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Some comments on exploration and what it entails

How we presently explore

Exploration performance in recent years and
what this means for how we should explore

Some relevant porphyry Au-Cu discoveries,
two of which produced mines

Some concluding remarks



What is Mineral Exploration?

discovering ore deposits

There are two components

— how to do it?
* the “theory” side

— what tools to use?

* the practical side

This talk will focus on the “theory”



What 1is it in Practice?

It’s detective work

We seek clues to discover ore bodies

It’s research by another name
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How do we Explore?

We use inductive reasoning

As did Sherlock Holmes, the detective

Success often comes from taRing
intuitive leaps based on meagre data

And finding lateral connections




Deduction vs Induction?

Mathematics is a deductive science

Deduction —

Hypothesis ™y
Observation L™y
Exploration & Natural Sciences use induction
i one:
- d

Induction EEEEED—*



Induction in Exploration

Observation

<

Pattern

[l

Tentative Hypothesis

o &

A Qualitative Paradigm Discove ry




An Important Observation

OCK HO .
\\‘9“L SO 1 6sence of Evidence

1s not
Evidence of Absence
i i i IT, 1&,
Particularly in exploration s
. ( \“u
where ‘trifle,
Evidence is often difficult to recognise BUTu..s
and _NOTHING

IMPORTANT

What is important may not appear so oitrit les



Why we get Paid ?

We get paid for only one reason:




Exploration is not a science

Go with the facts, forget the
theory

Try for the definitive test

The odds are best in the shadow
of the headframe

Save the agonising for
mineralised trends

Look for ore, not mineralisation

To find an ore body, you have to
drill holes

There needs to be room for the
ore

Improve it or drop it

Sig Meussig’s Canons

“1Q gets you there, but NQ finds it!”

Do not chase spurious anomalies

Do not be preoccupied with
explaining anomalies

Do not be preoccupied with
pathfinders

Do not be preoccupied with
stereotyped concepts

Do not be technology driven
Acquire first, study later

Disregard competitor’s previous
actions

Go for the jugular
It’s the drill hole, stupid!
DREGS 1993



How we Presently Explore
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How is Exploration Conducted?

 The earliest explorers were prospectors
who relied on observation for their
discoveries

e After the 1950s, prospecting became
more sophisticated — modern exploration
was born

* Observation is still crucially important, but it —e s

is commonly supplemented by geochemistry
and geophysics

* Exploration usually follows a process



Exploration ToolRit

*  From the 1960s onwards, exploration was conducted using an expanding
toolkit of techniques and technologies — backed by increasing use of
computing — which included:

Geochemical Technology

— Geochemical technology

Geophysical Technology

Gravity

iy F
a§

O M- ==

— Geophysical technology = 9‘ ;
;_ i 7—2 Ore Deposit Models
. _(W e -
— Ore deposit models N Y

— Improved drilling technology s =i o=

.......



Mapping Technology

Aerial Photography Satellite Imagery Surveying

Landsat Missions: Imaging the Earth Since 1972

Lidar returns

Oblique
photograph

Vertical
photograph

I Landsat1 July 1972 - Janvary 1978
I Londsat2 January 1975 - July 1983
I Londsat3 March 1978 — September 1983
I 1ancsat$ July 1962 - Decamber 1983
I LondsatS March 1984 —January 2013
1 Landsat6 Octoder 1993
Landsst 7 Aori 1999~

Landsat8 February 2013~ D
Landsst9 2023

1970 1675 1930 198§ 1990 1995 2000 2005 2010 2015 2020

Aeromagnetics

Black & white

Airborne
Gamma Ray
Spectrometry

Potassium Map (%) _
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Geochemical Technology
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Magnetics

toroidal
magnetic

DRIVE COIL

Geophysical Technology
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Ore Deposit Models

CONTINENTAL ARCS AND BACK-ARC BASINS
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Drilling Technology

Diamond coring

Improved Drill bits

Kelly.

Multi-purpose

Wireline

Rotary-percussion i
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Ore Discovery Process

— Detect an anomaly related to a deposit
containing a mineral resource, and discover
the deposit by drilling a number of holes

e —
0 100 200 300 400 500
metres

— ldentify & quantify the mineral resource
by drilling and sampling many more holes

f —— Discovery
i Preliminary concept
g 5 Technology selection
> |8 Project goals
: E § 2. Project scale
— Convert the mineral resource to ore [
. . . . % Peﬁf;gg;pln?;zna\im
e WW a2 / fications .
by conducting mining studies | (1] I .,
£ ;E < Incicated_7_Moasured __ K2
g §s mi:‘;; M s EM x::‘ : e

PROJECT PHASES ———
Modified from White, 2001



Changing Approaches

Empirical Approach Conceptual Approach

Trap
Deposit Research I— Genetic Model | Transport

l / Source
Descriptive Ore Deposit Model m

Exploration Model

Geophysics

- =

Ore

Theoretical
(Complex Approach)

Practical
(Simple Approach)

Deposit



Elements of Exploration Process

Exploration Objective * Exploration Techniques
Discovery Target — Principal Search Methods
Discovery Strategy for Success — Geology

— Major versus junior company — Geochemistry

— Strateqy & tactics — Geophysics

— Chance of success * Exploration Programme

— Risk, — Regional exploration

— Mining method — Prospect exploration

— Environmental & social — Discovery drilling
Exploration Budget — Deposit drilling

— Economic decisions in exploration * Discovery Assessment

— Discovery cost — Resource delineation <l definition

— Discovery challenges — why is — Resource estimation

discovery rarely achieved? — Mining studies

Only a few elements are addressed in this seminar



Exploration Objective

- = v‘_'“ - =

* To discover an ore deposit,
cost-effectively and efficiently

e To do this we have to:

— know what is ore

— determine how much it is sensible to spend in
making a discovery

The Value

/%1 of Time

— and, how much time we have in which to do this

A o

S




What is Ore?

Ore is an economic term,
it is not mineralisation

Mineralisation becomes ore by

crossing mining, resource recovery, ! h —
and economic hurdles LB - B

The grade at which mineralisation
becomes ore and is mineable is
the cut-off grade of a deposit

For Cu, Au & most metals this grade

100-1,000 times the crustal metal value W\’W t[m



The Current Issue with Ore

* Ore is becoming more difficult to find
* |t is trending to lower grade

* |t is increasingly more deeply located



Mining Ore

* There are essentially two forms of
mining: open pit & underground

* QOpen pit mining is a matter of scale,

—

s -

how small or how large?
* Underground mining is similarly one

of scale and is of one of two types:

)

Narrow-body, | = = Mass mining, SSRGS &
mining many ,{_ . =/J and mining :
hundreds of tonnes many thousands of tonnes
per day per day, up to 100,000 tpd




Two Mining Texts worth Consulting

GUIDELINES FOR
OPEN PIT SLOPE DESIGN SM

WH Bryvan Mining &
Geology Resesarch @entre

Guideline ‘-EX—

Caving Mininc
Methods &

T

The Underlying Concepts

Dennis Laubscher
Alan Guest
Jarsk Jakubec

Sponsored by
Mazss Mining Technology (MMT) Project
Technical Director: Gideon Chitomibo

A BALKEMA BOOK e "SN

-~ -



Discovery Challenges?

* There are three important types:
* Geology-related
* Mining-related

* Corporate and self-inflicted



Cructal Geology Challenges?

* There are three obvious challenges:

* The evidence of ore is absent or

difficult to recognise
* Good 4D geology is unavailable

* Ore deposit ‘models’ are inadequate



Crucial Mining Influences?

* There are three that affect ore:
* Rapidly increasing Capital Intensity
* Developing need for by-product credit

* Use of NPV to determine mine size



Capital Intensity vs Cu Price for
New Cu Mines, 2001 - 2010
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Discovery to Production?

* |t is a lengthening time-frame
* |t will impact future target ore grade
* For a >5 Moz Gold deposit it is >10 years

* For a >5 Mt Copper deposit it is >20 years



Corporate Challenges?

