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Geophysical signatures of mineral systems; more than bumps

It is generally accepted that the shallow, easy to define ore bodies were recognized first and developed.
In the past 20 years, the discovery performance across virtually all mineral sectors has fallen, resulting in
growing concern that if unchecked, there could be shortfalls in a number of commodities within the next

20 years.

The collective sense is that the geological column hosts more deposits than have been found to date but
these are expected to be at greater depths than have typically been explored before. To be able to
operate in this environment, new approaches to the identification of deposits is required and the
concept of a mineral systems approach, first suggested 20 years ago, has emerged as a powerful means
to build strategies and capabilities going forward. In terms of geophysical exploration, the major change
that will be required is a shift from a focus almost entirely on direct targeting of deposits with
geophysical surveys to a staged process where geophysical approaches are used initially to help define

the pathways in the Earth which carried the mineralizing solutions which formed the target deposit.

These pathways would provide a much larger target to explore for and if detected and mapped, should
allow explorers to follow the pathway to the location of potential deposits. This task is different from
most geophysical studies undertaken, where the focus has been typically on improving the direct
targeting capabilities and not the larger scale mapping problem that a mineral systems approach will
require. In the current assessment, a review is undertaken of what is seen as the current state-of-play
for a number of major deposit styles and how geophysical data is being used at present to explore for
these. The assessment overall is encouraging but major challenges remain outside of the technical issues
of defining a mineral systems strategy that relate primarily to human resources and the commercial

environment.

This forum will examine the current state of understanding of geophysical signatures of mineral
systems; current examples, on-going research and areas which require further assessment. A major
tenant that is already apparent is that the successful development of undercover exploration strategies
will require a degree of integration of geophysical outcomes with other geoscience data not typically

achieved historically.
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1. INTRODUCTION; John Hart
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exploration: what are we looking for and how do we get there?
Allan Trench

3. The Implications of the Mineral Systems Concept for
Geophysical Exploration: A Perspective: Mike Dentith

4, Undercover exploration in 2030: An UNCOVER Vision:
Steve Beresford
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6. Mineral Systems Approach to Porphyry Copper
Exploration - A Magnetic Perspective in Southwest Alaska: Eric
Anderson

7. Pathways to porphyries - mapping alteration and related
mineralization: Terry Hoschke

8. Real time data and geologically meaningful bumps:
James Cleverly

9. DISCUSSION: John Hart
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10. From 3D geology to 3D Geophysics, what next?: Mark
Jessell

11. Petrophysical insights into targeting ore systems:
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cover — using every tool at our disposal: Gavin Selfe

14. Signatures of Mineral Systems; A Perspective from the
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16. WRAP UP: Ken Witherly
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Short Biographical Notes

Eric Anderson

Eric Anderson works for the US Geological Survey in Denver, Colorado. He spent much of 2014
as a visiting researcher at University of Western Australia working with Mike Dentith on the
geophysical signature of gold deposits. His research interests are in potential field geophysics
and economic geology. He received a BS degree in geology from Augustana College (1996) and
then worked in oil and gas exploration. He completed a MS degree in geology and geochemistry
at the University of Colorado, Boulder (2003) where he researched fluid evolution in the
epithermal and porphyry environment. He received a PhD from Colorado School of Mines
(2013) that was focused on understanding the magnetic signature of mineral deposits and
associated geology.

Graham Ascough

Graham Ascough is a senior resources executive with more than 25 years of industry experience
evaluating mineral projects and resources in Australia and overseas. He is currently non-
executive Chairman of ASX listed companies: Mithril Resources Limited, Musgrave Minerals
Limited, Phoenix Copper Limited and Avalon Minerals Limited. Mr Ascough, a geophysicist by
training, has had broad industry involvement playing a leading role in setting the strategic
direction for companies, completing financing and in implementing successful exploration
programmes. He is a member of the Australasian Institute of Mining and Metallurgy and is a
Professional Geoscientist of Ontario, Canada. Mr Ascough was the Managing Director of Mithril
Resources Ltd from October 2006 until June 2012. Prior to joining Mithril in 2006, he was the
Australian Manager of Nickel and PGM Exploration at the major Canadian resources house,
Falconbridge Limited, which was acquired by Xstrata Plc in 2006.

James Austin

Jim Austin is a structural geologist and geophysicist whose main interest is in the application of
magnetics to mineral exploration. Prior to joining CSIRO he worked with the Predictive Mineral
Discovery CRC, for the Encom-Mapinfo Geoscience Consulting Group and also as an exploration
geologist in Broken Hill, the Mount Isa Inlier, Papua New Guinea and the Thomson Orogen. In
his current role at CSIRO he is focussed on understanding the geophysical properties of Iron
Oxide Copper-Gold (I0OCG) and Magmatic Nickel Sulphide systems, partnering with numerous
exploration companies around Australia, including MIM-Glencore, MMG, Minotaur, Musgrave
Minerals, etc. He has published papers on applied geophysics, structural geology and mineral
exploration and is currently a member of the SEG, ASEG and the Society of Economic
Geologists.

Steve Beresford

Steve Beresford is the Chief Geologist of First Quantum Minerals, an Adjunct Professor at
Centre for Exploration Targeting (UWA) and Chair of the Geoscience committee for UNCOVER.

Steve has over 20 years experience across the academia-industry divide which includes
Professor at University of Western Australia, Chief Geologist at MMG and currently First



Quantum Minerals. Prior to that he was with WMC Resources and BHPBilliton. Steve has been a
director of public and private listed junior Nickel exploration companies.

Dave Clark

Dave Clark is a Principal Research Scientist with the CSIRO Manufacturing and Mineral
Resources Flagships. He has a B.Sc (Hons) degree in physics and an M.Sc. in geophysics from
the University of Sydney, and a Ph.D. in geophysics from Macquarie University. Dave’s main
research interests are applications of rock magnetism to exploration; potential field
interpretation; processing and interpretation of magnetic gradient tensor data for resource
exploration and for detection, localisation and classification of magnetic targets; and predictive
geophysical exploration models.

James Cleverly

James Cleverley is currently Principal Geochemist at REFLEX (Perth, Australia) following a move
from CSIRO in 2014. James has been involved in two industry-led research cooperatives dating
back to his second post-doc at James Cook University with the predictive mineral
discovery*CRC and more recently heading up the hydrothermal geochemistry projects in the
Deep Exploration Technologies CRC. James was the project lead for the DET CRC Lab-at-Rig
project that is a collaboration between REFLEX, Olympus and CSIRO which is currently being
commercialised. He is passionate about the use of geochemical data, data analytics and the
understanding of hydrothermal systems for exploration targeting and mine optimisation, but
has been lucky enough to work on everything from large gold deposits to chondritic meteorites.

Mike Dentith

Mike Dentith is Professor of Geophysics at the Univ of WA and a co- research theme leader
(Geophysics and Data Analysis), in the CET. His research interests are in various aspects of
mineral exploration geophysics, especially geophysical signatures of mineral deposits and the
use of geophysics in assessing prospectivity at the terrain scale. He is co-author of the textbook
'mineral exploration geophysics for geoscientists' and has edited two volumes of geophysical
case study compilations, on WA and SA.

John Hart

John Hart graduated from the University of Western Australia in 1992. Initially employed by
BHP Minerals, he worked on primarily base metal projects in Eastern Australia, India, Southern
African and Botswana before joining Minotaur Resources in 2001. After involvement in copper
exploration projects in South Australia and Queensland, he joined Rio Tinto in 2010. John Hart
is currently Principal Geophysicist Africa-Eurasia for Rio Tinto Exploration.

Terry Hoschke

Terry Hoschke graduated in geophysics from the University of New England in Australia in 1980.
He worked as a geophysicist for Geopeko in the 1980s exploring for a number of commodities
including gold, uranium and base metals. He managed the Darwin exploration office for North
Limited for 3 years from 1992 and subsequently worked on porphyry exploration for North in
Indonesia. He worked for Normandy/Newmont from 2001 to 2013 during which time he



completed an MSc thesis on the geophysics of porphyry and epithermal systems. This was
subsequently published by CODES. He is currently a geophysical consultant, based in Perth

Mark Jessell

Mark Jessell is a Winthrop Professor and Western Australian Fellow at the CET UWA having
arrived from Toulouse, France where he was a Director de Recherche with the Institute de
Recherche pour le Development, and where he started the West African Exploration Initiative
(WAXI). His scientific interests revolve around microstructure studies (the Elle platform),
integration of geology and geophysics in 2 and 3D (the Noddy project), and the tectonics and
metallogenesis of the West African Craton (WAXI). His current Western Australian Fellowship is
focused on improving the links between geological and geophysical data analysis in 3D via
analysis of the geological and topological uncertainty.

Matthew Kanakis

Matthew Kanakis is an Honours graduate of UWA with a double degree in geoscience and
commerce. He is currently a consultant with KPMg in Perth specialising in research and
development eligibility, compliance and reporting. His honours research focused on the
geological economics of gold mining in Australia, specifically the geological factors that drive
production cost performance across both open pit and underground operations.

Janne Kaukolinna

Janne Kaukolinna started geophysical career in 2002 working mainly on environmental,
geotechnical and rock mechanical studies for the first few years, after which focused on
exploration geophysics moving from data acquisition and field operations more into
interpretation and consulting. 2008 was hired by Anglo American to work as geophysicist for
Europe with main responsibility on Lapland Ni-Cu-PGE project. After leaving Anglo in 2012 and
short period in consulting joined First Quantum as Regional Geophysicist for Europe.

Gavin Selfe

Gavin Selfe has 25 years’ experience in the minerals exploration industry and currently consults
to many varied exploration companies in Africa. Much of his work is dedicated to deep-seeing
geophysical techniques for geological mapping under cover. He specialises in interpreting
geology from airborne datasets as well as ground-based gravity, EM and AMT. He graduated in
1987 with a dual major in geology and geophysics. He subsequently worked as a geophysicist
for De Beers and Anglo American for 15 years and was based in an exploration office in West
Africa for 5 years. His experience includes diamonds, gold, nickel, copper, platinum, iron ore
and zinc exploration. He has given papers at numerous conferences, and is ex-president of the
South African Geophysical Association (SAGA).

John Sykes

John Sykes is a PhD Candidate at the Department for Mineral & Energy Economics, Curtin
University, and Adjunct Research Fellow at the Centre for Exploration Targeting, University of
Western Australia. His research focuses on the long term future of copper mining. John also



runs his own consultancy, Greenfields Research, specialising in long term mineral economics,
and previously was a Consultant in Copper Mining & Smelting for CRU Group.

Allan Trench

Allan Trench is Professor (Risk & Value) at the Centre for Exploration Targeting, University of
Western Australia and Curtin University Graduate School of Business, a Non-Executive Director
of several resources sector companies - and the Perth representative for CRU Strategies, a
division of independent metals & mining advisory CRU group.

Allan has over 20 years’ experience within the mining/metals and oil/gas sectors including
senior management positions with WMC and Woodside Energy. Allan has held academic
positions at Oxford University (Geophysics) and Curtin University of Technology (Mineral
Economics) and worked as a management consultant with McKinsey & Company engaged in
both strategy and operations-focused engagements. His current focus is the analysis of
corporate and asset-level mineral exploration strategies, value accretion through effective
exploration and the analysis of mineral markets. Allan is the author of nine books and 50
journal and technical publications in geology/geophysics and mineral finance/management.

Ken Witherly

Ken Witherly graduated from UBC (Vancouver Canada) with a BSc in geophysics and physics in
1971. He spent 27 years with Utah/BHP Mineral Company during which time as Chief
Geophysicist, he championed BHP’s programs in airborne geophysics, which resulted in the
development of the MegaTEM and Falcon technologies. In 1999, Ken helped form a technology-
focused service company that specializes in the application of innovative processing and data
analysis to help drive the discovery of new mineral deposits.
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We all bring biases to looking at industry issues....
including this one*

« Geophysicist then Mineral Economist

« Nickel/Gold bias — Kambalda, St Ives, Leinster/Mt Keith, Super Pit
— Underground EM mine/exploration ‘revolution’
— Gold/nickel division contrasting performances

* McKinsey — management perspective

* Woodside — petroleum perspective

* CRU Group - initial focus on managing copper — cost analyses of
operations and projects

« Academic — ‘What do we really know’ perspective

* So an Australian bias — nickel & gold underground bias - and
more recently Chile/copper bias *Trench
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An Economic Perspective on Deep & Under Cover Exploration: What are we looking for how do we get there?
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Personal perspectives (bias) on the deep exploration
and development challenge....

« Itis possible to make any project look simple on a spreadsheet

« Reality is far more complex

* Most spreadsheet cost models have an underlying and linear ‘sanctity of
grade’ built in

« Ore geometry and scale effects are as important — especially between
mines

« Cost modelling gets underground ‘wrong’ more often than for pits

« Economics suffers some similar ambiguity challenges to geophysics —i.e.
multiple solutions are possible using different costs and shapes

« Mine economics can suffer the same ‘black box’ challenges as for
geophysics — e.g. understanding what is really being measured in a model,
and the multiple definitional issues of reported costs

* Bias towards real data and factual analogues over model-only
solutions: Model simplicity can be good (being wary of the ‘sanctity of
grade’ trap)

*Trench i
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An economic perspective on deep and under cover exploration

WHAT ARE WE LOOKING FOR?
QUALITY NEW DISCOVERIES

TARGETING |
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What can mineral economics contribute?

+ What are we looking for? Quality new discoveries
— Future precious and base metals discovery at depth more so than bulks

— What ‘quality’ really means (or otherwise) in Copper, Nickel & Gold as examples

+ Sometimes quality will be deep and high-grade, but not always
Quality may be deep, low-grade, but scalable for example

How do we get there? Better Understanding

— Through a clearer understanding of the impact of grade, scale, mineralisation-style and
geometrical effects on mine economics

The excellent case study of Australian Gold Mine ‘geological economics’ (Kanakis (2014)

.

Where to next? We need to get to first base yet

— Where mineral economists will likely mislead you (and fool ourselves too)
— Some high-level project economics from in-ground discovery to out-of-ground value creation
— So much more fact-based and modelling work ahead

e e EXPLORATION |
AAn Economic Perspective on Deep & Under Cover Exploration: What are we looking for how do we get there? LORATIO)

TARGETING |

Slide 5 of 43 ASEG-PESA 2015 Workshop: Geoy

signsturesof mineral systems: more than bumps 19 Feb 2015

We don’t yet understand grade effects on
economics —in pits or u/g — although it looks simple

Grade Enhancement Near Surface Mined First Preferential ‘Bring-Forward’ of High Grade

General Surface
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...and if we don’t fully understand grade-economics
then we have a major problem: Grades vary a lot...

Copper deposit type & ore grade (N = 208 projects)
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...what we do know however is that grades
generally fall over time e.g. in copper
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And we also know that falling grades of themselves
do not drive higher prices in real terms...

Long Term Real & Nominal Copper Prices: 1914-2013
(US$/tonne)
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Source: Sykes & Trench, 2014; Data from United States Depariment of Labour (2014); Historical nominal copper prices 1914-2011
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Declining grades are likely — so the economics of
mining of lower grades matters..

Grade of exploration projects in top 10 copper producers (%Cu)
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... despite the ‘future is underground’ not being
universal — e.g. pits still dominate Cu pipeline
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...that said, Australia must focus on deep
exploration and development — or risk being
left behind..

New Cu Project Annualised Production Capacity Potential*
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What is the cost of going deeper? With lots of
stripping, open pits soon become expensive

OpEx (US$/t ore) CapEx (US$ million/t ore capacity)
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In Cu, underground mines are cost
disadvantaged versus pits (in contrast to Ni)

Copper costs - Net of by-product cash costs by mining type, 2014, $/t
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Geology (geometry, style), commodity value and ore
value (grade) influence mine development choice
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...with deeper developments more typical for
precious metals over base and bulks
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An economic perspective on deep and under cover exploration

HOW DO WE GET THERE?
BETTER UNDERSTANDING
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A case study of ‘geological-economics’ and
the challenges facing Australian gold

12 . Australian Production of Gold Increases in costs over time
(1989-2013) 1800
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Australian gold: About 50 mines with close to 50:50
underground to open pit split of production

Fact Key Figure(s)/Mine example(s)
[Total Australian and New Zealand Production Dec Half-

|Year 2013 Recorded in the Study. 4126319 0z

ge of Gold ion from L Mines 56%
Percentage of Gold Production from Open Pit Mines 44%
Percentage of Production that is Gold Only 72%

ge of ion that is i 28%
Mined Grade Dec Half-Year 2013
Production-Weighted Average Gold Grade 3.26 gt
Highest Grade Mine Andy Well (12.45 g/t)
ILowest Grade Mine Cadia Hill (0.36 g/t)

Cost Information Dec Half-Year 2013

ILowest Cost Mine Cadia Hill/Cadia East/Ridgeway $242/0z. (cash costs) $302/0z.|

(AISC)
Highest Cost Mine Challenger $1427.64/0z. (cash costs) Henty $1527/0z. (AISC)
ILowest Cost Quartile Threshold (25th Percentile) $700/0z. (cash costs) $925/0z. (AISC)
Highest Cost Quartile Threshold (75th Percentile) $950/0z. (cash costs) $1205/0z. (AISC)

Source: Kanakis (2014) GRATION |
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How do you think a production cost versus grade
chart might look for Australian gold mines? This?

