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The future of mineral exploration geoscience

In Australia

Mineral Systems approach

Characterize the cover

— Confidently explore beneath the cover
Lithospheric architecture

— Identify fluid pathways through the crust — link to mantle reservoirs
4D geodynamic evolution and metallogenesis

— ldentify tectonic settings and associated mineral deposits through time and space
— Improve predictive ore deposit targeting

Characterizing and detecting the distal footprints of ore deposits
— Multiscale compilation and integration of geology, geophysics and geochemistry datasets
— Understanding deposit models and commodities in mineral systems

Data Strategy

— Collect, integrate and make available additional pre-competitive geoscience data
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Good news from recent announcements...

Bipartisan support by the Coalition and Labor will help our resource sector dig
deeper for Australia’s secure future

The peak body for Australia’s 8,000 geoscientists — the Australian Geoscience Council (AGC) — has strongly
welcomed commitments from both the Coalition Government and Australian Labor Party to boost support for the
exploration of ‘next generation’ hidden mineral deposits in Australia.

“While Australia is endowed with significant mineral resources and the resources sector contributes massively to our economy,
the ‘easy to find’ minerals of past decades have largely been discovered and exploited”
AGC President, Dr Bill Shaw.

Australian Geoscience Council Inc. A‘
The Council of Earth Science Societies in Australia AGC\\/

Department of Mines, Industry Regulation and Safety | www.dmirs.wa.gov.au



The future of mineral exploration geoscience
In Australia
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Australian resources—
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future generations
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The future of mineral exploration geoscience

In Australia

Unlocking Australia’s hidden potential.

An Industry Roadmap

UNLOCKING
AUSTRALIA'S
HIDDEN
POTENTIAL.

oy 8

UNCOVER
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Characterizing Australia's cover

2. Investigating Australia's
lithospheric architecture

3. Resolving the 4D geodynamic and
metallogenic evolution of Australia

4. Characterizing and detecting distal
footprints of mineralization

INTERNATIONAL

UNCOVER

AUSTRALIAN EXPLORATION
GEOSCIENCE RESEARCH

National Mineral Exploration Strategy

AUSTRALIA " MINERALS
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“... promote Australia
to be the preferred
destination for
investment in
exploration, and to
advocate
opportunities in
covered greenfield
areas.”
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The role of Government geoscience in the

21st Century

 Australia perceived as mature exploration space:

— Declining discovery rate with near surface, easily found and exploited ore bodies already
discovered and mined
« Government Precompetitive Geoscience datasets change that perception
while reducing risk for explorers
— Encourage exploration in under-explored, remote Greenfields regions
« Crustal architecture
« Geodynamic setting and geological history (4D)
— Explore to economic basement through cover of thick regolith and thin sedimentary basin
margins

— Expand and enhance pre-competitive geoscience datasets and increase access to them
» Modelling, 3D visualization and big data analytics
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WA: mineral and petroleum endowment

MINERAL DEPOSITS AND PETROLEUM FIELDS
Western Australia — 2017
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« Exploration Geoscience: GSWA Activities

Department of Mines, Industry Regulation and Safety | www.dmirs.wa.gov.au



Geochronology Record series

COMPILATION OF GEOCHRONOLOGY
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Geodynamic setting and history
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Lithogeochemistry: Yilgarn Craton
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State metamorphic map
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Statewide WAROX field observations, 2018

Detailed field notes now
available through ArcMap
Site Information

Sites from 2017-2018 field ...

Originator: Johnson S P

Season nOW available :e'r::‘:unmm :3:’2:;100005.00
* 240 000+ sites ::m? ”

* 130 000+ linear and - "
planar structural el ot

niver section of well exposed sandstones of the Hardey Farmation, Fortescue Group. thick bedded trough B " —
cross becded and ripple marked quartz sandstone. bedding dips moderately and faces/youngs northeast. 5

m e a S u r-e m e nts sample cofiected for GEOCHRONOLOGY.