* There is a manic desire for “growth”
* The choice is discovery or acquisition
* Discovery is seen to be too high risk

* Acquisition favoured, discovery needed



Corporate Challenges Cont.

* Bewilderment with discovery process
* Discovery risk is not understood
* Desire to ‘manage’ discovery, not lead

* Need for a discovery ‘business’ model



The Crucial Challenges?

* Trying to predict 10 — 20 years ahead

* For target geometry, size & grade

* Given increasing mine capital intensity
* Poor 4D geology & ore deposit models

* And detracting corporate influences



Some Reflections

* Discovery is a business
* Science-based risk-taking is essential
* Risk needs to be reduced quickly

e Better ore deposit models are required



Reflections Continued

* Large deposits are easier to find
* Discovery is random and unscripted

* Correct exploration decisions are

not always MBA material



Discovering Ore

We use geosciences and ore deposit models to E—

s HG Roberts
PA Sheaban

discover mineralization to convert into ore: Models

— no two deposits are exactly the same and the models
should be used only as a guide, not prescriptively
Discovery is usually achieved by:
— making mostly surface geological observations
— collecting mostly surface geochemical data
— combining these data with geophysical data, where acquired
— to formulate a hypothesis to test

Hypothesis-driven science is then used:
— to ask the right questions

— using creativity in determining which
guestions to ask 5 =

— e.g., might these observations? { A
— discover this?




Past Discoveries

* By comparison with future discoveries:
* Past discoveries appear simple

e ‘Easy’ to make in many respects

* Many cropped out or were near-surface

* But, geology was often very important



A Prior Discovery Model

e “Where best to look — shadow of the

headframe” - Sig. Muessig, Getty

* Why — “the closer to ore, the lower

the risk” - Sig. Muessig, Getty

e |t worked then and still does



Conducting Exploration

There are really only two ways in which an ore deposit
may be discovered

Casino Approach : and rely completely

on chance (luck) or good fortune

Business Approach : and try to manufacture a

discovery, but not as in producing, e.g., a car

Casinoﬁlpproacﬁ . is gambling & requires an endless supply of
money, which usually isn’t available

@‘usinessﬁlpproacﬁ . uses science, economics & money and has
more chance of success than does the casino approach
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10-year Reasons

* Any shorter period is under-

estimating the challenge
and the difficulty

e Success will have a different

meaning depending on the

size of the exploring company

* Success will have a different dimension for a major
company to what it will have for a junior explorer



Exploration as a Business

* Exploration may succeed if there

is a good business model
aanagement

57 TR SR s TN
£

e The principal challenge is
managing risk

%
Vel

* The major risk is exploring
in the wrong place

 Area selection is the crucial decision



Area Selection

* “Itis very difficult to find a black cat in a dark room” ou.ayms

 Even worse if it is Schrodinger’s cat

* The difficulty in exploration is not only the state of

the “cat”, but whether or not it is there!

SCHRODINGER'S CAT IS

AVLAWVIE




Selecting the Right Area?

How to manage the risk & uncertainty?

The lowest risk approach is to explore
where additional mineralisation may exist:
* close to an old mine
* in a known mining district, or
* where potential is indicated geologically

The highest risk is where there
~  is no evidence of mineralisation

Uncertainty can only be resolved by drilling



Discovery Target

* Until well into the 2"9 half of the 20t
century companies explored without a defined target

* Until the mid-1970s, it made sense to simply
examine an area previously explored only by
prospectors, or not at all

« Companies would explore an area for a range of
resources, depending on:
— the geology of the area and known mineralisation
— previous discoveries by prospectors
— prevailing ideas of the area’s resource potential



Present Exploration Model

Crucial Knowing
.. what
Decision

Selecti i
electing . Also Crucial




The Present Discovery Model

Focused mostly on near-surface discoveries, W
sometimes recognisable in outcrop '

That is, ore bodies that can be mined by open" pit |
Historically, the model has been very successful

Discovery performance by Commodity: 2007-2016 | persace:

However, its success rate has fallen s g pmm——
substantially in recent years e o
It is not an economically sustamable fo?i’nd e s

model for the majority of required ~ = » = == ~= =~ =
future discoveries, in my opinion




Model Reflected by Discoveries

World base metal discoveries 1900 — 2013

Depth of Cover (Metras)

0 @i d > ABDII I 99D, om

500 TaL g
Mostly at <200 m . .

(LBl depth below surface ° ¢ e :

. . @

1500 WJ “ )
J
2000 1 1
> Copper And mined by open pit
2500 @ Nickel
@ Zinc/Lead
3000 —
1900 1920 1940 1960 1980 2000 2020
N = 1034
Mote: Size of bubble refers to “Moderate”, “Major” and “Giant"-sized deposits.
Excludes Mickel Laterite deposits
MinEx Consu lﬁ]‘]g Strategic advice on mineral economics & exploration 14

(Courtesy Richard Schodde)



Use of Search Technology

Primary search method used at the prospect-scale

Primary search method used at the project-scale _ _ ,
BASE METAL discoveries (>0.1 Mt Cu-eq) in the World: 1900-2013

BASE METAL discoveries (0.1 Mt Cu-eq) in the World: 1900-2013 ¢ (i ie What method was
used to decide where
Heeatoden Percentage of total discoveries {b Number) sl e i
Percentage of total discoveries (by Number) Dz il 100% 9 v Serendioiy
% — . ° M Serendipi
100% || I I . | b Serendipity l . M |||||| il IM (] "l" [l l = Prosoecio
FOS| r
I I M Prospector . """ "I“ pe
80% Other 80% Other
Visual Il Drilling (Sole Method)
15ual
o 60% i
60% M Conceptual/Geological :j‘ual alCedonica
m Geological Mapping .G n(:p TM eo?gma
o, 00 i .
4% Extrapolated from Known 40% i eologieaiiapping
Mineralisafion | Extrapolated from Known
Geochem Mineralisation
20% - : 20% eachem
# Geophysics + Geochem  Geoshvei Gooch
{lae0pNysIcs + Lze0chem
M Geophysi
0% SR 0% M Geophysics
&R B > R gk o S o ‘\"’"@ @
ﬁ@rﬁ,@‘;@u@t foe ) @’:4:“@ ,4.;:\ 2 P SO @»"‘ ﬁ*@ s~ (Courtesy R. Schodde) u@"}r@ oF SF g o g dsr‘f.,,::’g & \,-,\m O @, m@”@ &
Mate: Analysis based on detaled analysis of 830 Cu#Ni+Zn+Pb projects (out of 1568 known discoveries) Source: MinEx Corsuiting © Septemier 2014 Note: Analysis based on detalied analysis of 830 CusNisZn+P projects [out of 1558 known discoveries) Source: MinEx Consulfing ® Seplember 2094
MinEx CO)_]_S“]_‘I‘_[I]_S Strategic advice on mineral economics & exploration 37 MinEx COIIS‘l‘llﬁllg Strategic advice on mineral economics & exploration 38
=  Geochemistry or geophysics was = Geochemistry or geophysics was used 30 —
1 o) H 0 M ] .
used in 20 — 40 % of cases to acquire 60 % of time to select 1st drill site after

an exploration project after 1945 1945

= DRILLING STILL REMAINS THE
MAIN METHOD OF DISCOVERY,
HOWEVER



Three Discovery Examples

Panguna, PNG 1964 Porphyry Cu-Au deposit
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Panguna Deposit, PNG




Lead-up to Panguna Discovery

In early 1961, Consolidated Zinc (precursor to CRA)
began a search for porphyry Cu deposits in Eastern
Queensland, Australia using stream geochemistry,

led by Ken Phillips

In March 1963, Phillips visited the Atlas porphyry Cu
mine in Cebu in the Philippines, on holiday

The visit convinced him that he should re-focus the
search onto younger rocks in Papua New Guinea