*
Lower grade, * Higher grade,
higher cost * lower cost
[INES * * mines

Costs ($AU)

Grade (g/t)

Source: Kanakis (2014)
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It is actually not that simple:
High grade doesn’t equate to low cost!
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)
L ]
-
[ ]

Operating Grade Q4 (g/t) Source: Kanakis (2014)
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So what drives relative costs if not grade?
Deposit-type tells us little

» Orogenic Gold and Epithermal Au-Ag deposits gave
variable results on the cost curves

» Porphyry deposits were very low cost except for
Boddington

» Of the IOCG deposits the only figure available was a
December Half Year Total Cash Cost for Prominent
Hill, which was around the mean of the dataset

e Thereis not much to go with here..........

e e EXPLORATION )
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What about mineralisation-style then?

Illll ]. _}I .I'I |'I'I:‘|'

[
[ |
i l| II [ ]I J |
Ll Pyl
Disprarsed bracels Thin stockwork vein Thicker weins in shear
hosted micerallsation sysem na

Thick laminated
QUBrTE veins .
G b EXPLORATION | ﬂ\.\
TARGETING ‘\_,- /

Quartz reeffladeflens Quartz tension vein
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Disseminated mineralisation appears
important

Percentage of deposits with
different mineralisation style in
each cost quartile

100.00%

90.00%

0000 + Deposits with more
_ disseminated style
g mom mineralisation displayed lower
§ sooow costs than those with vein/reef
S s000% aveinRee! Syie style mineralisation
B wDisseminated
5 4000%
2 20.00% * Relationship especially evident
¢ in the cash cost datasets.

20.00%

10.00%

0.00% Source: Kanakis (2014)

Q1 Q2 Q3 Q4 S
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Geometry clearly matters too: Lower
cost deposits are equidimensional

« Deposits were defined
as equidimensional, = =
. . Diy Lower Ceaty
planar and cylindrical " ylindrical Deposts
shaped. -~ Wl Fere oevosi

« Equidimensional
deposits gave much
lower costs than planar
and cylindrical deposits.

P e 0 AR (AL

« Gently dipping planar
deposits also give lower
costs than steeply
dipping planar deposits.

Source: Kanakis (2014)
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Contrasting geometries means that we likely
‘engineer-away’ grade advantage to reach
stopes

]

rpemegpia T ORIt

Source: Kanakis (2014)

oo 5 EXPLORATION |12
TARGETING \\ =~/

An Economic Perspective on Deey

g for how do we get there?

Slide 26 of 43 bumps 19 Feb 2015

The cost drivers differ markedly between pits and
underground — both by function and composition

Open Pit Underground

Source: National Bank Financial Feb 15
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An economic perspective on deep and under cover exploration

WHERE TO NEXT?

An Economic Perspective on Deep & Under Cover Exploraton: What re we looking for how do we get there? o b EXPLORATION,

TARGETING
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So is a new underground target better
economically than a typical new pit?

Typical Australian medium sized Typical Australian medium sized

OPEN PIT gold mine UNDERGROUND gold mine
« Resource contained Au: 4.0Moz < Resource contained Au: 13.3Moz
* Reserve contained Au: 2.8Moz * Reserve contained Au: 6.7Moz
* Mining Losses: 95% ¢ Mining Losses: 75%
* Mine Life: 15 years * Mine Life: 30 years
« Throughput: 3.5Mt/y « Throughput: 1.0Mt/y
« Grade: 1.50/t « Grade: 5.0g/t
* Processing Recovery: 85% « Processing Recovery: 90%
* Production: 150,0000z/y « Production: 150,0000z/y
* Opex: $750/0z * Opex: $850/0z
e Capex: $150 million * Capex: $65 million
« Construction: 2 years « Construction: 4 years
Based on data collated by Matthew Kanakis (and some tacit assumptions by Sykes & Trench)
‘An Economic Perspective on Deep & Under Cover Exploration: What are we looking for how do we get there? aw‘m‘m“
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First convert resource to reserve...

Typical medium sized Australian OPEN PIT gold mine

6000 R )
= R conversior
Z 5000 US$1.6 billion
@
2 4000 Resource: 4.0Moz Au @
2 3000 US$1,300/0z = US$5.2 billion
H Resource (o Reserve
> 2000 Conversion (high) = 70%
Reserve: 2.8Moz Au @
1000 US$1,300/0z = US$3.6 billion
0
Resource Reserve (m Mined Gold  Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold  Revenues  Profits
Typical medium sized Australian UNDERGROUND gold mine
18000 —— |
= 15000 Reserve conversion
4 12000 losses = US$9 billion Resource: 13.3Moz Au @
= 9000 US$1,300/0z = US$17.5 billion
°
3 Resource to Reserve Conversion
S 6000 (low) = 50%
3000 Reserve: 6.7Moz Au @
US$1,300/0z = US$8.5 billion
0
Resoutce Reserve (n- MneaCold Processed  Nevor  Nevor  NEVeroject
(in-ground)  ground) old Revenues  Profits

NB: Calculations have undergone rounding so may ot be fully accurate

An Economic Perspective on Deep & Under Cover Exploraton: What e we looking for how do we get there? o b EXPLORATION,
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.then consider mining losses...

Typical medium sized Australian OPEN PIT gold mine

__ 6000 Mining losses =
Z 5000 US$200 million
% 4000 -
v Reserve: 2.8Moz Au
‘—i 3000 US$1,300/0z = US$3.6 billion
£ 2000 - Mining losses (low) = 5%
Mined Gold: 2.6Moz Au @
1000 1 US$1,300/0z = US$3.4 billion
Resource Reserve (in- Mined Gold Processed  NPVof | NPVOf NPV Project
(in-ground)  ground) Gold Revenues Profits
Typical medium sized Australian UNDERGROUND gold mine
18000
< 15000
@ 12000 Mining losses =
2 5000 US$2.0 billion Reserve: 6.7Moz Au
2 US$1,300/0z = US$8.5 billion
= 6000 Mining losses (high) = 25%
> Mined Gold: 5.0Moz Au @
3000 US$1,300/0z = US$6.5 billion
0
Resource Reserve (in- Mined Gold Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold Revenues  Profits

NB: Calculations have undergone rounding so may ot be fully accurate

An Economic Perspective on Deep & Under Cover Exploration: What are we looking for how do we get there?
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.then consider processing losses.

Typical medium sized Australian OPEN PIT gold mine

6000
5000 sing losses
4000 =US$400 million

Mined Gold: 2.6Moz Au @
s000 USS$1,300/0 = US$3.4 billion
2000 | Processing losses (high) = 15%

Processed Gold: 2.3Moz Au @
1000 4 US$1,300/07 = US$3.0 billion

0 :

Resource Ressvve(m' Mined Gold Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold Revenues  Profits

Pro

Value (US$M)

Typical medium sized Australian UNDERGROUND gold mine

18000
S 15000
H
8 12000
g 9000 Progessing losses USE130/03 Ut it
3 6000 = US$500 million Pracessing losses (Iow) = 10
> Processed Gold: 4.5Moz Au @
3000 US$1.300/0z = US$6.0 billion
0
Resource Reserve (in- Mined Gold Processed NPV of NPVOf NPV Project
(in-ground)  ground) Gold  Revenues  Profits

NB: Calculations have undergone rounding so may not be fully accurate | —
< EXPLORATION [ ;\\
TARGETING @,’_
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.and mining over several years...

Typical medium sized Australian OPEN PIT gold mine

6000
§ 5000
2 4000 ¢ Time cost of MONeY  processed Gold: 2.3Moz Au @
2 3000 |== = US$1.5 billion US$1,300/0z = US$3.0 billion
2 1 Discount Rate = 10%
> 2000 ¢ Mine Life = 15 years

1000 1 NPV of Revenues: 150Kozly Au @
US$1,300/02 = USSL5 billion
0 :
Resource Reserve (n- Mined Gold Pracessed NPVOf  NPVOf NPV Project
(in-ground)  ground) Revenues  Profits
Typical medium sized Australian UNDERGROUND gold mine

18000
< 15000
2
& 12000 Processed Gold: 4.5Moz Au @
< 9000 USS1,300/02 = USS6.0 billion
E] Discount Rate = 10%
3 o000 r — = Time cost of money ¥ 250

] =US$4.1billion NPV of Revenues: 150K0zly Au @

USS$1,300/0z = USS$1.9 billion

0
Resource Resenve (n- Mined Gold Processed  NPVol NPVl PV Projec
(in-ground)  ground) old Revenues Profits.

NB: Calculations have undergone rounding so may not be fully accurate o
oo e EXPLORATION {1 2N
An Economic Perspective on Deep & Under Cover Exploration: What are we looking for how do we get there? ot LELLE 1T T
TARGETING k\\,-'_
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...not forgetting operating costs...

Typical medium sized Australian OPEN PIT gold mine

6000
§ 5000 Operating costs =
3$860
8 4000 - US$860 million
< 3000 NPV of Revenues: 150Kozly Au @
= US$1,300/0z = US$L.5 billion
S 2000 - Operating Costs = US$750/02
- NPV of Profits: 150Kozly Au @
1000 4 _ US$1,300/0 = US$640 million
0
Resource Reserve (in- Mined Gold Processed  NPVof  NPVOf NPV Project
(in-ground)  ground) Gold Revenues Profits
Typical medium sized Australian UNDERGROUND gold mine
18000 iperat .
= perating costs =
15000
z US$1.26 billion
@ 12000
2 2000 NPV of Revenues: 150Kozly Au @
] USS1,300/0z = US$1.9 billion
S 6000 Operating Costs = US$850/0z
> NPV of Profits: 150Kozly Au @
3000 P US$1,300/0z = US$640 million
0
Resource Reserve (in- Mined Gold Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold Revenues  Profits
NB: Calculations have undergone rounding so may not be fully accurate 4
e e EXPLORATION ’\\
An Economic Perspective on Deep & Under Cover Exploration: What are we laoking for how do we get there? EXPLORATIC -
TARGETING &’@
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Typical medium sized Australian OPEN PIT gold mine
6000
g 5000 Construction costs
8 4000 - = US$250 million
© 3000 NPV of Profits: 150Kozly Au @
32 US$1,300/0z = US$640 million
> 2000 - Capital Cost = US$150 million
1000 4 - Construction Time = 2 years
NPV of Project: 150Kozly Au @
0 B B Uss1300007 = USs390 million

Resource Resevve(m' Mined Gold Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold  Revenues  Profits

Typical medium sized Australian UNDERGROUND gold mine

18000 c " . N
= onstruction costs
< 15000
H = US$265 million
g 12000
2 5000 NPV of Profits: 150Kozly Au @
S US$1,300/0z = US$640 million
& 6000 Capital Cost = US$65 million
> Construction Time = 4 years
3000 NPV of Project: 150Kozly Au @
o USS1.300/03 < USS375 millon
Resource Reserve (in- Mined Gold Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold Revenues  Profits
NB: Calculations have undergone rounding so may not be fully accurate
< EXPLORATION [ 'ﬂ\
An Economic Perspective on Deep & Under Cover Exploration: What are we looking for how do we get there? 2
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In the end there’s little difference?

Typical medium sized Australian OPEN PIT gold mine

6000
2 5000 il Total project
B 4000 - ; 1 economic costs =
T 3000 ; | US$4.8 billion
S 2000 | 1
1000 I " Total project value
- [ h = US$390 million
0 :
Resource Reserve (mr Mined Gold Processed NPV of NPVof NPV Project
(in-ground)  ground) Gold  Revenues Proiits
Typical medium sized Australian UNDERGROUND gold mine
18000 -
< 15000 ! 1 Total project
2 12000 1 1 economic costs =
ES | US$17.1 billion
@ 9000 1
3 6000 ! |
> 3000 1 1 Total project value
=US$375 million
0
Resource  Reserve (n Mined Gola Processed  NPVOl  NPVol NPV Project
(in-ground)  ground) old Revenues  Profits
NB: Calculations have undergone rounding so may not be fully accurate 4
Slide 36 of 43 ASEG- mineral sy: bumps. 19 Feb 2015 i
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Where mineral economists will likely
mislead you (and ourselves too)

» Over-simplistic economic models of underground
targets — all economic assumptions, limited geology
& mining inputs

» Hard-wiring of a simple ‘grade drives economics’
modelling assumption (to the exclusion of
complexity & scale effects; orebody shape,
mineralisation style)

 Limited factual analysis of existing underground
deposits and their economics versus pit
developments

 Lack of ‘modifying factors’ within analyses

An Economic Perspective on Deep & Under Cover Exploration: What

ve looking for how do we get there?
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A final word on the road ahead....

“What we are dealing with are complex mineral
systems. As analysts we are still in the 1800’s
stuffing birds and classifying them. We want to
map the genome”

- Professor Cam McCuaig, CET Director 2014

| 5
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THANK YOU

Contact information:
John P. Sykes: johnpaul.sykes@postgrad.curtin.edu.au
Allan Trench: allan.trench@curtin.edu.au

Matthew Kanakis: mkanakis@kpmg.com.au

For more information:
Centre for Exploration Targeting: www.cet.edu.au
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FURTHER READING

«  Kanakis, M.D., 2014. Grade Expectations — Australian Gold Mines defy the ‘Grade is King' Cost
Hypothesis, Australian Institute of Geologists News, 188, November, 6-10.

« Kanakis, M.D., 2014. Grade Expectations — Australian Gold Mines defy the ‘Grade is King’ Cost
Hypothesis, Centre for Exploration Targeting Newsletter, 29, September, 14-17.

+  McCuaig, T.C., Vann, J.E., & Sykes, J.P., 2014. Mines versus Mineralisation - Deposit Quality,
Mineral exploration Strategy and the Role of ‘Boundary Spanners', Ninth International Mining Geology
Conference, Adelaide, 18-20 August, 33-41.

«  Sykes, J.P., & Trench, A., 2014, Finding the Copper mine of the 21st century: Conceptual
Exploration Targeting for Hypothetical Copper Reserves, Society of Economic Geologists Special
Publication 18, 273-300.

+  Sykes, J.P., & Trench, A., 2014. Resources versus Reserves - Towards a Systems-based
Understanding of Exploration and Mine Project Development and the Role of the Mining Geologist,
Ninth International Mining Geology Conference, Adelaide, 18-20 August, 243-270.

« Trench, A., & Sykes, J.P., 2014. Perspectives on Mineral Commodity Price Cycles and their
Relevance to Underground Mining, 12th AusIMM Underground Operators' Conference, Adelaide, 24-
26 March, 19-31.

+ Trench, A, Packey, D., & Sykes, J.P., 2014. Non-Technical Risks and Their Impact on the Mining
* Industry. AusIMM Monograph 30: Mineral Resource and Ore Reserve Estimation, Chapter 7: Risk in
Lo Resource and Reserve Estimation, 605-617
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What does economic mean nowadays?
You can choose either technical vs
political risk?

