Australia’s National Science Agency

Multi-scale, multi-dimensional tools for
mineral exploration

Dr Helen McFarlane
Group Leader — Multidimensional Geoscience

CSIRO Mineral Resources — Discovery Program

EU Raw Materials Week 2025 — EuroGeoSurveys Side Event AUSTRALIAN

17 November 2025 — Brussels, Belgium C r I t I C a |
minerals

RESEARCH & DEVELOPMENT HUB



CSIRO

Australia’s national science agency




99.9% coverage
EnMAP-PRISMA-EMIT mosaic

EnMAP: 4,200 tiles
PRISMA: 7,200 tiles
EMIT: 19,000 tiles

[ Agenzia

s ’ Spaziale

=~ Iltaliana

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt

German Aerospace Center

Aluminium clay map

low TR high CSIRO




=, &—MrVBF
\ (depth of transported cover)

o—DEM
(landscape position)

®—Sentinel-2
(regolith materials)

®—Radiometrics
(parent/provenance material)

Traditional,
easily observed outliers
(above the line)

Highest concentrations

N, 2
O 2 o o R M A S

1
i reduce input |
1
' dimensions i : by lndscap type
: - &—UMAP : : B RN
*f! (feature similarity map) ;
3 ES. |
- :
l L
! [] 8
cluster data ! ; B
. ! 10 o 2
i@—Clustering ! P _ Newareas
(proxy landscape type maps) ! He . e
! ¢ of interest
1 i - / Cover 1
: ali (n=11193) 1 (n=5) 2(n=2057) 3(n=1412) 4 (n=1803) 5 (n=2318) 6(n=25) 7(0=1762) 8 (n=1768)
\ / \ /



Clay-hosted REE deposits in Australia and beyond

Developing models to aid exploration and support
sampling campaigns
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Indicator minerals

Application to magmatic Ni, Cu, Co, PGE ore systems

* |dentification of specific chemical signatures within minerals, indicating 1) provenance/rock type, 2) prospective
magma dynamics, 3) crustal contamination and 4) presence/interaction with sulfides

* Large, consistent and representative database to build Prospectivity ML models
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Enhanced resource modelling

Spatially aware and explainable deep-learning

Altitude [m)

5°°7so‘ 500“‘,(5‘

Eagy, %4550
Wl 180, 0
Predicted density gm/cm3 Std. deviation gm/cm?3
low e——  high low - — high
MSE MAE R?
DNN 0.0040 0.0366 0.723
0.844

Regression kriging 0.0023 0.0261
Deepkriging I 0.0018 I 0.0285 0.883

Spatial
coordinates (x,y,z)

Chromium

Chalcopyrite

Rock Quality

Pyrrhotite

Kevitsa intrusion
[l contact zone
[l Gbbro
[l Vitramatic unit

[ iC sulphide
dey

Le Vaillant et al. 2016

Normalised feature value
00

02
04
06
08
10

XX

=31 0 1
Shapley value

Leal-Villaseca et al. 2025 Comp&Geosci

CSIRO



Thank you

CSIRO Mineral Resources

Dr Helen McFarlane helen.mcfarlane@csiro.au

For HYRIS
Dr Carsten Laukamp

Carsten.Laukamp@csiro.au

Australia’s National Science Agency

For Landscape+
Dr Ryan Noble

Ryan.noble@csiro.au

For Clay-hosted REEs exploration
Dr Nathan Reid

Nathan.Reid@csiro.au

For Indicator Minerals
Dr Margaux Le Vaillant
Margaux.levaillant@csiro.au

For enhanced resource modelling
Dr Mark Lindsay
Mark.Lindsay@csiro.au



mailto:helen.mcfarlane@csiro.au
mailto:Carsten.Laukamp@csiro.au
mailto:Ryan.noble@csiro.au
mailto:Nathan.Reid@csiro.au
mailto:Margaux.levaillant@csiro.au
mailto:Mark.Lindsay@csiro.au

	Slide 1: Multi-scale, multi-dimensional tools for mineral exploration
	Slide 2: Australia’s national science agency
	Slide 3
	Slide 4: Landscape+/ Regolith research for exploration
	Slide 5
	Slide 6: Indicator minerals 
	Slide 7: Enhanced resource modelling
	Slide 8