Phillips was advised to read a 1936 report on the
Kupei area on Bougainville Island, which included :
description of mineralization similar to what he had =
seen at Atlas

Field work in the Kupei-Panguna area started in
April 1964; the discovery hole was drilled in
December 1964

Extracted from Hope Factor
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Stream Sediment Cu Geochemistry

LEGEND (from: The Hope Factor)
. 0 - 90 ppm Cu O
~ 91 - 180 ppm Cu 7 1 O A >1,000 ppm Cu stream sediment

181 - 360 ppm Cu ' sample anomaly located the ore bod
360 - 720 ppm Cu Geological P y y

— >720 ppm Cu
- - - Approx. Position of the

60

400 ppm Cu stream anomaly
about 5 km downstream
from Panguna ore body

Jaba River

Soil result map
= on next slide

Panguna Stream Sediment
Geochemical Copper Anomaly
(after CRAE as reported to the ‘
TPNG Dept of Mines, c. 1967) Pankiranku Crk is
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Original scale 1” = 1 mile km immed North of Panguna Crk
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Eventual ore grade was 9
0.5%Cu&05g/tAu §
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Drilling was nearly stopped by head office
because results were lower grade than

required, which was >0.5% Cu & 0.5 g/t Au

200 300 400 500
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0 100

Panguna Soil Cu Geochemistry 10" 439
' \|
/and showing early drill holes BYP3,4 & § 120 80 %45, 60 S o\ 65 35
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2. Fortunately, the head-office
directive was ignored & the rig
was moved to drill 1.0% Cu zone

" | (The Hope Factor)



Discovery hole
Panguna

] 200500 ppm Cu .

) 8011000 ppen Cu " L
3 1001-2000 ppm Cy .
17352000 ppm Cu
+ Soll sample site

P A . . Y
. /

Initial drilling used a very small rig which
recovered E-size core to a depth of~70 m
Hole 5 intersected strong oxide Cu
and 6 m @ >1.0% Cu in sulphides



LiRely reasons for discovery?

* Decision to explore for porphyry Cu deposits in
eastern Australia using stream geochemistry

* Ken Phillips’ visit to Atlas deposit in Philippines

* His reading of 1936 report on Kupei area in PNG
and decision to redirect search to PNG

e Stream sediment and soil geochemistry

* Ignoring directive to stop drilling
(My opinion)



OR Tedi Deposit, PNG




Lead-up to Discovery

European contact with local (Min) people in this
western part of Papua New Guinea first occurred
in 1963

Kennecott Copper Corporation began exploring
the region in June 1968, five years later

The company had been exploring for porphyry Cu
deposits in the Eastern Highlands of PNG since
1965

The Kennecott exploration area was on trend from
the Erstsberg Cu-Au skarn deposit, re-discovered
in 1960 to the west, in Irian Jaya

Stream geochemistry was used by Kennecott to
explore in an area of exceptionally high daily
rainfall (300 inches)

Extracted from Hope Factor
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LiRely reasons for discovery?

Stream sediment geochemistry

Ken Phillips became exploration manager in 1969

His decision to drill through leached cap

It is not uncommon for a geologist to be

involved with several discoveries

(My opinion)






Lead-up to Discovery

Cu was discovered at Cadia in 1851 and mining of Cu oxide and
oxidized magnetite deposits continued, intermittently, until the end
of WW2

Several companies explored the Cadia district for Cu during the 1950s
and 1960s; Cadia Hill was first explored (by Pacific Copper) in 1968

Pacific Copper outlined two small Cu-Au deposits: at Big Cadia (30 Mt
@ 0.5% Cu & 0.4 g/t Au) and Little Cadia (8 Mt @ 0.4% Cu & 0.4 g/t
Au)

And drilled four shallow core holes on the eastern side of Cadia Hill,
producing a best interval of 97 m @ 0.95 g/t Au

In 1985, Homestake Mining recorded 1.1 g/t Au in a soil sample from
Cadia Hill and drilled additional shallow holes on the eastern side

Newcrest acquired the Cadia district in March 1991 to search for
oxidized Au ore as mill-feed for its nearby Browns Creek Mine
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Pre-Newcrest Exploration Results

6,207,000mN 2| = \A\)u _ =
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Eroded window Se )
in cover rocks .
6,295,000mN
— Previous exploration results had discovered the
500 m

ore body, but this wasn’t recognised at the time




Western Cadia Hill — Pre-discovery

The major tree issue was this pine forest which
prewous explorers were unable to access to drill

v~

. S 2 .
= W= e TN R £ Secondary growth eucalypt forest

~ 8




Newcrest Soil Geochemistry

A
)«fo/ ppb gold
Silurian

Transported Cover ———= 250 ppm copper
Cover 108 [ ‘ D : s Homestake soil

The obvious solution was gold result

to negotiate to purchase “ = 100ppb

the forest, which was done And located a significant soil

Au anomaly: 750x200 m in area,
on the eastern side of the ridge

Unfortunately, there
was the forest issue

686,000m

6,296,000mN

The pine forest
covered much
of the anomaly

Newcrest sampled on a 25 m grid, ’
including within the pine forest




Topography and Soil Au

14,000 14,500 Note:
/ “ ; i I {QZOm changed
To interpret the soil anomaly it North for

was draped over the topography ocalgrid [}
- _ "

Soil Geochem
100 ppb Au
s 400 ppb Au

( The shape suggested a tabular
1,50

‘ mineralised body =150 m thick
I} Dipping =45° SW
2 / 760m

780m
760m

This interpretation determined
/740% the discovery drilling strategy




Old Cadia Hill Open Cut
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Loggmg the Q)me Torest
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Discovery Drilling Concept
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Selling Concept to Board

When Newcrest started exploring for a porphyry deposit at
Cadia in 1992, it was recognised that the Big & Little Cadia

deposits were magnetite skarns, similar to those at Ok Tedi, |
and not VMS deposits as thought at the time

— the Cadia skarns were promoted as possible indicators of porphyry

Cu-Au mineralization, as at Ok Tedi

In Board presentations, drill-hole intersections were converted
to a nominal AS value/tonne of mineralised rock, using prices of

USS333/0z for Au & US$1.07/1b for Cu

— acombined Au + Cu value of AS10/t (USS7/t) was suggested as a possible
cut-off grade for large-scale mining at Cadia

— >AS20/t (US514/t) mineralisation was suggested as ore, if a sufficiently large
quantity were to be discovered, say =200 Mt

Drill hole results were presented to the Newcrest Board as
Australian-dollar rock values



Discovery Drilling
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Section 14,020 E — Drilling Results

1200mN O 2000mN
132m @ I

Discovery hole [BReARER 4 o 74m @
4. Tl ’1’04’04’04'01/0«4/0/ - s

25 m-spaced holes

to confirm grade
continuity & locate
exploration adit for
geology, metallurgical
sampling & testing

o9m @
0.43 g/t Au

73m @
1134 g/t Au \ JL¥N The ore body was as

46.6m @ 0.76 g/t ;
0.50 g/t Au Ul predicted — tabular,

200m | - but thicker (=250 m)




LiRely reasons for Discovery?

Recognising that the Big and Little Cadia
deposits were magnetite skarns and not
volcanogenic massive sulphide deposits

Availability of previous exploration results
and drill core

Purchasing the degraded pine forest

Soil sampling and correctly interpreting the
meaning of the shape of the anomaly

(My opinion)
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Five Minute Break



How has Exploration Performed?