Size, Grade & Political Risk for Top 10 Largest Nickel Projects

showing that the highest grade projects are in the riskiest
political environments

= . 15 Quartile . 2" Quartile . 3 Quartile . 4" Quartile =
S 80 ° @ 2 200 §
S 70 175 3§
z g
g 60 150 O
£ F]
3 50 125 £
c z
8 40 1.00
3.0 0.75
20 050
10 025
0.0 0.00
WedaBay, Dumont, Kalgoorlie Zebediela, Jacaré, Gaglsland, Mount  Maturi, Turnagain, Sulawesi,
indonesia Canada (Heron),  South  Brazil Indonesia Margaret, USA(MN) Canada Indonesia
(QC)  Australia  Africa Australia (BC)
(WA) Data: Schodde; Fraser Institute
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Actually... it’'s quantity and a more
subtle notion of ‘quality’

Size, Grade & Political Risk for Top 10 Largest Copper Projects
demonstrating that there is no clear relationship between
grade and political risk. Mine type, by-products etc coalesce to
form a more subtle concept of ‘quality’

. 12 Quartile . 2 Quartile . 3¢ Quartile . 4" Quartile

4.00
3.50
3.00
2.50
2.00
1.50
1.00

Contained Copper (Mt)
Copper Grade (%)

0.00
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Exploring With
Geophysical Methods in a
Mineral System Context:
A Perspective

Mike Dentith
Centre for Exploration Targeting
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Mineral Systems & Geophysics

e Mineral systems
— Consider everything it takes for a deposit to be present
— Petroleum: Source-pathway-trap
— Minerals: Source-pathway-physical throttle-chemical
scrubber-preservation

Depth of cover for major mineral discoveries
in Australia: 1850-2010

Dimservary Yout

e o o s
R ot L o T
- 2 e " ! "- -
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™
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Mineral Exploration

« Exploration targeting

Deposit Detection Later S1ages of Exploration

Depaosit Prediction e

Earlier Stages of Exploration

Source: Hronsky and Groves (2013)
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Mineral Exploration Geophysics

¢ Geophysical exploration strategy at the prospect

scale
Direct
Mapping Detection
['The Map’ “The Bump’
Stratigraphic ~ Structure ~ Host ~ Alteration ~ Gangue Ore
Contacts Lithotype ~ Zone Minerals  Minerals

Komatiite-hosted Orogenic Primary Epithermal ~ VMS  Graphite/U
Nis Au  Diamonds Au

5o EXPLORATION {7200
TARGETING |\

Mineral Systems & Geophysics

e The role of geophysics in a mineral system-
based exploration strategy?
— Petroleum: Source-pathway-trap

— Minerals: Source-pathway-physical throttle-
chemical scrubber

Fockpan “... the major change that
is required is a shift from
... direct targeting ... to a
staged process ... where
= v geophysical approaches
— S are used initially to help
define the pathways ....
— A that carried mineralizing
T solutions ..."

v 5o EXPLORATION |
TARGETING

Mineral Systems & Geophysics

* The role of geophysics in a mineral system-
based exploration strategy?
— Critical elements of a mineral system

— Minerals: Source-pathway-physical throttle-
chemical scrubber

Favourable
Whole-lithosphere
Architecture

Preservation
of Primary Depositional
Zone

Ore Genesis

Favourable
(Transient)

Geodynamics.
bh A . EXPLORATION | —
TARGETING |

v

B A |
WIS AUSTRALLA Source: McCuaig and Hronsky (2014)




Pathway/Favourable Lithospheric
Architecture

* Major discontinuities in the basement

— Reactivated faults
— Boundaries between crustal blocks
— Often have a cryptic surface expression

» Depth extent important

— Mantle tapping?
— Relationship with other significant structures

* Deep geophysics

— Increased activity in research organisations
— Contrasts with the industry (shallow and deposit

- EXPLORATION 2N
TARGETING |\

Pathway/Favourable Lithospheric
Architecture

e The usual suspects

Gravity and magnetics Eeka Block 2
— Active seismic methods
. . . Internal Interface  Moho
— Passive seismic methods Fault Fault
. (comprises (juxtaposition of
- Magne[ote”urlcs the contrast) contrasts)

¢ Fundamental limitations

§ — ‘Internal’ fault zones hard, ‘interface’ faults less so

— All geophysical methods lose resolution with depth

— The response is controlled by a combination of
physical property contrast and the volume of the
material representing the contrast (most cases)

v EXPLORATION |
TARGETING

Pathway/Favourable Lithospheric
Architecture

+ Reflection seismic
— Responds to flattish contrasts in acoustic impedance (p.v)
— Highest resolution, but also most expensive
* Pros and cons
— Excellent for mapping both ‘internal’ and ‘interface’ faults
— Can be hard to interpret in detail (side swipe, velocity effects)
— Poor indicator of bulk properties
At least one transect is required in a prospective
. - . s EXPLORATION |/ 5
terrain — “calibration point” TARGETING |\




Pathway/Favourable Lithospheric

Architecture

* Ambient noise tomography

— Simultaneously recording ‘noise’
with an array of recorders

— Comparison between any two
recordings allows for velocity
structure of the intervening area to
be derived

— Wavelength based analysis allows
a pseudosection to be derived

— Tomographic comparison of each

receiver pair allows a data

pseudovolume to be created

- EXPLORATION 2N

TARGETING |\

Pathway/Favourable Lithospheric

Architecture

* Body wave tomography

— Record arrival times of teleseismic events (distant

earthquakes)

e Pros and cons (both types of tomography)

— Cheap (national equipment pool)

— Recording times of months are sufficient for

ambient noise

— Body wave tomography depends on seismicity
— Only very largest velocity variations are mapped

(‘interface’ faults)

— Poor resolution of boundary dip and depth extent

R A 1
W AUSTRALLL

e EXPLORATION |/ oY

TARGETING |\

Pathway/Favourable Lithospheric

Architecture

* Receiver functions

— Based on the modification of
teleseismic wavefield as it passes
through the crust (conversions,
multiple reflections)

— Receiver function is the velocity
structure beneath the recording
station

— Produces 1D velocity-depth
function

Source: Reading et al. (2014)
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Pathway/Favourable Lithospheric
Architecture

* Pros and cons
— Deployment time depends on seismicity
— Only very largest velocity variations are mapped (‘interface’ faults)
— Poor resolution of boundary dip and depth extent

— Recent developments: higher resolution, imaging faults (both
types)

Source: Schulte-Pelkum &
Mahan (2014)

5= EXPLORATION
LA TARGETING
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Pathway/Favourable Lithospheric
Architecture

¢ Receiver functions — common conversion
point (CCP) processing Tessiamc imagng

{lorwnrd scamered F 10 5)

— Array of closely spaced recorders with processed as a beam
— Produces a ‘low resolution’ seismic reflection-like section plus

major velocity variations
- o
I M T
j e =
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P = ]
B o ———— e — .
I . == o e
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i |
i  — e ccr |
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b Source: Schulte-Pelkum et al. (2005)

Pathway/Favourable Lithospheric
Architecture

* Magnetotellurics

— Passive (natural source), frequency domain, electromagnetic
method

— Deployment times of days
¢ Pros and cons
— Cheap (natural sources, access to equipment pools)
— Do not understand causes
conductivity variations
— Empirical evidence of
significant responses

Olympic Dam
Deposit Location ()

Depth (km)

N
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Pathway/Favourable Lithospheric
Architecture

* Pros and cons
— Responds to conductance (S.x)

— Conductivity variations in the natural environment are extreme
(so can potentially map thin features)

— A ‘textural’ property (hard to predict)

— Expect conductivity variations associated with fluids (past and
present)

— Can map both ‘interface’ and ‘internal’ faults

| |
i : i
g | ! I | e 5o ExPLORATION
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Pathway/Favourable Lithospheric

Architecture
e Summary
— There are plenty of useful and established deep
geophysical tools in the shed

— There are potentially some exciting new ones over the
horizon

— We need to combine ‘interface’ and ‘internal’ fault
imaging methods
— Need deep reflection data as a clabiration point

— Lithospheric architecture/pathways is manageable
with a caveat about the resolution we can achieve

— Would like to better understand what is being mapped
- petrophysics )
yagy < 5 EXPLORATION |
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Source and Pathway

* The role of geophysics in a mineral system-
based exploration strategy?
— Petroleum: Source-pathway-trap
— Minerals: Source-pathway-physical
throttle-chemical scrubber

R A 1
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Source and Pathway

* The role of geophysics in a mineral system-
based exploration strategy?

— Petroleum: Source-pathway-trap
— Minerals: Source-pathway-physical
throttle-chemical scrubber

5 |
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Source: McCuaig & Hronsky (2014) N

Source and Pathway

e Favourable (transient) geodynamics

— Fluid conduit ®, but fluid reservoir ©
— Barrier ®

ik 5 EXPLORA _r_{cm‘;__"-é\".l
. TARGETING 2]
Rt A TRA T Source: McCuaig & Hronsky (2014) \5_-

Mineral Systems & Geophysics

e Imaging the source and/or reservoir?

Source: G Heinson, pers comm
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Source and Pathway

» Does the reservoir represent the elusive ‘camp-
scale’ target
— Are the fluids or the generation of the fluids creating
detectable physical property contrasts?

— Petrophysics of source, pathways and reservoirs —
effects of alteration/differentiation/metasomatism etc

HIGH Camp scale
decision
| DETECTION

2
g H
H
3t
L] PREOICTION
&
LOW 'I
BROAD REGIONAL PROSPECT SCALE
b bt w EXPLORATION 2
ST 5l Source: McCuaig et al., (2010) TARGETING |-
Bitn )
Petrophysics

e Why has this been on the wish list for so long?
— Petrological problem with a geophysical
consequence
— Key mineralogical components are often minor
constituents by volume
— It's a difficult problem and there are few incentives to
be in this space
¢ What's going on?
— Databases are appearing
— ‘Core scan’ facilities are appearing
— Work on geochemical prediction (portable XRF)

§ — Portable NRM meters .
V¥ s EXPLORATION |1 2% Y
o TARGETING |\

R A 1
W AUSTRALLL

Petrophysics

* |s our approach the right one?
— Databases = rock collections?

* |s there too much emphasis on accuracy and
not enough on data volume?
* Need analyse populations

aemauuc Iron Ore Imn Formatmn
n=a8

10° 109 107 10 105 109 107 10° ]Zum
Susceptibility (SI) Susceptibility (S1)
Gnelss erpennmle T
=405 104 102 10°  10* 109 102 107 10°
Susceptibility (SI) Susceptibility (SI)
10° 10° 10! 10! 10®° 10° 10' 10'
W susceptibility (S)) Susceptibility (SI) .

Gy i s EXPLORATION -0

R A 1 TARGETING \\=
W AUSTRALLY .




Petrophysics

* Are we collecting stamps
— Need to understand
processes
* Need to understand
alteration more than build
databases of ‘fresh’ data
— Too much emphasis on
compilations of ‘fresh’ data?
— Petrophysical consequences

of common types of alteration
are very poorly documented

g — Serpentinisation is an
S

i . 1o EXPLORATION
B exception SXAORATIO

Serpentinisation
. Petrophysica| )  Magnetic Susceptibilty (SI) ‘
10°% 1IO 4 1IO : llO lIO o ll(}‘ lIO llO/
consequences -
. . S BasalUDolerite
of serpentisation > Gamronione
are similar to e e cmioraonaie
those due to C — el
lithological e Phooites
vari atlon Emmm—— peridoties (ciuding Dunie)
@ 10
£ 102 -
;3) 108
2 10
—————
g 0 50 100 -
AL AUSTRALIA Source: Dentith & Mudge (2014) .
Serpentinisation

¢ Petrophysical consequences of serpentisation
are at least equal to those due to lithological
variations
— Density, velocity, magnetism, electrical properties?

[res——

g < i EXPLORATION

a1+ TARGETING
ERATIALE AsaThal 1 Source: Dentith & Mudge (2014)




Targeting Reservoirs

e Alteration has significant petrophysical
consequences — we should be able to see them
¢ Gravity — may be?
¢ MT — promising
e Seismic?

 Seismic methods? i
* Cheap I—_
* Response to velocity

variations (bulk mineralogy)
» Receiver functions and/or wide-angle
methods

5o EXPLORATION |

TARGETING |\

Targeting Reservoirs

» Refraction (wide-angle) seismic W\de-ASILg’\\feiewsm\c
— Responds to variations in L.
velocity DO
— Active type but significantly — =
cheaper than reflection surveys BesEniely
e Pros

— Gives reliable velocity information — reservoir?
— Map major interfaces (Moho)
— Use mine blasts as sources, place charges in old pits

@ Meekatharra Newman s EXPLORATION g

T e A T TARIETING
WEVEERI ALSTEALY Source: Drummond (1998

My Perspective

+ Detecting ‘reservoirs’ and ‘sources’ using geophysics?
— Potentially a means of targeting at the ‘camp-scale’
— We need to better understand the petrophysical consequences of
fluid flow/ponding and also “sourcing”
— Evidence suggests the petrophysical consequences of alteration
are significant and hence potentially detectable

— Wide-angle seismic and MT may be the methods that (together)
can do this

§ + +o EXPLORATION

R A 1 TARGETING |
W AUSTRALLY .
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My Perspective

¢ We have the geophysical tools we need for
deep-crustal terrane-scale exploration and we
may get some better ones soon
* Better MT inversions

Receiver function-based seismic methods

— Governments need to collect these kinds of data
* To‘map’ and ‘detect’ at the district and larger scale

Direct
Mapping Detection
| ‘The Map’ ‘The Bump’ |

Stratigraphic ~ Structure Host  Alteration ~ Gangue Ore

§ Contacts Lithotype ~ Zone Minerals  Minerals
V.

- EXPLORATION |
B e TARGETING |\
A A TR T .

11



UNCOVER

AUSTRALIAN EXPLORATION
GEOSCIENCE RESEARCH

2%,  Undercover exploration in 2030

Steve Beresford

Chair of Geoscience - UNCOVER
Chief Geologist - First Quantum Minerals




28,  Undercover exploration in 2030

Steve Beresford
Chair of Geoscience - UNCOVER
Chief Geologist - First Quantum Minerals

FIRST QUANTUM]

“ World Class belts of tomorrow will not look so inviting

4

FIRST QUANTUM]

Ndola airport, Zambia

Introduction

1. Undercover exploration today

2. Whatis UNCOVER?

3. Vision for undercover exploration in 15-30 years

4. Changing role of geophysics in undercover exploration —
beyond bump hunting

2/10/2015
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“ We all know this:

1. Recycling the surface search space will not lead to a reversal
in Australia’s declining mineral deposit discovery rates

2. We have the technology to lead this change already

So what'’s the problem?

cueqromes  DFiver for innovation: Discovery rates

60,000 Lubin

Sediment-hosted Cu deposits

50000

40,000

Last grassroots discovery

30,000 >
Dhezkazgan Udokan was in 1974

10000
Kansanshi Imwana Sentinel|

20000 pmw.mgm
q Netanga famoa
o Tenke coment
olwezi
Aynak

Klpushl IL J
oo | |Keweenawan il 1y Mhaal awl.

1860 1880 1920 1940 1960 1980 2000
Chamhishl Coates Lake .

Zhaman Aibat - the

First mover First mover Frstmove ) oap (150m) success

Collated public data

Hypothesis

Under cover exploration demands a different exploration
P workflow than explorers have used to date.......

1. Undercover exploration today — what is good practice for
2015?

2. What do we already know how to do? (But aren’t doing
across the industry) EASY WINS

3. What does undercover exploration look like in 2030? What
are the steps (trial and errors) we need to get there?




Discovery - Lets not forget others have successfully done this before!

C i This is what every company says they are trying to do

Case study in development of mineral systems, innovation at the scale that
impacts, teamwork, new datasets, persistence, understanding search space
and Bayesian understanding.

Walters et al 2001

2/10/2015

UNrowEe

A typical undercover program in 2015

Tsodilo, Botswana

F!IKSI'QLQ.\'!‘U&

A balance of direct detection, stratigraphic
drilling and imaging the mineral system

Mag

Deep EM
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What'’s different to surface exploration?
UNCOVER

*  We have to start from the outside and move in i.e. the opposite of

& prospecting
T« We find the far field footprint before we find the mineralization!
What does this look like?

d

*  Upfront expenditure is higher (d strat drilling vs target
testing drilling)

¢ Results are often slower to arrive

¢ Under cover exploration is a bit like exploring a donut and the
jam/middle is missing (along with all the characteristics of our ore
deposit). Geologists like jam.

FIRST QUANTUM]|

@D  Whatis UNCOVER?

& Established in 2010 by the Australian Academy
SSS=TSs  of Science

* A national scientific research strategy

* Acollaborative partnership

*  Reveal and unlock Australia concealed
mineral wealth

* Toachieve this we need to be as effective
exploring undercover as we are today at
the surface

¢ That statement should be met with
incredulity. This requires a step change
(real meaning of the word)

“ UNCOVER - Themes

Four broad themes emerged
using a Mineral Systems

approach: g

1. Characterising the cover =
2. Lithospheric Structure

3. 4D Metallogenesis ” ""\

4. Distal footprints y T N




Collaboration

Australian
Exploration
and Minerals
Indusiry Research

Government
Minerals Agencies

..but haven’t | heard this before

2/10/2015

“ We have other industries that are driving this sort of
- step change with new forms of collaboration

Roadmap for New Opportunitics in Melanoma Research

= Suclety for Melanoma Research (SAR)
and
Melanoma Research Foundation | MRF)

Human Genome

“ Where is UNCOVER today?