Lithologies
Lithology 1
Lithology Mame: sandstone
Exposure: niver bed
Weathering: distinctly weathered
Grain Size: medium sand {0.25-0.5 mm)
Composition:

medium 10 coarse grained thick bedded well sorted and mature quart:

Description: sandstone with abundant $0-100cm trough cross stratification. locally ripple




3D Geomodels

3D outcrop models
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Plan of talk

« EXxploration Incentive Scheme Phase 4 (EIS 4)
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Exploration Incentive Scheme funding

Exploration Incentive Scheme funding expenditure and sources
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EIS 4 — programs (5)

‘ MinEx crc

Program 1: Innovative Drilling ($5 million) -

Program 2: Geophysical Surveys

Program 3: Encouraging exploration

Government-Industry co-funded exploration -

Basement geology and evolution
Mineral systems analysis

drilling « Program 4: 3D prospectivity mapping

Stratigraphic and mineral potential drilling
using new technologies

Airborne gravity surveys

Airborne electromagnetic surveys (AEM)
2D deep crustal seismic data

Passive seismic data

Mineral Systems Atlas

Onshore Petroleum Systems

WA Geology Online

Lithosphere visualization

Mapping geodynamic settings
Enhanced geochronology and isotopic
fingerprinting

Magnetotelluric (MT) data « Program 5: promoting strategic research

through cover -~

Drilling decision support and targeting
Depth of cover and its interfaces

with industry

........ s Rosaaron Insttat
of Wi

MRIWA ($350,000/annum) <@ib mriwa
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Program 1: Co-funded Drilling

All successful

Successful applications:
applications to date

rounds 17 and 18

0O

Round 18 A
Round 17 @
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Program 2: Geophysical Surveys

Magnetics and radiometrics
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AEM — March to Sept 2019
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Western Australia and Northern
Territory Government agencies, in
collaboration with Geoscience
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Energy Geoscience and Carbon Strategy
Canning Basin — Kidson Sub-basin Seismic Survey

Kidson Sub-basin deep crustal Seismic Survey, co-funded by GA as part of Exploring for the
Future and DMIRS Exploration Incentive Scheme
Acquisition of 872 km between 17 June & 7 August 2018. Release of data at APPEA 2019

Y- Exploring for
| thg Futuge

erals | energy | groundwater

XPLORATION
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CHEME
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Canning passive seismic projects

In collaboration with Macquarie University,
and the Institute of Geology and Geophysics
at the Chinese Academy of Sciences o
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2019: Shining a light on the Eastern Goldfields

2
§_
8

Active and passive source seismic surveys,
MT, high-res gravity and aeromagnetics

— Mapping structure at depth

Structural mapping from micro- to
lithosphere scale

— Understanding crustal deformation
processes
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Isotope measurements

Eﬁgtgmw whole-rock zircon zircon

CHEME year Sm-Nd Lu—-Hf oxygen
2016-17 96 93 52
2017-18 93 76 56

total under EIS 793 756 156

Efforts to target obvious gaps in coverage, e.g. Nd in
South West Terrane, coordinated with geochemistry
and trace element studies

New agreements in progress for Lu—Hf and oxygen
isotope measurements
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Program 3: Encouraging exploration through cover

. : Age (Ma)
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Program 4: 3D prospectivity mapping —

New ARC Linkage Project

« Australian Research Council
LP170100985 “Enabling 3D stochastic
geological modelling” (Laurent Ailleres
et al.)

* ARC funding $711,000 for 2018-2021

« Monash University-led international
consortium for reducing risk for
Resources Industry by developing 3D
stochastic modelling

NCENTIVE
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CHEME

A =P
% MONASH e
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Program 4: 3D prospectivity mapping —

(I XPLORATIO

Mineral Systems Atlas [ NCENTIVE

eral Systems Atlas

Getting Around | Identify Tools  Drawing & Measurement  Data

#

Tips&Tiicks  Mineral

Help & Feedback

- o o+ -
Systems Atlas A
de

Full Extent  Previous Extent

Pan  Zoomln  Zoom Out

Legend
Filter Swatches. © | Fiter
—  Topography & Index
—  coast

—  Iron Formation
B Operating mines-iron Ore
—  Iron Formation SOURCE-TRAP
I iron formation dominant

Iron formation minor

@ Geochemistry-Iron Formation

—  Komatite Hosted Nickel
@  Operating mines-Nickel
. Geochemistry-Ultramafic
— Komatiite SOURCE-TRAP
B comatite dominant What is the Mineral Systems Atlas?
Komatiite minor
—  Ultramafic SOURCE-TRAP