Results suggest the discovery
rate has fallen since 2005

Notwithstanding an average 3-fold funding increase

___ Thecauseisn’t a lack of money!
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Exploration Expenditure

Exploration expenditures: World Estimated value of discoveries versus expenditures
by Commeodity : 1975-2016 Mineral discoveries in the World : All Commodities : 1950-2016

Over the last decade the

i Spend reached an all- -
2016 USS billion time high in 2012 ISSRA? 2016 US$ billion exploration industry has
$35 in 2012
$40 moved from creating wealth
$30 69% fall in the ES: Unorfgéned V?\ue to destroying wealth
11x real increase last 4 years aue ) isoovenes
$26 in the last decade $30 — Expenditures
$20 A This situation
\ $10.28 o should improve
$15 B\ 06 u Coal $20 over time as
10 # Iron Ore discoveries are
$ I drilled-out
$10
85 o ® Uranium
$0 : : . . = Base Metals
1975 1980 1985 1990 1995 2000 2005 2010 2015 -~ $0 LLLLL : : LLLLE
1950 1960 1970 1980 1990 2000 2010
Caution: Values are indicative / approximate-only
Sources: MinEx Consulting estimates © March 2017, kased on data No World exploration expenditure data prior to 1975
from ABS, NRCan, MLR (China), OECD and ) . _
SNL Metals & Mining dats, an sing of 55 Clobel Lkt religence Source: MinEx Consuling @ March 2017
MinEx Consultin 2 Strategic advice on mineral economics & exploration i MinEx Consultin 2 Strategic advice on mineral economics & exploration 35
*  From 2005, annual expenditures on  Up until 2008, wealth was created
exploration far exceeded those prior through exploration
H 4
to 2005 * This doesn’t seem to have been the
e Particularly for gold and base metals case since then

targets * THIS WILL BE AFFECTING INVESTOR
* In hindsight, this seems irrational CONFIDENCE AND SUPPORT FOR
EXPLORATION



Discoveries

Number of discoveries by region Number of discoveries by size
Mineral discoveries in the World : All Commodities : 1950-2016 Mineral discoveries in the World : All Commodities : 1950-2016
240 :Est Unreported Number 240+ Est Unreported
Number o1 Moderate 2527
200 mROW ot 200 :

FSU+EE 520 H Major 1899

B China 341 M Giant .@

150 ‘ W Europe 224 150 5234

|i m Africa 761
| PAC 1 SEA 328 MinEx’s adjustment
100 - II I Latin Am = 100 factor for unreported
I - | . II " i I I USA 424 discoveries
i 1
.I | . 'Ill.l Il l_ I uII' I .I. ll ] I: = Canada a3 5
|} == ]
50 L H i 'Ilill I I . ll!il W Australia 977 Even after factoring
ul 5234 this in, the discovery
rate is still down
0 0
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
Mate: Based on discoveries >100koz Au, >10kt Ni, > 100Kt Cu, 250kt Zn+Pb, »5kt U, , > 10Mt Fe, >20Mt Thermal Coal Note: “Moderate™ >100koz Au, »10kt Ni, 100Kt Cu, 250kt Zn+Pb, =5kt U;0 , > 10Mt Fe, >20Mt Thermal Coal
“Major”  =1Moz Au, >100kt Ni, =Mt Cu, 2.5Mt Zn+Pb, 25kt U,05 , >100Mt Fe, »200Mt Thermal Coal
Source: MinEx Consulting @ March 2017 “Giant”  >6Moz Au, > 1Mt Ni, =5Mt Cu, 12Mt Zn+Pb, >125kt U0, . >500Mt Fe, >1000Mt Thermal Coal Source: MinEx Consulting @ March 2017

MinEx Consultin 2 Strategic advice on mineral economics & exploration 28 MinEx Consultin 2 Strategic advice on mineral economics & exploration 18

* Since the late-2000s the number * |t seems as though this fall off in
of discoveries per region seems discovery numbers is
to have fallen irrespective of deposit size

* Which is strange given the * OF GREAT CONCERN IS THE FALL
different stages of maturity of IN NUMBER OF VERY LARGE
the various regions DISCOVERIES, IF IT IS REAL



Future Implications

The long sweep of history suggests that

we haven’t run out of deposits
Major Mineral Discoveries in the World: 1800-2013

Depth of cover versus discovery year:
Gold and Base Metal discoveries in the World : 1900-2016

Number of Discoveries per year The last decade has been

1900 1920 1940 1960 1980 2000 2020 80 . "“ew";e":’oﬂ;::"g;mw
0 weopos ;‘.ﬁ-j.awu&_!r e 49,-,; u{ﬂﬂlﬁmr_ih_’?{ — o Indlustry is Est Unreported Discoveries
.t g - gt TR Fo e A
500 L ; \ i (- ;:ﬁ::::; €0 M Other Half of all Major deposits
o i leener ¢ B Base Metals were discovered after 1980
1000 " N - . over time B Uranium
500 ; , o ' Such deposits 40 Gold 77% of all Major deposits
. . 9O are harder to find were found since 1950
o O
. ... butthisis a
2000 “slow-burn” story 20
and doesn’t
2500 Hreoliis explain the rapid . ‘ I“TTTHMP}F
Gold decline in recent P PR PRPA ;¥ 1. J'.'I‘I'-'f'- IEH A
2000 Gold - South Afnca performance 1800 1820 1840 1860 1880 1800 1920 1940 1960 1980 2000 2020
Depth (Metres)

Mate: “Major” is defined as deposits containing >1 Moz Au, »1 Mt Cu, >100kt Ni, >3 Mt Zn+Pb,

> 25kt U, 0); or equivalent in-siu value
Note: Size of the bubble refers to Moderate, Major and Giant discoveries Source: MinEx Consulting & March 2017 Excludes satellite deposts within existing Camps. Also exchdes Bulk Minaral discovesies.
Analysis excludes Nicke! laterites

Source: MinEx Consuliing ® September 2014

Strategic advice on mineral economics & exploration

MinEx Consultin 8 Strategic advice on mineral economics & exploration ELll MinEx Consulting

 Most gold & base metals deposits * Logically, there should be a large number of
occur at shallow depth (<200 m) deposits to be discovered at >200 m depth, to
 They are/were mined mostly by 2,000 m, and the number should far exceed
open pit, which usually was the the post-1945 discovery total
discovery objective  BUT THEY WILL BE MINED UNDERGROUND



Future Focus?

Number of discoveries by size h of di _
Mineral discoveries in the World : All Commodities : 1950-2016 Dept OT cover versus discovery year.

Gold and Base Metal discoveries in the World : 1900-2016

e Est Unreported
200 Moderate
The decline in the number of = Major 1899 1900 1920 1940 1960 1980 2000 2020
“Major” & “Giant” deposits is of = Gant 808 0 oo § o -
24 . i 8F FECHFM R Y stry i
150 concern for future metal supply )34 . - 8, . - g ° g o® °8 ra%e - ef pr:grLsrivv;v
500 = "% . . _ o looking under
e o * o deeper cover
MinEx’s adjustmcnt 1000 . o a over time
100 factor for unreported . s . L
discoveries 1500 ¢ ° - Such deposits
- @ are harder to find
50 e ot this i
Even after factoring 2000 “sfg(uig::ﬁn’fsarory
this in, the discovery S and doesn’t
§ rate is still down 2500 ase etals _ explain the rapid

Gold decline in recent

1950 1960 1970 1980 1990 2000 2010 2000 By R performance

200t Thermal Coal Depth (Metres)

Source: MinEx Conguitng © March 2017 Note: Size of the bubble refers to Moderate, Major and Giant discoveries Source: MinEx Consulting & March 2017
(Courtesy Richard Schodde) Analysis excludes Nickel laterites
MinEx Consulti ng Strategic advice on mineral economics & exploration N MinFx Consultin 2 Strategic advice on mineral economics & exploration 38

* On supplying the growing demand * To do this we need to explore deeper

for mineral resources while replacing « \Which means we need to understand
the major mines that will close what is an ore deposit at depth

* By increasing the number of ‘Major’ .« BUTWE NEED TO FOCUS ON FIRST
and ‘Giant’ discoveries DISCOVERING AN “ORE SYSTEM”



Why the Model needs Change?

* The increase in exploration expenditure post-2005
hasn’t been justified by the value of discovered ore;
previously wealth had been created

* Richard Schodde estimates that less than 50 % of the
total expended on exploration was recovered in the
value of discoveries made between 2007 and 2016

* Investors are less likely to fund exploration
unless the rate of return improves substantially



What is the Future for Exploration?