* AMIRA Road map pulling together the collective industry’s
view, needs and wants (Commenced September 2014)

——

THTERMATIOmAL

* Governments are leading the charge already eg depth of
cover, new approaches to stratigraphic drilling

UNCOVER: Cover-thickness mapping techrical
WOrKShop summary and oulcomes
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1. Characterising the cover

¢ We need to know more than depth to
basement

¢ Cover is the key to expanding the secondary

L
deposit footprint. We need to be ‘cover
lovers’ as Steve Hill puts it.
* Defining the geometry of unconformity
surfaces has become a critical starting point
@
FlisT QuANTUM]

Deposit preservation under cover

Rock Type
Gabbros

Mica schists ——
Metavolcanics  |——— ———
itoid:

Sandstones —_——
Limestones —_—
Quartzites e
5 10 15 20 25 30
Dispersion Distance km (Salonen, 1992)
Ultramafic rocks recessively weather in glacial terrains. Our deposit
type is preferentially covered!

“ Interface sampling to detect, map rock types and understand belt fertility
F

#0020 3057

Ll
e
i Masagiic |
e iy adulinie |

b Banal
~T
Ravi Anand CSIRO

Mapping this unconformity geometry has become the key
because so many techniques hang off the geometry and
nature of this contact

ot gock and
st alivation




Mineralogy applied to unconformity sampling

Qemscan

R PHT SHS
ST ShNgsuay

TSl e =pn
PR A Y L L ettt o T

Rapid fieldscan mode picks up the sulfide globules within pyroxene
= it Ry 1 F e AR P ,

o g .

We can map target rock types and their S saturation history in
paleo stream sediment samples

IR CUANTYM

2/10/2015

“ 2. Lithospheric architecture

2826GaT,’

Mole et al 2014

have been in active application for a decade. We need more data and more integration

i 3. 4D metallogenesis

¢ More than dating ore deposits

1. Establishing casuality in targeting
elements

2. Delineation of transient events and
their geological proxies
3. Belt assembly history and fertility

@

FIIKSI'QLU\NT\'MI




-
HNCOWER

Transient geodynamics L
- Can we image the ‘critical moment’?

Hronsky

Rum — The Ni sulfide bearing intrusive suite
represent a discrete temporal event —
released 2 Ma after the peak of magmatic
volume

FIRST QUANTUM]

2/10/2015

UNCOVER

Distal footprint

¢ Means different things to different people

* Largely depends on whether your driver is
brownfields vs greenfields

¢ Tangible manifestation of the mineral
system often the mineral camp or cluster.

FIRST QUANTUM]

Understand the deposit footprint

Lonshi
3 1Mtcu

Frontier &

33MtCu

& Kansanshi
Nomecy
»
%
P ol
i Tenl;ezr:u’cﬁlgume
= ramicy
S )’
—
9 Mt Cu , .
o Chingola-Nchanga
f 16 Mt Cu

FIRST QUANTUM|
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Imagery of staging systems in magmatic systems

B o L
[erp—— 1

[EN—— |

&",. W S| ... . . Gt R e

Magnetics upward continued to 3300 m Steinberger ETH

his is right kind of work but what does it mean? eg Bushveld

[ —

Evans et al 2011

Stay focused on size

Q: So, when you finally came to Escondida, what made you think
that it might be something special?

DL: First of all, the zone of hydrothermal alteration around the
deposit was gigantic. It probably had a long dimension of fifty
kilometers.

David Lowell — Discovery of Escondida
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Mafic (ultramafic) Nickel Copper Mineral System
Active saturation

SSUECE (chemical)

Trap (physical)

Pathway

District
Critigh size
Major Lithospheric
metallogenic
Staging chamber
Camp’ Intrusive
amp clustering
Stress regime
Pipe geometry
Marginal breccias
Taxite (varied

texture)

Prospect

We MUST focus on the scale that impacts the most ie don’t
fix the problem you can fix, fix the problem that is limiting
progress ‘theory of constraints’

Focus on elements that relate to deposit size eg chonoliths and
Ni-Cu deposits
Kharalakh Nebo-Babel

Kalatongke

Nkomati

Eagle Nest

200m

Kabanga

Thunder Bay North Ban Phuch

Note the scale!
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How early can | map those critical elements?

In precompetitive magnetic data?

Can we identify chonoliths in potential field data?

> abe = ., DanCore
Fathom Geophysics

=¥ |
LN

' ﬂ""vﬁa %

¢

o

2/10/2015

Atlas of synthetic models addressing permutations
eg petrophysical, data density, remanence

Buckingham 2013

We are trying to image geometry using poorer quality data as a
predictive tool. We will accept trade offs.

Flis T QuANTUM]

How do we provide constraints when we have
more data?

New inversion methodologies and new visualization tools for geologists

mvi

- Kaukolinna

Show geologists uncertainty in modelling

11
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Exploration in 2030

Short term — The science we know what to do and how to do. We
need a level of collaboration we haven’t seen before in OUR industry.

Mid term - The second phase will be science we know what to do but
not how to do. Getting the questions/problems right

Long term - The third phase will be science we only think we know
what to do and we need to learn how to do (We have to start the
building blocks of these now)

FlisT QuANTUM]

The mineral systems scale problem will not solve itself

The issue: Almost by definition it’s the scale we have the poorest data density

Conclusions: ‘Teaching birds on how to fly’

LI ing the ibl ife ion of
mineral systems eg staging, exhausts,
metal reservoirs, and threshold
barriers

* Visualization of uncertainty
* Imagery of unconformity surfaces —
role in the geological map of tomorrow

* Integration with geologists (easier
said)

..and lets get beyond 10CG £
FisT QUANTUM]
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Conclusion 1: The techniques of the deeper search space will be
different. So might the exploration workflow.....

c. Conclusion 2: We need to do

Innovation doesn’t have to be rocket science - CRAESTAR

UNCOVER

AUSTRALIAN EXPLORATION
GEOSCIENCE RESEARCH
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= USGS

science for a changing world

Mineral Systems Approach to Porphyry Copper Exploration —
A Magnetic Perspective in Southwest Alaska

Eric D. Anderson > 8y

ASEG 2015 workshop

Geophysical signatures of mineral
systems: More than bumps  “%

February 19, 2015 EE



= USGS

science for a changing world

Mineral Systems Approach to Porphyry Copper Exploration —
A Magnetic Perspective in Southwest Alaska

Eric D. Anderson

ASEG 2015 workshop

Geophysical signatures of mineral
systems: More than bumps "

February 19, 2015 A

Outline of Presentation

Goal: Show you ways to think about aeromagnetic
data and porphyry copper systems

»Background

> Geologic setting and aeromagnetic signature of
Pebble district

> Pebble — Pike Creek comparison

» Magnetic signature of other intrusion-related
resources

> Implications for exploration

ZUSGS Aeromagnetic Data

scumace for4 changig weod

= /.
Data available: http://mrdata.usgs.gov/ _>1500 Individual Sur\(eys v,

2/10/2015




Pebble Deposit Overview

Discovery Outcrop
~100 m

e,

2/10/2015

Tertiary volcanic rocks

Challenges:

» Cover (younger
rocks, vegetation,
and Quaternary
deposits)

» Limited outcrop

» Remote

Vegetation

Where's the
outcrop?

Mineral Deposits — Convergent Margins

Intra-oceanic are

Back-are

Lithaspheric mantlc

Kerrich et al., 2005

Accreted
B G Intra-oceanic are Continental are Back-are  Craton
| Continental crust wATEn
» Epitermal o VHMS » Epilbermal P T
TIIE ©ceamic crust AuAg CueAu Ani velatedd Am
alsend ar w Porphyry O v Almbatype W Porphvry Cocdne 4 Cranitoid
- ‘ iprih ultramafse-maic Mnmml oW
B Libesphere complenes
B Asherosphose P

Groves et al., 2005




Porphyry Copper Deposit Model

Multiphase

parphyry
Gu stock

Base of
degradad
volcanic .
adifice ¥ e e e oo

Ishihara, 1981; Sillitoe, 2010

2/10/2015

Outline of Presentation

Goal: Show you ways to think about aeromagnetic
data and porphyry copper systems

> Background

»Geologic setting and aeromagnetic
sighature of Pebble district
> Pebble — Pike Creek comparison

» Magnetic signature of other intrusion-related
resources

» Implications for exploration

Lithotectonic Terrane Map
=i = Chistochina‘mg “‘“\.,_1

Chisna
. Baultoff

Gulf of Alaska

e 380km
preEt LT

T T ™

[ Unbtiosmed Ascretionary complex Eﬂ-ﬂuo-plﬂu Ancint North - Mineral resource

-Juu:innum Dﬂlm Peninsular ol L] :1;:;‘)’01
Dhfoels buging [0 Prince Witkam [ ] Waangellia = My
[0 Atesand [ stikine pillasiel
[ Farewetl

Goldfarb et al., 2013




>96 Ma - Kahiltna Flysch, volcanics,
intrusions

96 Ma - Diori orite sillls ) {BEBBLE

96 Ma — Alkalic intrusions, bxs; Au-Cu
intrusion-related mineralization?

90 Ma - Kaskanak batholith

90 Ma - Granodiorite intrusions
related to Pebble & other
mineralization centers

90-65 Ma — Cover sequence of
mafic/felsic volcanics and seds

65 Ma — Monzonite intrusions

Sequence of Events District Geology

46 Ma — Felsic intrusions, volcanics;
Au-Ag epithermal veins

Lang et al., 2013

2/10/2015

s

District Aeromagnetic Map (RTP)

Magnetic highs
>96 Ma basalts, gabbros
96 Ma alkalic intrusions
90 Ma granodiorites
<90 Ma graben basalts

Magnetic lows
65-45 Ma monzonites

A

Outline of Presentation

Goal: Show you ways to think about aeromagnetic
data and porphyry copper systems
> Background
> Geologic setting and aeromagnetic signature of
Pebble district
» Pebble — Pike Creek comparison

» Magnetic signature of other intrusion-related
resources

» Implications for exploration




Pebble — Pike Creek Comparison

Pike Creek Area Pebble Area

- A Quitcrop =
Lo » pr - - Discovery outcrop

» Recently mapped areas

» Recent age dating indicate Pike Creek intrusions similar to Shotgun deposit
» Available magnetic susceptibility measurements

» Continuous aeromagnetic data coverage

2/10/2015

Middle
- Gabbro, basalt TS - Granite D Und. volc.

. Volcaniclastic - Biotite I:l Granodiorite I:I Felsic volc.

pyroxenite
- Sedimentary . Granodiorite l:l Monzonite - Mafic volc.

&% F2

® ¥

'
= kol G o
ol “Stuyahok

* Hills
)

Iriondo et al., 2003; Wilson et al., 2003; Lang et al., 2013; Anderson et al., 2014

RTP Aeromagnetic Anomaly Map

Anderson et al., 2014




Magnetic susceptibility measurements

Lithology Range Mean Median N
(103s1) (103s1) (103sI)
Rhyolite, dacite 0.01-11.4 2.86 1.89 19
Basalt, andesite 0.04-40.2 12.6 10.2 19
Ignimbrite 5.01-10.3 7.53 7.45 9

Pike Creek Area Intrusions

Monzonite, granodiorite, quartz monzonite, 2.27-33.6 12.8 10.4 25
quartz monzodiorite (Stuyahok Hills)
Alkali-feldspar granite, sy ite, 0.03-12.8 1.80 0.45 74

monzogranite, quartz monzonite, quartz
diorite, monzonite (Pike Creek)

Pebble Area Intrusions

Monzonite (Koktuli Mtn) 1.22-298 1.90 1.50 5
Granodiorite, quartz monzonite (/askanak 4.50-50.4 22.8 30.1 25
Mtn)

Biotite pyroxenite 0.34-600 291 301 118

Anderson et al., 2014

2/10/2015

Magnetic susceptibility measurements

Anderson et al., 2014

10 km Upward Continuation

Anderson et al., 2014




Total Horizontal Gradient

Anderson et al., 2014

2/10/2015

3-D Inverse Modeling

.02 $1 contowr O Litilogy comart () Deep magnetc cosiast
ey —— Fuil £ Pebbledepun w PO

Susceptibey (56}

Anderson et al., 2014

Outline of Presentation

Goal: Show you ways to think about aeromagnetic
data and porphyry copper systems

> Background

> Geologic setting and aeromagnetic signature of
Pebble district

> Pebble — Pike Creek comparison

»Magnetic signature of other intrusion-
related resources

» Implications for exploration




e
-volc and it -Sedimemw s I:I Felsic to maficvolcanicrocks @ PCD (skarn)
O VHMS

-Plu(omc island-arc . Mid-Cret. plutons et " WV Ak-type intr.
iz Late Cret.-Paleocene D uaternary deposits @ Intr-related Au
Volcano-plutonic rocks A Granitoid Sn-W

Vo\camclasnc rocks.

e

LT

® PCD (skarn)

Reduced -to-Pole g v

- @ Intr.-related Au
¢ A Granitoid Sn-W

“aam | Upward Continued |gv=

W PCD (skarn)

@ Intr-related Au
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Anderson et al., 2013




Alaska-type um-m complexes i

T O VHMS
V AK-type intr.

. | @ Intr-related Au
LA Granitoid sn-w

» Form in belts at shallow levels == —
along island-arc complexes o cfazi

» PGE, Au, Fe, Ti,and V
resources

» Magnetic susceptibilities >0.3
SI (>20% magnetite)

» Limited aerial extents

Alaska Resource Database File: http://ardf.wr.usgs.gov/

2/10/2015

Alaska -type Ultramaflc mafic Complexes

nana Teslas (n1

TOO0 TO000 15000 0000 25000 30000 55000/
ln.unuﬂnu..r.u

SOMD TDOME 15000 D000 TS0 3
Distance (metersh

Anderson et al., in review

Alaska- type UItramaflc mafic Complexes

|5alated anomalics

" Okstukul Hills

+  Short mnlugllhlﬂal

Peak ient of 10 km
e uwns:: ntinued

Anderson et al., in review




| PCD (skarn)
O VHMS

Magnetic Lineaments
WV AK-type intr. b — —
2 Gy >

i i

2/10/2015

Anderson et al., in review

Outline of Presentation

Goal: Show you ways to think about aeromagnetic
data and porphyry copper systems
> Background

> Geologic setting and aeromagnetic signature of
Pebble district

> Pebble — Pike Creek comparison
» Magnetic signature of other intrusion-related
resources

> Implications for exploration

® PCD (skarn)
O VHMS

V AK-type intr.

| @ Intr-related Au
A Granitoid Sn-W

) *  lermnes % 3
R i Intra-oceanic arc Continental are  Back-are  Craton
n margin
Comtinental crust
. Fpishermal VHMS Fpithermal Issnushon-
D oorssic o~ * ing ° rhn iy * reimed A
Takand a u Pophyry Cor w Alaskagy ® Porplory CacAue Crmmitnid
) i A {skarm) tramaleenafi Mo sk * s
[ E—— [re——
[ [ v— f ¥ |
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Magnetlc Profiles Across Accreted Terranes

TR

» Ahtvpe

§§s

& Inworelned \a | & Grantuid Sa-w

Tilt
derivative
b e e

CRATON MARGEN L 1 ) ACCRETED TERRANES
i [ Al feurim
" Fasse

_,_ﬁmm_pby (m}
i 8t

Anderson et al., in review
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thhotectomc Terrane Map

Chlstochlﬁa

T e
.mmdn—-;m-ph Iskand-are compleses  Ancient Norlk Mineral resources.
E:J_:Tm,m.m“ Chugach [ peninsalar American margin @ Forbyry Cu
hysch basing [0 Peince William [ Wrangellia t‘m?""
[ Stikine .
[ Farewetl

Goldfarb et al., 2013

Alaska Magnetlc Compllatlon (UC 10 km)

[ tnditferensiare Areretionary comples  Iband-are complexes M(hll“nl‘ll.* :‘nuﬂm

e ronceses ] Ougach Peninsalan Paiyry Ca
flyseh basing [0 Prince William [ IWmangellia = s il
[ siikine & VME
[ Mlexander r 4 RIRGS

Saltus unpubl. data; Goldfarb et al., 2013
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Concluding remarks...

