported. 
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Mount Bonnie Background & Geology 

 Located less than 3km from 
Iron Blow in same 
geological environment 

 Similar strike extent and 
geophysical signature as 
Iron Blow 

 Past oxide gold production 
of 110,000 tonnes @ 7g/t 
Au and 230g/t Ag 

 Structural interpretation 
suggest two possible vent 
locations - the southern one 
is entirely untested 

Mount Bonnie open pit looking to the North-west 

Best drill intercept to date of: 
MBDH001 – 9.6m @ 2.41g/t Au, 288g/t 
Ag, 10.31% Zn, 2.65% Pb and 0.54% Cu 
from 75.2m 
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Schematic Model – Iron Blow 

1. Eruptive phases ~1.9Ga; 
Extension on seabed.  Vents 
exploit transfer faults? Further 
sedimentation 

v 
v v 

v 

v v 
v 

v 

~ 

Gerowie 
Tuff 

Mt Bonnie 
Formation 

Hot circulating fluids 

2. Basin inversion- 
bedding parallel 
thrusting and open 
folding ~1875Ma.  
Lenses tilted into 
Margaret Syncline and 
segmented by E-W 
faults 

v 

v 

v 

v 

v 

v 

v 

Zamu 
Dolerite 

Gerowie 
Tuff 

Mt Bonnie 
Formation 

Margaret 
Syncline 

 

Plan Section 

Black Smokers 

v 

v 
v 

v 

v 

Margaret 
Syncline 
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Upcoming Exploration 
 Data compilation 

  Re-log and assay unsampled sulfide 
bearing core  

 Ground and Downhole EM 
  Identify extensions to Iron Blow and Mt 

Bonnie 
  Test highest priority regional 

geochem/EM targets 
 Regional exploration 

  Continue to field check and prioritise 
regional targets 

 Drilling 
  Priority 1 is to build a resource base for 

Mt Bonnie and extend Iron Blow 
  Priority 2 is resource definition (upgrade 

Inferred to Indicated) at Iron Blow 
  Priority 3 is exploration to find a new 

discovery within 15km of Iron Blow and 
Mt Bonnie (including Quest 67) 

 

Iron Blow 

Mount 
Bonnie 

Quest 67 

Proposed EM lines on RTP mag (1VD) 

Mount 
Bonnie South 
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Hayes Creek – VTEM Targeting Results 

Targets on 100K Geology Targets on EM 3521usec time channel 

Iron Blow 

Mount Bonnie  
South 

Quest 67 

Mount Bonnie 

Iron Blow 

Quest 67 

Mount Bonnie 

Mount Bonnie  
South 

Iron Blow 

Mt Bonnie 
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Summary 

 Northern Territory - Hayes Creek 
― Set the baseline - updated Iron Blow mineral resource estimate  (Complete) 
― Understand the deposits - diamond drill testing & structural analysis  (Complete) 
― Demonstrate economic extraction - metallurgical testing  (In progress) 
― Increase existing resource base at Iron Blow – Downhole & surface EM, re-assay and new 

assays of historical drill holes, drill testing of EM target areas  (In progress) 
― Identify additional resources – Mount Bonnie surface EM, drill testing and resource 

definition + regional exploration (to commence Mar 2015) 
 

 Northern Territory - Burnside, Moline and Chessman regional exploration 
― Re-interpret VTEM data to confirm and prioritise targets  (In progress) 
― Ground follow up with geochemical based fieldwork, mapping and RC drilling (2015)  
― Drill test known prospects and defined targets, prioritising existing geochemical 

anomalies and geophysical targets in favourable lithological and structural settings (2015) 
 

Discover – Define – Develop  
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 This presentation is an overview of the Company prepared with good intention.  It is not a prospectus and offers no securities 
for subscription or sale in any jurisdiction, nor a securities recommendation. 

 All information necessary for investment decisions is not contained herein and investors are encouraged to conduct their own 
research of Phoenix Copper Limited in conjunction with legal, tax, business and financial consultation. 

 Phoenix Copper Limited, its directors, officers, employees and agents disclaim liability for any loss or damage suffered by 
reliance on information contained in this report when making investment decisions.  In addition, no express or implied 
representation or warranty is given in relation to the completeness and sufficiency of the information, opinions or beliefs 
contained in this document or any other written or oral information made or to be made available to any interested party or its 
advisors. 

 This presentation may refer to the intention of Phoenix Copper Limited but it does in no way intend to forecast forward looking 
statements or future matters for the purposes of the Corporations Act or any other law.  Future events are subject to risks and 
uncertainties, and as such results, performance and achievements may in fact differ from those referred to in this presentation. 

 No liability is accepted for any loss, cost or damage suffered or incurred by the reliance on the sufficiency or completeness of 
the information, opinions or beliefs contained forthwith. 

 Research, evaluation and analysis of the business, data and property are encouraged before making financial investments.  Any 
estimates, projections or opinions contained herein may involve subjective judgement, analysis and interpretation, and 
satisfaction of one’s own decisions should be undertaken. 

 This report contains forward-looking statements.  These forward-looking statements reflect management’s current beliefs based 
on information currently available to management and are based on what management believes to be reasonable assumptions.  
A number of factors could cause actual results, or expectations to differ materially from the results expressed or implied in the 
forward looking statements. 

 The information in this report that relates to Exploration Targets, Exploration Results, Mineral Resources or Ore Reserves is 
based on information compiled by Mr Andrew Bennett a Competent Person who is a Member of the Australian Institute of 
Mining And Metallurgy.  Mr Bennett has sufficient experience relevant to the style of mineralisation and the type of deposits 
under consideration and to the activity being undertaken to qualify as a Competent Person as defined in the 2012 Edition of the 
“Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves”.  Mr Bennett consents to the 
inclusion in this report of the matters based on his information in the form and context in which it appears. 
 

Disclaimer & Important Notice 
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The Plunge, The Bulge, The Pinch and The Swell…. 
 
The Importance of flexibility and revision in the modelling of high-grade gold systems 

AGES CONFERENCE 2015 
Darren Holden, Pascal Hill, Kate Eiloart, Alwin Van Roij, John Ingram, Peter Aldridge 
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Disclaimer 
DISCLAIMER 
This presentation has been prepared by ABM Resources NL (“ABM” or the “Company”). It should not be considered as an offer or invitation to subscribe for or purchase 
any securities in the Company or as an inducement to make an offer or invitation with respect to those securities. No agreement to subscribe for securities in the 
Company will be entered into on the basis of this presentation. 

This presentation contains forecasts and forward looking information. Such forecasts and information are not a guarantee of future performance, involve unknown risks 
and uncertainties. Actual results and developments will almost certainly differ materially from those expressed or implied. ABM has not audited or investigated the 
accuracy or completeness of the information, statements and opinions contained in this presentation. Accordingly, to the maximum extent permitted by applicable 
laws, ABM makes no representation and can give no assurance, guarantee or warranty, express or implied, as to, and take no responsibility and assume no liability for, 
the authenticity, validity, accuracy, suitability or completeness of, or any errors in or omission from, any information, statement or opinion contained in this 
presentation.  

You should not act or refrain from acting in reliance on this presentation material. This overview of ABM does not purport to be all inclusive or contain all information 
which its recipients may require in order to make an informed assessment of the Company’s prospects. You should conduct your own investigation and perform your 
own analysis in order to satisfy yourself as to the accuracy and completeness of the information, statements and opinions contained in this presentation and making 
any investment decision. 

TECHNICAL STATEMENT / COMPETENT PERSONS STATEMENT 
The information in this presentation that relate to Exploration Results & Mineral Resources (announced previously and before 1st December 2013) is based on 
information compiled by Mr Darren Holden who is a Member of The Australasian Institute of Mining and Metallurgy. Mr Holden is a full time employee of ABM 
Resources NL and has sufficient experience which is relevant to the style of mineralisation and type of deposit under consideration and to the activity which he is 
undertaking to qualify as a Competent Person as defined in the 2004 edition of the “Australasian Code for Reporting Exploration Results, Mineral Resources and Ore 
Reserves”. Mr Holden consents to the inclusion in the documents of the matters based on this information in the form and context in which it appears. 

The information in this presentation that relate to Exploration Results and Mineral Resources (announced post 1st December 2013) is based on information compiled 
by Mr Darren Holden and Mr John Ingram who are both Members of The Australasian Institute of Mining and Metallurgy. Mr Holden and Mr Ingram are full time 
employees of ABM Resources NL and have sufficient experience which is relevant to the style of mineralisation and type of deposit under consideration and to the 
activity which they are undertaking to qualify as a Competent Person as defined in the 2012 edition of the “Australasian Code for Reporting Exploration Results, Mineral 
Resources and Ore Reserves”. Mr Holden and Mr Ingram consent to the inclusion in the documents of the matters based on this information in the form and context in 
which it appears. 

The information in this report that relates to mining parameters, mine designs and costs is based on information compiled by Mr Brad Valiukas who is a Member of The 
Australasian Institute of Mining and Metallurgy. Mr Valiukas is employed by BV Mining Pty Ltd and provides technical and management services to ABM Resources NL. 
Mr Valiukas has sufficient experience that is relevant to the style of mineralisation and type of deposit under consideration and to the activity being undertaken to 
qualify as a Competent Person as defined in the 2012 Edition of the ‘Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves’. Mr 
Valiukas consents to the inclusion in the report of the matters based on this information in the form and context in which it appears. 

Refer to previous Company Press-Releases for full resource estimation details, drill hole details, and intercept calculations.  
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About ABM 

• ABM has been exploring in the Central Desert for 5 years 

• We are building our first mine – the Old Pirate High-Grade Gold Deposit 

• We hold 40,000 square kilometres of exploration licenses and applications in the Central Desert 
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Discovery takes 20 years 

Special thanks to all the geologists who have worked to understand this deposit 

• Especially – Tony Schreck and the team from North Flinders in the 1990s who first discovered the gold at OP 

• Previous explorers from Normandy and Newmont 

• The very supportive team at the NTGS including Dorothy Close, Ian Scrimgeour 

• And ABM’s exploration team over the past 5 years including Rodney Boucher, Lucy Brisbout, Patrick Smillie, Robin 
McQuinn, Luke Forti, Luke Meter, Kate Eiloart, Kelly Bell, Alwin Van Roij, Rebecca Thorby, Peter Aldridge, and 
Pascal Hill 

 
 

 

 
 

 
20 Years 
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Old Pirate – Base Geology 

• Killi Killi Formation – a Tanami Group turbidite sequence  

• In the “Trans Tanami” between the Tanami Fault and the Mongrel Faul  

• Dolerite to diorite sills  

• Overall south-plunging anticline structure 
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The Plunge, the Bulge, the Pinch & the Swell! 

• The Plunge 

– The most obvious part of this system is the 
anticline 

– We are in a south plunging fold 

– But the plunge is enigmatic and not as simple as 
first appears 

• The Bulge 

– Referring to the “bulge” in our first models and 
how we worked out the best way to sample and 
model 

• The Pinch and the Swell 

– The role of shearing, anastomosing veins and 
boudinage 

– Building structurally controlled geological models 

– Managing uncertainty in a business plan 

<Old Pirate 
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The Plunge 

• NFM Discovery and Interpretation 

– Quartz vein dominated outcrop, a number of folded veins 
evident in hinge zone 
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The Plunge 

• NFM Discovery and Interpretation 

– Quartz vein dominated outcrop, a number of folded veins 
evident in hinge zone 

• Normandy revision 

– Increased confidence in the fold geometry, interpreted faults in 
limbs 

– Numerous stratiform dolerites 



AGES Presentation – 2015 abmresources.com.au 

The Plunge 

• NFM Discovery and Interpretation 

– Quartz vein dominated outcrop, a number of folded veins 
evident in hinge zone 

• Normandy revision 

– Increased confidence in the fold geometry, interpreted faults in 
limbs 

– Numerous stratiform dolerites 

• Newmont revision 

– Simplified stratigraphic elements 

– Faults both axial-planar and limb-thrusts 
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The Plunge 

• NFM Discovery and Interpretation 

– Quartz vein dominated outcrop, a number of folded veins 
evident in hinge zone 

• Normandy revision 

– Increased confidence in the fold geometry, interpreted faults in 
limbs 

– Numerous stratiform dolerites 

• Newmont revision 

– Simplified stratigraphic elements 

– Faults both axial-planar and limb-thrusts 

• ABM first revision (2010) 

– Back to a simple fold structure 

– Focused on veins 
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The Plunge 

• NFM Discovery and Interpretation 

– Quartz vein dominated outcrop, a number of folded veins 
evident in hinge zone 

• Normandy revision 

– Increased confidence in the fold geometry, interpreted faults in 
limbs 

– Numerous stratiform dolerites 

• Newmont revision 

– Simplified stratigraphic elements 

– Faults both axial-planar and limb-thrusts 

• ABM first revision (2010) 

– Back to a simple fold structure 

– Focused on veins 

• ABM second revision (2012) 

– Double anticline 

– Limb-thrusts  

– Dominant influence of shales  
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The Plunge 

In 2010 

• All structural observations pointed to 50 
to 60 degree plunge of the fold 

– Bedding vs cleavage intersection 

– Stereonet -plotting beds strikes / 
dips 

– Observed fold noses 

• First program – vertical holes targeting 
saddle reefs  

• But it is more complex than that 
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The Bulge 

Too complex to model by hand? 

• The first resource modelling used: 

– Leapfrog (3D contouring) software 

– Guided by a simple steep fold model  

• This model produced too many flat lying structures 

• Bulging and widening of the lodes compared to what we 
had seen previously  

• Discontinuous wire-frames due to nugget effect (gaps in 
drilling assays not gaps in geology) 

• However, this work did highlight a possible shallow plunge 
(20deg south) – shallower than previously thought 
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The Bulge – SOLVING THE NUGGET EFFECT 

• The problem:   
– >80% of the gold is in <20% of the quartz  

• A large scatter of duplicates: 
– How can we expect drilling to reliably call 

the grade in any given block? 
– 100% of the gold is in the quartz 

(generally)  

Assay Original vs Field Duplicates 



AGES Presentation – 2015 abmresources.com.au 

The Bulge – SOLVING THE NUGGET EFFECT 

To solve this problem… do we think like 
this? 
 

 
 
 

 

Or like this? 
 