* The present model will still work
— In poorly explored areas

e for deposits that crop out

* for deposits under cover
— both shallow & deeper

* and for deeper deposits et
— either narrow & high grade, or massive & lower grade

* The model is failing economically, however

* And a new way of exploring is definitely required
— @articularly in well explored areas and Rnown mining districts
» for large deeper deposits, e.g., porphyry Cu deposits
* but not necessarily for deposits under cover
* These deeper deposits will have to be mined by
an underground method, not by open pit




Exploring under Cover &, Risk,

e THERISK IS LOW TO UNACCEPTABLE

* Low-risk is where evidence of mineral
potential (e.g., mine, vein extension or
alteration) is recognised on the edge of
thin cover (sand dune, mesa, etc.)

 High-risk is where evidence of mineral
potential is absent and cover is thick
and consolidated

* Unacceptable risk is where the target is
to be caved and the cover includes a
known aquifer, which would flood the
mine when breached by subsidence




Future Exploration Needs?

A deeper-discovery exploration approach

—-—
- ——

A discovery business model that is understood and strongly
supported by senior corporate management, which accepts
the need for consistent funding, time and a focus on caving

nnnnnnnn
rgeabil

Ore deposit models that reduce discovery risk by more
accurately forecasting proximity to possible ore using:

— geological attributes
— geochemical signatures
— geophysical techniques

Propylitic halo
uuuuuuu

xxxxx

[ (| I | Potass
I} 1‘ m Pyrite
(Cooke, et al)

Cheaper discovery drilling

technology/capability Coiled tubing drilling:

Objective of $50/m cost
& fast penetration rate

Deep Exploration Technologies



Depth of Cover (Metres)

1980 2000 2020
(Courtesy Richard Schodde)

(Courtesy DET)

( Where is the Opportunity?

Deeper in the Earth’s crust

The great majority of known deposits have been
discovered at <300 m depth, and mostly <200 m

There have been deeper discoveries and there is
every reason to expect that additional deeper
discoveries will be made

A major reason for the dominance of near-surface
discoveries is because these have been the target of
most exploration, mainly because they usually can be
mined by open pit which can be a lower cost mining
method

Exploring deeper than 300 m is the
new Greenfield territory



Deeper Discovery Exploration

Re-focusing the Model for Caving

_ ] Present model
The present model is basically modern

prospecting — we target ore using different ways
of “observing” than did old-time prospectors — so

far usually for mining by open pit e
. . .. Observation
The present model will continue to be effective in 1

seeking shallow deposits for open pit mining

Pattern
Discovering deeper ore bodies to be mined by
caving, however, requires a refocusing of the Hypothesis
exploration model 1
This is needed to avoid wasted expenditure in Drilling
discovering deposits that cannot be mined for l

known and predictable reasons Discovery?



A Mining-focused Model

Because of the extra uncertainty about
location with a deep deposit, we need to
first discover a larger target — which may
contain a deposit that can be mined

This means we should explore to first
discover a potential “Ore System”

To achieve this we need to “observe” with
an “Ore System” in mind — in the hope that
it may host an ore deposit

When drilling we need to identify risks to
mining if we were to discover a deposit

High mining risk will downgrade a target

Proposed model

-
- -

’

Observe for “System’
Apply target scale
Identify mining risk

Widely-spaced drilling

Discovery?



Present Exploration Model

Crucial Knowing
.. what
Decision

Selecti i
electing . Also Crucial




Future Exploration Model

Target scale

Knowing
what
is ore

The

Selecting

- At the
location
.
knowledge Deep Drilling



Future Targets?

The target will depend on company size

Revenue by commodity
$USbn

Copper, coal, iron ore, and produce m s
100 2014

the most revenue R

Of the metals, Cu plus Au are by far those - ll - l_

most sought after presently o R AR &

e by commodity. Source: TheAustralian

Porphyries are possibly the easiest Cu +
Au deposits to discover

Drilling below or near a porphyry open pit
is the obvious place to explore for a
deeper porphyry Cu £ Au deposit
However, deeper Au (and other metal)
deposits with suitable grade, tonnage,
geometry, etc. may also be amenable to
caving




Think
Differently

Because this is how the earth should look

(NASA image)

NASA changed this image

Beware
Conventional
Wisdom

(NASA image)



Porphyry Mineralisation Models

* The earliest and most widely used
model is based on the San Manuel
deposit in Arizona — Lowell & Guilbert

* Since 1970, additional models have
been proposed — and different models
apply in different parts of the world

* Most models share common features:
hydrothermal alteration assemblages, #
positioning of ore, postulated depth of =
formation, etc.

* However, no two deposits are
exactly the same and this
creates opportunity when
exploring
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General gas plume schema for porphyry copper deposits and sub-
volcanicprocesses

Easy to say, but sadly a lot
more difficult in practice

Heterogenous
non-
equilibrium
gas-phase
chemical
reactors

with _—
pressurised | The advice is

gascores to look here!

Intrusion Magmatic gas Magmatic gas Porphnyry copper Magmatk gas
- "
complex Soandion . plume meneralisatson discharge

How are porphyry copper-gold and volcanic processes related?
(Courtesy Dick Henley)



Re-focused Model — “Ore System”

Understanding and visualising the “ore system”
that may host an ore deposit is crucial

In this, knowing what the ore may look like is
obviously important

However, of most importance is being able to
identify signs that may indicate proximity to ore

We need to look for clues that suggest an ore
body may be present and act on the clues, no
matter how tenuous the evidence may be

Proposed model

-
- -

Observe for “system”
Apply target scale
Identify mining risk

Widely-spaced drilling

l

Discovery



A Porphyry “Ore System”

* The basic ingredients are: potassic (ore-
bearing), phyllic (pyrite halo) & propylitic
alteration, arranged in roughly concentric
shells; with, possibly, an upper advanced
argillic alteration overprint

* A deposit may have a barren core

* The mining counterparts are: ore and
mineralised waste, altered waste, and
overprinting waste, if present

Altered
waste

Mineralised
waste

Lithocap (pyrite-rich stratabound domains of advanced argillic and residual silicic alteration
chargeability high, magnetic low; silicic zone may define a resistivity high)

‘ /” i

< The Lithocap Environment ;
A Enargite-rich high-sulfidation

mineralization (Fault-hosted and/or

stratabound Cu-Au-As, poltential EM anomaly)

g ‘ The Green Rock
Environment

N ’/—Pyrite halo (root zones of lithocap,
=" chargeability high, Zn-Pb-Mn
geochemical halo) (Cooke, et al)

4 Propylitic halo

(epidote subzone)

LS /IS vein

(Fault-hosted | Legend
quartz-carbonate- o | »

pyrits-gold vein, [or Composite porphyry stock

NG 20T Alteration Assemblages

Lithocap and associated clay-altered root zones
Propylitic halo (silicic, advanced argillic, argillic and phyllic-altered rocks)
(actinolite subzone) Propylitic (chlorite sub-zone: chl-py-ab-cb)

Propylitic (epidote sub-zone: epi-chl-py-ab-cbthm)

Potassic core v § Propylitic (actinolite sub-zone: act-epi-chl-py-ab-cb)
(magnetic high or low, g N -
Cu-Au-Mo geochemical i S| | | Potassic (bi-Kf-qz-mt-anh-bn-cp-Au)
anomaly) :
250 m - Pyrite halo (outer limit of pyrite - can vary markedly)
—

Drilling will intersect one of the 3D-
dartboard rings, laterally and
vertically

It will also produce evidence of
leakage from ore, if recognisable

The task is to follow the clues



“Ceakage’and Porphyry Deposits

* Recognising possible “leakage” can greatly
assist in identifying potentially productive,
porphyry alteration systems

e “leaka g e” can be: S D
— directly related, as in mineralised veining ey’
— possibly related, as in skarn or epithermal — /( A\ —
deposits DS N B
— and may be recognised above or adjacenttoa | e
porphyry deposit