Goal: Show you ways to think about aeromagnetic
data and porphyry copper systems

» Filtered and modeled aeromagnetic data provide a
framework for exploration in an accreted island-arc
setting

» Porphyry copper systems can be imaged at broad scales

» Aeromagnetic data differentiate granitoids with similar
compositions, but differing mineral deposit styles

» Modeling suggest a large volume of highly magnetic
material underlies the Pebble district

» Alaska-type ultramafic-mafic complexes produce
characteristic short wavelength, high amplitude
anomalies

» Lineaments may reflect extension in back-arc

2/10/2015

Thank you!
ericanderson@usgs.gov
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Mapping Alteration and Related Mineralisation :

ASEG Workshop
Perth 2015
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Pathways to
Mapping Alteration and Related Mineralisation

ASEG Workshop
Perth 2015

Tectonic Environments Conducive to the Formation of
Porphyry and Epithermal Deposits
D}POS!-CO{.LISK)NALIHEHMJ\&_REMUND

d) POST-COLLISIONAL EXTENSION

Fust

aninr metasmanzed GILM 0
» sihensaphonn mak ivasen

(modified from Richards, 2009)

Tomographic Section of NE Japan
Sea of Japan Honshu

Depth { km)é

o
o

Modified after Zhao and others, 1994

WR_Duketon\Regional\Cad\Powerpoint\Tony_Ryall_Mar_03
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Schematic Section through a Batholith
and associated Porphyry System

Larva of highesificiation
apitharmal Cu-Au
deposit amatiarn

Bugracrisstal . oS W,
BeGANCY b3 Lovel of parphyry
oA AR L b5 Clsbirs i
g ! deposit kamatian

D a4 ook,
- 0ok {cpota]

-

Uppercrisal -~~~
~ BaHholt 6 LNE. -~

Crymaling

argermeont apiical dpicson of fud phaseis)

Modified from Richards (2005)

h Parkes Gravity
Bouguer Gravity

North Parkes Gravity

Geologically constrained inversion by Mira Geoscience

Modified from Lye 2010
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Cross Section Through the Rio Blanco — Los Bronces
Deposits

From Piguer and Scarmeta 2012

Bingham Canyon Magnetic Model

G Laceoith Roor a8 5000 m
Dbt 30 vl Lass entes.

Ancrmaly [riT]

ke ncething
4450

From Steinberger et al. 2013

asberg - Indonesia

Magnetic Model

DOtssarved TMI it 4

Red: 1ppm Au shell
Gragberg gnecus Complex

it

Er
=

00k
New Gailnea Limestane group

TERTIARY

Hembslangen Group i ]

6/3/03
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Victory seismic line

(focus on preserving relative reflection amplitudes)

~5.5km

HiSeiS

Adapted from Harrison and Urosevic, 2012

Victory seismic line win interpretation

) Victory - Defiance Gold mine Antiform

~10km - Focus for fluids?

Low reflectivity in core and}
coincident gravity low
- Felsic intrusion?

Foster J

Thrust
‘| Repulse Reduced reflectivity above

ault the anticline apex
~s5km - Alteration due to fluid

flow?
Intrusions disrupting
the continuity of

reflectors?
Felsic
intrusion

Q:\

%] HiSeis

Adapted from Harrison and Urosevic, 2012

Generalised Model of Porphyry and Epithermal System

Geology

Magnetic

Properties

WR_Duketon\Regional\Cad\Powerpoint\Tony_Ryall_Mar_03 4
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Batu Hijau Porphyry Mineralisation

Batu Hijau SBD14 527.7m

Elang Alteration & Magnetic Inversion Model
Section 3200 Isosurface 0.05 S|

Magnetic

Response of
Cu-Au porphyries
(RTP)

Potassic zone

~ 5% - 10% magnetite r
Grasberg (2000nT)

Batu Hijau (1000nT) Alumbrera (1500nT) !

WR_Duketon\Regional\Cad\Powerpoint\Tony_Ryall_Mar_03 5
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Generalised Model of Porphyry and Epithermal System

Geology

Maryono, 2007

A

Electrical

Properties

Chargeability Response

Large chargeability responses
due to sulphides associated with
alteration and mineralisation

Red>50ms [ Red >50 ms
Blue <15 ms Blue<15ms

Resistivity Response

Low resistivities due to clay alteration and

sulphide veining

Resistive lithocap

Purple < 30

WR_Duketon\Regional\Cad\Powerpoint\Tony_Ryall_Mar_03 6
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Resolution MT

LEGEND

B tpacretonp Tt [ ProCamb Uimestone |

[ st Congromeente [ Diavase i |

[ covtacooun veicarics [ Pre Casbs Sicist .

] PoCost Ooerzie [ 0P e : -
u Z

Modified from McMonnies and Gerrie (2007)

' Grasberg Porphyry Mineralisation

Golpu EM Response

3D Conductivity Inversion

WR_Duketon\Regional\Cad\Powerpoint\Tony_Ryall_Mar_03 7
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CONCLUSION

Mapping Magma Chambers and Stocks

Gravity Contrast
May be magnetic

Seismic Tomography
Reflection Seismic

* Resistivity Contrast (MT)

Mapping Porphyry Alteration at Depth

Mineralisation associated with magnetite

Magnetite destructive alteration
Conductive sulphide veins & clay alteration
High chargeability due to sulphides

WR_Duketon\Regional\Cad\Powerpoint\Tony_Ryall_Mar_03
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X REFLEX

intelligence on demand

Real-time data and geologically
meaningful bumps

James S Cleverley
Principal Geochemist, REFLEX

DATA ANALYSIS

DATA MANAGEMENT

k.
INSTRUMENTATION

KNOW MORE SHARE FASTER MINE SMARTER

Downhole Surveying Data collection and storage Geochemical Consulting
Core Orientation Data integration Geochemical Data Analysis
Directional Control Data distribution and sharing Geometallurgy

Onsite Geoanalysis Data analytics Training

Rig Monitoring Software




6t International Applied Geochemistry Workshop
Perth, April 2014

EN
i REFLEX

Real-time data and geologically
meaningful bumps

James S Cleverley
Principal Geochemist, REFLEX

KNOW MORE SHARE FASTER ~ MINE SMARTER

=

The Exploration Challenge EEREFLEX

*a

» 4

Where am I?
Where do | go next?
What is cover?

“Can we collect enough
information to de-risk hole 2
before the rig has moved on?”
=, # Steve Hill, Director GSSA

©CsIR0 2013

Targeting Distal Footprints %EREFLEX

Fisher et al; 2013

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

The Mineral System? EREFIEJ{

Lithology
5| Metamorphism

“| Metasomatism

Structure

The Challenge HREW

© REFLEX 2014

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

R REFLEX

TECHNOLOGY PLATFORMS

KNOW MORE SHARE FASTER ~ MINE SMARTER

[ — P —— P
[
Dara Sty Fpe— ]

We have airbourne platforms ... ﬂREFLEX ;

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

Why not drilling rigs? ﬂgm.sx

© REFLEX 2014

R REFLEX

REAL-TIME ANALYSIS WHILE DRILLING —
BRINGING MARTIAN TECHNOLOGY TO

EARTH
l

KNOW MORE SHARE FASTER ~ MINE SMARTER

Lab-at-Rig™  [llreruex

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

Drilling waste

© REFLEX 2014




6t International Applied Geochemistry Workshop

Perth, April 2014

Data brokering in REFLEX HUB

Wi = @

© REFLEX 2014

v & & al
REFLEXHUB
e
Wio
o REFLEX Product

R REFLEX

R

AND | WANT IT MY WAY

KNOW MORE SHARE FASTER

ol

RSN REFLEX

BUT | WANT INFORMATION NOT DATA

MINE SMARTER

g
iete Rastpres

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

Weather information not data, Eggsn_sx

consumer choice

© REFLEX 2014

Decision support from sensor networks EERFFLFX

New technology will need data analytics ﬁREIFLEX

Algorithms to turn data into information
(SAAS architecture)

© REFLEX 2014




6t International Applied Geochemistry Workshop

Perth, April 2014

P

Stavelyl7 — XRF-XRD Data

[T

RiR REFLEX

FullPat Spectral Plot
XRF

QRD

!
| o (@) e

tab-at-Rig™ o

Advanced Analytics

SOM in ioGAS v6 — Due March 2015

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

Big Data Analytics i REFLEX

N hecperprnancs
Large geochemical/mineralogical datasets will require new approaches to suppo;‘tr o
decision making

S/Ti from pXRF during drilling

au
| \“
]

HE

suewop 312 wnpaw

surewop afess oBse|

Downhole  Suiphide Broad sulphide
STivlue  veinlets zones

June Hill, CSIRO

Data to Decisions ﬁREFLEX
i

Wavelet Tessalation
techniques:

Auto-domaining

Data Fusion

D

June Hill, CSIRO

Physical properties from chemistry ﬁRFFLEX

Density Mineral R1
2620 Quartz 03
2560 K-Feldspar 0.2
2820 Muscovite 0.4
5150 Magnetite 0.1 —_—

Rock Density 2941 pmeCRC

© REFLEX 2014

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

il REFLEX
-Chl it
orite

Gravity response from this model ﬂgm.sx

Ditamer: g profic (lm) Richard Chopping &
James Cleverley, 2008

Real-time 3D geology ﬂggrux

o ..;

B
Wio
o REFLEX Product

© REFLEX 2014

© REFLEX 2014




6t International Applied Geochemistry Workshop
Perth, April 2014

Business as it should be R REFLEX

The end-to-end Solution ﬂREFLEX

upD w A
Analysis While Drilling | =

A Downhole information

Drilling
performance &
Management

© REFLEX 2014

Conclusions ﬁREFLEX

* Industry challenges are forcing us into reconsider the way we do
the business of mineral exploration and mining

Timely decisions are critical — need information to support
decision making

We need to integrate our geological and geophysical information
to provide meaning to the bumps ..

Customisable data management, storage and analytics - | want
information not data my way

Drill rigs are becoming technology platforms ... what does this
mean for your business?

What does all of this mean for research, development and the
skills of our people?

© REFLEX 2014

© REFLEX 2014




From 3D geology to 3D
Geophysics, what next?

WESTERN AUSTRALIA

cente for EXPLORATION |/
TARGETING

= MONASH University

OI*NAD&

"

Illﬂ

Mark Jessellt:25, Laurent Ailleres?, Eric de Kemp?, Mark Lindsay?,
Florian Wellmannl, Michael Hillier3, Gautier Laurent?, Thomas Carmichael?,
Roland Martin4

1Centre for Exploration Targeting, University of Western Australia, Australia
2School of Geosciences, Monash University, Australia
3Geological Survey of Canada, Ottawa, Canada
4Géosciences Environnement Toulouse, GET, Toulouse, France

SInstitut de Recherche pour le Développement, Toulouse, France
P ASEG 18 Feb 2015



From 3D geology to 3D

: / Geophysics, what next?
n

2 MONASH Lrnersty
@ t.‘u " = m

ml B R
I &

Mark Jessell'25, Laurent Ailléres?, Eric de Kemp?, Mark Lindsay®,
Florian Wellmann', Michael Hillier’, ~ Gautier Laurent?, Thomas Carmichael?,
Roland Martin*

“Centre for Exploration Targeting, University of Western Australia, Australia
2School of Geosciences, Monash University, Australia
3Geological Survey of Canada, Ottawa, Canada
“Géosciences Environnement Toulouse, GET, Toulouse, France

SInstitut de Recherche pour le Développement, Toulouse, France,

ASEG 18 Feb 2015

o
SOLE 3D Interest Group
Friday 20t Feb UWA Robert Street
Theatre
2pm onwards???

* Yaoguo Li CSM Inversion of
Remenantly Magnetised Bodies

* Roland Martin CNRS Toulouse
Geophysical Inversion using
SPECFEM and TOMOFAST3D

SAYING GOODBYE TO A 2D EARTH

-h
“"- ‘ 9 INTERNATIONAL CONFERENCE AUGUST 2 - 7, 2015
b - QUALITY INN, MARGARET RIVER, WESTERN AUSTRALIA

INVITED SPEAKERS

Clare Bond University of Aberdeen, Scotland

Eric de Kemp Geological Survey of Canada

Florian Wellmann RWTH Aachen, Germany

Gaby Courrioux BRGM, Orleans France

Hoshin Gupta The University of Arizona

Laurent Ailleres Monash University, Australia

Peter Fullagar Fullagar Geophysics

Peter LeLievre Memorial University of Newfoundland
Roland Martin CNRS Toulouse, France

Sponsoring and Demonstration Opportunities

« Opportunities for presenting latest commercial and research codes
+ Seeking named sponsors for invited speakers

Further Information and Registration

http://www.cet.edu.au/news-and-media/




3D Models of Australia

= Aclive Mines
[ Esisting or planned 30 modals

1 Inversion

Geologically Petrophysically
Constrained Constrained

.H:H::'F

geometry

1Modelling Schemes

Implicit

Explicit

S=f(£x,y,z orientation...)
fault < strat

ﬂ

Constrained Inversion

Kinematic %

Mechanical

Y/

P=P+5(xy.2)

J

geometry




3D Modelling
Mechanical
I ABAQUS k
Noddy
-
£l
movey
Kine3D
= VPmg
Explicit Geophysical
. I Inversion
Ll - P -
S VA \ Z
MAPTEK Geomodeller | Geosoft
Vulcan (old) SKUA
n Implicit
=
Earthvision L6aPfrog
3D geomodelling scenarios
Sedimentary Mines Regional Lithosphere
Basins
3D RICH (3D seismic, ~ RICH (dense POOR (rare RICH
Constraints deep (Te ;
gravity) magnetics, surface outcrops, - seismic, gravity,
seismic, gravity,
electromagnetics) magnetics)
Structural SIMPLE(R) COMPLEX COMPLEX SIMPLE(R)
Complexity
Dedicated Gocad 1989, MicroMine 1986, Noddy 1981 Gocad 1989
Software Geomodeller 1999... Leapfrog 2003...

Random website

 Jessell

== Best practice: The single “best guess model”
~=a T~

1. Works for maps & 3D data rich areas, but a
S lower 3D data density reduces the value of
—— this approach
T i - 2. No separation of data and interpretation
o 3. No error bars
-~ x
9 4. Not reproducible
~ X 5. Fixed geometry & topology of input for
; process modelling and geophysical inversion
~—F

(
(

(W . HHX




3D geology is an under-constrained problem

We do not have sufficient geological and/or geophysical
data to define a unique 3D model

U

So we must not restrict ourselves to a single 3D model
(we need error bars, just like a real science)

Therefore 3D Modelling tools that require continual
manual intervention are a dead end

2: Uncertainty: What causes it?

Sources of uncertainty

Sheared granite

Observation
error

! NG

Metasedimentary
Measurement error

undersampling

Natural variation

Modelling algorithms /

2) Geometric vs geological uncertainty

O ) . Fault dips +/- 10°,
Vertical Section Q) relative fault age unknown
g
J &S
3 S&
& SRS
& 5}”19

Geometric Uncertainty Geological Uncertainty




Which Targeting Strategy?

Short term:
drill where you are most likely to hit intersection

Long term:
drill where you are most likely to understand
system

Optimal:
maximise stable share price increase

Visualising Geological Uncertainty

—200
E _a00)
<
S
2
] =
§ —600)
i
-800)
~1000
0 500 1000 1500 2000
E-W [m]

Local Geometric Variation: probability
of hitting a surface at a given depth

Stratigraphic Variability = number of possible lithologies

2 Lithologies per voxel 6

Whe"re do we need to
[ |

collect more data?

Lindsay et al., 2012




Geodiversity via Principal component analysis

Based on multiple geological attributes of the 3D model, e.g.:
unit volume,
unit depth,
surface complexity,
« topological complexity
0.5
0.4
0.3

~N 0.2

5 o « Single model realisation
2

14 -

g o @ Initial Model

3 0.1

o

T 02 ~ Bounds of Model Space
g -0.3

& o4l

Initial Model: 11th
closest to barycentre

o5l Gippsland Basin model suite
L L L | n L L

05-04 0302 01 0 01 02 03 04 05
Principal Component 1
Lindsay et al., 2013

Why does Topology matter?

a) Connectivity
*  Flow simulations
« Electrical measurements
—=>Massively reduced
dimensionality

b) Litho-structural contacts form the
limiting containers for property
simulations

c) Geophysical inversions often
assume fixed topology to
constrain the model space

Topological tinyurl.com/moddy-site
Uncertainty k
Noddy
1000
o
o oo o
models o TS ST
U“co(\mm;‘)\ﬂﬁ s ©

G —— R PRI e —— |

e bW o

e

Litho 16

. Adjacency Matrix of all

unique topologies
Not neighbours [l Unconformity [l Strat & fault
Network Graph for one model [0 stratigraphic Wl Fault [ Unc & fault




X geom topology topology
Evolution of .
Topology :
- —

Topological Tests of
Model Validity

» Does unit A come into contact with Unit B? How?