 
 
 

 

Georges Matheron – the father of geostatistics 
 

 
 
 

 
Old time miners – the fathers of mine structural geology 
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The Bulge  

• Dominy, S.C., Johansen G.F., Cuffley, B.W., Platten, I.M., & Annels, A.E. 2001 
Estimation and reporting of mineral resources in coarse gold-bearing veins. 
Explor. Mining Geol. Vol.9, No.1 pp13-42   
 

Diamond drilling is an effective measure of geological continuity, however, 
grade distribution can only be reliably obtained from underground 
development 
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The Bulge  

…drilling and linear / panel samples generally understate bulk 
sample grades 

• Dominy, S.C., Johansen G.F., Cuffley, B.W., Platten, I.M., & Annels, A.E. 2001 
Estimation and reporting of mineral resources in coarse gold-bearing veins. 
Explor. Mining Geol. Vol.9, No.1 pp13-42   
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The Bulge  

…unlikely anything above an Inferred Resource category can 
be estimated from surface drilling alone 

• Dominy, S.C., Johansen G.F., Cuffley, B.W., Platten, I.M., & Annels, A.E. 2001 
Estimation and reporting of mineral resources in coarse gold-bearing veins. 
Explor. Mining Geol. Vol.9, No.1 pp13-42   
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The Bulge  

The resource estimation process must driven by a clear 
geological model that should attempt to understand both 
geological and grade continuity 

• Dominy, S.C., Johansen G.F., Cuffley, B.W., Platten, I.M., & Annels, A.E. 2001 
Estimation and reporting of mineral resources in coarse gold-bearing veins. 
Explor. Mining Geol. Vol.9, No.1 pp13-42   
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The Bulge 

• To how do we collect more and 
more data without mining or 
very intensive drilling? 
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The Pinch & Swell – longitudinal sampling 

 

Area of rubble = 
quartz vein 

Vein ~ 1.5m wide 

Vein ~ 0.4 – 1m 
wide  

1m length marks 

Sample Bags of 
collected samples 
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Example of 10 bonanza grade zones (undiluted grades from continuous strike length sampling) 

The Pinch & Swell – longitudinal sampling 
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The Pinch & The Swell 

• Systematic longitudinal sampling gave us a lot of knowledge 
– Ore body is nuggetty but overall is high-grade (80/20 rule) 

– Grades vary along strike – narrow neck boudins often the highest grades! 

– Still a mismatch between drilling and surface work 

• But we are in a remote area with no real available infrastructure 
– The resource is small for a full size plant? 

– Metallurgical work indicated high-gravity recoveries but was it really? 

– Some of our structure didn’t make sense and we needed to do more work 

 Drill intersections were wider at the Western Limb and Golden Hind than they were in surface quartz 

 We had some structures that did not match the fold model 

 And what about the non-quartz geology 
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The Pinch & The Swell 

Donald Rumsfeld, (fmr) US Secretary of State sums up risk management.  

 “There are known knowns; there are things we know that we know.” 
 
 
 
 
“There are known unknowns; that is to say,  
there are things that we know we don't know.” 
 
 
 
“But there are also unknown unknowns – there are things we do not 
know we don't know.” 

High-grade vein system  with visible gold at surface.  
Geology is well understood on a project scale. 
Drilling concurs within the geological model resulting in resource model.   
Gravity gold recoveries are high.  

Modelled, sampled and tested versus actual? 
(this is the case for all pre-development projects) 
 

Ore bodies have a tendency to reveal their secrets slowly.  A staged approach gives 
greatest flexibility to modify processes. Minimise capital expenditure until each 
‘known unknown’ is answered, and as many unknown unknowns are revealed.  
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The Pinch and the Swell 

• So in 2013 we had to go 
and dig more 
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Western Limb 
• Marker shale is narrower than expected 

The Pinch and the Swell 
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The Pinch and the Swell 

Western Limb  
• Mineralised veining in footwall explaining wider drill 

intersections 

Main 
Western 

Limb Vein 
@43g/t 

Splay Veins 

Stockwork 
veining 

Splay Veins 
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The Pinch and the Swell 

Central Anticline? 
• Wasn’t that meant to be an anticline nose?  
• Confirmation of late axial planar shear 
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The Pinch and the Swell 

Old Pirate South 
• Wasn’t that mean’t to be a shear? 
• Folded veins plunge 20 deg!!! Not 50 to 60 deg 

– Not all veins are parallel to bedding prior to foldings! 
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The Pinch and the Swell  

Golden Hind 
• Gold in veins AND in shears 
• The veins anastomosed through the shear  
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The Pinch and the Swell 

• Head-grade of 15.2g/t gold 
• 3500+ ounces from 8000 

tonnes at 85% gravity 
recovery through trial mining 
process 
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The Pinch and the Swell  

Our latest geology map  
• Has many aspects of the previous but matches 

the mineralisation much better  
• Predominantly steep structures  
• Pinching and swelling of veins  
• Some shallow plunging mineralised zones  
• Diorite to dolerite sills within the turbidite 

sequence 
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The Pinch and Swell 

• 2014 model shapes 
• No more leapfrog modelling 
• All structures modelled 

individually  
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The Pinch and the Swell 

• Our overall resource at Old Pirate is 1.7Mt @ 11.7g/t for 640,000 ounces  
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The Next Steps…  

And then a plant became available 

• 240Ktpa CIL Plant located 77km haulage distance on existing roads  

‒ $2M per annum lease for up to 2 years with option to purchase for $3M  

• Fast-tracks ABM’s next stage open pit development  

• Reduces capital expenditure requirements  

• Reduces construction / commissioning  risk 

• Delivers higher metallurgical recoveries (97 to 99%) 

• Reduces environmental footprint at Old Pirate  

• Increases upside and optionality  

• Provides scalability and expansion capability for further discoveries and extensions 

‒ >60 prospects within a 90km radius  
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The Next Steps… 

So what is next for ABM first year production guidance 

• 5 initial starter pits averaging 35m depth 

• 150,000 tonnes to be mined processed 

• 11g/t to 13g/t gold estimated head-grade 

• 50,000 to 60,000 ounces of gold to be produced 

• $690 to $790 per ounce operating costs 

• $5M capital costs   

 

• Development underway now  

• Production in Q2 2015  

• Team in place 

• New head-office in Alice Springs 
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Twin Bonanza – A camp of discoveries 

Bandit   
High grade samples 

Caribbean  
Discovery 
High grade on contact 

Cypress Discovery 
High grade on 
contact of 
porphyry 

Corsair  
Geochem anomaly 
and high grade in drilling 

Port-Starboard 
Large geochemistry anomaly 

Landlubber  
Sediments / 
             

Buccaneer 
Porphyry 
1.1Moz to 
2.67Moz (note 2)  

 

Old Pirate 
640Koz (note 1)  

Vampire 
High grade veins at surface 

Syrene 
gold porphyry 
target 

Casa  
2km by 1km 
anomaly in soil 
sampling 

     >80 square kilometres of gold anomalism and 30+ targets 
 Drill program commencing shortly focusing on high-grade near mine targets 

Twin Bonanza – more than 80 km2 of anomalism 
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Twin Bonanza – A camp of discoveries 

• Vampire is 14km NNE of Old Pirate 

• High grade veins 

• Visible Gold at surface 

• Aiming to trench and drill test 2015 

 

 

 

 

 

New untested zones  
VAMPIRE Prospect– untested outcropping high-grade gold in veins 

Note 1: Refer announcement dated 18/07/2014 
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Regional Projects – Independence Group alliance 

• Lake MacKay  >10000 sq. km project 

• New gold anomalies  

• New Ni-Cu-Co & manganese targets (note 1): 

‒ 7x5km nickel in soil anomaly 

‒ Sulphur saturated mafic intrusions 

‒ High grade nickel, cobalt and manganese samples 

‒ Further 3500 square kilometres of further applications covering                                          
belt of mafic intrusions 

‒ Targeting: 

 Magmatic Ni-Cu-Co sulphides (Voisey Bay analogues) 

 High grade Ni-Co laterites 

 Manganese 

 

 

Exploration upside without cost 
Note 1:  Refer announcement 30/01/2015 
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Summary – Building a Gold Business 

• Highest grade open pit development gold project in Australia 
• Staged development to manage risk is our solution to nugget effect and 

pinch and swell 
• Extensional exploration 
• Pipeline of future projects – Buccaneer, Hyperion, other targets 
• Consolidated land position in the final frontier for gold in Australia 
• Blue-sky upside – Lake MacKay (IGO funded) & ABM’s regional portfolio 

 

Optionality, Growth and Vision 



AGES Presentation – 2015 abmresources.com.au 

QUESTIONS? 

abmresources.com.au 



Geoscience Australia’s Activities in the Georgina Basin 

Dianne Edwards 
Paul Henson, Bridget Ayling, Chris Boreham, Lidena Carr, Lisa Hall, 

John Huntington*, John Laurie, Robbie Morris, Jane Newman #, 
 Belinda Smith and Tegan Smith 
Onshore Energy Systems Group, Resources Division 

Northern Territory and Queensland Governments 

*HyLogging Systems Group, CSIRO;  #Newman Energy Research Ltd 
 

AGES Conference, Alice Springs 17-18 March 2015 
GEOCAT 83096 



AGES Conference, 17-18 March 2015 

Georgina Basin 

Statoil’s Oz-Alpha-1 



Southern Georgina Basin 
Petroleum System 
Elements 
• Middle Cambrian 

marine source rocks  
• Arthur Creek Fm 
• Type II kerogen 
• Paleozoic oil and gas 

generation 
• Preservation since 

Devonian Alice 
Springs Orogeny 

AGES Conference 17-18 March 2015 

 



Southern Georgina Basin 
Exploration Activity 
• Statoil 

¥ OzAlpha 1 
¥ OzBeta 1 
¥ OzGamma 1   
¥ OzDelta 1     
¥ OzEpsilon 1 
 

• Central Petroleum 
 JV Total 

¥ Whiteley 1 
¥ Gaudi 1 

AGES Conference 17-18 March 2015 

 

Statoil’s 
Oz-Alpha-1 

Central 
Petroleum’s 
Enerdrill Rig 2 



Georgina Basin Project Overview 
Aim: Reduce exploration risk by improving the understanding of  
conventional and unconventional hydrocarbon prospectivity  

Activities: 
• Compile and release regional geoscience datasets (2014-2015) 

 GIS data package, Well Composites 
 HyLogging data package; reprocessing and interpretation 

• Australian Source Rock Study (2015-2016) 

 Characterise and map effective source rocks (oil & gas) 
 Map limit of petroleum systems  i.e. correlation of hydrocarbon 

fluids generated by source rocks either in-place or migrated 

AGES Conference 17-18 March 2015 

 



Georgina Basin GIS Geoscience Data Package  
Includes datasets on: 
• Landsat 
• Map sheets & cross 

sections 
• Potential field data 
• Seismic lines 

locations and jpegs 
• Wells 
• Formation tops 
• Biostratigraphy 
• Shows 
• Geochemistry 
 TOC, Rock-Eval 
 XRD, ICPMS, XRF 
 
 
 

AGES Conference 17-18 March 2015 

 



Georgina Basin Well Composites 

Includes datasets 
• Logs (calliper, gamma, 

sonic) 
• Porosity, Permeability 
• Lithology 
• Hylogger SWIR 

Albedo, Mineralogy 
• Formation tops 
• Biostratigraphy 
• Geochemistry 

AGES Conference 17-18 March 2015 

 



Georgina Basin Stratigraphy 

Smith et al., APPEA 2013 

AGES Conference 17-18 March 2015 

 



Lower Arthur Creek Formation Source Rock 

AESC 2014 – Cooper Basin Unconventional Gas Prospectivity Review 

Arthur Creek Fm 

Thorntonia Lst 



Source Rock 
Characterisation  
Arthur Creek Fm ‘shales’ 

• HI >300 to 750 mg/gTOC 

• Type II kerogen, excellent oil  

& gas source potential  

 

Thorntonia/Hay River ‘carbonates’ 

• HI >300 to 700 mg/gTOC 

•  Type II kerogen, excellent oil  

& gas source potential  

 

Dulcie Syncline Toko Syncline 

AGES Conference 17-18 March 2015 

 



HyLogging data 
package: released 
Sept 2014 
 
25 wells (NT and QLD) 
Reprocessed data 
by Rocksearch 

Request it here:  
http://www.ga.gov.au/metadata-gateway/metadata/record/gcat_79806  

clientservices@ga.gov.au  AGES Conference 17-18 March 2015 

 



Hunt 1 Dulcie Syncline 

Red Heart 

Thorntonia 

Arthur Cr 

Mt Baldwin 

AGES Conference 17-18 March 2015 

 



Hunt 1 Mineralogy 
Arthur Ck Fm Thorntonia 

Gp1 TIR Minerals 

Calcite                          Dolomite 

Quartz 

White micas 

Feldspars 

Mt Baldwin RHD 

AGES Conference 17-18 March 2015 

 



Gamma 

SWIR albedo 

TOC 

Arthur Creek Formation  

Hunt 1: observed relationships 

AGES Conference 17-18 March 2015 

 

Hot shale 



Characterising the 
Arthur Creek Fm 

• Mapping the base of the 
Arthur Creek Fm across the 
Dulcie Syncline on the basis 
of spectral response. 

• Note lack of response – 
aspectral behaviour due to 
the dark core 

AGES Conference 17-18 March 2015 
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Dulcie Syncline Undilla 
Sub-basin 

Isotope Stratigraphy Toko Syncline 

Microbial alteration 
Lindsay et al, 2005 



Isotope  
Stratigraphy 

AGES Conference 17-18 March 2015 

 

unconformity 
Thorntonia Lst/ 
Hay River Fm 

 Arthur Creek Fm 

Microbial alteration 
Lindsay et al, 2005 



Shale Gas Targets 

PetroFrontier Press Release May 2012 

max. 2,500 units (1 unit = 200 ppm methane equiv.) 

