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Indicator minerals sampling for exploration
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Types of indicator minerals in the Australian landscape used in this study

1.
2.

In situ: Fresh or partially altered minerals present within the host intrusion
Detrital: Physical weathering of the host intrusion and potential transport of the minerals. Minerals

are found ex-situ

Residual: Stable minerals inherited from the primary mineralisation (such as sulfides), found in-situ

in the weathering profile.

e



\
Y

—— SBHP @

\ v
o
-
@;\ Minerals Research Institute
» of Weslern Australia

About Us v Research Funding v Research Projects v Focus Areas v News & Events v Contact Us Ardea
Resources Limited

[ o
WEETERN AUETRALLA

Australian %

VANADIUN
LIMITED
Home > ResearchProjects > ProjectPortfolio > Indicator Minerals for Nickel Exploration

WESTERN AREAS LTD

Al AN o

Indicator Minerals for Nickel Exploration

Project Overview = WYLO0O0
MINCOR METALS
Project Number Program Area Project Theme TeRmnEeTs A
M10426 Find more viable resources Mineral Systems ?'3"*"1_
ESTRELLA
Total Grant Value MRIWA Contribution Project Period
1,469,677 354,914 2022 - 2024 .
81, ' 5 ' {_a ERYAH RESOURCES

LIHITED

NiS

Research Contact i
The C hal Ien g e ' {llflﬁ/?IF?aEcg
\ L i ) . ] Louise Schoneveld — STGEORGE
Western Australia is highly prospective for valuable Nickel resources, but most undiscovered ore lies deep louise schoneveld@csiro.au MINING LIMITED

below the surface, hidden from detection. High-grade nickel bodies represent only small targets within

potentially mineralised regions, and traditional technology used in exploring for them is both expensive and Margaux Le Vaillant -
may miss important clues to mineralisation. Margaux.| eVaillant@csiro.au




The Research Team

33: 10 Research scientists with a wide range of expertise

Project Lead Project Lead

!

Louise Schoneveld Margaux Le Vaillant Walid Salama Coralie Siegel Morgan Williams

Case Studies — Emu Lake and Case Studies — Carr Boyd and Regolith Expertise Case Studies — Machine Learning Expertise
Highway Widgiemooltha Dome Case Study — Seahorse Cathedrals belt and Coates

¢ . i
Siyu (Shirley) Hu Raphael Baumgartner Cgtherme Spaggiari ' | Steve' Barnes .
Case Study — Gabanintha Case Study — Western Gawler Geological Background Expertise Nickel Sulfide Expertise

Case Study — Carlingup Range



The Project

m 12 detailed case studies + additional CSIRO samples
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The Minerals
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The Database

e >100,000 TIMA grain analyses

e >18,800 LA-ICP-MS analyses

Collected from
860+ Samples of Basement

290+ Heavy Mineral
Concentrates

- A large, robust and
consistent database

- perfect for Machine
Learning (ML) Models

Mineralised status

Mineral

Mineral Group

/ Mineralised \

Unmineralized
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Spinel

Major elements give a good indicator of host rock

Barnes and Roeder - Komatiite Barnes and Roeder 2001 - Layered
Intrusions

Cr_apfu




Mineralised status / Mineralised Unmineralized

Spinel -
Trace elements (Ti, V, Ni, Co, Ga) can indicate —

prospectivity and even sulfide abundance A
Ex-situ indicator mineral

Predicting sulfide volume
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Key ore genetic processes

Spinel Chemistry
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Heavy Mineral Map of Australia

Heavy Mineral Map of Australia
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Pyroxene — In-situ indicator mineral
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Zoned Pyroxene in Conduits
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gravity currents

Gravity-driven intrusion of sulfide
slurries into partially consolidated
marginal taxites creating ore
breccias

Barnes et al. 2016,
10.1016/j.oregeorev.2015.06.012.
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https://doi.org/10.1016/j.oregeorev.2015.06.012
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Analytical Tools - XRF

A) Synchrotron XFM k ’ B) Bruker M4 XRF
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Indicator Minerals for Exploration at all scales

/Regional Scale\ Intrusion Scale
Exploration Exploration

Surface

sampling Basement Sampling

§

/\ 4

Spinel Chemistry




The CSIRO Indicator Mineral Workflow — M10426 report

What to sample
Sampling Where to sample
How much to sample
_ Cost effective/rapid screening techniques
Screening Where these can be done (lab/field)

Techniques to analyse mineral chemistry
Analysis Speed/confidence of each technique

Confidence

Prospectivity




Summary

- Spinel major element chemistry (Fe, Al, Cr)
is a good indicator of host rock type

- Spinel trace element chemistry (Ti, V, Ni,
Co, Ga) can indicate sulfide presence and
potentially sulfide volume

- Pyroxene zoning (Cr, Ti) can signify conduit
style systems and may indicate high metal
enrichment

- Watch our website:
https://research.csiro.au/magnico
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https://research.csiro.au/magnico

Advancement of Indicator Minerals for Polymetallic
Mafic-Ultramafic Magmatic Ore Systems

Margaux Le Vaillant

& William Smith, Stefano Caruso, Morgan Williams, Louise Schoneveld, Walid Salama &

Australia’s National Science Agency




Next Phase of Research
IMANIiSH#2

Key Objectives:

1) Improve ML models and add more phases

N I My Strategic Energy Resources
RESOURCES LTD.

RESOURCES
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% Ardea

Resources Limited SUMITOMO METAL MINING OCEANIA Pty. Ltd.

Still open to additional sponsors



Next Phase of Research
IMANIiSH#2

Key Objectives:

1) Improve ML models and add more phases
2) Develop proximity indicators at deposit scale

Teck ; N  ewser I
% NIMY oo MIBOMAR
Ardea
Resources Limited SUMITOMO METAL MINING OCEANIA Pty. Ltd.

Still open to additional sponsors
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Next Phase of Research
IMANIiSH#2

il EXPLORATION
OOLKIT

Key Objectives:

1) Improve ML models and add more phases
2) Develop proximity indicators at deposit scale
3) Build an online application LI
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Proximity Indicators
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Proximity Indicators

|dentification of characteristic trends and signatures of sulfide percolation and accumulation

Differences between A and B?

Gradient?

P - Mineral chemistries

(cumulate phases and
interstitial late silicates)

- Sulfide droplets size
distribution

- Whole rock geochemistry

e




Proximity Indicators

|dentification of characteristic trends and signatures of sulfide percolation and accumulation
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IMANIS — P10426 - Full report released today

Mineral Resources — Discovery Mineral Resources - Discovery

Dr. Louise Schoneveld Dr. Margaux Le Vaillant

Senior Research Scientist Senior Research Scientist
Iomse.schoneveld@cswo.au _ Margaux.levaillant@csiro.au
https://research.csiro.au/magnico/ https://research.csiro.au/magnico/

Australia’s National Science Agency
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Thank you for coming! Our next
Tech Talk on 3 July is:

Petrophysics for Mineral
Discovery during Drilling

Prof Brett Harris

School of Earth and Planetary Sciences (EPS)
Faculty of Science and Engineering
Curtin University




Spare slides




Machine Learning

* A large, robust and consistent data set —
perfect for ML

* Data broken into Training and Testing sets
* Random Forest Models

* How well do the models predict
mineralisation?

* What elements are being used to make
these predictions?

* Do they make geologic sense?

True Class/Label

Mineralized

Unmineralized -

Confusion Matrix

True False
Positive Negative

0.71 0.29

False True
Positive Negative
0.13 0.87

Mineralized Unmineralized
Predicted Class/Label
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