A B
B

« Does the same alteration system affect faults C & D?

)
)

; « Structures
3) Integrated Inversion - Age Relationships
+ Need inversion schemes that retain  * Petrology
geological meaning through the + Geophysics
inversion process + Petrophysics

Prior Knowledge

So we can test the results against *
the original geological AND °
geophysical data *

Currently working on speeding up
inversion so that in the future we can
include better geological constraints

Martin et al., Geophysical Journal
Intemational, 195(3), 1504-1619,




Uncertainty constraints on geophysical inversion - 1

Constraints on
petrophysical inversion

6 possible lithologies =
6 possible densities

1 possible lithology =

A 1 possible density

Uncertainty constraints on geophysical inversion - 2

0,

—200]

—400j

—600

Elevation [m]

—800

—1000

0 500 1000 1500 2000
E-W [m]

Brute force examination of alternative geological models as a
prior inputs to geometric inversion

and/or

Inclusion of geology field in cross-gradient inversion methods

Uncertainty constraints on geophysical inversion - 3

Model space
boundary

E 03 Initial
& 04 model
sl
0504 03 02 01 07 02 03 04 035

Principal Component 1

Selection of end-member geological
models based on geodiversity




Uncertainty constraints on geophysical inversion - 4

Litho 1 Litho 15

Litho 1

Litho 15

Network Diagram Adjacency Matrix

Massive reduction in dimensionality for systems where topology
is a major constraint on behaviour:

e.g. Test conductivity/fluid flow models for each topology before
settling on a suite of full prior models for inversion

Conclusions

1. Geologically constrained inversions require
more than just the single best guess of the
geologist

2. Uncertainty analysis helps transform 3D models
from pyscho-kinetic art to scientific tools

3. Implicit schemes allow us to explore geological
uncertainty

4. The use of uncertainty and topology metrics
suggests several pathways to improved
exploration of the model space prior to handing
off to geophysical inversion schemes




| Finding the right bump under glacial till in
the Central Lapland Greenstone Belt
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Finding the right bump under glacial till in
the Central Lapland Greenstone Belt

Janne Kaukolinna

Contributions:  Fathom Geophysics, Steve Beresford and
FQM Finnex Personnel

@
FIRST QUANTUM

Cautionary Note Concerning &
Forward-Looking Statements FIRST QRN

Some of the statements contained in the following material are forward
looking statements and not statement of facts. Such statements are
based on the current beliefs of management, as well as assumptions
based on management information currently available. Forward-looking
statements are subject to various risks, uncertainties and other factors
that could cause actual results to differ materially from expected
results. Readers must rely on their own evaluation of these
uncertainties.

Note: all dollar amounts in US dollars unless otherwise indicated

Finding the right bump .
Outline:
> Central Lapland Greenstone Belt (CLGB)
» Magmatic Massive Sulphide Ni-Cu-PGE
> Automated picking of magnetic anomalies
> Further analysis of the results
» From PICKS to TARGETS

>Lessons Learned and Next Step




Central Lapland Greenstone Belt (CLGB),_#

FIRST QHANTLM

i

FIRST QHANTLM

GROUP_ me‘

&)

Sawkoski
(sKke)

Sodanits |
(s06)

Onkamo.
(one)

Saa | -
(589

Main Deposits and Exploration History

FIRST QHANTLM

SO e Kevitsa Mine
Qﬂ, § -First Quantum Minerals Ltd
5 -Large low grade Ni-Cu-PGE
-Discovered 1987
-Commenced 2012

Kittila Mine
-Agnico Eagle Mines
-Orogenic Gold

-Discovered 1986
-Commenced 2009

Sakatti Project

-Anglo American

-Magmatic Massive Sulphide
Ni-Cu-PGE

-Advanced stage exploration
-Discovered 2009

e b 04 i P




Exploration conditions

> 99% of the bedrock is covered with glacial till

> Due to transported cover geochemical samples have to be
taken near bedrock surface by drilling (Base Of Till sampling)

> Large areas are coy{,red by wet bogs limiting access

Exploration conditions

> Winter provides excellent conditions

for exploration and ground surveys

Properties of Magmatic Massive Ni-Cu-PGES,

—
> Very dense, extremely conductive and in most cases hosted in
magnetically susceptible rocks -NICE GEOPHYSICAL TARGET
> The application of ground and borehole geophysical methods to
detect massive sulphide Ni-Cu-PGE is fairly straight forward
> Gravity surveys can be run effectively using country wide
fixed DGPS reference network
> Moving loop EM with SQUID magnetometer is very
effective and using snowmobiles allows good production
» The ground conditions allow most of the holes to stay open

for borehole EM just with OVB casing (<20m generally)




Geometry of massive Ni-Cu-PGE deposit,,_<

FIRSTOAHTUM

> Hosted in pipe-like intrusive ultramafic bodies (S. Beresford)

> Host ultramafic rocks generally have good magnetic susceptibility
(~0.03s1)

Anglo American (2013)

FIRSTOAHTUM

Exploration opportunity and challenge

E—
> Geophysical ground surveys capable of detecting even fairly small
ore bodies can be run efficiently
»>But we will run out of time and money running ground surveys on
top of every mag BUMP

>We need to find ways to prioritise the anomalies and the intrusions

»>FINDING A NEEDLE IS EASY
> BUT FIRST NEED TO FIND A HAYSTACK

Available data . -

—— — o
> Available geophysical datasets in Finland
> Countrywide 200m line spaced low altitude airborne survey
> Magnetics
> Radiometrics
> FEM re/im at 3kHz (partly 14kHz also available)
> Country wide petrophysical dataset (130000 samples)
> Density
> Magnetic Susceptibility and Remanence
> Resistivity and IP

> Regional ground gravity with 1-6 points/km?




Ch0n0|lth Hunt Fathom Geophysics (D.Core, A.Buckingham)

FIHST CAANTUM

> A processing workflow to detect typical chonolith signature

FATHOM pased on the response of synthetic magnetic body

>Processing works regardless if remanence present

Amanda Buckingham (2013)
Magnetic Modeling and Filtering of Chonoliths

Results of “Chonolith picking”

FIHST CAANTUM

> The processing of Eastern portion of CLGB produced 212
possible chonolith picks in 7436km?

> Results of the processing include predicted top of the chonolith
and also estimated dip and strike

> Top of the chonolith polygons provide good dataset to place
geochemical sampling

> The dataset allows the detected magnetic anomalies to be

prioritized in further processing and analysis

AEM Real component response

FIHST CAANTUM

> GTK AEM Real component is sensitive to magnetic susceptibility

Suppala, M. Oksama, H. Hongisto (2005).
GTK AIRBORNE EM SYSTEM: CHARACTERISTICS AND INTERPRETATION GUIDELINES




AEM Real component examples

FIHST CAANTUM

Magnetite Gabbro Peridotite "chonolith”

BEHERUERR

ig

REANEAE

GTK Residual Magnetics

GTK AEM 3kHz Real

Ground TDEM example

FIHST CAANTUM

»Magnetic units with very strong negative FEM real component

response likely to give weak(<1pT) in-loop very late time

response

Modeling the geometry

»>The Chonolith results are verified using
3D inversion (MVI or similar when remanent

component present)

> Models are used to guide BoT and ground EM

’

-

“** C. Hunter, M.Montonen (2015)
Unconstrained MAG3D inversion results
with 0.5 SI lower threashold




Remanent magnetization

FIRSTOAHTUM

> Remanent magnetization is present in most intrusions and must

be taken to account in modeling
> Understanding the remanent magnetization could provide very
valuable tools in differentiating between magnetic suites
> Work is being done as more samples come available
> Core samples are needed to capture remanent direction

> GTK samples can be used for good base dataset

Learned lessons and next step

FIRSTOAHTUM

LEARNED LESSONS

> Magnetic anomalies are much more than just bumps

> Automated picking is very useful to create priority dataset for
further analysis

> Understanding the geometry and associating multiple
geophysical parameters is very useful

NEXT

> Better understanding of magnetization (remanence)

> Modelling of the deeper sources and associating them to near

surface anomalies




J.R. Austin | Research Scientist, CSIRO Mineral Resources Flagship

D.A. Clark | Principal Research Scientist, CSIRO Manufacturing & Mineral Reources Flagships
19t February 2015

CSIRO MINERAL RESOURCES FLAGSHIP




T.hinking outside the Bullséyé:

L.R. Austin | Research Scientist, CSIRO Mineral Resources Flagship

D.A. Clark | Principal Research Scientist, CSIRO Manufacturing & Mineral Reources Flagships
19t February 2015

CSIRO MINERAL RESOURCES FLAGSHIP

“We will increasingly be utilizing geophysical
techniques”.
* Therefore we need:

 Better geophysical techniques and technologies;

 Better understanding of the geophysical properties of geologic
materials (both ore and waste);

« Integrated geological/geophysical models of ore deposits.

- Murray Hitzman, SEG Mining Lunch, October 2014

Magnetics




Outline

1. How do we use Magnetics and why it could be better
2. Magnetic Minerals and relationships to mineralisation
3. Structural Controls, Petrophysical zonation and Redox

4. Porphyry Copper Deposits — Examples of Predictive Magnetic

Exploration Models

5. Remanence, susceptibility and somewhere in between

How magnetics is often used

(8 b o i T | 5 =0
i POLRN DR
\ A
A% . ]
- |
A { v
\ Missed Starra-Selwyn 3
o o
Lightnmgpreek
Barren Mq‘%netite 3
— R 5 e
-~ oy = Barren
S L, Magnetite
= oy 3 ol A -
1- Cannington — AT
e probably would be

K missed using
Osborne — missed by magnetics alone

=== initial drilling (self- ' -
demagnetisation) .




How do we usually interpret magnetics?

Gravity Field = X Magnetic Field = X

/
/ h ~
'~ Body with .
R el
* Gravity Anomaly o Y * Magnetic Anomaly o< X x Y
* Invert the anomaly assuming * Invert the anomaly assuming
¢ Uniform Density (e.g., ModelVision) OR ¢ Uniform MagSus (e.g., ModelVision) OR
* Smooth Variation Density (Voxel Inversion) * Smooth Variation MagSus (Voxel Inversion)

 Uniform Gravitational Field

* Uniform Magnetic Field

7 | Thinking outside the Bullseye | LR, Austin & D.A Clark

Magnetisation: A vector, not a simple scalar
property
Magnetic Field = X ¢ Assumption that ALL
.y .y magnetisation is induced?
* In some cases a decent estimation.

- E.g., Mt-lOCGs
1 ¢ But the assumption always false.
¢ So in reality the way we
Body with interpret magnetics is:
MagSus =Y P 8 :

e Convenient
* Remanence ¢ BUT, based on poor assumptions
* Total Magnetisation
¢ Anisotropy (from defm)
 Self Demagnetisation Effect

* We can do much better

Homogeneity and boundary conditions

Our approach is often based on one of
two end-member assumptions 2. Petrophysical properties have only
sharp edges (no smooth transitions )

1. Petrophysical properties have
smooth transitions (no sharp edges)

—

—

https// om/pbencom/pr




10 | Thinking outside the Bullseye | 4. Austin & D.A Clark

Magnetic MINERALOGY

Ore deposits are geologically, geochemically and geophysically complex,
both spatially and temporally.

They contain multiple magnetic minerals,
¢ deposited at different times,

* overprinting each other in complex ways.

Physical factors that affect how a magnetic grain will behave are:
* mineralogy, chemistry, crystal structure, and grainsize

These influence:

* intensity of its remanent magnetisation

* and magnetic susceptibility,

* how easily it can be remagnetised (its coercivity)

* and at what temperatures it may be reset (Blocking Temperature, Curie Point).

Magnetic Minerals

. . Density vs MagSus Monakoff (I0CG)
* In any given deposit there can be:

¢ Multiple magnetic minerals Aagnatite it
 Large variations in % of various '
magnetic mineralogy
* Density, susceptibility and
remanence are all highly

heterogeneous
Mineral Formula | Mag Sus (SI) Q |curie point
Magnetite (MD) Fe'fe’0, | 38100 | 00505 | 580°C
vaghaemite fe203 | varable | 00505 | sasersc
limenite Fe,TiO, 0.03-35 ? 50-300°C
Pyrrhotite (m-clin) FesSy variable 1-700 320°C
Hematite Fe*,0, | 0.0005-0.01 | 30-1000 | 685°C Ry, S

Darsliyigierd)

- Data from Monal




Effects of mineral microstructure: Pyrrhotite

¢ There are two types of
Pyrrhotite.

* Monoclinic & hexagonal

* Magnetic & non-Magnetic

¢ Canteen vs Artemis

* Pyrrhotite can have extreme
remanence.

* E.g., Cormorant prospect
e Jup to 1000 A/m
* Qup to 700

¢ Qis Commonly 20-30

Magnetisation # Mineralisation

A. 25 cm sampled
MagSus

A. 1m composite
Assay for Cu, Au,
Co, S, Fe

Area of high Min/low

MagSus is a Massive

Pyrrhotite Zone NB: Rolling Average used to
minimize nugget effect

Magnetite Constructive vs Diopside + Magnetite

Destructive Alteration

(From a Mt-rich I0CG
Stage1l - Albitisation Pyrrhotite

Stage 2A - Infilling with Magnetite, Albite,
& Quartz

Stage 2B - Main brecciation Event

- diopside, magnetite, titanite

& amphibole Pyrite

Stage 2C - Albite

Stage 3A - Magnetite-Quartz veins Magnetite
Stage 3B - Magnetite-Pyrite

Stage 4A - Amphibole-Biotite-Epidote

Stage 4B - Chalcopyrite, chlorite, calcite Chalcopyrite

+ pyrite, pyrrhotite, K-feldspar

Stage5 - Calcite, chlorite + pyrite veins i

Stage 6 - Supergene

Chlor+Carb

Vein

Cpy+Py d

Thinking outside the Bullseye | JR. Austin & D.A Clark




Hematite Dominated Breccias

Olympic Dam

Can have huge gravity anomalies (20 mGal)

Often have subtle magnetic anomalies Gravity

They can be modelled as zones of brecciation g,
sitting at the intersection of faults:
« either simple pipe geometries (e,g., Oak Dam)

Magnetics.
* more complex architectures (e.g., Olympic Dam:

The magnetic and gravity anomalies are:

* broadly “coincident” at surface,

« Bodies may be at different depths, e.g., Olympic Dam | Breccia
* Most I0CGs outside of South Australia are not
hematite dominated. Magnetite-rich?

@

10CG Gravity and Magnetic Anomalies — not
“coincident”, but superposed (or juxtaposed)

* The Olympic Dam deposit is inferred to have formed at
very shallow depths and is dominated by sericite-
hematite + quartz + chlorite + siderite + fluorite + barite
alteration.

* Magnetite has been totally replaced by hematite in the

central and upper portions of the deposit, but is present
in deeper and peripheral zones.

¢ |OCG systems tend to be zoned vertically from
magnetite-dominant at depth to hematite-dominant at
upper levels. Magnetite is also abundant peripheral to
the ore zones.




10CG Gravity and Magnetic Anomalies — not

“coincident”, but superposed (or juxtaposed)

* Therefore the magnetic and gravity signatures of
complete, intact IOCG deposits should generally reflect
superposed gravity and magnetic anomalies. Positive
gravity anomalies arise from both magnetite-rich and
hematite-rich zones, whereas the deeper, peripheral, or
adjacent magnetic sources correspond to the magnetite-
rich zones.

* The inverted centre of magnetisation lies beneath the
centre of mass.

¢ Post-mineralisation faulting or tilting may modify the
signature and give rise to juxtaposed gravity and
magnetic anomalies (e.g. Prominent Hill).

Prominent Hill - juxtaposed gravity and magnetic
anomalies

Hart & Freeman, 2003.
Geophysical responses of
the Prominent Hill Fe-Cu-
Au-U Deposit.

ASEG Extended Abstracts

Positive Second Horizontal Derivative Contours on RTP Ground Magnetic Data.
Location of URN0O1 and DP004 shown.

