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The Technology Push

Cumulative Cu resources discovered in Chile (mt Cu)
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Economics Preliminaries

Exploration expenditures and amount of copper found
Primary copper deposits >0.3 Mt found in Western World: 1950-2009
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From Schodde, 2010 Source: MinEx Consulting Sept 09



Exploration expenditures and amount of uranium found
Primary uranium deposits >0.5 kt U,0, found in the World: 1940-2008

¥ Exploration Expenditures
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Source: MinEx Consulting May 09
Expenditures from QECD

Note: Chart include adjustment for deposits missing from the database

* Olympic Dam (Cu-U-Au deposit) found in 1975 — contains 2405 kt U;0g From Schodde, 2010



DRIVER 1: District maturity and the need to chase deep targets
Depth to top of ore body for (>0.1 Moz) gold discoveries made in the Western World

1950 1960 1970 1980 1990 2000 2010
0
200
® e e Still searching under < 25m
400 - ® e in the developing world
. ®
600 -
r'y
800 - .
]
1000 -
To date, most of the deeper
1200 - ® Aust+ Nth Am + W Eur discoveries were made in
“Mature” countries
1400 - & Rest of Western World
{excluding 5th Africa)
1600 -
Depth (Metres)
MNote: Chart refers to the initial discovery in a camp. — and so excludes Source: MinEx Consulting Jan 10

subsequent brownfield discoveries which are often deeper

From Schodde, 2010



DRIVER 2: Shift towards brownfields exploration
Total World gold discoveries: 1950-2009

Moz % Brownfield
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Note: Includes By-Product gold (mainly from base metal deposits)
“Brownfield” is defined as exploration associated with conventional targets within
an established mineral district. This includes exploration beneath/immediately along-strike from Source: MinEx Consulting Jan 10

a known deposit. “Greenfield” is defined as all other exploration.
From Schodde, 2010



Where Does Geochemistry Fit In?
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Deposit

Tampakan, Philippines
Mt. Bini, PNG

Nth Parkes End’ 48, Aust
Cadia Hill, Aust

Cadia Ridgeway, Aust
Cadia East, Aust

Rio Blanco, Peru

Sierra Gorda, Chile
Spence, Chile

Gaby Sur, Chile
Resolution, USA

Reko Diq, Pakistan
Galeno, Peru

Marsden, Australia
Antapaccay, Peru
Esperanza, Chile

Oyu Tolgoi field, Mongolia
Southern Oyu, Mongolia
Toki cluster, Chile
Boyongan, Philippines
La Fortuna, Chile
Bayugo, Philippines
Pebble East, USA

Inca de Oro, Chile
Xietongmen, China

Type

Exposed
Exposed
Concealed
Exposed
Concealed
Concealed
Exposed
Exposed
Concealed
Concealed
Concealed
Exposed
Exposed
Concealed
Concealed
Exposed
Exposed
Concealed
Concealed
Concealed
Exposed
Concealed
Concealed
Concealed
Exposed

Greenfields
Greenfields
Brownfields
Brownfields
Brownfields
Brownfields
Greenfields
Greenfields
Greenfields
Greenfields
Brownfields
Brownfields
Brownfields
Greenfields
Brownfields
Greenfields
Greenfields
Brownfields
Brownfields
Greenfields
Greenfields
Brownfields
Brownfields
Brownfields
Greenfields

Discovery

1992
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1994-96
1994
1992-96
1996
1996
1996
1996
1997
1997
1998
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2002
1999-2005
2000
2000-2001
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2005
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Discovery methods

Primary
Geol

X
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X

X X

X X X X X X

X
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XXX
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X

Drilling Geophys

X X
X
X
X(cov)
X
X
X
X(cov)
X X
X X
X(cov)
X
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X
X(cov)

Contributory
Geol Geochem Geophys

X

Rohrlach & Loucks 2005; Leaman 1996; Hooper et al. 1996; Wood & Holliday 1995; Tedder et al. 2001; Monterrico Metals 2007; Ristorcelli & Ronning 2005; Sillitoe 2000; Manske & Paul

2002; Tethyan Copper 2007; Northern Peru Copper Corp. 2007; Holliday et al. 1999, 2006; Perello et al. 2004; Kirwin et al. 2003; Rivera 2004, 2007; Rivera & Pardo 2004; Rivera et al. 2003;
Sillitoe & Thompson 2006; Camus & Rivera 2006; Waters 2004; Lightner 2001; Rebagliati & Payne 2006; Rebagliati & Laing 2006;
From data compilation in Holliday and Cooke, 2007