 “Leakage” in the form of Au-Cu veining
was used in the discovery of the high
grade Ridgeway deposit at Cadia




Porphyry Discovery Process

Achieve two objectives: 1.Locate a possible ore system at depth
2. Indicate ore potential in the system

* Role of Surface Mapping

Identify associated mineralisation, e.g., epithermal, skarn, etc.
Indicate possible alteration halo assemblages, e.g., propylitic/chloritic,
phyllic/sercitic, advanced argillic

— Detect evidence of ore-leakage, e.g., veining

* Role of Geochemistry
Possibly to provide evidence for a permissive alteration halo

— Support leakage interpretation e
: , LTS 14
* Role of Geophysics == 1E e A ;g;%; 39
— Identify possible ore system SEFER HE N A |
i 5

@ (b) ' [ Rca

— Collect engineering data by Possuss
applying relevant down-hole geophysical Iogglng technology, as used in coal exploration

* Role of Ore Deposit Models

Identify the halo to possible ore by providing better description of this aspect of the ore system

* Role of Drilling

Prospecting to locate possible ore system, cheaply
Conventional deposit delineation & definition




Porphyry Model — Target Scale

Porpyhry deposits are large: volumetrically proposed model
and in horizontal and vertical dimensions

They are characterised by having continuity of
mineralisation throughout the deposit, except
where impacted by post-mineral intrusions or

faulting

Horizontal dimensions are relatively equal and
can range from <200x200 m to >1,000x1,000 m

The vertical dimension can range from <500 m Identify mining risk
to>1,500 m

-
- -

’

Observe for “system’

Apply target scale

Also, they have a large “footprint” which Widely-spaced drilling
means widely-spaced discovery drilling can be l
used —e.g., a hole spacing of 500 — 1,000 m

Discovery



Re-focused Model — Mining Risk,

The model is re-focused on discovering ore
deposits that will be exploited using one of
several underground mass mining methods

These methods impose constraints on the type
of deposit that can be mined economically

The constraints are mostly related to geology
and the physical characteristics of a deposit

Some, however, are the result of the non-
selective nature of this mining method
The absence of internal waste is
almost always a pre-requisite for
applying this mining method

Proposed model

-
- -

Observe for “system”
Apply target scale
Identify mining risk

Widely-spaced drilling

l

Discovery



What are Mining Constraints?

« Geometry & in situ technical issues are
the major constraints that can preclude  _
using a mass underground mining method =
and have to be considered while exploring "=vill:ii 3

* Geological conditions that will affect caving also have to be
identified, recorded and quantified during exploration

* Itis crucial for successful mass underground
mining (caving) that these aspects of the
geology and their potential effects are fully
addressed during the mining feasibility study



Why is this — what does it mean?

e Caving results from complex interactions i

between inherent properties of the ore Sublevel [l Sublevel | Panel Caving
above

to be caved and an induced condition Figures from
resulting from undercutting the ore by Newcrest report
mining

* Put simply, remove enough
of the ore from below the
roof and the roof will fall

down (cave)!

* The constraints are determined
by the need to mine the ore by
some form of caving

* What are the available caving methods
and what is caving?




What is Caving?

Seismogenic zone Stress Pseudo-continuous domain
- concentrations =000 e e=———a__
ZIOTD OF JODBMIMRY—._ -+~ g “ s T TR SRl S Seismogenic zone e ey
Stress ¥ .\  Stress ‘ ,( e ) e NG,
concentrations f/ ; ~A_concentrations \ \&Q/*’ Air gap \\eonE of loasaning
f Brown & Chitombo)
Seismogenic zone Stress release
Zone of loosening—~._ .-~ y
Stress / N . Stress i | '
concentrations [ &= ‘=P | concentrations Direction of advancing undercut -
Und t
/ neste Figure 12: Conceptual model of caving (after Duplancic & Brady 1999)

« Caving occurs because of gravityand ¢ Unlike open pit mining, CAVING IS

induced stress in ore that has been UNFORGIVING - a failure usually
undercut by removing ore cannot be recovered
e UNFORTUNATELY, NOT ALL ROCK * A cave may stall because of cave

CAN BE CAVED, ECONOMICALLY roof asymmetry, for example



Caving Advantages

*  Much reduced environmental * There is also the possibility of
impact further reducing the impact
— Surface opening is limited to surface — By relocating surface
subsidence

ore processing plant

— To deep underground

— No waste pile from
extracting ore

— By removing need for
surface storage of
tailings

— Removes possibility
for failure of waste
stored on surface

— Using cemented tailings
stored in surface
subsidence void




Some Caving Challenges

Caving requires an ore deposit with a
regular geometrical shape, without
internal waste to dilute the ore grade

Faulting within an ore deposit will

affect performance of the cave, but
this usually can be managed

The caving process uses grawty and
operates better where

in situ stress is low

ETIE TR
lnm.wm-l%m

Cube

Ridgeway, Cadia

Rectangular
Prism

Annular
shell

Mor.

e
e (115 B

Source: GFZ Data Services




Effect of Faults
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Other Caving Challenges

STRESS 500m 1000m

RATIO [ = B = | R

Some aspects of caving work better | —

Courtesy: G. Chitombo

High rock temperature ..o

Temperature 100°C 170, 200°C 45 300°C 400°C

is a mining issue’ e.g.’ BN

Resolution & Far South ...|

East deposits i

8.000m
0 80 1600 2400 1‘7
2
kilometre

5 km depth

As with open pit mining, caving — & [T == | -
204 @ 0.0, 04 . (oo Fa e - e World’s first

economics may be enhanced by -..... | S

263014.8, 0. 208018, 0.9

starting mining in high grade; - i
but not always R




Camng is extending to
i } | “ present deep open pits

” ”“m A pit depth of >1,000m may be too
”””HH deep for open pit mining to continue
\

- v_ﬁf«mc},., ki
P S
. 3 s
. : p ‘
'4

These mines are unlikely to be
deepened and mining will cease

Unless there is sufficient ore
remaining that can be caved



Possible Difficulty for Caving

Caving works better

with low horizontal
stress, but a high
horizontal stress will

induce caving, also

STRESS
RATIO
H:V

45 |

500 m

If open pit mining is stopped because
of a high in situ Hz:V stress ratio, this
ratio may impact the suitability of the
deposit for cave mining — on the |
production level, for example

A 00 0‘5 |‘0 1;5 2‘0 ZLS 30
Max.
| Stress 50 4
(MPa) .
-25 . 1001
:’:..lt 25 3 1500
50 2
75 § 2606 1 .
100 E, WPa zo.w @ & 100 |8 &"‘&j“sw
5 ] [.J f// Lo
150 ®  Oher regions
3000

Figure A3.2: Measurements of horizontal stress in different
- regions of the world
Source: Read & Stacey  Source: After Hoek & Brown (1980b)




LiRely Scale Comparison

(Courtesy G. Chitombo)

Contemporary cave * Supercave
Footprint : 200 m x 200 m 2,000 m x2,000 m
Block height: < 500 m >500 - 800 m
Production: 10,000 — 40,000 tpd 70,000 — 100,000 tpd (single panel)

Undercut level : < 1,000 m deep >1,500 - 2,000 m deep




Massive Rock Caves

There are few natural breaks
in this core, but these rocks cave F=Y s

Operatlonal
: I = LB >

t.