The Mineral Systems Atlas.
M Uttramafic dominant

understanding and explo

34) and M
Uttramafic minor

will only form a
ce of

gand and or

 verarchical design of its online pl

e available an

the interface and the Gu

Mineral Systems Analysis

N Lat 16" 17°22.6767°S East  363057.863 PRLSF 09998319 200km il
hat's New? | g8 Legen - 5 . P W
= =9 Long 151°43'05.8585°E North 8198506.983 (Z56) Grd.Cov. -0° 21° 34.4371

(as defi

by F

pable geological proxies for critical mineralizing processes

y Merature, and collaborat

Struch

eries are then used 10 extrax

elevant data f

Department of Mines, Industry Regulation and Safety | www.dmirs.wa.gov.au



_Program 5: Promoting strategic research with industry

MRIWA ... is a State Government organisation who:

« Undertakes, procures or manages minerals research project
« Confers and collaborates on matters relating to minerals research

 Promotes awareness of and foster public interest in matters relating to
minerals research

Fosters academic activities

Minerals Research Institute
of Western Australia

All to the benefit of Western Australia

Contact
Phone

+61 8 6180 4340

Nicole Roocke
Dr Anil Subramanya Email
Dr Charmaine de Witt enquiries@mriwa.wa.gov.au



tel:+61861804340
mailto:enquiries@mriwa.wa.gov.au

Plan of talk

* Mineral Exploration Cooperative Research Centre
(MinEx CRC)
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MinEx Cooperative Research Centre (CRC)

Program 1

Drilling technologies:
More productive, safer and
environmentally friendly drilling

methods
Project 1
Drilling Optimisation
et I Project 2
B Coiled tubing
drilling for
definition of
mineral
deposits

Program 2

Data from drilling:
New technologies for collecting
data while drilling

Project 3
Real-time downhole assay

Project 4
Petrophysical logging while
drilling

Project 5
Seismic in the drilling
workflow

Project 6
Automated 3D modelling

Program 3
National Drilling
Initiative:
Exploration data on never-before

sampled rocks that are hidden but
prospective for minerals

Project 7
Maximizing the value of
data and drilling through

cover

Project 8
Geological architecture
and evolution

Project 9
Targeting mineral systems
in covered terranes

‘ MiInEXx cRc




The National Drilling Initiative and GSWA

Proposed GSWA NDI areas situated within the Gap and

planned activities:

* NDI areas shown by the pink polygons — actual drilling
areas to be determined

» Geophysical data interpretation and compilation of
interpreted bedrock geology at various scales and time
slices (regional areas / link to state datasets; both
through GSWA work and MinEx Program 3)

» Coordinated with basin studies (Basins Group)

« Analysis of legacy drillcores (both through GSWA work
and MinEx Project 8)

» Regolith and depth-to-basement mapping (Geoscience
Mapping Through Cover Section / focussed on NDI

areas)
» Field mapping of exposed areas
XPLORATION .
NCENTIVE ‘ MInEX cRc
CHEME

125 250 500 Km
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The Gap — mineral occurrences

Broad research questions:
* What types of ore deposits are likely to be present and what do
we need to do to detect them?

* How could known deposits and mineral occurrences help
answer this?

* How can we use cover, geophysical data and sparse drillcores to
detect and map mineral occurrences to aid exploration?

* Inorder to do the above, we need a better understanding of the
background geology of the cover and basement, and the links
between tectonic entities

» How can we use cover, geophysical data and sparse drillcores to
map cover and basement?

XPLORATION
NCENTIVE
CHEME

‘ MiInEX crc

Image shows Minedex database
mineral occurrences: base
metals (red triangles), gold
(vellow diamonds), steel alloys
(orange symbols), specialty
metals (green), diamonds (white
stars)
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The Gap — major boundaries

1:500k structures (dashed lines) demonstrate
poor understanding of how the basement tectonic
units link up

Very sparse information from drillholes, and need
for more lateral coverage

Knowledge from existing and future mapping of
the ‘edges’ is crucial

New data, tools, methods and data analytics
developed through the NDI projects are great
opportunities to progress our understanding

Image shows 1:500 k State layers,
existing drillholes and petroleum
wells in WA core library, and GSWA
geochronology (yellow stars)
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GSWA: alighed with national research strategies and

collaborating with Industry, Government and Academia...
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