AGES Conference 17-18 March 2015 

 



Shale (mud) gas: Carbon Isotopes 

AGES Conference 17-18 March 2015 

 



Carbon Isotopes; C1 to C3 Gases 

AGES Conference 17-18 March 2015 

 

MacIntyre-2H 
Tmax 462oC; VRc* 1.14%  

MacIntyre-2H 
Tmax 462oC ; VRc* 1.14%  

Owen-3H 
Tmax 436oC; VRc* 0.71%  

*Jarvie et al., 1991 
Rc = 0.018Tmax - 7.16  



MacIntyre-2H: Arthur Creek Fm TOC & Rock-Eval 

O
il 

st
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D
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d 
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h 
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) 

Decrease in HI 
as HC generation 
progresses 

Data from PetroFrontier 
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Tmax 
representative  
of maturity 



Oil Stains 

AGES Conference 17-18 March 2015 

 



Source Rock 
Characterisation 
and Oil Staining  

Arthur Creek Fm ‘shales’ 

• HI >300 to 750 mg/gTOC 

• Type II kerogen, excellent oil  

& gas source potential  

 

Tmax Values 

• Tmax 460-470 oC kerogen 

• Tmax < 440 oC oil staining 
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Thermal Maturity Estimates 

AGES Conference 17-18 March 2015 

 



Phone: +61 2 6249 9111 

Web: www.ga.gov.au 

Email: feedback@ga.gov.au 

Address: Cnr Jerrabomberra Avenue and Hindmarsh Drive, Symonston ACT 2609 

Postal Address: GPO Box 378, Canberra ACT 2601 

Thank you 
Resources Division 
dianne.edwards@ga.gov.au 



      David Young & Julie-Ann Stoll 

AGES 2015 
 

Exploration agreements with CLC and 
traditional Aboriginal landowners 

 
( NOTE: May contain images of deceased 

persons ) 



Legislation 

Aboriginal Land Rights 
Act 1976 

Native Title Act 1993 



Central Land Council:  
90 elected Council members, 

10 elected Executive members 
 



CLC staff, all together in 2014 
235 staff, 113 of them indigenous 

We are very proud of our Indigenous Ranger groups, Land Management section, 
Community Development work, and more … 



CLC new building opened 2009 





Julie-Ann Stoll 
Manager 

Sam Hill 
Mining Officer 

West 

Peter Batey 
Mining Officer 

Central 

Anne Pye 
Mining Officer 
South West 

David Young 
Senior Mining Officer 

Tennant Ck 

Anthony Alexopoulos 
Mining Officer 

South East/ Far NW 

Gary Scott 
Mining Officer 

Tanami 

Sam Schooner 
Senior Admin Officer 

Dana Bohning 
Admin Officer 

Brody Smith 
Mining Officer 

East 

CLC Mining Section Staff 



Bush meetings 



Big bush meetings 



Aboriginal employment 



Exploration 



Production 



Sacred Site protection 



Sacred Site protection 



Liaison meetings 

 Palm Valley 2015 
      
   Mt Doreen 2008 
 



Liaison meetings 



Liaison meetings 



Language and culture 

Western Desert languages:  
  Ngurra = one’s land or country 
and yet, Ngurra also means: one’s home  
(house, camp) 
 

Warlpiri language:  
  Kirda = father’s father’s country (owner) 
  Kurdungurlu = mother’s father’s country 

(policeman / quality control person) 
 
 Nganai = thingummybob (new nickname for  
 GPS unit) 



Anthropological 
Research 

 

• Some large Aboriginal 
reserves, mainly desert, 
were handed back as 
Aboriginal Land Trust in 
1976 (Schedule 1 land) 
 

• e.g. Petermann, Haasts 
Bluff, Lake Mackay, 
Yuendumu, Central Desert 
ALTs 
 

• No land claims were done 
at that time 
 

• Up to date site, dreaming, 
genealogical research 
needed (with people and 
“nganai”) 



Sacred Site clearance, 
visiting important places 



Country visit – sites recorded 



Exploration agreements:  
ongoing relationships fostered,  

sacred sites protected, jobs provided, etc. 
  = problems tackled as they emerge 

  = risks to project (and company 
       reputation) minimised 

 
 

“ Risk not 
averted ” 

 
Tanami Road 

 
 2002  



Any Questions? 



 
 
 

Central Petroleum Limited: a company supporting 
research to unravel geological mysteries in the 

Georgina Basin 
 
 

Rob Willink    Exploration Advisor 
Central Petroleum Limited 

 
AGES2015, Alice Springs  17-18 March, 2015 

 
 

Email: robbertwillink@centralpetroleum.com.au 



To  develop a better understanding of petroleum systems 
active in the Georgina Basin,  Central Petroleum and its JV 
partner Total have supported research on ….   

• Sequence stratigraphy   
• Cyclostratigraphy 
• Biostratigraphy 
• Isotope stratigraphy 
 
• Organic petrology                                 
• Organic geochemistry 
 
• Fluid inclusions 
• The Kalkarindji Volcanics 

 
 
Because of time constraints, this presentation will focus on isotope stratigraphy. 
However, further details on who is participating in this research can be found at 
the end of the PDF version of this presentation.  
 
 

 
 

1 

Better prediction of source rock  
and reservoir distribution 

Better prediction of source rock 
quality and thermal maturity 

 Impact of hydrothermal activity 
on source rocks and reservoirs 



Where and what is the Georgina Basin?  

2 

lower  

middle 

upper “Hot Shale” 



 Where has exploration occurred in the Southern Georgina Basin?  

3 
Statoil Well 

CTP Well 

Dulcie 
Domain 

Toko 
Domain 



So why look at carbon isotopes? 

• Changes in carbon isotope composition (ie relative abundance of 12 C vs 13 C) of 
carbonate bearing rocks, fossils and biomarkers record changes in the amount of 
carbon buried through time 
 

• Photosynthesis favours the take up of 12 C over 13 C 
 

• +ve excursions are due to a decrease in 12 C relative to 13 C in the system and 
have been attributed to increases in the rate of organic burial or an increase in 
productivity 
 

• -ve excursions are due to an increase of 12 C relative to 13 C in the system and 
have been attributed to a collapse in productivity, periods of anoxia and/or 
emission of 13 C depleted gases into the system ie from volcanism or release of 
gas hydrates due to warming of ocean waters 

4 



So why look at carbon isotopes? 

5 

Kalkarindji Flood 
Basalt Event 
510+/- 1 Ma 

Peng et al, 2012 

Geoscience Australia, 2013 

Carbonate 



What carbon isotope data has been published specifically on 
wells drilled in the southern Georgina Basin 

6 

BMR Tobermory 14 

GSQ Mt Whelan 1 

NTGS99/1 

     Baldwin 1, Elkedra 6 



What new carbon isotope data have been acquired by Central 
Petroleum,  and by other institutions (unpublished) ? 

• Stratigraphic core hole  NTGS HUC 1   (including over originally nominated 
lectostratotype section of the Arthur Creek Fm 
 

• Additional samples in stratigraphic core hole  GSQ Mt Whelan 1 to extend cover 
over lower Arthur Creek Fm and Thorntonia Lst 
 

• Petroleum exploration wells  Todd 1 and  Ross 1   
 

• Mineral core hole  MW016 
 
• Stratigraphic core hole  Elkedra 3  (data acquired by Adelaide University) 

 
• Mineral core hole  CKAD0001, and  petroleum wells  Baldwin 1 and MacIntyre  1  

(data acquired by GA) 
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 Where do we have carbon isotope data?  
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Published Carbon 
Isotope Data 
New Carbon 
Isotope Data 



Do we see any excursions in the southern Georgina Basin? 
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Do we see any excursions in the southern Georgina Basin? 
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Archaeocyathids 



  Can we correlate excursions across the southern Georgina Basin? 

11 
Carbon 

Isotope Data 



Can we correlate excursions across the southern Georgina basin? 
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Two obvious questions arising 

• Do Hylogger data show a difference between the two “Hot Shales”? 
• Can we correlate across the Centralian Superbasin using carbon isotope  data? 
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Do Hylog data show a difference between the two “Hot Shales” ? 
Yes,  they do! 
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Can we correlate across the Centralian Superbasin using 
carbon isotope data?  Yes, it seems we can! 
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Several issues have arisen 

• Historical correlations of the Arthur Creek Fm and Thorntonia Lst between, and 
within, the Dulcie Syncline and Toko Syncline may be erroneous. Ramifications 
are significant (ref. Willink & Allison  “Exploring for unconventional plays in the 
Georgina Basin, Central Australia: will the real Arthur Creek Formation “Hot 
Shale” please stand up!”  Extended Abstract  2015 APPEA Conference)  
 

• The  middle-upper Cambrian succession in the southern Georgina Basin is 
diachronous which is not reflected in existing stratigraphic charts for the basin 
 

• The  definition of the holostratotype for the Arthur Creek Fm in NTGS99/1 could 
be questioned by stratigraphic “purists” and may need to be revisited 
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What could/should be done in the near term ?  
 

 
• Carbon isotope profiles be obtained in Oz Gamma 1 and Hacking 1 to provide additional 

control points for correlation of the Arthur Creek Fm and Thorntonia Lst between the 
Dulcie and Toko domains 
 

• Elkedra 3, Elkedra 7/7A, NTGS HUC 1, NTGS HUC 2 and BMR Huckitta 6 cores be subjected 
to Hylogging, and the latter two wells be carbon isotope profiled allowing the validity of 
the nominated holostratotype for the Arthur Creek Fm in NTGS99/1 to be confirmed, or 
otherwise 

 
• A detailed comparative Hylog study be undertaken to see if the two “Hot Shale” intervals 

in the middle Cambrian succession can be better differentiated, and correlated regionally, 
on the basis of mineralogy 

 
• Shannon Fm outcrop section in Ross River Gorge be sampled for isotope analysis to see if 

SPICE can be detected in Amadeus Basin 
 

• Wishful thinking..... a  high resolution 2D seismic line be acquired between Baldwin 1 and 
Lucy Creek 1 to aid in correlating the Arthur Creek Fm  from the Dulcie to the Toko domain! 
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But who should/could undertake and fund this work? 

• NTGS ? 
 

• Geoscience Australia ? 
 

• Industry ? 
 

• Academic Institutions? 
 

• All of the above !! 
 
 
 

Thank you for your attention 

18 



Supporting Slides 
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Research is being supported financially by Central and its JV 
partner Total, and who is participating? 

• Sequence and cyclostratigraphy       CoreLab  Integrated Reservoir Evaluation Project 
                                                                      Professor Maya Elrick, University of New Mexico 
 
• Isotope stratigraphy                            Professor Sue Golding, University of Queensland 
                                                                      Dr Tony Hall,  Adelaide University 

 
• Organic petrology                                Dr Neil Sherwood , CSIRO 
                                                                      Arc-Industry Linkage Research Project,  Adelaide 
                                                                      University   “From organo-mineral nanocomposite to  
                                                                                             Australian basins: an integrated approach to unconventional 
                                                                                             exploration and development” 

 
• Organic geochemistry                         Dr Tony Hall,  Adelaide University  

 
• Fluid inclusion analysis                       Dr Richard Kempton, CSIRO 
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Student research projects supported at Universities, or being 
otherwise followed with keen interest 

• Sam Ware    BSc Honours  student  Sedimentology and sequence stratigraphy of the 
Thorntonia Lst in mineral corehole MW016, Toko Syncline   

        Supervisor: Professor Gregg Webb, University of Queensland 
 

• Luke Faggetter  PhD  student    Impact of Kalkarindji Flood Basalt Event on overlying middle 
Cambrian sedimentation and the associated faunal record.                                                              
Supervisor:  Professor Paul Wignall, Leeds University 
 

• Bryant Ware  PhD student    Age and distribution of the Kalkarindji Volcanics  
       Supervisor:  Associate Professor Fred Jourdan,   Curtin University 

 
• Naomi Miles,  MSc student  Re-Os geochronology of source rocks in the Arthur Creek Fm, 

Georgina Basin 
       Supervisor:  Professor Robert Creaser, University of Alberta 
 
• Patrick Mark Smith,  PhD student,  Macquarie University     Biostratigraphy of Cambrian 

sequences in the Amadeus Basin 
       Supervisors:  Associate Professor Glenn Brock,  Macquarie University 
                               Professor John Paterson, University of New England 

 
 

 
  

4 



Research endeavours at other institutions are being closely 
monitored for their potential impact on hydrocarbon 
prospectivity of the Georgina (and Amadeus) Basin 

• Geoscience Australia,  Canberra /NTGS  Darwin  Geochemistry of residual oils and 
source rock extracts, ?thermal modelling,  biostratigraphy, acquisition and 
interpretation of Hylog data 
 

• GSQ, Brisbane       Source rock analysis of selected wells in the Toko Syncline 
 
• Professor Kliti Grice, Curtin University    Hydrothermal alteration of source rocks 
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Neoproterozoic evolution of the Amadeus Basin; 
evidence from sediment provenance and mafic 
magmatism  
 

V J Normington, N Donnellan, C Edgoose, 
N Kositcin  



Ngalia Basin 

Arunta Region 

Georgina  
Basin 

Musgrave  
Province 

Eromanga 
 Basin 

Irindina  
Province 

• Extensive (~170,000 km2) Neoproterozoic – Devonian 

intracratonic sedimentary  basin  

• Basement comprised of both Musgrave Province (south) and 

Arunta Region (north) 

• Affected by major intracratonic orogenic events the 

Petermann Orogeny (580-530 Ma) and the Alice Springs 

Orogeny (450- 300  Ma) 

• Largely unexplored terrane 

Amadeus Basin 



Project scope 
• Characterise stratigraphy and define depositional history  

• Starting with the Neoproterozoic sediments 

• Address issues of correlation  

• Develop a better understanding of basin architecture and tectonic framework  

• Provide the basis for mineral and petroleum prospectivity assessment of 

stratigraphic intervals including providing useful datasets  

Neoproterozoic evolution of the Amadeus Basin 



1. Updated stratigraphic nomenclature and 
revised/new type sections  

2. Influences on Neoproterozoic basin 
history-  

         Mafic magmatism 
         Palaeogeography and sediment 

provenance 
         Halotectonics 
 

 

Key Points 



Changes to Stratigraphic Nomenclature 

Bitter Springs Formation 
Johnnys Creek Member  
Loves Creek Member  
Gillen Member 

Bitter Springs Group 
Johnnys Creek Formation 
Loves Creek Formation 
Gillen Formation  

   ‘finke beds’ Wallara Formation 

Formalisation of the ‘finke beds’ 

Upgrade of Bitter Springs Formation 



Changes to Stratigraphic Nomenclature 

Bitter Springs Formation 
Johnnys Creek Member  
Loves Creek Member  
Gillen Member 

Bitter Springs Group 
Johnnys Creek Formation 
Loves Creek Formation 
Gillen Formation  

   ‘finke beds’ Wallara Formation 

Formalisation of the ‘finke beds’ 

Upgrade of Bitter Springs Formation 



Bitter Springs Group - Gillen Formation 
• Generally monotonous dolostone/limestone, 

locally stromatolitic   
New type section  
• 5 informal units of alternating 

dolostone and sandstone units 
• Heavitree Quartzite/Gillen 

Formation contact is apparently 
transitional 
 

Stromatolitic dolostone 

New Type section 

Coarse-grained sandstone 



Bitter Springs Group - Loves Creek Formation 
– Dolostones, monotonous, lacks sed. structures 
– Acaciella australica assemblage stromatolites 
– 2 reference areas 

 Acaciella australica 
assemblage bioherms 

Acaciella australica 
assemblage 

Acaciella australica 
assemblage 

Reference sections 



Bitter Spring Group - Johnnys Creek Formation 
• Formerly upper Loves Creek Member 
• Distinctive red, calcareous mudstone interlayered with 

stromatolitic dolostone   
• Basalts generally near the top of the unit 
• Stromatolites being formally described by Kath Grey and 

Heidi Allen from GSWA 
• New type section 

 

New Type section 

Lower part of Type Section Stromatolitic dolostone Calcareous Mudstone 



Bitter Spring Group - Johnnys Creek Formation 
• Formerly upper Loves Creek Member 
• Distinctive red, calcareous mudstone interlayered with 

stromatolitic dolostone   
• Basalts generally near the top of the unit 
• Stromatolites being formally described by Kath Grey and 

Heidi Allen from GSWA 
• New type section 

 

New Type section 

Lower part of Type Section 



Bitter Springs Group – Johnnys Creek Formation 
• Basalts 

– Altered, weathered in outcrop 
– Recessive  
– Geochemically continental tholeiites 

 

Extent of basalt outcrop in study area 

NTGS Undoolya 1 east of Alice Springs  



• Formerly ‘finke beds’ as identified in drillcore 
– Now recognised in outcrop west of Alice Springs 