Two Different Planned Mines
(Brown & Chitombo, 2007)

Figure 15: Orebody cores from some current and planned BPC mines

Two leferent Operatmg Mines
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Two Deeper Discovery Examples

1994
Ridgeway

Operating mine

1996
Cadia Far East

Operating mine

Porphyry Au-Cu deposit,
500m to top under post-
mineral cover

Porphyry Au-Cu deposit,
800m to top under post-
mineral cover



Ridgeway Deposit, Australia




Lead-up to Discovery

In 1992, Newcrest geologists discovered the
Cadia Hill Au-Cu porphyry deposit in NSW
A zone of hydrothermal alteration was mapped

for several km to the NW, and extending some
distance under cover to the SE

Drilling to the SE intersected part of the Cadia
East deposit, beneath ~200m of post-mineral
cover rocks

Drilling 2km to the NW intersected un-
mineralised intrusion for 1km before it wa
covered by Tertiary basalt

IP was trialled over Cadia Hill and East as a
possible method for detecting porphyry
mineralisation beneath the basalt cover



Basalt cover — Ridgeway

/2 =\, NG TR s /2 AYYR ’“"\;‘v“'
wm wj 28.0 1\ o Bﬂ_’)g_,jw Discovery Of the Ridgeway 28.0
R, N e ore body started with an IP e
@L‘]}LH;KEIQ{ e - @.‘m}. ‘lﬂ;@ﬂi ) il seophysical anomaly ol
DIPOEMDIPDIEIPSEUDOBECTION o (CTPOERDIPDLEIPSEUDOBEGTION
8.0 8.0
4.0 . 4.0
APPARENT CHARGEABILITY Cadia East IP effect 00 APPARENT CHARGEABILITY fiagewy 00
(mSECS) p (MSECS) 500m deep o
z z s 4 z z T 4 z z z msec = > > > > > Z“ > > > > msec
g &£ 8 & ¢ 8 § 8 & § ¢ s § 8§ 8 8 8 8 § 8 8 &8
This IPanomaly s due to 'IPeffectlis notdt;etoorelbody
L n=1 a surface cultural effect O
/ 2.3 28 52 Theeffectreflectedthe f-n=1
- n=2 ’ Eyriteha!?toorebody i
- =3 5.0 - n=3
= n=4 56 % 5 - n=4
= =5 47 4 - N=5
IPdetectedto
CONTOUR INTERVAL : 2mSECS CONTOUR INTERVAL : 2mSECS
An IP survey using a 200 m dipole-dipole array * In an area of Tertiary basalt cover a weaker
was trialled over the outcropping Cadia Hill and much smaller chargeability anomaly
and covered Cadia East deposits was detected
At Cadia East, a well-defined chargeability * The IP anomaly was investigated with two
anomaly was detected beneath 200 m of post- traverses of 200 m-deep angled RC holes

mineral siltstone cover



Kic{geway Discovery Drilling

| 22,600mN | 23,000mN

IPancmaI\r

22.200mN|

Two traverses of RC holes were
drilled to investigate IP anomaly

RL 6000m

‘ 22,600mN | 23,000mN

IP Anomaly

22,200mN |
% RL 6000m

&

RGRCY

BGHES RUHE RGRC3 (otherRCholes, no Au or Cu)

All other 200 m -deep
RC holes on this and
other drill traverses

8m @ 0.42g/t Au
0.51% Cu

Only one RCholerecorded
Au & Cuvalues

118m @ 0.10% Cu |

were barren

RL 5500m

This result & intuition
were enough reason to
deepen the hole

CADIAYIRIDGEWAY,

RL 5000m

N

8m @ 0.42g/f Av
0.51% Cu

Intuition about discovery
possibility was supported by
increasing alteration intensity &
occasional narrow Au result

118m @ 0.10% Cu

RL §500m

Further deep drilling conducted

because of this result & fault
200m

R CADIACIRIDGEWAYY

102m @ 0.13g/t Av
0.40% Cu

RL §000m

* The IP chargeability anomaly, 8m @ 0.4 g/t Au &
0.5 % Cu in one RC hole and Zn anomalism in
another hole, plus pyritic (>0.5 vol. %) propylitic
alteration was tested with a ‘wildcat’, 514 m-
deep core hole

* The hole recorded 118 m @ 0.1 % Cu with
several 1 mintervals of >1.0 g/t Au, plus one 2
m interval @ 10 g/t Au

* Deepening produced 102 m @ 0.1 g/t Au & 0.4
% Cu with chalcopyrite-bearing quartz veins,
truncated by a fault

* Belowthefault,3 m@4.4g/tAuand3 m@
0.3 % Cu were recorded

*  Four deep core holes were drilled to
investigate these results and increased
alteration “reddening” and intensity




Ridgeway Discovery

10,600mE 11,400mE 22,500mN 23,000mN 23,500mN
DISCOVERYADRIUNNG; wws | st wesop " wesst
- AT . NC503W
- \\/ M lisation Outline 5250mRL NC510
CADTENRTDGEWAVARY - :
23,000mN T = 2g/tAueq 5800mRL ' ‘ “/'/J (D Tertiary Basalt N\
ertiary Basa
NC498 @ Newcrest Diamond Hole "/ - " rylt
|RGRE8 O Newcrest RC Hole I:‘,l Monzo:! e.t
e onzodiorite
F \‘\: ‘ E Feldspar porphyry
RERCI2 O X D Pyroxene poprhyry
RORCO F D Bedded volcaniclastics
D Volcaniclastics
SAOOmRL D Sediments -
RGRC11 © === Alteration houndary
156m@3.9/1.1 === g;;f:u
] NC389 \\ ' y
22,400mN © NC488 [ 158m@4.4/1.2 | — " -
REGRC100 56m@3.6/1.0 |,
RGRC2 6V\ 5000mRL \\CA DIATRID GEWAY,
'\
m EC
200 S\E CTION
‘\ \ri Q
RGRC1S © REGRGC3 200! o T ) Y
- ! wesre 00 | == SchematiciGe'ology
[ ]

The higher grade Au intersections and the 3 m @
0.3 % Cu were vertical, and probably lateral,
‘leakage’ from the Ridgeway deposit

Discovery came with the fourth hole - 145 m @ 4.3

g/tAu&1.2%Cu,plus84m@7.4g/tAu&1.3%
Cu

The top of the deposit was located 500 m below
surface, beneath 20 — 80 m of basalt cover

Basic components to discovery were:
IP anomaly detected the pyritic alteration halo

Propylitic and ‘red rock’ alteration increased in
intensity with depth
Drill-hole intersections leading up to drilling

the four holes were interpreted as evidence of
‘leakage’ from a possible ore deposit



LiRely Reasons for Discovery

Discovery of the Cadia Hill and Cadia East
sheeted-vein deposits proved the district could
host possibly economic Au-Cu porphyry deposits
This opened up the possibility of other different
types of porphyry deposit, including smaller
breccia deposits

The initial Ridgeway target, however, was a

sheeted-vein deposit similar to those at Cadia Hill
and Cadia East

Conducting trial IP surveys over the Cadia Hill and
Cadia East deposits provided a technique for
locating targets under the Tertiary basalt

The key to discovery was doggedly following
up the weak IP anomaly overlying the
Ridgeway deposit with drilling, and
interpreting the meaning of the alteration
and metal values recorded in deeper holes

(My opinion)



Cadia Far East, Aust

Ordovician Q
Weemalla Fm e
Sediments Equigranular ¢
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Lead-up to (Dzscovery

Delineation of the Cadia Far East deposit was delayed
by discovery of the Ridgeway deposit in 1996, even
though the Cadia Far East discovery hole (NC494) was
drilled in August of that year, while the Ridgeway
discovery hole was not drilled until November

The NC494 intersection was 229m @ 1.3 g/t Au &
0.49% Cu from 1,103m down-hole, whereas there were
two better Ridgeway intersections (hole NC498) of
145m @ 4.3 g/t Au & 1.2% Cu from 598m and 84m @
7.4 g/t Au & 1.3% Cu from 821m.