Prominent Hill — juxtaposed gravity and magnetic
anomalies

Up-faulted original deep mt-dominated
alteration system?

Belperio, Flint & Freeman., 2007. Prominent Hill: A Hematite-Dominated, Iron Oxide
Copper-Gold System. Economic Geology, 102, pp. 1499-1510.




Ironstone Hosted deposits

* Cause narrow elongate anomalies

* Modelled as a sub-vertical sheets or
elongate elliptical prisms.

 High density (4 g/cm3 at Monakoff)

* too narrow to be mapped with gravity
data, because resolution is inadequate.

* Magnetite and Fe-Sulphides can be:
* syngenetic and/or
* precipitated by replacement of Fe-oxide.
* laterally zoned:

* magnetite + sulphides in the core Figure 4: Magnetic Model of the Monakoff
ICOG, showing lateral zonation of magnetite. -
from Austin et al, 2013b.

¢ hematite distal

Magnetite Breccia Pipes  Brumby

* Cause a bullseye magnetic anomaly,

* Coincident gravity anomalies.
Magnetics

¢ They can be modelled as:

 Pipes at the intersection of faults

* Within fault jogs (e.g., Ernest Henry).

. . Faull Intersection

* Magnetite and sulphides may be

concentrically zoned. ;
* Sulphides are both

* syngenetic with magnetite precipitation,

* overprint oxides via metasomatism

yned SN

Candelaria-type deposits

* Cause narrow repetitive anomalies
along faults zone 4\
* Modelled as sub-horizontal sheets
* Highly magnetic
* Prone to self-demagnetisation
* Magnetite and Fe-Sulphides are:
* syngenetic and/or
* precipitated by replacement of Fe-oxide.

* Sulphides are localised by relatively late .
faults that cut the mantos

Figure 4: Magnetic Model of the Candelaria
1COG, showing sub-horizontal magnetite
mantos - from Austin et al, 2014b.

e | LR Austin & D.A Clark




as ellipsoidal (pod-like) bodies

The Eldorado deposit can be
modelled as:
* asheet-like body or

* an ESE plunging ellipsoid

However, in reality the deposit
architecture is most likely

host horizon/ shear zone

* partly due to magnetite in an
ellipsoidal shape, plunging to ESE.

Modelling Tennant Creek type IOCGs

¢ Their anomalies can be modelled
Eldorado

intermediate, i.e., the anomaly is:
* partly due to magnetite in a Fe-rich

Magnetic Anomaly

Dipping Plane [Fault) Plunging Elpscid

{Dre Lens)

Reduced-type b

Temnant Crek fu-Zu-i

magoetis

medulled
5% Mgt +
+ V1% Pyvehatite

Plagun= 14
ety 390

Pyrrhotite, Magnetite, Hematite:

Reduced to Oxidised systems at a glance

* Intermediate-type C

Teranarn Crv s Cui

A simplified magnetic model of the Eldorado deposit, Tennant Creek Area, modified to
represent: (A) reduced, (B) intermediate and (C) oxidised mineralogies

* oxidized-type

Tormant Craek AU i

modeled a5
4554 Hemmaits +
5% Marnesite

Waghin= B
Doty 158

Moglua=037
Dty 197

- Data from Monakoff A

Petrophysical Zonation

* Interpretation tools usually
make the assumption that
bodies:
¢ Have finite extent and constant

properties
¢ Or Have smooth/gradual
variations

« In reality most types of ore
deposits will be closer to one
or the other

¢ But neither are really
representative of real
geological bodies

e | LR Austin & D.A Clark

 Definining petrophysical
zonation is:
* Geologically simple, but
¢ petrophysically very difficult

* MagSus vs remanence, e.g.,
Magnetisation is a vector not
just a property

* Orders of magnitude variation
* Nugget effect

* Magnetite con- vs de-structive
alteration




Magnetite Constructive vs PIORREE MaRrcti
Destructive Alteration 3

Stage1 - Albitisation Pyrrhotite

Stage 2A - Infilling with Magnetite, Albite,
& Quartz
Stage 2B - Main brecciation Event
- diopside, magnetite, titanite
& amphibole Pyrite
Stage 2C - Albite
Stage 3A - Magnetite-Quartz veins Magnetite
Stage 3B - Magnetite-Pyrite 3
Stage 4A - Amphibole-Biotite-Epidote , r
Stage 4B - Chalcopyrite, chlorite, calcite ;i Chalcopyrite
+ pyrite, pyrrhotite, K-feldspar / . G
Stage5 - Calcite, chlorite + pyrite veins
Stage 6 - Supergene
Chlor+Carb
Vein

Coypy

Thinking outside the Bullseye | LR. Austin & D.A Clark

Magnetic wagsus (5 - =T
Nugget

Effect i - |
i i | r.
* Ore deposits are not oM | tJL | 1.’,1
homogeneous T ettt e .
; C . [+]
¢ Why do we model ' Magsus Ave7 (S1) ' Magsus Avgdd (s1)
them as such? . )
i i
! |
;i , } ; 1|

l'fr_'J T

- Data from Brumby (Austi

30 | Thinking outside the Bullseye | JR. Austin & D.A Clark




Gold-rich Porphyry Copper Model, Hosted by
Mafic Igneous Rocks — type example: Alumbrera

Signature Depends on Erosion Level

e il 1 . i Tl b e i . 4 Tl s st

TP anomaly (T}

1008
Harizomal distance from centre of systes (m)

Potassic (biotite-magnetite)
zone

Propylitic zone

Unaltered volcanics

Image courtesy of Terry Hoschke

11



Signature Depends on Host Rock Type

REP oty i)

Signature Depends on Magma Type and Tectonic
Setting: controls development of potassic zone

s K unaraded = o = Lt K e 500 v ve Loss aroded Lhm
unaredud aunn Lhm

RTPanamaly {nT|
£

Signature Depends on Post-emplacement
Tectonic Movements — tilting or faulting

L]

Uneroded deposit hosted by

magnetic mafic rock

Contour interval for both

ar—— ot RTP images is 100 nT.
“Andesite
{ @‘ \ Same deposit after tilting through 60°
o
A —
Tilted 507

12



Predictive Magnetic Exploration Models for Porphyries:
Some Conclusions

Magnetic signatures vary greatly depending on:

* Magma type and tectonic setting

¢ Host lithology

* Current level of exposure

 Depth of burial beneath younger cover

* Post-emplacement tilting and/or faulting

* Asymmetric zoning if emplaced along lithological contact

BUT

* These effects are reasonably predictable

SO

. Thgse factors must be considered to search for appropriate signatures,
an

* Searching for look-alikes of a known deposit is unlikely to be
successful, if the local geological setting differs

Remanence and Susceptibility

Rocks contain two magnetic components, induced and remanent magnetisation,

« Induced magnetisation is equal to the product of the magnetic susceptibility and the inducing field.

« Remanent i isa less permanent isation present in the rock, i.e. it is not induced
by the earth’s field

Natural Remanent Magnetisation (NRM) is often acquired during thermal or
metasomatic events.

As the rocks cool through the Curie point, or (re)crystallise below the Curie point, they
acquire a remanence along the magnetic field direction of the earth at that time.

* The orientation of remanent magnetisation can be stable for billions of years,

« orit can be highly dynamic, acquiring new magnetisation over days to years.

Its stability is primarily a function of grain size.




Stability of Remanence

Where grains are >10um there are scores
of domains within the grain

e These are multidomain (MD) grains.

e Remanence in MD magnetite is “soft”
and easily changed

— by exposure to magnetic fields
— due to movement of domain walls

. . . Figure 1: Shows the difference between Multi domain

In finer grained magnetite (e.g., <0.1 um) magnetism and Single domain magnetism. A. Grain of
: " ferromagnetic material ~ subdivided into domains

e energy required to form magnetic (Multidomain) which reduces the magnetostatic energy
domain walls is too great, of the grain. B. Uniformly magnetized (single-domain)

grain where magnetisation is shown by the arrow, and
surface charge by + I-. Grains that are intermediate are
called pseudo single domain. (from: Butler, 1998).

® 50 a single domain structure is retained

e Remanence in single domain
magnetite is very stable.

JR. Austin & D.A Clark

Layered Igneous Intrusive Complexes

From: Maier et al.,, 2005; 2013

Thinking outside the Bullseye | LR. Austin & D.A Clark

o o . Mt-rich Wehrlite- up to 70% Magnetite
Multidomain Magnetite

* Some lithologies, e.g., Kalka
Intrusion cumulates have >50%
magnetite ~20%

~30% ~70%

* Have very high magnetic
susceptibilities (e.g., >1 SI). 80000

* Remanence is very soft and held
in multidomain magnetite

g

* 80% of remanence is lost after
Liquid Nitrogen cleaning

:

¢ Remanence directions are
drilling-parallel

8

Remanent Magnetisation (mA/m)
5 8
- 8 8 g

LR Austin & D.A Clark

42 | Thinking outside the Bullseye




Induced Magnetisation
Anomalies Hinckley Range

¢ Usinga 15t VD on RTP data
delineates Mt-rich lithologies
better than TMI data.

¢ E.g., Layered Ultramafic here ->
¢ lllustrates that Many "mag lows”
are not due to remanence

¢ Maps faults that cross-cut
Mt-horizons effectively.

If you can map the magnetite
horizons and you understand the
geochemistry you can maximize
your chances of finding Ni, Au, etc..

Single-Domain Magnetite

X . 60000
* Mount Harcus, displays high o coo
. . R EE &L
intensity remanence (<200 A/m) g so000 & (ESEFE LS
2 S
. N & S
¢ Theremanence is very stable in i o b)q?%é’%@éé'
. . . = 40000
single domain magnetite §
3
*  Minimal intensity loss right up to the § 30000
curie point (565 °C) §
AT 2 20000
¢ The stability is probably due to H
lamellar crystal structure é
£ 10000
&
0

Magnetite Dominated Remanence

* Titanomagnetite crystallises at high temperatures (~1300°C)

¢ Asitcools (at ~580°C) it will exsolve into Ti-rich and Ti-poor minerals, e.g.,
magnetite and ilmenite.

¢ The resulting partitioning of the magnetite grains can lead to more extreme
remanence in the rock.

Backscattered electron image & false colour elemental maps showing Densely packed exsolution lamellae of titano-magnetite
different lamellar magnetite+ iimenite. (Godel et al, 2014) (ight grey), in an ilmenite host (mid grey). The black
phase is magnesium spinel, the brilliant white blebs
appear to be baddleyite (2r0). From:
www greenelectron-images.co.uk

15



Mount Harcus

Mount Harcus NRMs

Mount Harcus Constrained Model

Data Comparison

¢ One advantage in
transforming the TMI datato a
Giles Pole is that is provides us
with a more geology-like
anomaly pattern

highlights features that are
indiscernible in TMI and or
regular RTP data.

E.g., linear anomalies are
truncated along a NNE
lineament, which appears to
localise several sub-circular
anomalies

47 | Thinking outside the Bullseye | LR. Austin & D.A Clark

Single Domain Pyrrhotite

*  Pyrrhotite may also be the primary
remanence holder in some
lithologies

* easily identified where ~95%
remanence is removed after
heating to >320°C, the Curie point
of pyrrhotite

* Remanence in pyrrhotite:

* Often Extreme Koenigsberger
ratios (up to 500).

«  Very low Curie point (~325°C)

« easily remagnetised during
moderate metamorphism

e | LR Austin & D.A Clark

Remanent Magnetisation (mA/m)

40000

35000

30000

25000

20000

15000

10000

5000

Graphitic Pyroxenite - up to 70% Graphite

e
&
x
& %,‘9(40(, o
S S S
SEFFS
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Layered Igneous Intrusive Complexes

Magnetite (coarse)
Multidomain grains

* The different layers can have: (Induced Magnetisation)

* - Strong or weak magnetism
- Magnetite and/or Pyrrhotite-rich
- Induced and/or Remanent

- There can be any combinatien

- They can add and/or subtract

Magnetite (med)
Pseudo single domain
(Mod Stability Remanence)

Magpnetite (fine)
Single domain grains
(Stable Remanence)

Pyrrhotite (coarse) =

Multidomain grains Pyrrhotite (fine)
(Remanent + Induced Magnetisation)  Single domain grains
(Remanent Magnetisation)

Layered Igneous Intrusive Complexes

* Magnetisations can add or
subtract depending on
orientation and intensity

MD Magnetite —in Earth’s Field

Po-rich pyroxenite - Carb overprint — — — — — —

Ti-rich pyroxenite — Exsolved L. Prot
Mt-rich layer — recrystallised Cenozoic

Po-rich pyroxenite - Carb reversal

From: “Our Magnetic Earth” by Ronald T. Merrill

17



Rover 3 (former I0CG target, near Tennant Creek)

* Drilled due to large negative magnetic anomaly

« Drilling found intermediate volcanics with low susceptibility.

* Anomaly source is remanent magnetisation within the volcanics

* Remanence is minimal in I0CGs
* due to coarse MD magnetite.

« Negative magnetic anomalies
= remanent magnetisation

* Remanence can’t be measured
with a MagSus meter.

53 | Thinking outside the Bullseye | LR, Austin & D.A Clark

Murray Hitzman Says we need:

* Better geophysical techniques and technologies;
— Yes, BUT we are not currently using the techniques we have very well
— We are investing in geophysics, BUT.... Mostly in data.
— We need to invest more in Geophysicists (i.e., Understanding the data)
— Better training for Geophysicists (so we are not just inverting everything)
* Better understanding of the geophysical properties of geologic materials
— This is an arduous task and hence, almost nobody is doing this in Australia (cf. CSIRO)

— Extrapolating point data to volumes is also problematic, because magnetic properties are
multi-directional vectors, are highly zoned and vary by orders of magnitude over cm scale.

« Integrated geological/geophysical models of ore deposits.
— This is easy once we have the data

— The hard part is trying to correlate petrophysics to the geological logs (which have usually
been completed by 15+ different geos, and sometimes bear little resemblance to reality)

18
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Cautionary Note Concerning &
Forward-Looking Statements FIRST QRN

Some of the statements contained in the following material are forward
looking statements and not statement of facts. Such statements are
based on the current beliefs of management, as well as assumptions
based on management information currently available. Forward-looking
statements are subject to various risks, uncertainties and other factors
that could cause actual results to differ materially from expected
results. Readers must rely on their own evaluation of these
uncertainties.

Note: all dollar amounts in US dollars unless otherwise indicated

Finding the right bump .
Outline:
> Central Lapland Greenstone Belt (CLGB)
» Magmatic Massive Sulphide Ni-Cu-PGE
> Automated picking of magnetic anomalies
> Further analysis of the results
» From PICKS to TARGETS

>Lessons Learned and Next Step




Central Lapland Greenstone Belt (CLGB),_#
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Main Deposits and Exploration History

FIRST QHANTLM

SO e Kevitsa Mine
Qﬂ, § -First Quantum Minerals Ltd
5 -Large low grade Ni-Cu-PGE
-Discovered 1987
-Commenced 2012

Kittila Mine
-Agnico Eagle Mines
-Orogenic Gold

-Discovered 1986
-Commenced 2009

Sakatti Project

-Anglo American

-Magmatic Massive Sulphide
Ni-Cu-PGE

-Advanced stage exploration
-Discovered 2009

e b 04 i P




Exploration conditions

> 99% of the bedrock is covered with glacial till

> Due to transported cover geochemical samples have to be
taken near bedrock surface by drilling (Base Of Till sampling)

> Large areas are coy{,red by wet bogs limiting access

Exploration conditions

> Winter provides excellent conditions

for exploration and ground surveys

Properties of Magmatic Massive Ni-Cu-PGES,

—
> Very dense, extremely conductive and in most cases hosted in
magnetically susceptible rocks -NICE GEOPHYSICAL TARGET
> The application of ground and borehole geophysical methods to
detect massive sulphide Ni-Cu-PGE is fairly straight forward
> Gravity surveys can be run effectively using country wide
fixed DGPS reference network
> Moving loop EM with SQUID magnetometer is very
effective and using snowmobiles allows good production
» The ground conditions allow most of the holes to stay open

for borehole EM just with OVB casing (<20m generally)




Geometry of massive Ni-Cu-PGE deposit,,_<

FIRSTOAHTUM

> Hosted in pipe-like intrusive ultramafic bodies (S. Beresford)

> Host ultramafic rocks generally have good magnetic susceptibility
(~0.03s1)

Anglo American (2013)

FIRSTOAHTUM

Exploration opportunity and challenge

E—
> Geophysical ground surveys capable of detecting even fairly small
ore bodies can be run efficiently
»>But we will run out of time and money running ground surveys on
top of every mag BUMP

>We need to find ways to prioritise the anomalies and the intrusions

»>FINDING A NEEDLE IS EASY
> BUT FIRST NEED TO FIND A HAYSTACK

Available data . -

—— — o
> Available geophysical datasets in Finland
> Countrywide 200m line spaced low altitude airborne survey
> Magnetics
> Radiometrics
> FEM re/im at 3kHz (partly 14kHz also available)
> Country wide petrophysical dataset (130000 samples)
> Density
> Magnetic Susceptibility and Remanence
> Resistivity and IP

> Regional ground gravity with 1-6 points/km?