Geochemistry

Geophysics

Greenfields

Brownfields

Totals

Greenfields

Brownfields

Totals

From data compilation in Holliday and Cooke, 2007

Exposed Concealed Totals
6/8 2/4 8/12
2/3 6/10 8/13

Exposed Concealed Totals
1/8 0/4 1/12
1/3 4/10 5/13




The ultimate utilitarian objective of geochemical exploration is to
separate barren from mineralized rock and regolith

Early stages of exploration need to
rapidly identify areas of potential for
follow—up to reduce overall risk

Target area



Lithogeochemical Mapping

A long established in geochemical

exploration and overlaps broader field of

ore deposit
geochemistry

Example:

Porphyry Cu deposit formation is
favoured by hydrous melts
containing elevated H,O, SO5 and Cl,

Increase in H,O suppresses
plagioclase (Sr) formation in favour
of hornblende (Y) = elevated Sr/Y in
fertile magmas
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General limits for an unmineralized reference
suite from < 6 Ma volcanic arc samples

Ore—forming igneous suite in western Pacific
arcs (including Tampakan, Ok Tedi, Batu Hijau,
Panguna)

After Rohrlach and Loucks, 2005



(2Ca+ Na+K)/Zr
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From Urqueta et al, 2009
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Alteration index of rocks in the
Collahuasi area, Chile

From Urqgueta et al, 2009



Bourke
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From McQueen and Whitbread, 2011
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Na / Zr, molar

K /Al

From Benevides et al, 2008
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Regolith — Arid / Deeply
Weathered Terranes

Weathered profiles typically have RESIDUAL
and TRANSPORTED components of varying
ages

Several distinct phases of creation and
destruction of secondary Fe, Ca, Si and Al
minerals — each with total or partial
resetting of trace element geochemistry

— Systematic approach to identifying
regolith materials and landforms

= Link evolution of regolith and its
components to geochemical
processes and sampling strategies

Anand and Smith, 2005

Regolith developed on
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and in primary lithology

Red-brn sandy clay
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Heavy minerals

700,)7
Gold anomaly

Surface
cover

Mottled

Primary mineralization

LEGEND

== Chemical mobilization
! == Physical mobilization

|
800 um From Cohen and Bowell, 2013



Arroyo Cafiada Honda Rio de La Carpa Rio Grande
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Au 99.4
Ag 0.1
Pd 0.5

Au 91.8
Ag 0.4
Pd B.1

Pd-rich gold forming distinct rim
around core, Brownstone
(Cornwall).

Placer Au grains derived from
oxidising Cl-rich systems

Au,Cu  AuCu

Au 96.1 Au 94.3
Ag 3.5 Pd 5.8

Zonation of Cu-Au compounds
surrounding Au-Pd grain core from
Kraskov (Czech Rep), and Philip
Burn (Lammermuir Hills, Scotland).

After Chapman et al, 2009



Morphology of Au, Donegal Runoff

B.

SEM micrograph showing angular
grains and layer composed of Si,
Al, O, Na (arrow).

. FIB-SEM micrograph showing a

section through the layer of
material shown in B.

Gold grain from Lively's Find, Fli
A.
B.
C.

nmo

From Fairbrother
et al, 2012

10um

20m b
e - -‘

X 4

nders RA
SEM micrograph (BSE mode) showing rounded morphology of the Au grains.
Alloyed nature of the grain and areas of higher purity Au.

Inner crystallinity of the grains via FIB with crystal size smaller on the exterior
rim of the grains and larger towards the bulk of the Au grain.

. SEM micrograph of a viable biofilm on the surface of the grains

Surface of grains and Au nanoparticles in interstices between the nano-wires.
Au precipitates distributed on the surface of the Lively's Au grains.