• Surface expression is often comprises calcrete and silcrete 

• Potentially significant global marker unit 
– Cryogenian, based on acritarch Cerebrosphaera buickii  (Grey et 

al 2011) 

• Diagnostic stromatolite Bacialia burra 
• Type section, Wallara 1 DH 

 

Wallara Formation 

Wallara 1 DH 

Baicalia burra 

New Type section 

Surface exposures 

Silcrete – Wallara Formation Calcrete – Wallara Formation 



• Formerly ‘finke beds’ as identified in drillcore 
– Now recognised in outcrop west of Alice Springs 

• Surface expression is often comprises calcrete and silcrete 

• Potentially significant global marker unit 
– Cryogenian, based on acritarch Cerebrosphaera buickii  (Grey et 

al 2011) 

• Diagnostic stromatolite Bacialia burra 
• Type section, Wallara 1 DH 

 

Wallara Formation 

Wallara 1 DH 

Baicalia burra 

New Type section 

Surface exposures 



Wallara Formation – drill core  
• Carbonaceous dolostone, silty to dolomitic siltstone, 

chert, sandstone, red and green mudstone and shale, 
and organic shales  

 

Baicalla burra  

Baicalla burra  
Organic shale and oil 
staining 

Type section, Wallara 1 DH 
 

Type section, Wallara 1 DH 
 

Type section, Wallara 1 DH 
 



Two Large Igneous 
Provinces (LIPs) are  
spatially and 
potentially temporally 
associated with  
initiation and early 
history of the 
Amadeus Basin: 
• ca 1076 Ma 

Warrakurna LIP 
• ca 825 Ma Gairdner 

LIP 
 

 

Mafic Magmatism 

Warakurna LIP 
ca 1076 Ma 

Gairdner LIP 
ca 825 Ma 

Large Igneous Provinces 



Mafic Magmatism 

Tjuawata Group 

Warakurna 
LIP 

Gairdner 
 LIP 

Warakurna LIP – ca 1076 Ma 
• Associated with the ca 1090 – 1040 

Ma tectonomagmatic Giles Event 
(Musgrave Province) 

• Includes supracrustal bimodal rift 
succession that underlies the 
Amadeus Basin in the SW NT 
(Tjuawata Group) and extensively in 
WA (Ngaanyatjarra Rift, Evins et al 2010)  

• Role in basin initiation  
    unresolved 

 



Gairdner LIP – ca 825 Ma 
• Basalts in upper Bitter Springs 

Group, Amata Dykes in Musgrave 
Province geochemically correlated 
with Gairdner LIP  

• Age of basalts unresolved, but in 
the range ~780 Ma to 825 Ma 

• U-Pb zircon geochronology 
unsuccessful 
 
 
 
 

 
 

 

Mafic Magmatism 

outcrop 
Ooraminna 1 

Shallow subsurface 



Palaeogeography - provenance 
 
Two main sediment source 
regions 

– Arunta Region 
– Musgrave Province  

Musgrave Province 

Arunta Region 
Irindina  

Province 

Eromanga  
Basin 

Pedirka  
Basin 



Early Amadeus Basin is part of Centralian A Superbasin  
(as defined by Munson et al, 2013, after Walter et al 1995) 
  
 

Palaeogeography - regional 

• Intracratonic, 
continuous basin 
across large area of 
NT, northern SA, 
western Qld and 
eastern WA 
 

• Dismembered into 
separate basin 
elements and 
intervening basement 
by Petermann Orogeny 
at 580-530 Ma 



Early Amadeus Basin is part of Centralian A Superbasin  
(as defined by Munson et al, 2013, after Walter et al 1995) 
  
 

Palaeogeography - regional 

• Intracratonic, 
continuous basin 
across large area of 
NT, northern SA, 
western Qld and 
eastern WA 
 

• Dismembered into 
separate basin 
elements and 
intervening basement 
by Petermann Orogeny 
at 580-530 Ma 



Provenance – Heavitree Quartzite 
• Basal unit  
• Dominantly silicified sandstone 

Clay galls 

Ripple marks 



Data from Pete Haines, GSWA 

Provenance – Heavitree Quartzite 

Heavitree Quartzite of NE Amadeus 
Basin  

• Dominant Arunta Region and 
minor Musgrave Province 
sediment source 
 

 
 

 

NE Amadeus Basin 

WA 

Musgrave Arunta 

Dean Quartzite (Heavitree 
Quartzite correlative) in WA 

• Dominant Musgrave Province 
and subordinate Arunta 
Region sediment source 



Provenance – Bitter Springs Group 

• Gillen Formation  
• Dominant Arunta Region 
• ~900 Ma unknown source 

 
 

 

Greater Musgrave Province source component 
compared to Heavitree Quartzite  

• Johnnys Creek Formation 
• Arunta Region and 

Musgrave Province 
• No ~900 Ma 

Musgrave Arunta ? 



Provenance – Wallara Formation 
• Provenance spectra show a dominant 

Musgrave Province source 
 
 

 

– Sample from type section, Wallara 1 DH  
– Reduced Arunta Region component  
– No ~900 Ma as seen in Gillen Formation  

Musgrave Arunta ? 



• Sturtian glaciation (720 – 660 Ma) 
• Diamictite unit with sandstone, siltstone and carbonate 

Provenance – Areyonga Formation 

• Dominant Arunta Region source  
– Consistent with existing palaeogeographic 

reconstructions 
– Basement and reworked component? 

• Reappearance of ~900 Ma unknown source 
 

 
Musgrave Arunta ? 

Areyonga Formation 



• Sturtian glaciation (720 – 660 Ma) 
• Diamictite unit with sandstone, siltstone and carbonate 

Provenance – Areyonga Formation 

• Dominant Arunta Region source  
– Consistent with existing palaeogeographic 

reconstructions 
– Basement and reworked component? 

• Reappearance of ~900 Ma unknown source 
 

 
Musgrave Arunta ? 

Areyonga Formation 

Seismic image and interpretaton courtesy of SANTOS 



Limbla Member 
• Reduced Arunta Region component  

– Isostatic rebound from deglaciation – recycling of underlying Amadeus 
Basin succession? 

• Increased 1000 – 800 Ma component, unknown source 
 

Provenance – Aralka Formation 

Limbla Member 

• Siltstone, generally recessive 
• 2 members 

– Limbla Member - intraformational conglomerate and festoon cross 
bedded sandstone 

– Ringwood Member – stromatolitic carbonates (stromatolite being 
formalised by Heidi Allen GSWA ) and intraclast breccia 
 

Musgrave Arunta ? 



Provenance - Olympic Formation 
Elatina glaciation (640 - 580 Ma) 
• Diamictite dominated 
• Recycling of older sediments due to 

exposure by glacial scouring? 
• ~ 600 Ma  unknown source 

 
 

Olympic Formation 

Musgrave Arunta ? ? 



Provenance – Pertatataka Formation  
• Dominantly siltstone, generally recessive 
• 2 sandstone members 

– Cyclops Member and Waldo Pedlar Member 

• Variation in dominant source area 
between members 

• Includes 2 younger unknown source 
regions 

• ca. 800 – 600 Ma 
• ca. 1000 – 800 Ma 

 

Musgrave Arunta ? ? 



Provenance – Pertatataka Formation  
• Dominantly siltstone, generally recessive 
• 2 sandstone members 

– Cyclops Member and Waldo Pedlar Member 

• Variation in dominant source area 
between members 

• Includes 2 younger unknown source 
regions 

• ca. 800 – 600 Ma 
• ca. 1000 – 800 Ma 

 

Musgrave Arunta ? ? 

Cyclops Member Waldo Pedlar Member 



Provenance – Julie Formation 
• Carbonate, lesser sandstone 
• Arunta Region source component 

strongly dominant 
– Part of trend of declining input from 

Musgrave Province and increasing input 
from Arunta Region  

– Lack of younger components 

Julie Formation 

Musgrave Arunta ? ? 



Source region  
trendline 

• Overall dominantly sourced 

from  Arunta Region  

• Following both glaciations – 

biomodal or dominantly 

sourced from Musgrave 

Province  

• Younger components from  

unidentified source/s 

Provenance Summary  

basalts Glacial events 

Musgrave 
Province 

Arunta 
Region ? ? 



• Arunta Region and Musgrave 

Province appear to be exposed 

throughout the Neoproterozoic 
 
 

Provenance Summary  

basalts Glacial events 

Musgrave 
Province 

Arunta 
Region ? ? 



Henbury 250k 

Project Outcomes 
• Revised stratigraphic nomenclature 
• New and revised type sections and descriptions of 

stratigraphic units 
• Geochronology and geochemical data sets 
• Provenance assessment  

– U-Pb zircon   
– Hf isotopes 

• Comprehensive report to be released 2015 
• 2015 – project being extended into central part of the basin 

with mapping of HENBURY 
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Mt Kitty-1 open hole flow test #2 

Heavitree Quartzite, Amadeus Basin: 
 

its place within the Centralian Superbasin 

Phil Plummer 
Santos Ltd 
March 2015 

Ormiston Gorge 



 General Assumptions 

 Heavitree Quartzite – Amadeus Basin 
 Type Section 

 Isopachs & Palaeogeography 

 Heavitree Equivalents – Centralian Superbasin 
 Officer/Savory Basins 

 Other Basins 

 Centralian Superbasin Palaeogeography 

 Amadeus Basin – Heavitree Petroleum System & 
Prospectivity Fairway 

Outline 



1. The Centralian Superbasin was an extensive intracratonic sag basin..   

2. Neoproterozoic quartzites are thick, extensive sheet sandstones. 

General Assumptions 

3. The Heavitree Quartzite is between 200m and 
1000m thick throughout the Amadeus Basin and 
extends beyond the present-day boundaries. 

Let’s consider this for a moment … N
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100 km N 

Heavitree / Dean Quartzite outcrop 
Heavitree / Dean Quartzite isopach 
(metres) (from Lindsay 1999, adapted 
from Wells et al 1970) 
Petroleum Well 

Amadeus Basin Outline 

6m 
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General Assumptions 

So there’s clearly a need for more detail, 
for which one should, ideally, … … get up close and personal! 

1. The Centralian Superbasin was an extensive intracratonic sag basin..   

2. Neoproterozoic quartzites are thick, extensive sheet sandstones. 

3. The Heavitree Quartzite is between 200m and 
1000m thick throughout the Amadeus Basin and 
extends beyond the present-day boundaries. 



Alice Springs 

Heavitree Quartzite Description 

Blatherskite Quartzite Mb 
(93+m) 

Massive, very fine to coarse quartz sandstones. 
Coarser grained to the east. 

Fenn Gap Conglomerate Mb 
(34m) 

Pebble conglomerates to conglomeratic sandstones. 
Thickest in east. 

Temple Bar Quartzite Mb 
(112m) 

Fine to medium grained quartz sandstones. 
Coarser grained and conglomeratic both east & west. 

Undoolya Siltstone Mb 
(16m) 

Interlaminated shales, siltstones  & fine sandstones.   
To east, thins & replaced by sandstones + basal conglomerate. 
To west, thickens & then replaced by conglomerates. 

Heavitree 
Quartzite 

      – what is it? 

Type Section: described 1974. 
Four members identified (though 
not formally defined). 
 

Correlated to three other sections 
along the Macdonnell Ranges. 
 

Details subsequently available 
from additional three areas. 

Ormiston 
Gorge 

Mangeraka 
Gorge 

Tommys
Gap 

Belt 
Range 

Ellery 
Creek Limbla 

Hills 

Heavitree 
Gap 

History: The Heavitree Quartzite 
has been variously called: 
 

 No.1 Ridge quartzite (1925) 
 

 No.1 quartzite or Heavitree 
           Gap quartzite (1928) 

 

 Heavitree Range quartzite or 
           Heavitree quartzite (1932) 

 

 Heavitree Quartzite (1955) 
        (Heavitree Gap the inferred Type Section) Heavitree Quartzite outcrop 

So what it’s not is … a simple thick and extensive sheet sandstone.  

Sequence Boundary / Disconformity 



Heavitree 
Quartzite 

–  so, if this is what it isn’t,  
then what is it? 

Well … 
… sedimentology provides us with a 

light at the end of  that tunnel. 



Sedimentology 

100 km N 

WA  NT 
 

SA 

Mt Palmer 
Conglomerates Interbeds 

Heavitree 
Quartzite 

Glauconite 

Zircon 
Provenance 

Ormiston Gorge 
Planar Crossbeds 

Limbla Hills 
Planar Crossbeds 

Boord Ridges 
Wave Ripples 

Overturned Crossbedding 
White Range 

Herringbone Crossbeds 
Mannanana Range 

Ormiston Gorge 
Channel 

Zircon 
Provenance 



Thicknesses 

WA  NT 
 

SA 

508m >286m >212m 

>255m 

6m 
~200m 

340m 

430m 

30m 
0m 

>107m 

120m 

100 km N 

Heavitree 
Quartzite 



Isopachs (2015) & 
Depositional Environments 

WA  NT 
 

SA 

200m 

100 km N 

Heavitree 
Quartzite 

? 

? 

Deltaic 

Intertidal 

Fluvio-
Deltaic 



Basin Formation Thickness Diagnostic Sedimentary 
Structures 

Depositional 
Environment 

Provenance 

Savory (WA) Spearhole/Coondra Sst <1100m* Conglomerates; Large trough crossbeds; 
Asymmetric ripples; Desiccation cracks 

Braided Fluvial to 
Deltaic 

Officer (WA) Townsend Qtzte <370m Asymmetrical ripples; Desiccation cracks Intertidal to  
Fluvio-Deltaic 

Musgrave Province 

Officer (SA) Pindyin Sst <200m (a) Herringbone crossbeds; Current 
ripples; Desiccation cracks 

(b) Fe rims to well rounded quartz grains 

(a) Fluvial to Intertidal 
 

(b) Aeolian 

Musgrave Province 

Savory Basin 
Large Crossbeds 

SA Officer Basin 
Rounded Quartz Fe Rims 

SA Officer Basin 
Current Ripples 

( * Estimated from aerial photos) 

Savory Basin 
Basal Boulder Conglomerate 

Heavitree 
Equivalents 

Officer / Savory Basins 

 Amadeus Basin 



Waigen 
(TQ 370m) 

Empress-1A 
(TQ Absent) 

Lancer-1 
(TQ Absent) 

NJD-1 
(TQ Absent) 

Kanpa-1A 
(TQ Absent) 

Kutjara-1 
(PS 90m) 

Alluvial 
to Fluvial 

Pindyin Hills 
(PS 200m) 

Initial Centralian 
Superbasin limit 

Boondawari-1 
(SS 456m) Mundadjini-1 

(SS 241m) 

WA  NT 

NT 
SA 

Blackstone 
(TQ 256m) Yilgarn 

Craton 

Gaw ler 
Craton 

Talbot-1 
(TQ >5m) 

N 

200 km 

Officer/Savory 
Basin 

Palaeocurrents &  
Palaeoenvironments 

Wells defining the limit of the 
Townsend Quartzite (TQ) …   
 

… and the boundary delineating 
aeolian from fluvial Pindyin 
Sandstone (PS) indicate the 
depositional limit of the 
superbasin lay well inboard of 
the edge if the Officer Basin.   
 