Ch0n0|lth Hunt Fathom Geophysics (D.Core, A.Buckingham)

FIHST CAANTUM

> A processing workflow to detect typical chonolith signature

FATHOM pased on the response of synthetic magnetic body

>Processing works regardless if remanence present

Amanda Buckingham (2013)
Magnetic Modeling and Filtering of Chonoliths

Results of “Chonolith picking”

FIHST CAANTUM

> The processing of Eastern portion of CLGB produced 212
possible chonolith picks in 7436km?

> Results of the processing include predicted top of the chonolith
and also estimated dip and strike

> Top of the chonolith polygons provide good dataset to place
geochemical sampling

> The dataset allows the detected magnetic anomalies to be

prioritized in further processing and analysis

AEM Real component response

FIHST CAANTUM

> GTK AEM Real component is sensitive to magnetic susceptibility

Suppala, M. Oksama, H. Hongisto (2005).
GTK AIRBORNE EM SYSTEM: CHARACTERISTICS AND INTERPRETATION GUIDELINES




AEM Real component examples

FIHST CAANTUM

Magnetite Gabbro Peridotite "chonolith”

BEHERUERR

ig

REANEAE

GTK Residual Magnetics

GTK AEM 3kHz Real

Ground TDEM example

FIHST CAANTUM

»Magnetic units with very strong negative FEM real component

response likely to give weak(<1pT) in-loop very late time

response

Modeling the geometry

»>The Chonolith results are verified using
3D inversion (MVI or similar when remanent

component present)

> Models are used to guide BoT and ground EM

’

-

“** C. Hunter, M.Montonen (2015)
Unconstrained MAG3D inversion results
with 0.5 SI lower threashold




Remanent magnetization

FIRSTOAHTUM

> Remanent magnetization is present in most intrusions and must

be taken to account in modeling
> Understanding the remanent magnetization could provide very
valuable tools in differentiating between magnetic suites
> Work is being done as more samples come available
> Core samples are needed to capture remanent direction

> GTK samples can be used for good base dataset

Learned lessons and next step

FIRSTOAHTUM

LEARNED LESSONS

> Magnetic anomalies are much more than just bumps

> Automated picking is very useful to create priority dataset for
further analysis

> Understanding the geometry and associating multiple
geophysical parameters is very useful

NEXT

> Better understanding of magnetization (remanence)

> Modelling of the deeper sources and associating them to near

surface anomalies
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Following the mineral system
and tracking it under cover

Gavin Selfe
GRS Consulting

§ ASEG-PESAZOTS

Statement

» It is no longer enough to use
geophysics purely for bump detection.
We need to use it more intelligently
and holistically.

The new objective is to be able to map
geology, structure and alteration as
accurately as possible in order to be
able to make informed decisions about
the mineral system.

§ ASEC-PESAZOS

This talk co e use of the
following techniques:

> Airborne EM, gravity and
magnetics

» Audio magneto-tellurics
» Ground gravity
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§ ASEC-PESAZOTS

§ ASEG-PESAZOTS

juma project

§ ASEC-PESAZOS

Rovuma project
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gl ASEG-PESAZ015

4 ASEG-PESAZOTG

Hitzman et al.

gl ASEG-PESAZ015
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Kalahari
Cover

:’_3 ASEG-PES. U'Ia




¢l ASEG-PESAZING §

Tsodilo JV

» The most conductive units in the
Spectrem EM survey are the
graphitic shales, which lie beneath
the sand

» These are the target hosts for
copper mineralisation

» The shale unit closest to basement

is the most likely to host copper
mineralisation

¢l ASEG-PESAZIG B

2/10/2015
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(De Wit et. al, 2013)




o ASEB-PESAZIE

* Mainly granitic gneisses and quartz-biotite-
muscovite-feldspar schists
* Thisrock is 2.6 Ga (2 548+65 Ma Gaisford 2010
2 641+82 Ma Witbooi 2011)

o ASEB-PESAZIE

B

* Originally shales and siltstones.

¢ Commonly garnetiferous
(especially upper Mwashya),
graphitic, and contain sulfides
(pY, PO, cpy)-

* Becomes more carbonate rich

down section.

(De Wit et. al, 2013)

| ASEG-PESA 2

Basement

2/10/2015
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¢l ASEG-PESAZINE

¢l ASEG-PESAZINE

¢l ASEG-PESAZINE
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ASEB-PESAZE

ASEB-PESAZE

ASEB-PESAZE
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¢l ASEG-PESAZDY

with micro

d flSEI;i-.F'ES.GE.'-IF C e show where

2/10/2015

12



2/10/2015

13



2/10/2015

14



dl ASEG-PESAZ0TG

dl ASEG-PESAZ0TG

Angola

Zambia

dl ASEG-PESAZ0TG
===
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ASEG-PESAZOTE

ASEG-PESAZOTE

ASEG-PESAZOTE

Basement high |

2/10/2015
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4l ASEG-PESAZOTS

40.1 Mt at 1.07% Ni

4l ASEG-PESAZDS
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d ASEG-PESAZ0TG

AMT model

e embayment

4  Basement high
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Signatures of Mineral Systems;
A Perspective fromthe Financially Challenged

Graham Ascough Mithril Resources

Explorers are facing the most challenging time in
decades...

Cash Reserves and Expenditures have dropped dramatically
SACOHAN Australlan bt Exploration Company - 1998, hure 2034

» Financing of Junior
companies is nat
supported in the curre
investment climate

Juniors account for aver
half of all the exploration
spend in Australia

—— dwraiate—. onpecttowy
"
(preine e
= (....historically at least)
u o Junior companies live
i e within the constraints
s

imposed by their ability to
raise capital

Difficulties in raising funds
directly translates into
reduced explaration

- particularly
greenfield exploration

2073 A5 Mo pa
"

Signatures of Mineral Systems

* Are they relevant in a commercial environment?

* Improved understanding of Minerals Systems should
increase greenfield success and sharten the discovery
timeline

* Recognition of decreased risk should result in increased
value and be attractive to investors

» Currently investors are risk-adverse and greenfield
exploration is not supported

« Can Mineral Systems Madels help change this negative
sentiment?

2/10/2015




Managing Expectations

Investors generally expect most activity and drillholes will be a
“success”

Lack of success in recent years has resulted in a loss of
confidence in the exploration business

For effective greenfield exploration from concept to discovery
funding is raised sequentially from milestone to milestone
Difficult to communicate the significance of technical successes
and positive results pre-discovery

There is a need to communicate expected signatures of mineral
systems in simple terms not anly amongst geoscientists but
also for the benefit of investors and decision makers

Positive results, pre-discovery, de-risk a project towardsan
economic success BUT this is rarely value adding in the view of
the market

Classification of Mining Companies

+ Major and Mid-tier are much the same
(difference is scale
= Producers
- Developers
*+ Brownfie lorers
« Limited Greenfield Exploration
* Expectation that Junior Explorers will
> | deliver the greenfield discoveries
§ « Often partner with junior explorers ta
‘ _suly_apqrt greenfield projects however this
5 limited to the “good-times”
* lunior Companies
- Focus mainly pure exploration andjor
bility stage projects
l g as their principal
ploration an;

Percentage of discoveries made by Company Type

Moiderates Magor+Giant 1975.2013

Humber of
Discovaring

g
Iﬂ'\l

wan l.
0%
- ||
o
[

I .
]
R TR

Bwiegic advice om mamer sconoraic & explovetin.
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Reluctant Greenfield Explorers

- Juniars often first movers into greenfield terrains however;

* Reality is that most investors in juniors are not interested in backing long-
term exploration in unproven, high-risk areas.

* Majarity of juniors explore in brownfields areas where shorter term, mare

certain {but more modest} outcomes are likely to be found.

» Can an improved mineral system framework impact the ability of
Companies to raise capital (and the timing of returns)?

= Again - from concept to discovery funding is raised sequentially from
milestone to milestone.

= Communicating the technical achievements as a de-risking pracess pre-
discovery is key to implementation of a Mineral Systems Framework

e

Orphiin

Speciec,

Life Cycle of a Junior Explorer 1
a
g
. EXPLORATION __ MINING g
agh Rk~ Grtwar i FulVake g
: e :
=
2
=
&
E

natitutional
muEstImanE

Relative Value

Junior Explorer to Producer Example: Sirius Resources NL

+ Massive re-rating at discovery.

* Noincrease in value pre-discovery

4000%.

A

| DISCOVERY Feasibiity Development Startup

HAH 1D ns‘pu BIZFAA A NS OHDLAF N AN JRS GHDA4FH AR 1A 26K 1S
17T
| \

/
5 /
Zone By,
intersectedin
shallowdriling EM Conductors
(Footpath) identified
20 (Footprint)




Proposed frameworks can facilitate communication of

positive results at an early stage

Footpath-Footprint Framework

Dnereaiey s
Ty s by
e

vk Exprmanin

Dy

Fraser Range MUSGEQAVE
Mamba Project =T e

Q Along trend from Sirius’ | I{ ;mm“:_]
Nova-Bollinger deposits | i Mmba o AT
B,
Q Fraser Range also hosts 5 e j )|
the Tropicana gold Trans-Australia Raitway P il j
Deposit I - 5 ——r

Q 180km? Area

Q No significant previous
exploration

Q New detailed | Nova-Bollinger
aeromagnetic survey Tham GARRINOEN

and 0.07% Co
completed 2014 (Sirus Resources L

ASX: MGV

2/10/2015

Musgrave Region

* Musgrave Minerals Limited
* 6 campanies agree ta vend their SA
Musgrave tenure to new entity
» Creates dedicated exploration

company and investmant vehicle
= Successful $20M IPO in 2011

» 55,000km? Land Holding in the
“Greenfield” Musgrave Province




Musgrave-Fraser Range Link MUSGIRAVE
Crustal Reconstruction

2/10/2015

) Ny s..m)
After Karlstom G, 1.3 -1.0 Ga e
2001 . P
Musgrave &eﬂbany Fraser Provinces joined
during time of Ni-Cu deposit formation

Musgrave Project
Regional Targets

0 Under-explored

0 Regional targets
identified in
gravity and
magnetic data

Q Very large land
holding

Q Partnering
Opportunity

Pallatu MUSGI!AVE
Deering Hills Project

Q Demonstrated potential through initial drilling program

Analogous Setting to Huge World Class Deposits Nova,
Voisey's Bay, Kabanga, Raglan etc.

ASX: MGV




 Regional Setting -

[}

The right address

o

Stark occurs adjacent to a crustal scale
structure - “Youanmi Shear Zone”

o

Extends to + 25km depth and has acted as
a giant “plumbing system”

o

Big deposits need big “plumbing systems”

o

MTH has over 100 kilometres of the
Youanmi Shear Zone covered

i |
=IF 2

% =4
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Stark Prospect - - == %

= —

Q Mithril discovery - no drilling prior to December 2014

Q High tenor magmatic sulphides (chalcopyrite - pyrrhotite)

Q Ground and downhole EM geophysics “sees” the mineralisation

Q First ever drilling returns strong assay results from each hole drilled:

> 16m @ 0.81% copper, 0.09% nickel, and 0.39g/t PGE’s from 183 metres including
4m @1.91% copper, 0.18% nickel, and 0.96g/t PGE's (NRC14008)

> 13m @ 0.44% copper, 0.08% nickel, and 0.24g/t PGE's from 144 metres including
2m @1.04% copper, 0.18% nickel, and 0.49g/t PGE's (NRC14003)

2m @ 1.32% copper, 0.03% nickel and 0.80g/t PGE's from 76 metres (NRC14007)

v

Q Grade increasing with depth
Q Mineralisation remains OPEN in all directions

Q Excellent size and grade potential

~ Size and grade potenti'_ql‘z:--iff =

0O NRC14003 - 008 cross-section A
» Two RC holes drilled down dip of L
surface gossan targeting bedrock EM b
conductor

v

Multiple mineralised zones including
semi massive sulphides at base of a
mafic intrusion

> Width and grade of mineralisation
increasing down dip
> Remains OPEN in all directions
Q 300 metre diamond drill hole to confirm
increasing grade and continuity of
mineralisation commencing next week




2/10/2015

ATt i e

o G 0

Tapa ORI K
e

500 metres Comtral EM Conucior
——— Sohematic kag secion

Size and grade potential _~*> ™

Q DHTEM surveying confirms drilled sulphides
as source of original ground EM conductors

NRC14008 DHTEM
profile: Semi massive

Q Off-hole conductors modelled up to 4000S —

very high with
massive sulphides)

NRC14003 DHTEM

Western Tasmania — World Class
Metal Province

1m0 LK Sy iyt

* Polymetallic Copper, %P, 220/t 0
Gold, Lead, Zinc and o
Silver VMS Deposits of appoe | S
the Mt Read Volcanic FREANL ome sy
Belt asnumy

omeLnm
¢ Gold - Henty —
¢ Nickel - Avebury _— 1 Hiniald

fl *+ Tin—Renison Bell

 Tenements cover 38km
strike length of the
underexplored southern
portion of the highly
prospective Mt Read
Volcanic Belt




Thomas Creek Project

Large scale
geochemical and
geophysical target

Potential for a World
Class Sized Deposit

Classic demagnetised

“Thomas Creek
magnetic ring typical Porghyry Taget
of porphyry copper

deposits

Associated with major i {
rift / transfer fault
intersection - regional
dilational zone

Sherlack

) e
RTP aeromagnetic image and tenement outline

2/10/2015

Thomas Creek Copper-Gold Target

Copper anomaly overlies IP
target in centre of magnetic
low consistent with the
expected response from a
porphyry system

IP anomalies
on sections

= gl
Sherlqck

Magnetic Body

Historic Shallow Drilling at Thomas Creek

« shallow BQ sized holes completed in 1996
do not test the IP anomaly and appear to be
drilled down dip. Significant core loss (clays

~ highly weathered)
« Broad zones of low grade Cu intersected — EX ﬂ;:?;:‘wam::m

i.e. TCD2 - 58m @ 0.08% Cu from 40m, |
TCDS - 15m @ 0.17% Cu from 32m {

+ Intrsect srongly altred porghyritc dorte it
stockwork vein system (after primary
Sohider) Aersdan-- Sia. Kapa
ercte, diorte

« Finely disseminated chalcopyrite observed |
in fresher Kspar-siica altered erystaline

rock samples. “”@

« Drilling to 60-90m vertical depth (if no
uplift)




Greenfield Exploration Continues to Struggle

* Decision-makers in large companies and investors that fund junior
plorers will continueta favour brownfield over greenfield éxploration
* returns are mare immediate;
= shorter and more certain timeline to discovery; and
+ historically, greenfields has not delivered encugh quality projects.

* Need to lower risk of greenfield exploration by increasing success rates

» Fiscal return on exploration has declined — need to lift our game
~» Demanstrate significant return on Invested Capital
* Lower risk and shorten time frames
* To measure this; Enterprise Value should grow in-line (or faster) than
Invested Capital
* Na 1or limited) growth during the targeting stage is an issue for
explorers and their investors

The Imperative For Greenfield Exploration

« Readily identifiable large resources in accessible areas largely
discovered

* Next tier of major deposits will likely corme from greenfield areas —
areas that have been considered toa deep, tao remote, taa risky or too
difficult to explore

= Style of exploration will need to change (conceptual driven)

« Mineral Systems Frameworks can play a role if effective workflows and
clear milestones are incorporated

« BUT: Will they influence investors to buy-in to greenfield projects?

"That being said, to expose yourself to potentially mind-numbing, tax-
bracket-altering returns in precious metals investing, you have to
consider allocating a piece of your portfolio in a collection of high-
potential junior explorers and developers”

« Source: Lunndin, B, 2013 - Investment Guide ta Gold and Silver
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