There was only sufficient budget available to
accelerate definition of one of the two deposits and P S :d?/fi‘
the Ridgeway hole had the higher grade intersections s E=uaap

Only 10 holes were drilled into Cadia Far East over the
next 2% years, while Ridgeway was being defined




Cadia East Mineralisation

w : Y E £ i £ :
o o o 3
g 12 : .§;.; g L. 12 . .%!;_
- [ 4: '\
Disseminated [ ) : et
mineralisation M : iy
B Phvllic 5500 mRL ‘ 5500 mRL |
EREA A |
High grade part =5 ‘ 1
of Cadia East o -
Disseminated + veined
mineralisation
5000 mRL 5000 mRL_|
Propvlitic
Alteration Legend
Legend
Alb-Qtz-Ser-Py-To
Siluri 5
Alb-ChCa-Ep :I nnnnnnnnn ‘Wildcat’ hol
= 4s0omrL | :] Ordoviclan volcaniclastics . X 250 4500 mRL
Alb-Chi-Act-Ep-Kfds-Bn
2.0 g/t AuEq zone
Geology Legend B 40 e
B e Cadla East Long Section 21,750mN | | [ = Cadia East Long Section 21,760mN
’ ;
Ordovician volcaniclastics MIMM m

E S0 mm m w= = Top of bornite sulphide zone S00m P DI ry o'
e Top of vein zone P"‘Mry of Top of vein zone
2.0 g/t AuEq zone Cadla Far East Not all drill holes shown Cadla Far East

 Disseminated and vein controlled Au-Cu mineralisation discovered at

Cadia East is hosted in a flat-lying volcanic succession, to the vertical
limit of drilling at the time of discovery

* Chalcopyrite is the dominant Cu sulphide in the upper part of the
mineralised zone, passing into bornite-dominant mineralisation at depth



Cadia East Gold and Copper

13000 mE

14000 mE

>1.0 g/t Au

05-1.0

03-05

DECH

0.1-03

16000 mE

‘Wildcat’ hole

4500 mRL

13000 it

1617m vertical

500 m

J

Long Section 21,700mN
Block Mode! Resources
Copper

>3000 ppm Cu

1200 - 3000

500 - 1200

100 - 500

500
==

4500 mRL

m

e At Cadia Hill and in the Cadia East deposit Au is the dominant economic metal,
with a well-defined zoning of grade apparent in both deposits

* The correlation between Au and Cu is well defined at Cadia Hill, whereas at
Cadia East the pattern is different
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NC319
HILL Cu % increased

Au:Cu decreased

Au:Cu increased

Cadia East was discovered :
S " ; >3000 ppm Cu Did Au:Cu &

under m of cover o 1200.3000 B Al increase

younger rocks at >depth?

100 - 500
Long Section 21,700mN .
NC319 (1,617 m deep) was important
m m m to discovering Cadia Far East — it
showed mineralisation continued at
m depth for at least 1.6 km

500 - 1200
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CADIA FAREAST
Section 15720E
[5500]im L' A oA _—— Interpreted Mineralised ___|

4 B Zones

>0.5 g/t Au Eq zone
B >1.0 g/t Au Eq zone
I >2.0 g/t Au Eq zone

metres @ g/t Au, %Cu
(1.0 g/t Au Equiv. cutoff)

.ﬂln. 1.8, 6.39
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Likely reasons for Discovery

Geological intuition and constructing an
observation- based, hydrothermal alteration model

for Cadia-style porphyry mineralisation played a

very important role — exploration decisions were

not made using other porphyry deposit models that

were different

The early decision to drill a ‘wildcat’ hole to 1617m
vertical depth to investigate the geology was ——
similarly important; it established that Au-Cu
mineralisation continued to >1,600m depth

The freedom to drill fully-cored holes to 2 km depth

The technical reason for discovery was interpreting
the Au:Cu ratio as a possible indicator of Au grade

The key was testing this interpretation with a
fortuitously-sited deep hole — NC 494 — which

penetrated the centre of the higher grade part of
the Cadia Far East deposit

Mineralisstion Zones
Cadla East & Cadla Far East

(My opinion)



Cadia East Mine

(courtesy Newcrest Mining Limited)
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. CadiaHill Op_ ™

700 m

World’s first
Super-cave

Depth: 1200 — 1500m
Ore: 1.2 Bt

Individual panel caves
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Other Deeper Discoveries

Andina Mine, Chile

La Americana and Cerro Negro Cu-
Mo porphyry deposits in Rio Blanco-
Los Bronces District (Rivera et al.,
2012)

Escondida Mine, Chile

Pampa Escondida (Herve, 2011)




Recent _Andina Discoveries

X




Andina Mine, Chile
2011 production 234 Kt Cu + 3 Kt Mo

Resources: 16.5 Bt at 0.56% Cu or 92.6 Mt Cu

La Americana discovery (2009)

Andina Mine area looking south
Cerro Negro discovery (2011)

(Courtesy: Sergio Rivera)



La Americana & Cerro Negro

(deep porphyry Cu-Mo discoveries)
discoveries)

La Americana - Cerro Negro long section
(looking east)

4 km

>

| CERRONEGRO | | DON LUIS &= SUR-SUR ' | LAAMERICANA |

La Americana

E23000 E 24000 E 25000

Cerro Negro
Andina Mine operation and exploration areas

(Courtesy: Sergio Rivera)



La Americana geology and mineralization:
Resources > 850 Mt at 0.6% Cu + 0.02%Mo

(Codelco, Memoria Anual 2009 and 2010)

-~
Discovery
hole

(Courtesy: Miguel Herve)



Pampa Escondida Discovery
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Ser*

ampa Escondida, Chile

CIUDAD
YACIMIENTO
SALITRERA
PUEBLO

o7

BOLIVIA

Ruta Costera

Ruta 5
Rutas Alternativas

Rio Loa

Linea Ferrea
Camino de Tierra

Véliz, 2004

7325000

7320000

7315000

(Courtesy: Miguel Herve)



Pre-discovery Drilling

| ] Escondida Norte
| open pit

Hole to 389 m depth
with
‘porphyry alteration’
plus Cu sulphides
over final 97 m of hoIe

Escondida Bt@ '
open pit S i N P e S —

J0
Sondajes historicos!
Linea férrea

Plts fnales

IS e
i

(Courtesy: Miguel Herve)



11’5 t tﬁ?’@ e ﬁO [85 (January — June 2007)

17900

‘ / Cross-section |

/1

111900

Hole # 3:

Hole # 2:
1,200 m disseminated Cpy + Bn

H

;
Wy

108900

0 0.5 1Km

(Courtesy: Miguel Herve)



‘June 2008 Intersections

SW

">~ RD-3954

RD-3854
RD-3921 RD-3766

913 m @ 0.70% TCu

RD-3966

RD-3821
RD-3963

NE

484 m @ 0.67% TCu

RD-3765 RD-3896
RD-39

Py

706 m @ 0.55% TCu

(224 m @ 0.40% TCu)

0.m below surfac

- 100 m @ 0.77% TCu

2500

194 m @ 0.73% TCu

| 2000

732m @ 0.72% TCu

1,400 m below surfad

E17500

Lo s Dump
Gravel cover

" Leached rock

o)

1.024 m @ 0.83% TCu

Incl: 548 m @ 1.00 % TCu

0 250

500m

226 m @ 0.69% TCu

1500

(Courtesy: Miguel Herve)

E19500

e




Schematic N-S Section

Escondida

Supergene-enriched ore
w Present surface

Escondida Norte

Pampa Escondida
0.5-1.0 % Cu

0.5-1.0% Cu

0.5-1.0%Cu

I
=2 km

(Courtesy: Miguel Herve)



Likely Reasons for Discovery

* Interpreting geological information in the context of an

ore body model

* |dentifying the presence of bornite at the bottom of an

existing hole

* Deep drilling to investigate “hypothesis” based on

observation

(My opinion)



Some Concluding Remarks

Follow Sig Meussig’s canons:

— Look for ore, not mineralisation
— To find an ore body, you need to drill holes
— There needs to be room for the ore

Deeper is the new Greenfield

— Deeper only means >300 m depth

-— &
-

— In seeking underground mining targets,
know what is required for mining

 Above all, Drill Holes! e worst

outcome of drilling is failure to discover ore, which is
essentially guaranteed in exploration, anyway!)
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