Palaeocurrent data from the 
Townsend Quartzite and Pindyin 
Sandstone suggest the 
Musgrave Province was 
exposed and shedding sediment 
to the south and west … 
… with the basin outlet around 
the western end of the exposed 
Musgrave Province. 
 

Deposition was dominated by 
fluvial conditions with some tidal 
influence. 



Murraba Basin 
Asymmetric Ripples 

Basin Formation Thickness Diagnostic Sedimentary 
Structures 

Depositional 
Environment 

Provenance 

Victoria Jasper Creek Sandstone <130m Trough crossbeds; Desiccation cracks Fluvial to Intertidal 

Murraba Munyu/Lewis Sandstone <450m Asymmetric ripples; Conglomerate 
interbeds 

Fluvial to Intertidal From SE 

Ngalia Vaughan Springs Quartzite <900m* Desiccation cracks; Conglomerate 
interbeds; Halite pseudomorphs; 
Glauconite 

Alluvial/Braided 
Fluvial to Intertidal 

From N to NE 

Georgina Amesbury Quartzite 
Lower Yackah Beds 

<20m 
<125m 

Conglomerates; Desiccation cracks 
Arkosic 

Fluvial 
Fluvial 

Adelaide Paralana Quartzite <<1200m* 
(usually <30m) 

Conglomerates Fluvial to Alluvial 

Ngalia 

Ngalia Basin 
Trough Crossbeds 

 Amadeus Basin 

( * Local half-grabens) 

Heavitree 
Equivalents 

Other  Basins 



Gawler 
Craton 

Yilgarn 
Craton 

Musgrave 

Amadeus Basin (WA) 
Kulail/Dean 

Deltaic/Intertidal 

Ngalia Basin 
Vaughan Springs 
Braided Fluvial/Intertidal 

Officer Basin (SA) 
Pindyin 

Fluvial/Intertidal & Aeolian 

Victoria/Murraba Basins 
Jasper Gorge/Munyu/Lewis 

Fluvial/Intertidal 

Georgina Basin 
Amesbury/Yackah 
Fluvial 

Amadeus Basin (NT) 
Heavitree 
Fluvio-Deltaic/Intertidal 

Savory Basin 
Spearhole 

Alluvial/Fluvial 

Officer Basin (WA) 
Townsend 

Fluvio-deltaic/Intertidal 

Adelaide Foldbelt 
Paralana 
Alluvial/Fluvial 

Centralian 
Superbasin 

Depositional Palaeoenvironments, 
Palaeocurrent Data, etc. 

Dominant palaeocurrent direction 
 
Palaeocurrent rose diagram 

Palaeocurrent data suggest … 
… sediment derived from the Musgrave 
Province … 
 

… flowed into the western Amadeus Basin 
from the southwest. 
 

Similarly, zircons indicate sediment derived 
from the Gawler, and Arunta cratonic areas 
flowed into the eastern Amadeus Basin …. 
 

…  and it all flowed northwest through the 
Murraba Basin. 
 

Abundant conglomerates along northern 
Amadeus / southern Ngalia plus thickness 
variations along the southern Ngalia margin 
suggest exposure of Arunta basement 
islands … 
 

… while Glauconite in Magee-1 and the 
western Ngalia Basin indicate marine 
influence. 

Glauconite g 
Conglomerates c 

g 
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Centralian 
Superbasin 

Palaeogeography Heavitree time 

The early Centralian Superbasin thus appears to have been an 
amoeboidal collection of shallow, fluvial-dominated catchment 
areas that flowed into the region occupied today by the 
Amadeus Basin before exiting northwards into a marine setting.  
 

Recent Rodinia Supercontinent reconstructions support this. 

Seaway 

Open Ocean 



Centralian 
Superbasin 

Post-Heavitree Palaeogeography 

Sediments overlying these basal 
Neoproterozoic sands represent a 
marine transgression and range from 
black shales, siltstones and evaporites in 
the Officer, Amadeus and Ngalia basins 
 

… through a mixed clastic/carbonate 
sequence with minor evaporites in the 
Savory Basin  
 

… to fine glauconitic clastics in the 
Murraba and Victoria basins.   
 

Hiatuses occurred within the Georgina 
Basin and Adelaide Foldbelt. 
 

The increasingly restrictive conditions 
towards the south and presence of 
glauconite in the north supports a 
northerly access to marine conditions. 
 

Petroleum System 
The black shales and overlying 
evaporites provide hydrocarbon source 
and seal to the Heavitree/Townsend 
reservoirs in the Amadeus and Officer 
basins. 

Aileron 
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Hiatus 

Murraba Basin 
Murraba Fm 

Shallow Marine 

E 

E 
E E 

E Evaporites (halite, anhydrite) 
 

Glauconite 
 

Hiatus 

Marine 
influence 

g 

H 

H 

H 

H 

(E) 

g 

g 

Aileron 

N 

500 km 



100 km 

Heavitree Quartzite 
Prospective Fairway 

Amadeus 
Basin 

N 

Lower Gillen–Heavitree Petroleum System 
Source Rock: black shales of the lower Gillen Member  
                        (+black shales of the basal pro-delta Heavitree) 
Reservoir: Heavitree Quartzite (loose grains with ≤9% matrix porosity in Magee-1) 
Seal: evaporites of the middle Gillen Member 

Zero Edge 
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Helium as a critical commodity: 
opportunities in the Northern Territory 
 Kathryn Waltenberg 

image: thebasewarehouse.com.au  



8% 

The many uses of helium 

Helium as a critical commodity: opportunities in the Northern Territory 

nasa.gov www.calhoun.edu 

heliumleaktesting.com iStockphoto 

ychi.leeds.ac.uk 

26% 17% 17% 

2% 22% 4% 

Performs an essential function for which few or no satisfactory substitutes exist 



Critical commodities report 

Helium as a critical commodity: opportunities in the Northern Territory 

Available through GA website 
http://www.ga.gov.au/corporate_data/76526/76526.pdf 



Where do we get helium from? 
Trapped or created at depth, escapes to space if reaches 
atmosphere 

For economic extraction, helium needs to be trapped and 
concentrated 

Source rock → migration pathway → trap (seal) 

Helium accumulates 

in natural gas  

reservoirs 

High He:  

• old, or 

• highly radioactive 

Helium as a critical commodity: opportunities in the Northern Territory 



Helium extraction 
• From natural gas 

• Helium extracted before natural gas enters domestic 
supply 

Helium as a critical commodity 



USA – Helium from Natural 
Gas 

Helium as a critical commodity 

17 plants on helium pipeline 
5 independent 
 
Average 0.2% He (often 
much higher)  
 
Stockpile allows “flywheel” 
helium management 



Helium extraction 
• From natural gas 

• Helium extracted before natural gas enters domestic 
supply 

• From LNG production 

• Helium extracted from separated gases during LNG 
refinement. 

• As a primary product 

• Extremely high He content → primary product. 
• USA, Canada: Weil Group Resources  
• Australia - Amadeus Basin??? 

Helium as a critical commodity 



Helium from Natural Gas 

Helium as a critical commodity: opportunities in the Northern Territory 
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World production
US Production

Data source:USGS 

Production dominated by US for a long time 

LNG production: more sources of helium are commercially viable 



Helium Price per MCF (thousand cubic feet) 

Bureau of Land Management Crude Helium Price 

www.blm.gov 

Helium as a critical commodity: opportunities in the Northern Territory 
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How much helium? 

Country Production 2014  Reserves 
USA 3700 140 000 
Qatar 1400 NA 

Algeria 900 65 000 
Australia 200 NA 
Russia 180 61 000 
Poland 100 900 
Canada NA NA 
China NA NA 

World (rounded) 6500 NA 

Helium as a critical commodity: opportunities in the Northern Territory 

Data: USGS Mineral Commodity Summary: Helium 2015. NA = not available 

Estimated world resources: 1.13 TCF 

Approximate values, in million cubic feet 



How much helium? 

Country Production 2014  Reserves 
USA 3700 140 000 
Qatar 1400 NA 

Algeria 900 65 000 
Australia 200 NA 
Russia 180 61 000 
Poland 100 900 
Canada NA NA 
China NA NA 

World (rounded) 6500 NA 

Helium as a critical commodity: opportunities in the Northern Territory 

Data: USGS Mineral Commodity Summary: Helium 2015. NA = not available 

Estimated world resources: 1.13 TCF 

Approximate values, in million cubic feet 



Helium production in Australia 

Helium as a critical commodity: opportunities in the Northern Territory 

• BOC/Linde plant opened in 2010 
 

• 25% domestic consumption, 75% export 
(when producing at full capacity) 
 

• Natural gas field in Timor Sea 
 

• Associated with Darwin LNG 

BOC/Linde 

Global production  
≈ 7000 MMCF yearly 

(7 BCF; 14 billion helium balloons) 



Helium as a critical commodity: opportunities in the Northern Territory 

Wells with helium data: 439 

From Petroleum Wells Database 
Accessible through GA frontpage www.ga.gov.au 



Helium as a critical commodity: opportunities in the Northern Territory 

Data coverage 



Helium as a critical commodity: opportunities in the Northern Territory 

Data coverage 

Amadeus 

Georgina 

Bonaparte 

Browse McArthur 



Mean helium abundance, by basin 

Helium as a critical commodity: opportunities in the Northern Territory 

Mean He, % 
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How much helium to be economic? 

Helium as a critical commodity 

Qatar II 
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Russia Algeria 
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Darwin, Australia 



Helium extraction as a by-product of LNG 
production (potential) 

Helium as a critical commodity 

Bonaparte 
    0.05% He 
 
Browse 
    0.05% He 
 
Carnarvon 
    0.02% He 
 
Amadeus 
    >4% He 



Mean helium abundance, by basin 

Helium as a critical commodity 

Mean He, % 

Browse 

Bonaparte 



Phone: +61 2 6249 9560 
Web: www.ga.gov.au 
Email: Kathryn.Waltenberg@ga.gov.au 
Address: Cnr Jerrabomberra Avenue and Hindmarsh Drive, Symonston ACT 2609 
Postal Address: GPO Box 378, Canberra ACT 2601 

Record and data release: coming soon! 

Critical commodities report: 
http://www.ga.gov.au/corporate_data/76526/76526.pdf 

 

Petroleum Wells Database 
Accessible through GA frontpage www.ga.gov.au 
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Important Notice and Disclaimer 
 
Summary information  
This presentation (Presentation) has been prepared by Tellus Holdings Ltd (ABN 97 138 119 829) (‘Tellus’) and is for information purposes only. This Presentation contains summary information about Tellus and 
its subsidiaries and their activities current as at the date of this Presentation. The information in this Presentation is of general background and does not purport to be complete. It should be read in conjunction 
with other periodic announcements on www.tellusholdings.com.au. The key information on detailed exploration target statements, mineral resource estimates, and feasibility results can be found in Tellus’ 
publically released media announcements. Exploration target statements and mineral resources estimations are appended to comply with ASX guidelines but investors are urged to read supporting information 
in full available on the company’s website, and available in their data room.  
 
Future performance  
This Presentation contains certain “forward-looking statements”. Forward looking words such as, “expect”, “should”, “could ”, “may”, “plan”, “will”, “forecast”, “estimate”, “target” and other similar expressions 
are intended to identify forward-looking statements within the meaning of securities laws of applicable jurisdictions. Indications of, and guidance on, future earnings and financial position and performance are 
also forward-looking statements. Forward-looking statements, opinions and estimates provided in this Presentation are based on assumptions and contingencies which are subject to change without notice, as 
are statements about market and industry trends, which are based on interpretations of current market conditions, and independent third party expertise. Such forward-looking statements, opinions, and 
estimates are not guarantees of future performance.  
 
Not an offer  
This presentation does not constitute an offer, invitation, or recommendation to subscribe for or purchase any security and neither this presentation nor anything contained in it shall form the basis of any 
contract or commitment.  
 
Competent Person Statement – Chandler Project 
The information in this presentation that relates to Mineral Resources - Chandler Project - is based on information compiled by ERCOSPLAN Ingenieurgesellschaft Geotechnik und Bergbau mbH (‘ERCOSPLAN’). 
Jana Neubert is a senior geologist and employee of ERCOSPLAN and a member in good standing of the European Federation of Geologists registered as “European Geologist” (Registration Number 1033). Ms 
Neubert has sufficient experience which is relevant to the style of mineralisation and type of deposit under consideration and to the activity which she has undertaken to qualify as a Competent Person as 
defined in the 2012 Edition of the Australasian Code for the Reporting of Mineral Resources and Ore Reserves. 
 
Dr Henry AM Rauche is a senior geologist and Managing Director & C.E.O. of ERCOSPLAN and a member in good standing of the European Federation of Geologists registered as "European Geologist" 
(Registration Number 729). Dr Rauche has sufficient experience which is relevant to the style of mineralisation and type of deposit under consideration and to the activity which he has undertaken to qualify as a 
Competent Person as defined in the 2012 edition of the Australasian Code for the Reporting of Mineral Resources and Ore Reserves. 
 
Competent Person Statement – Sandy Ridge Project 
The information in this presentation that relates to Mineral Resources - Sandy Ridge Project - is based on information compiled by Terra Search Pty Ltd. Mr Jenkins is Principal Geologist of Terra Search and a 
Member of the Australian Institute of Geoscientists. Mr Jenkins has sufficient experience which is relevant to the style of mineralisation and type of deposit under consideration and to the activity which he has 
undertaken to qualify as a Competent Person as defined in the 2012 edition of the Australasian Code for the Reporting of Mineral Resources and Ore Reserves. 
 
The information in this presentation that relates to exploration targets is based on information reviewed by Dr. Simon D. Beams, a full time employee of Terra Search Pty Ltd, geological consultants employed by 
Tellus. Dr. Beams has BSc Honours and PhD degrees in geology. He is a Member of the Australasian Institute of Mining and Metallurgy (Member #107121) and a Member of the Australian Institute of 
Geoscientists (Member #2689). Dr Beams has sufficient relevant experience in respect of the style of mineralisation, the type of deposit under consideration, and the activity being undertaken to qualify as a 
Competent Person within the definition of the 2004 edition of the AusIMM’s “Australasian Code for Reporting of Exploration Results, Mineral Resources, and Ore Reserves”.  
 
Exploration Target   
Any statement contained in this document as to exploration results or exploration targets has been made consistent with the requirements of the Australasian code for reporting of exploration results, mineral 
resources, and ore reserves (‘JORC Code’). All statements as to exploration targets of Tellus salt and kaolin, and statements as to potential quality and grade are conceptual in nature. There has been insufficient 
exploration undertaken to date to estimate a resource and identification of a resource will be totally dependent on the outcome of further exploration.  
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Tellus’ Strategy and Projects  1 
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Chandler Project – Pit to Port 2 
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Project location 

Drilled 1,937m 

       Field work                    Grade  Analysis            Expert analysis
  

370 samples Dual business 

FEL 2 (Update) 

         Engineering                    DFS/ EIS                       Commercial 

Site investigations Customer visits 

Chandler Project 

Study categories: 17 DFS /15 EIS 
Study contributors: 22 companies 
Country of study contributors: 5 
Site visits to other salt mines: 
Trade trips 

2 
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Historic Data 

145km seismic, 6.6km drill data 

The seismic was 
processed with a modern 
prestack time migration 
resulting in excellent 
seismic data with 
relatively good signal-to-
noise ratios (RPS, 2013). 