(Fe+V+Cr) x 103
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® Ore
O Altered
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10 20

(W+Nb+Sb+Ta) x 103

Big Bell Au Deposit

From Scott and Radford, 2007



V in rutile Sb in rutile
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From Scott and Radford, 2007



The problematic terrains for geochemical exploration

= T ——— Y

Glacial deposits
Thick gravel and scree deposits
Thick alluvium or colluvium +
deep weathering

Aeolian deposits

Volcanic ash

L. Mesozoic to
Tertiary basins

?lce Significant mineral occurrences

N ian Minora A+l



Glaciated terranes
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Log,q (K / Mg)

1:1 and 10:1 water—rock ratio

100:1 water—rock ratio
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© Diamond Lk
X Country Rock

Reaction modelling with
kimberlite mineral suite

From Sader et al., 2007



Generalised geochemical profile, Mt Gibson Au deposit
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Au
ppm

2.000
1.000
0.500
0.050
0.030

X Tobias’ Find (Au)
% Quartz veining
o Secondary Cu

- Sample sites

N = 109 samples
Anand et al., 1989

National Research |rll,
i
CSIRO

Minerals Down Under
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Minerals Down Under
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Minerals Down Under
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Mrangelli, Cobar
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Water

,. .. -
buried Cu deposit -._______:_h .
L .

Interstate Highway 8

I Papago Indian Reservation
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| Papago Indian Resernation

Geochemical data from irrigation well
waters in the Casa Grande area, Arizona

10

]
kilometres

From Taufen, 1997



. Au Orebodies
+ Sampling Wells
50ppt Au
/ 40ppt Au
/ 30ppt Au
/ 20ppt Au
/" 10ppt Au

\¢
¥~ Boulder - Lefroy
\ Fault

I : Tramways "4}
2 km Complex

From Carey et al 2003.



Does dispersion
occur through

1-2

SN 2-3
deep, transported — ,"’*— ~ _ 3-8
cover? Unconformlty y, - 1>52-020
— 30 - 50
‘ — 50 - 200
, m 200 - 1000
Unconfor“"ty Y m 1000 - 2000
m >2000

Osborne Cu-Au
deposit, Qld

Dispersion mechanisms?

Dispersion timing?

Data from Lawrance, 1999



Dispersion models — dilatancy pumping

Soil Copper
Anomalies

WEST

Saline Cu Deposit Water
Water
H
Andesite HE Porphyry
Basement T
T
Fracture Zone
EENEESg
T

Meteoric

Cameron et al., 2004



Surface regolith samples;
weak selective extraction

Spence porphyry Cu 15
deposit, Northern Chile PP Cu
0 =
2
ppm 1 AS

0
0.6
% | Na
0
Burial under 250m of 1 Z’ffﬁ
Tertiary gravels 500 m [S)ggggﬁ Eastern

Zone



Dispersion models — gases and aerosols

Deployment Collector
arrangement assembly

backfill

plastic cap #
(dust cover)

polystyrene
-coated
glass slide

collector
hole

funnel

Rutherford et al., (2005)



Osborne Cu-Au
deposit, Qld
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group Il elements
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Dispersion models — electrochemical

Surface SP
response

Humus

Varved
clays

Till

Country
rock

Govett, 1977
Smee, 1983
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Equipotential lines



pH

Ca, REE
horizon
_ Zn Cd
B horizon
....................... Oxidation Zone
Low pH
Carbonate Loss
—————————— — Water Table = = = =
Pt

Zn% + Cu® + Fe?*

Reduced Column

Volcanic Rocks Sulphide

Hamilton, 1998



Mandamah, NSW

NSW Transported Regolith

Mandamah 30 m Lower Saprolite

206m @ 0.51 g/t Au
0.37 % Cu

Andesite
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Dispersion models - vegetation Cypress pine needles
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Case study at Pebble, Alaska
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Total resources: 10.78 B tonnes
80.6 B Ibs Cu 107.4 M oz Au
5.6 B Ibs Mo

From Eppinger and Kelley, 2012
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FOREGS
Geochemical Atlas of Europe
1 sample per 3,000 km?

Regional Geochemical Mapping

Copper in Topsoil
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Stream water
Zn (ug/kg)
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Geology of Cyprus (simplified)
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. . —~_~Geochemical
B ultramafic unit : Atlas of Cyprus
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Copper
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Cu*Hg*Pb*Sn index
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Cu*As*In*Pb*Zn index
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All points

1 sample per 1 km?
(2 km?in Troodos)

1% of points

1 sample per 20 km? 1 sample per 100 km?

All  50% 25% 10% 5% 1%
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Rock and regolith formation
and modification processes

Geochemical behaviour of elements
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Conceptual geochemical models

Geochemical mapping
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