The Chandler 2D is a 
modern seismic dataset 
composed of sixteen (16) 
2D lines. 

The dataset contains 
usable signal frequencies 
up to 50 Hz.  

3 
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Correlation between wells  

From: Young IF, Ambrose GJ, 2007. Petroleum geology of the southeastern Amadeus Basin: the search for sub-salt hydrocarbons.  

3 
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Mt Charlotte 1 synthetic tie with CM08-03-04  3 
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Mount Charlotte 1 tied to line CM08-03-04 3 
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Magee 1 tied to line CM08-02 3 
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Chandler Salt And Evidence Of Basement Uplift 3 
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Chandler Salt edge 

The northern and southern edges of the Chandler Salt are mapped with 
gradual thinning of the salt isopach as the salt edge is approached 

3 
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Chandler Salt edge 
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Chandler Depth Structure Map 3 
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Chandler Thickness Map 3 
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Location of Tellus drilling 
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CH003 on line CM08-12 3 
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Drilling Activities 

CH003 (hole 1) CH001 (hole 2) 

Date Drilled Nov- Dec 2013 Dec 2013- Jan 2014 

Metres Drilled 843.54m 1094.66m 

Location 
(MGA94 z53) 

392510mE 
7258499mN 

393461mE 
7257512mN 

Hole Type 
Mud Rotary PCD 0-243m 
Diamond 243-843.54m 

Diamond 0 -1094.66m 

Chandler Salt Formation Intersected 
(thickness) 

772-843.5m1 
(71m1) 

825-1086m 
(261m) 

Logging / Photography   

Sampling 37 Samples 
(772-843m) 

183 Samples 
(825-1086m) 

Salt Analysis 37 Geochemical 
12 XRD 

138 Geochemical 
49 XRD 

Rock Mechanical Testwork 
(to be conducted) 

- 39 Samples selected 

Camp at Halfway Dam 

Aerial view of Chandler project area – drilling rig 

4 
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Core Recovery 4 
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Finke Group 

Stairway  
Sandstone 

Jay Creek 
Formation 

Chandler 
Salt 

4 
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4 
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Cross section – wireline correlation 
Magee 1 Mt Charlotte 1 CH001A 

Salt 

4 
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Top View 4 
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Chandler Extent 

The average thickness of the Chandler Salt in the project area varies between 200 m 
in the western portion to 245 m in the central and eastern portions.  

4 
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Chandler Extent 

In general, the salt isopach is relatively consistent and only varies gradually over a 
long distances. 

4 
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Analysis 

0

10

20

30

40

50

60

70

80

90

100

700 750 800 850 900 950 1000 1050 1100

N
aC

l%
 [L

C}
 

Depth (m) 

Depth vs NaCl% 
CH001A 

CH001A Quantitative XRD results (wt%, crystalline only) CH001A sample results for NaCl% from sample depth range 825-1086m 

4 
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Chandler Salt Deposit 

Measured Resource 
ROI = 450m 

Indicated Resource 
ROI = 900m 

Inferred Resource 
ROI = 1800m 

Drillhole Category1 
Area 
(km2) 

Thickness 
(m) 

Density 
(g/cm3) 

NaCl 
Grade (%) 

NaCl 
Tonnage (Mt) 

CH001A Measured 0.64 245.68 2.24 88.56 309.43 

CH001A 
Indicated 

1.74 245.68 
2.23 88.64 1,128.63 

CH003 2.37 60.32 

CH001A 
Inferred 

5.12 245.68 
2.23 88.64 3,103.80 

CH003 5.12 60.32 

4 
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Next Steps – dry processing pilot 

Simple beneficiation plant - Australia 

Bulk pilot - Germany Optical sorter results  

5 

Optical sorter design  
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Next Steps – wet processing pilot 

Veolia’s standard bench scale crystalliser 
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Contact Details 
 

Jaime Livesey 
 
Senior Geologist 
E: Jaime@tellusholdings.com.au 
 
A: Suite 2, Level 10, 151 Castlereagh Street, Sydney, NSW, 2000  
T:  +61 2 8257 3395 F: +61 2 8233 6199 
 
www.tellusholdings.com.au 
 
 



Geological evolution of the Jervois Range 
1:100 000 special map area 

Barry L Reno1, Eloise E Beyer1, 
Anett Weisheit1, Jo A Whelan1, 
Natalie Kositcin2 and Stefan Kraus1 
1Northern Territory Geological Survey 
2Geoscience Australia 



HUCKITTA 

DNEIPER 

Geological regions of central Australia 



Simplified version of JERVOIS RANGE Special map sheet 



Structural Framework –  Major Faults 

Main structures 
in basin and 
basement: 

NNW-SSE 

NNE-SSW 

JERVOIS RANGE 

Main basement-
only structure: 

E-W 



JERVOIS RANGE 

Structural Framework –  Major Faults 

Latest movement 
during NE-SW 
compression: 
juxtaposition of 
basement and 
basin 

Multiple movements 
in Palaeoproterozoic, 
Neoproterozoic and 
Palaeozoic 
 



The Bonya Metamorphics –  
The Bonya Hills 

Andalusite – K-Feldspar porphyroblastic 
version of Bonya Metamorphics 



The Bonya Metamorphics –  
The Bonya Hills 
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Mean 207Pb/206Pb age = 

1786.9± 5.9 Ma at 95% conf.
n = 25, MSWD = 0.96

Newly constrained maximum depositional age: 1787 ± 6 Ma 

Younger and more precise than previously constrained 1807±17 Ma 
(Claoué-Long & Hoatson 2005) maximum depositional age. 



The Bonya Metamorphics –  
The Bonya Hills 

Bonya Metamorphics intruded by bimodal igneous units 

Igneous crystallisation 
1794 ± 6 Ma and 
1789 ± 3 Ma 

Metamorphic rims 
1736 ± 7 Ma 

SHRIMP 207Pb/206Pb 
zircon ages 



The Bonya Metamorphics –  
The Bonya Hills 



Andalusite Rim Andalusite Core 

K-Feldspar 

Muscovite 

Monazite 

Randomly-
oriented Biotite 

Thin section of Bonya Metamorphics showing two periods of andalusite 
growth and deformation. These discrete events can be dated using monazite.  



Andalusite Rim 
Grew at ca Ma 

Andalusite Core 
Older than Ma 

K-Feldspar 

Muscovite 

Monazite 

Randomly-
oriented Biotite 
in Andalusite – 1770 ± 6 Ma in Biotite – 1757 ± 6 Ma 
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JERVOIS RANGE 



The Bonya Metamorphics – Jervois area 

Also intruded by bimodal igneous rocks 
Attutra Metagabbro igneous crystallisation at 

1786 ± 4 Ma 
Similar bulk composition as Bonya Hills 

Similar max deposition age (1807 ± 17 Ma; 
significant component at ca 1790 Ma) 

Claoué-Long & Hoatson 2005 



The Bonya Metamorphics – Jervois area 
X-ray map of potassium concentration X-ray map of cerium concentration 



The Bonya Metamorphics – Jervois area 
X-ray map of potassium Concentration 
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The Bonya Metamorphics – Jervois area 
X-ray map of potassium Concentration 

Monazite Chemistry 
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Attutra Metagabbro and Kings Legend Amphibolite 

Type 1  
• present only in Attutra Metagabbro 
• igneous textures variably preserved, pyroxene 

in the assemblage, not foliated 
Type 2 
• seen in both units 
• igneous textures variably preserved, generally 

not foliated 
Type 3 
• present only in Kings Legend Amphibolite 
• igneous texture, porphyritic to glomerophyric, 

variable foliation 
• relatively enriched in Cr, Ni, Cu, Pt, Pd and Au 

compared to types 1 and 2  

Type 1 Type 2 Type 3 



Inclusion-poor 
Andalusite Rim 

Inclusion-rich 
Andalusite Core 

Biotite 

K-Feldspar 

Biotite 

Muscovite 

Monazite 

Monazite 
Peak Temperature:  

600-670°C at 0.2-0.3 GPa 

1757 ± 6 

Isochemical phase diagrams constructed for same samples used for monazite and 
zircon dating are used to interpret pressure-temperature-time histories for both 

Bonya Hills and Jervois area. 

? 

1756 ± 9 

The Bonya Metamorphics – Metamorphism 

1786 ± 9 Ma 

Increasing T Increasing T 

In
cr

ea
si

ng
 P

 

In
cr

ea
si

ng
 P

 

Peak Temperature:  
510-620°C at 0.1-0.3 GPa 



Structural Framework –  
Ductile Basement  

(Bonya Hills and Jervois area) 
1787 ± 6 Ma 

Deposition of Bonya Metamorphics 

1 

D1: extensional, during bimodal magmatism, porphyroblast growth 

1786 ± 4 Ma 

2 

progressive D2: compressional 
F, S1: isoclinal folding, boudinage, local main foliation 
F, S2: moderate-steep (Jervois), horizontal (Bonya) 
isoclinal folding, boudinage, regional main foliation  
F: horizontal isoclinal (Jervois), open-closed (Bonya) 

1756 ± 6 Ma 3 



F 

F F 
F 

Divergence of structural evolution due to 
early activity along Jervois Fault Zone 

Jervois area 

D4: N-S Palaeozoic compression 
F: E-W steep kink-crenulation 

Structural Framework –  Ductile Basement (Bonya Hills and Jervois area) 

F 

Bonya Hills 

D4: NW-SE shearing 

D6: N-S Palaeozoic compression 
 



JERVOIS RANGE 
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U-Pb Zircon igneous crystallisation: 1777 ± 7 Ma 
207Pb/206Pb Monazite Age: 1759 ± 9 Ma 

Hint of disturbance at ca 1100 Ma 

Sheared version of Denara in the extension of the Delny Shear Zone 
 Monazite LA-ICP-MS 



Max Dep – 1787 ± 6 Ma 
Ig Intrusion – 1789 ± 3 Ma 
Peak-T – before 1770 ± 6 Ma 
Peak-P – 1757 ± 6 Ma 

Max Dep – ca 1790 Ma 
Ig Intrusion – 1786 ± 4 Ma 
Peak-T – 1786 ± 9 Ma 
Main foliation  – 1756 ± 9 Ma 

Ig Intrusion – 1779 ± 5 Ma 
Metamorphism – 1749 ± 9 Ma 

Ig Intrusion – 1777 ± 7 Ma 
Metamorphism – 1759 ± 9 Ma 
Something exciting – ca 1100 Ma 

Thank you! 
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Jervois Project 
Location 

Jervois 
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Jervois Project 
Geological Setting 
• Hosted by Palaeoproterozoic Bonya 

Metamorphics 
• Sequence primarily comprises 

mudstone, sandstone and limestone 
• Minor volcaniclastics, pegmatite and 

mafic intrusives 
• Low to mid-amphibolite grade 
• Micaceous schist, quartzite, marble 
• Strong foliation and isoclinal folding 
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Resources and 
Prospects 

• Mineralisation comprises sub-
vertical sulphidic lenses of Cu-Ag, 
Pb-Zn>Cu  

• Main copper resources Marshall-
Reward and Bellbird 

• Lead-zinc resources at Green 
Parrot and Bellbird North 

• Satellite resources at Cox’s Find 
and Rockface-Rockhole 
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Bonya 
Metamorphics 

Quartz-muscovite schist 
Psammite/ quartzite Marble 

Biotite-chlorite-garnet-magnetite schist Biotite-chlorite-garnet-magnetite alteration 
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Bonya 
Metamorphics 

Calc-silicate 

Volcaniclastic 

Banded tourmalinite 
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KJCD058  Bands of massive and semi-massive pyrite/chalcopyrite 
417-418m  8.31% Cu, 47g/t Ag 
418-419m  3.4% Cu, 26.4g/t Ag 

Copper  
Mineralisation 
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KJCD045     Massive to semi-massive  galena  
382-383m  30% Pb, 2.85% Zn, 58g/t Ag, 0.058% Cu (SN 97089) 
383-384m  37% Pb, 2.34% Zn, 95g/t Ag, 0.027% Cu (SN 97090) 

Lead-Zinc 
Mineralisation 
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• Stratabound, strike length >12km 
• Massive Pb-Zn sulphide pre-dates main D2 

deformation – ?synsedimentary 
• Banded tourmaline and BIF ?exhalative  
• Siliclastics, no reduced sediments 
• Garnet and magnetite association - ?BHT 
• High Cu ratios more typical of a VHMS 
• Minor volcanic rocks in sequence 
• Pb-Zn has skarnoid appearance 

 
• Polymetallic (Cu Pb Zn Ag Au) sediment 

hosted 

Jervois - Deposit Style 
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Resource Status 

• 2011 resource estimate ~113kt 
Copper 

• 2014 global resource 25.3mt @ 
1.1% Cu and 22.1g/t Ag 

• 280,000t of copper a 64% increase 
on 2012 resource 

• 120kt of lead/zinc a 150% increase 
on 2012 resource 

• Exploration potential 400kt Cu 
• 113koz Au  JOC268 28m @ 2.49g/t 

Au, 24.2g/t Ag 
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• Objective to substantially 
increase resources 

• Upgrade open pit resources to 
measured and indicated 

• Exploration drilling to test new 
targets/prospects along 
mineralised trend 

Exploration and Resource 
Drilling 2013-5 
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East Reward 
Discovery 

East Reward Resource 2014 
2.3Mt @ 1.01% Cu, 8.3g/t Ag (23kt Cu) 

Marshall-Reward Plan View of Mineralised Wireframes 
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Marshall-Reward 

• Copper resource extended 
along strike and down dip 

• New lead-zinc sulphide 
lenses discovered 

• Potential to discover 
additional lead-zinc lenses 

KJCD048 
18m @ 19.63% Pb, 3.77% Zn, 
732g/t Ag and 0.61g/t Au 

 

Copper grade-thickness 

Lead-Zinc grade-thickness 
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Bellbird 

• Resource extended at depth 
and along strike 

• Possible north plunging shoot 
remains open 

• Bellbird East narrow lead-zinc 
rich zone 
 

Silver grade-thickness 

KJC031 
4m @ 4.9% Cu 

KJCD026 
5m @ 3.9% Cu 

- 400m 

Copper grade-thickness 
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Supergene Enrichment 

• Shallow oxide drilling 
started in May 

• Convert shallow open 
pit resources to 
measured and indicated 

• Delineate the oxidation 
boundaries 

• Supergene enrichment 
in transition zone 
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Reward Deep Drilling 

• Copper zone:  7m @ 2.07% Cu, 1.06% Pb, 2.41% 
Zn, 92g/t Ag from 1100m 

• Lead-Silver zone: 2m @ 12.02% Pb, 473g/t Ag 
from 1062m 

• Lead-zinc zone: 7m @ 4.25% Pb, 2.98% Zn, 
53.4g/t Ag from 1070m 
 

• DHEM conductor below Reward 
• Hylogger reveals garnet zonation 
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 Phase 4 drilling program underway: 
In-fill and extension 

 Detailed mapping, reinterpretation of 
geophysical images and 3D geological 
model planned 

 Research work to continue 
 Geotechnical and metallurgical studies 

in progress 
 Updated PFS planned 

 

Jervois – The Future 
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Forward-Looking Statements: This presentation includes certain “Forward-
Looking Statements”. All statements, other than statements of historical 
fact, included herein, including without limitation, statements regarding 
forecast cash flows and potential mineralisation, resources and reserves, 
exploration results and future expansion plans and development 
objectives of Kentor Gold Limited are forward-looking statements that 
involve various risks and uncertainties. There can be no assurance that 
such statements will prove to be accurate and actual results and future 
events could differ materially from those anticipated in such statements.  

 
ASX Code: KGL  
Level 7, 167 Eagle Street, Brisbane, 
QLD, AUSTRALIA 4000  
Fax: +61 7 3071 9008  

For More Information Contact 
Simon Milroy – Managing Director 
Keith Mayes – Chief Operating Officer 
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 Exploration data at Jervois has been compiled by Martin Bennett who is the Exploration Manager of Kentor Minerals (AUS) Pty Limited and a Member of the Australasian 
Institute of Geoscientists.  Martin Bennett has sufficient experience which is relevant to the style of mineralisation and type of deposit under consideration and to the 
activity which he is undertaking to qualify as a Competent Person as defined in the JORC Code (2004).  Mr Bennett has consented to the inclusion of this information in 
the form and context in which it appears in this report. 

 The data in this report that relates to Mineral Resource Estimates for Jervois is based on information evaluated by Mr Simon Tear who is a Member of The Australasian 
Institute of Mining and Metallurgy (MAusIMM) and who has sufficient experience relevant to the style of mineralisation and type of deposit under consideration and to the 
activity which he is undertaking to qualify as a Competent Person as defined in the 2004 Edition of the Australasian Code for Reporting of Exploration Results, Mineral 
Resources and Ore Reserves (the “JORC Code”). Mr Tear is a full-time employee of Hellman & Schofield Pty Ltd and he consents to the inclusion in the report of the 
Mineral Resource in the form and context in which they appear.  

Competent Person Statement 



Base metal and tungsten mineralisation in the 
Jervois mineral field and the Bonya Hills: 
Characterisation, potential genetic models and 
exploration implications 

Matt McGloin, Anett Weisheit  



Outline 

• Characterising the 
   Jervois-Bonya mineralisation 

 
• In the context of  
   local and regional  
   sedimentation, magmatism, 
   metamorphism and deformation 
 
• New genetic model and some 

exploration implications 



Mineralisation styles 

SCALE 
 10 km 

• Metamorphosed polymetallic  
     Cu-Ag-Au-Pb-Zn-Fe (± W, Mo)  
     massive sulfide deposits/prospects 
• Found near/in the ‘J-Fold’ 

 
 

 

 
• Cu ± W ± Mo prospects/occurrences 
• Spatially associated with mafic  
      and calc-silicate rocks 
• Some overprint earlier sulfide  
      mineralisation 

 

 



Genetic models previously suggested…. 

sediment-hosted Cu 

felsic intrusion-related 

mafic intrusion-related 

volcanogenic 
SEDEX 

Broken Hill-type 

carbonate-replacement 
skarn 

IOCG 



Plotted in mineral systems space… 

sediment-hosted Cu 

felsic intrusion-related 

mafic intrusion-related 

volcanogenic 
SEDEX 

Broken Hill-type 

carbonate-replacement 
skarn 

IOCG 



Host rocks: Bonya Metamorphics 

Al 

• Hosts all known regional mineralisation 
 

• Muscovite-garnet schist 
• Subordinate quartzite, marble, 

marlstone, calc-silicate, tourmalinite 
• Deposition ca 1824-1781 Ma  
  
• Schist consists of clastic  
     and chemical sediments 

Plotted based on diagram of Spry (2000) 



Bimodal magmatism at ca 1785 Ma 
• Emplaced into the Bonya Metamorphics 
• Gabbros (1786 Ma) and various felsic intrusions (1970-1770 Ma) 
 

Unnamed gabbro sill, 400m E of Reward 
 

Denara Orthogneiss 
 



Bimodal magmatism at ca 1785 Ma 
• Emplaced into the Bonya Metamorphics 
• Gabbros (1786 Ma) and various felsic intrusions (1970-1770 Ma) 
 

Unnamed gabbro sill, 400m E of Reward 
 

Denara Orthogneiss 
 • Ambiguous metamorphosed quartz-sericite schists at Jervois… 

Peters et al 1985 



• Local fractionated pegmatites at 
Jervois 

• Some overprint mineralisation,  
     most deformed, metamorphosed, 
     metasomatised 
• U-Pb apatite 1756 ± 17 Ma 
• Probably related to ca 1770 Ma felsic 

magmatic event 
 
 

• Jinka Granite event at 1710 Ma 
 

• Relatively undeformed  
     tourmaline pegmatites and  
     quartz-tourmaline veins 

 
 

 

Further regional magmatism 



Host rock deformation 

S0/1 

- foliation parallel to 
bedding: S0/1 
 
- horizontally folded with 
axial planar S2 (main foliation in the ‘J’)  

Green Parrot, view to N 

S2 

boudinage in S2 plane Green Parrot, view to N 



Jervois Event 1: Early Mineralisation 
• Stratabound and stratiform 
• Gn, cpy, py, sph ± garnet, magnetite, hematite, chlorite 
• Significant Fe oxide content and unusual skarnoid mineralogy 
• Cu, Pb, Zn, Fe, Mn hosted in chemical sediments 

Bellbird deposit 

Reward deposit 



 
 

Jervois Event 2: Metamorphosed mineralisation 

Bellbird deposit Reward deposit 

• Evidence for pre-existing sulphides before metamorphism… 
 

• Sulphides within metaminerals (eg garnet, cordierite)  
• Zn-rich gahnite, staurolite 
    (eg Teale, 1982; Peters 1985, this study) 
 
• Cpy-py concentrated in porphyroblast pressure shadows and S2 main foliation 



Jervois Event 3 / Late metasomatic regional event:  
 

cpy-quartz veins following  S2 foliation 
Reward deposit 

molybdenite-cpy overprinting S2 
Reward deposit 

• Late mineralised Cu, W, Mo veins follow or cross-cut main S2 foliation 



Late metasomatic event: Bonya and Jericho mines 

• Late Cu-only and Cu+W+Mo mineralisation 
• eg Bonya Cu Mine in quartz-hematite veins 
• Over 70 occurrences….no Pb-Zn, relatively undeformed 
• W±Cu occurrences eg Jericho: associated with quartz-turm and pegs 

Bonya mine (Photo courtesy of Rox Resources Ltd)  Pegmatite at Jericho Scheelite mine 

Scheelite zone 



• C 

remobilised 

pegmatites 

late 

metasomatic 

molybdenite 

New δ34S sulfide data from various paragenetic stages 
early(deformed) 

• Most Jervois δ34S values ~ 0 ‰ 
• None above 0.5 ‰ 

 
 
 
 



• C 

remobilised 

pegmatites 

late 

metasomatic 

molybdenite 

New δ34S sulfide data from various paragenetic stages 
early(deformed) 

Bonya Mine 

• Most Jervois δ34S values ~ 0 ‰ 
 

• Bonya system forms later, but similar ~ 0 ‰ values 
 
 
 



• C 

A 

remobilised 

pegmatites 

late 

metasomatic 

molybdenite 

New δ34S sulfide data from various paragenetic stages 
early(deformed) 

Bonya Mine 
Attutra metagabbro / 
Kings Legend Amphibolite 

mantle sulfur 0 ± 3 ‰ 

gabbro 
granitic rocks 

• Most Jervois δ34S values ~ 0 ‰ 
 

• Bonya system forms later, but similar ~ 0 ‰ values 
 

• Data most consistent with magmatic sulfur 
• ie sulphide from magmatic-hydrothermal fluids or 

leached magmatic rocks 
 

• Data consistent with sulfides within local mafics 
 
 
 
 



• C 

A 

remobilised 

pegmatites 

late 

metasomatic 

molybdenite 

New δ34S sulfide data from various paragenetic stages 
early(deformed) 

Bonya Mine 

1.8 Ga seawater sulfate 

mantle sulfur 0 ± 3 ‰ 

Mount Isa SEDEX 
Broken Hill, Aus 
1.8 Ga VHMS 
 
 
 

• δ34S data not consistent with bacterial sulfate 
reduction eg SEDEX deposits 

• More spread/variable values would be expected 
• Data is homogenous and more consistent with 

VMS and mantle-like S 
 

• Mixing of S sources possible 
• However δ34S data is most consistent with a 

magmatic HS– source 
 
 
 



New Pb-Pb galena and Re-Os molybdenite dating… 
in a regional context 

• C 

1785 Ma 
Jervois mineralisation 
Sedimentation 
Bimodal magmatism 
Contact/regional metamorphism and deformation 
 



New Pb-Pb galena and Re-Os molybdenite dating… 
in a regional context 

ca 1770-1760 Ma 
Minor mineralisation 
Local intrusions and pegmatites 
Contact metamorphism  
 
 



• C 

New Pb-Pb galena and Re-Os molybdenite dating… 
in a regional context 

ca 1755 Ma 
‘High-pressure’ regional metamorphism 
Deformation and remobilisation at Jervois 
 



New Pb-Pb galena and Re-Os molybdenite dating… 
in a regional context 

ca 1720-1705 Ma 
Late Jervois mineralisation 
Regional Cu-W-Mo 
Hydrothermal/deformation event 
Felsic magmatism 
 
 



S 

Palaeoenvironment and sulfur implications 
• Oxidised basin rift setting at ca 

1785 Ma 
 

• No ore zone sulfate 
• Possible very minor evaporites in 

calc-silicate/carbonate host rocks 
• But many evaporites at 1.8 Ga 

halide not sulfate-rich 
 

• Lack of sulfate may indicate  
     S-poor water column 
 
• Marine or inland basin? 
• Global sulfur sources at 1.78 Ga? 

 
 

 



S 

Palaeoenvironment and sulfur implications 

δ34S ‰ 

60 

0 

0 

60 

CLASTIC- 
DOMINATED 
DEPOSITS 

VOLCANIC- 
DOMINATED 
DEPOSITS 

1.7 Ga 

Roberts, 2012 

δ34S ‰ 

 = sulphides 
 = Sulphate 
        = Seawater sulfate evolution 

 
• Lack of sulfate may indicate  
     S-poor water column 
 
• So how do you form sulfides? 

 
 

 



How do you form Cu-Pb-Zn sulfides? 

 
 Cu+ 

 Pb2+ Zn2+ 
 

Cl- + 
CuCl2- 

PbCl2- 
 ZnCl2- 

eg traditional oxidised saline basin system 
     Regional 1705 Ma event also has saline fluids, easily mobilise Cu 



+ HS- Sulfide 
mineralisation 

Cu+ 
 Pb2+ Zn2+ 

 

Cl- + 
CuCl2- 

PbCl2- 
 ZnCl2- 

How do you form Cu-Pb-Zn sulfides? 
eg traditional oxidised saline basin system 
     Regional 1705 Ma event also has saline fluids, easily mobilise Cu 



• In clastic basins (ie Jervois 1785 Ma) suggested that reduced, high temperature 
     fluids transport HS- into an oxidised basin.  
 
• δ34S data & unusual high Cu-Fe with Pb-Zn indicate higher temperature,  
     reduced, S-rich fluids 
 
Where does the HS- come from? 
• Bacterial or thermochemical sulfate reduction? 
• S-rich minerals leached from basin rocks ? 
• or derived from magmatism? 
 
 
Why can’t metals and HS-  be transported together in fluids?  

 
• This is thought to limit fluid metal transport,  
     whilst it is considered difficult  to mobilise Pb, Zn, Cu and Au together… 
     eg Large et al 1996, Wilkinson, 2014  
 

 
       
 

 
 
     

 
 
 
 

What about Jervois? 



New Cu-Pb-Zn solubility-speciation models 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Model incorporates the latest thermodynamic data…. 
• Suggest that at temperatures >300°C, base metals preferentially transported as 
     HS- rather than Cl- complexes in S-rich fluids…… regardless of fluid salinity! 

 
       
 

 
 
     

 
 
 
 

Zhong and Brugger, 2015 

Cu in reduced, high (or low) salinity fluid Pb in reduced, high (or low) salinity fluid 



Previous genetic models plotted in mineral systems space 

 
 
 
 
 
 
 
 
 
 

• Not surprising that a range of genetic models were previously suggested 
• Models can be poorly defined with contradictory characteristics 
• Eg VMS mineralisation can be hosted in sediments or contain exhalites 
          SEDEX need not be exhalative 

 
       
 

 
 
     

 
 
 
 



Classification 

Jervois deposits (ca 1785 Ma) 
 
• Metamorphosed sediment-hosted, volcanic-associated massive sulfide 

mineralisation 
• Atypical S source, unusual polymetallic base metal and gangue assemblage,  
    unusual palaeoenvironment 

 
 

 
 

       
 

 
 
     

 
 
 
 



Classification 

Jervois deposits (ca 1785 Ma) 
 
• Metamorphosed sediment-hosted, volcanic-associated massive sulfide 

mineralisation 
• Atypical S source, unusual polymetallic base metal and gangue assemblage,  
    unusual palaeoenvironment 

 
 
Regional Cu-W-Mo prospects and occurrences (ca 1705 Ma) 

 
• Syn/post regional metamorphic sulfide mineralisation 
• No Pb-Zn, relatively undeformed 
• Some occurrences overprint earlier sulfide mineralisation 

 
       
 

 
 
     

 
 
 
 



How did the J-Fold form? 

general trend of 
main foliation 

trend of various 
fold axial planes 

F3? 

F2 

F4 

F4 

TMI + aerial photography overlay, J-Fold gross-structure 



How did the J-Fold form? 

stratiform mineralisation 

- Deposition of Bonya Metamorphics 
- D1/M: extensional, during bimodal magmatism, porphyroblast growth 
- progressive D2/M: compressional 
 F, S1: isoclinal folding, boudinage, local main foliation 
 
 
 Peak-pressure regional metamorphic and deformation event 
               produces main S2 foliation 



stratiform mineralisation 
Syn-post tectonic remobilisation 

new Cu, Mo, W mineralisation 

- Deposition of Bonya Metamorphics 
- D1/M: extensional, during bimodal magmatism, porphyroblast growth 
- progressive D2/M: compressional 
 F, S1: isoclinal folding, boudinage, local main foliation 
 
 
 Peak-pressure regional metamorphic and deformation event 
               produces main S2 foliation 
  

How did the J-Fold form? 



How did the J-Fold form? 

shearing along  
Jervois Fault 

progressive deformation  
after 1756 ± 6 Ma: 



Exploration implications… 



Local Exploration Implications: the ‘big’ J 
general trend of known 
mineralisation 

trend of various 
fold axial planes 

F3? 

F2 

F4 

F4 

general trend of 
new targets 

isoclinal folding if NO shearing 
would have occurred 

TMI + aerial photography overlay, J-Fold gross-structure 

• Increasing tonnage of 
known local resources? 

• Local structures / isoclinal 
folding / repetition 

• Geophysical targets: 
Sulphide/magnetite and 
gabbros 
 

 
 
 
 



Core Exploration Ltd 
ASX Release, Nov 2014 



Regional Exploration Implications 

• Using unusual mineralogy/alteration 
      eg gahnite, staurolite, cordierite, garnet       
      as vectors to similar mineralisation  

 
• Minerals indicate chemical sediments, 

hydrothermal alteration and 
metamorphosed sulphides 
 

• Implications for outcrop/creek sampling; 
ASTER/HyMap imagery 

 
 
 
 

Peters et al 1985 Zn-rich staurolite 

Fe/Mn garnet 

Zn-rich gahnite 

eg Teale, 1982 
Peters et al 1985 



District Exploration Implications 
• Fertile bimodal magmatism emplaced into basins regionally at 1.8 to 1.76 Ga 
• VMS-SEDEX District associated actively/passively with magmatism in E Arunta 
• Most other Australian Proterozoic metallogenic belts >120 my younger 

 
 

 
 
 

VMS eg Utnalanama 

Hybrid 
eg Jervois 

Alice Springs 



Thank you 
 
NTGS Basement and Commodity teams 
KGL Resources Ltd  
Rox Resources Ltd 
University of Melbourne 
CODES, University of Tasmania 
CSIRO 

Matt McGloin, Anett Weisheit  
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Targeting High Grade 
Copper at Bonya 
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Forward-Looking Statements  
This presentation has been prepared by Rox Resources Limited. This document contains background information 
about Rox Resources Limited current at the date of this presentation. The presentation is in summary form and 
does not purport be all inclusive or complete. Recipients should conduct their own investigations and perform 
their own analysis in order to satisfy themselves as to the accuracy and completeness of the information, 
statements and opinions contained in this presentation.  
 
This presentation is for information purposes only. Neither this presentation nor the information contained in it 
constitutes an offer, invitation, solicitation or recommendation in relation to the purchase or sale of shares in any 
jurisdiction.  
 
This presentation may not be distributed in any jurisdiction except in accordance with the legal requirements 
applicable in such jurisdiction. Recipients should inform themselves of the restrictions that apply in their own 
jurisdiction. A failure to do so may result in a violation of securities laws in such jurisdiction.  
 
This presentation does not constitute investment advice and has been prepared without taking into account the 
recipient's investment objectives, financial circumstances or particular needs and the opinions and 
recommendations in this presentation are not intended to represent recommendations of particular investments 
to particular persons. Recipients should seek professional advice when deciding if an investment is appropriate. 
All securities transactions involve risks, which include (among others) the risk of adverse or unanticipated market, 
financial or political developments.  
 
To the fullest extent permitted by law, Rox Resources Limited, its officers, employees, agents and advisers do not 
make any representation or warranty, express or implied, as to the currency, accuracy, reliability or completeness 
of any information, statements, opinions, estimates, forecasts or other representations contained in this 
presentation. No responsibility for any errors or omissions from this presentation arising out of negligence or 
otherwise is accepted.  
 
This presentation may include forward-looking statements. Forward-looking statements are only predictions and 
are subject to risks, uncertainties and assumptions which are outside the control of Rox Resources Limited. Actual 
values, results or events may be materially different to those expressed or implied in this presentation. Given 
these uncertainties, recipients are cautioned not to place reliance on forward looking statements. Any forward 
looking statements in this presentation speak only at the date of issue of this presentation. Subject to any 
continuing obligations under applicable law and the ASX Listing Rules, Rox Resources Limited does not undertake 
any obligation to update or revise any information or any of the forward looking statements in this presentation 
or any changes in events, conditions or circumstances on which any such forward looking statement is based.  

Competent Person Statements 
The information in this report that relates to Exploration Results for the Mt Fisher, Reward and Bonya 
Projects is based on, and fairly represents information and supporting documentation compiled by Mr Ian 
Mulholland BSc (Hons), MSc, FAusIMM, FAIG, FSEG, MAICD, who is a Fellow of The Australasian Institute 
of Mining and Metallurgy and a Fellow of the Australian Institute of Geoscientists. Mr Mulholland has 
sufficient experience which is relevant to the style of mineralisation and type of deposit under 
consideration, and to the activity which he is undertaking to qualify as a Competent Person as defined in 
the 2012 Edition of the “Australasian Code for Reporting of Exploration Results, Mineral Resources and 
Ore Reserves”. Mr Mulholland is a full time employee and Managing Director of the Company and 
consents to the inclusion in the report of the matters based on his information in the form and context in 
which it appears. 
  
The information in this report that relates to nickel Mineral Resources for the Mt Fisher project was 
reported to the ASX on 3 October 2013 and 4 September 2014. Rox confirms that it is not aware of any 
new information or data that materially affects the information included in the announcements of 3 
October 2013 and 4 September 2014, and that all material assumptions and technical parameters 
underpinning the estimates in those announcements continue to apply and have not materially changed. 
  
The information in this report that relates to previous Exploration Results and Mineral Resources for the 
Reward Zinc-Lead and Bonya Copper projects and for the gold Mineral Resource defined at Mt Fisher, was 
prepared and first disclosed under the JORC Code 2004. It has not been updated since to comply with the 
JORC Code 2012 on the basis that the information has not materially changed since it was last reported, 
and is based on information compiled by Mr Ian Mulholland BSc (Hons), MSc, FAusIMM, FAIG, FSEG, 
MAICD, who is a Fellow of The Australasian Institute of Mining and Metallurgy and a Fellow of the 
Australian Institute of Geoscientists. Mr Mulholland has sufficient experience which is relevant to the style 
of mineralisation and type of deposit under consideration, and to the activity which he is undertaking to 
qualify as a Competent Person as defined in the 2004 Edition of the “Australasian Code for Reporting of 
Exploration Results, Mineral Resources and Ore Reserves”. Mr Mulholland is a full time employee of the 
Company and consents to the inclusion in the report of the matters based on his information in the form 
and context in which it appears. 

Disclaimers 
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Who Is Rox? 

Australian mineral explorer with 
quality base metal projects 

Bonya Copper: Exciting new 
copper discovery 

Reward Zinc: Drilling out a very 
large new zinc discovery 

Fisher East Nickel: Recent nickel 
sulfide discoveries and resources 
(72,000 t contained nickel) 
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Bonya Copper Project 

Project location 300km 
NE of Alice Springs 

Rox entered JV with 
Arafura Resources in Nov 
2012 - earned  51% for 
$500K and elected to 
earn to 70% for extra $1 
million (Dec 2016) 
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Bonya Regional Geology 

Total tenement area of 310km2  

Bonya Metamorphics; same host rocks 
as Jervois copper deposits (KGL 
Resources Ltd) – 25.3 million tonnes @ 
1.1% Cu and 22.1g/t Ag 

Potential for significant new discoveries 

Numerous outcrops of high grade 
copper oxide over a large area 

Prior to 2014 none of these drill-tested 

Early exploration limited to mostly 
mapping and prospecting 
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Bonya Regional Geology – 
Interpretation from Aeromagnetics 
200m spaced aeromagnetics – 
ok for low detail regional 
interpretation  

High-grade metamorphic rocks 
are highly folded and deformed 

Potential for remobilised 
massive sulfides & high grade 
copper 
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Bonya Regional Exploration 

Historical exploration activities limited due to;  

-     Difficult access 
- Early efforts concentrated at Jervois 
- Complex geology 
Modern exploration techniques (including 
drilling and geophysics) can effectively add value 

Following acquisition in 2012, Rox conducted 
field work with soil sampling and rock-chip 
sampling at historical copper showings 

Soil sampling shows small footprint  
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Bonya VTEM Survey - 2013 
Versatile Time-Domain 
Electromagnetics survey 
commissioned 2013 

VTEM – extensive ground 
coverage, quick, cost 
effective 

150m spaced flight lines 

Aim to detect conductive  
anomalies and/or blind 
sulfide mineralisation 

10 conductors present, all 
within prospective Bonya 
Metamorphics unit 

 

VTEM channel 35 
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Bonya VTEM over RTP magnetics 

Conductors situated along SW 
portion of the belt 

Decision to focus on central 
Bonya Prospect - VTEM 
conductors close to the old 
Bonya Mine 

 

 

 

Zone of complexity and 
prospectivity 
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Bonya Prospect – Google Earth Imagery 

Mappable units of Outcropping 
Bonya Schist 

 

 

 



11 

Bonya Magnetics RTP 

Bonya Mine located at fold nose 

Outcrop-scale geology is 
structurally complex and 
deformed 
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Bonya VTEM anomalies 
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Bonya VTEM anomalies 

EM anomalies defined by 
VTEM survey located close 
to Bonya Mine shaft 

No response over Bonya 
Mine 
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Bonya - VTEM targets over RTP magnetics 

BM_3 in vicinity of fold axis 

VTEM anomalies BM_4 & 
BM_5 located along fold 
limbs 
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Bonya VTEM  

Field inspection March 2014 

Coincident copper outcrop 
at BM_3 

Significant, strike extensive 
zones of high-grade copper 

No other known  
outcropping Cu associated 
with VTEM anomalies  
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Bonya – Fixed Loop Electromagnetics 

Follow-up ground EM (FLTEM) 
over central conductors BM_3, 
BM_4 and BM_5 

500m x 300m fixed loops 

100m line spacings, 50m 
station spacing 

Total 180 stations 
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FLTEM anomalies and targets 

FLTEM survey confirms VTEM anomalies 

Modelled conductive plates correlate 
well with interpreted geology, 
aeromagnetics and aerial imagery 

Definition of VTEM conductors 
significantly improved 

Geometry of plates BM_4 and BM_5 
indicate that conductors are related to 
stratigraphy – steep westerly plunge 

Depths of conductor plates are 
reasonably shallow @ 26m, 53m and 
58m  

Easily tested with RC drilling 
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Drilling starts… 
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RC Drilling – phase 1 EM targets 

2-3 holes designed to test each of 
the 3 conductors 

RC intersects conductive sulphides at 
all 3 targets  

BM_4 and BM_5 are stratigraphic, 
mostly barren pyrite-pyrrhotite 

Significant Copper mineralisation 
intersected in BM_3:  
– BYRC003; 2m @ 3.1% Cu from 55m 
– BYRC004; 1m @ 1.2% Cu from 69m 
 
More work warranted at BM_3 
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RC Drilling phase 1 – Bonya Mine 

Bonya Mine shaft is a narrow (2m x 1m) vertical shaft 
~25-30m deep 

Never been drilled… 

1st hole BYRC008; 

-      11m @ 4.4% Cu from 30m 

BYRC009; 

-  38m @ 4.4% Cu from 60m  

- including 6m @ 8.8% Cu from 60m 

- and 8m @ 7.9% Cu from 82m 

Much thicker, higher grade mineralisation than 
expected!!  
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RC Drilling phase 1 – Bonya Mine 
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RC Drilling phase 1 – Bonya Mine 

RC chips from BYRC009; 17% Cu 
5cm Rockchip sample; 11% Cu 
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RC Drilling phase 2 

Follow-up drilling designed to increase depth and footprint of mineralisation 

Highlights: 

BYRC014;  

- 8m @ 7.6% Cu from 97m 

and  

- 13m @ 5.4% Cu from 111m 

BYRC018;  

- 5m @ 9.1% Cu from 109m 

        including 3m @ 13.4% Cu 

- 11m @ 3.9% Cu from 139m 
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Wazza is happy now… 
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But he needs a new ute 
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Diamond drilling step out holes extends 
mineralisation to ~150m depth 

Holes intersect edge of mineralised zone 

BYD001;  

- 0.7m @ 1.5% Cu from 175.3m 

BYD002; 

- 0.3m @ 2.2% Cu from 153.8m 

- 0.6m @ 2.1% Cu from 156.6m 

2015 drilling to test westerly plunge 

 

 

 

 

 

Bonya Mine Diamond Drilling 
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Bonya Mine Geology 

Mineralisation consists of 
predominantly chalcopyrite in 
breccia-style quartz veining 

Hematite-altered 
quartzofeldspathic high grade 
metamorphic rocks 

Structural control on mineralisation 
- later stage than Jervois 

VTEM and DHEM completed on 3 
holes at Bonya Mine confirms very 
low conductive response 

Stratabound earlier stage 
mineralisation is more conductive 
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Regional Exploration Targets 
2 targets types; 

1. Remobilised metamorphic style of 
mineralisation (eg. Bonya) - EM 
response may be lacking due to 
brecciation  

2. Stratabound mineralisation             
(eg. Jervois, BM_3) – more 
conductive electromagnetically 

Many high-grade copper oxide outcrops 
and VTEM anomalies to investigate 

50m spaced detailed aeromagnetics to aid 
in structural interpretation and targeting  

New and existing targets will be assessed, 
prioritised and drill-tested in 2015 
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Bonya Project Summary 

 
 
 

Numerous outcrops of high-grade copper-oxide throughout a 
large area which is highly underexplored 

Favourably located within prospective rocks and adjacent to 
existing undeveloped quality resources 

2014 drilling demonstrates potential for significant high-grade 
copper discoveries 

Untested walk-up drill targets 

Mixture of primary stratabound and secondary re-mobilised 
targets 

Early days for Rox but positive results already and exploration 
upside 
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Reward Zinc Project 

Next to McArthur River 
zinc deposit 

JV between Rox (49%) 
and Teck (51%)  

Teck can earn-in to 70% 
by funding $15m total 
by August 2018 

Existing infrastructure 
includes bitumen road, 
gas pipeline, major 
airport, ship loader and 
port 

Teena discovery in 
2013 (8km west of 
McArthur River) 
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Teena Deposit 

Thick intercepts of 10-15% Zn+Pb;  

eg. TNDD010; 20.1m @ 15.0% Zn + Pb 

2014 drilling program completed – 
extensions to system indicated 

Large mineralised system plunging to 
the east; >1.9km strike x 0.8km wide 

Drilling still very wide spaced (250 – 
500m) but sufficient to define the 
resource potential 
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19.4% Zn, 2.9% Pb 

21.3% Zn, 3.4% Pb 

22.1% Zn, 3.8% Pb 

22.0% Zn, 4.0% Pb 

24.2% Zn, 4.1% Pb 

High Grade Massive Sulphide 
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Thank you 
For further information: 

Will Belbin 
(08) 9226 0044  

admin@roxresources.com.au 
www.roxresources.com.au 
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