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Pebble – Location



Pebble – Exploration & Discovery H

• 1987: Cominco -- Sill Epitherm

• 1988: Cominco – Pebble West1988: Cominco Pebble West 

• 2000: Resource of 1000MT (dri

2001 NDM initial option agre• 2001: NDM – initial option agre

• 2002: NDM discovery of 25, 37,

• 2004: NDM West Zone delineat

• 2004: NDM – Pebble East Zone

• 2005: NDM acquired 100% inte

• 2007: Partnership with Angl

NDM Acknowledges the Cominc

Phil St George Bruce Bouley Paul WethPhil St. George, Bruce Bouley, Paul Weth

ALSO: ~30 NDM Contributing Geologists

ighlights

al Vein Discovery, regional recon

Zone DiscoveryZone Discovery

lling 1988 to 1997)

eement on Pebbleeement on Pebble

, 38 & 52 zones

tion & discovery of 308 Zone

e Discovery

rest in property

lo-American established

co Pebble Discovery Team
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 in Addition to the Authors of this Talk



Pebble – Resources, Historical and 

MT
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* CuEQ% = Cu% + (Au g/t x 12.86/22.05) + (Mo% x 132.28/

Resources do n

Current

Cu% Au g/t Mo% CuEQ%*

0.30 0.34 ~0.02 ~0.62

0.54 0.46 ~0.02 ~0.93

Cu% Au g/t Mo% CuEQ%*

0.26 0.31 0.015 0.54

0.33 0.40 0.018 0.68

0.43 0.53 0.021 0.87

0.57 0.36 0.036 1.00

0.67 0.40 0.038 1.14

0.79 0.46 0.039 1.29

strict drilling ~155,000 meters
not include any 2007 drilling results

/22.05) -- US$1.00/lb Cu; US$400/oz Au; US$6.00/lb Mo

not include any 2007 drilling results



Pebble -- One of the World’s Most I

Rank Project

1 Grasberg
2 Pebble2 Pebble
3 Oyu Tolgoi

4 Los Pelambres

5 La Granja

6 Escondida Norte

7 S Ch h h7 Sar Cheshmeh

8 Salobo

9 Batu Hijauj

10 Bingham Canyon

2
Updated after Metal Economics Group, December 2003.1

Co-product molybdenum resource included.3

2 Copper equivalent calculations use metal prices of US$1.00/lb for copper, US$400/o
adjusted for metallurgical recoveries.

1Important Cu-Au Deposits

Contained Metal
Gold Copper CuEQ Au/Cu2

M oz
pp

B lbs
Q

B lbs Ratio
109 80 128 1.4
82 67 124 1 2382 67 124 1.2
34 71 85 0.5
3 43 48 0.13

4 43 45 0.1
6 28 30 0.2
11 17 24 0 611 17 24 0.6
15 17 23 0.9
17 16 23 1.017 16 23 1.0
10 13 20 0.83

z for gold, and US$6.00/lb for molybdenum. Copper equivalent has not been 



Pebble -- Regional Setting
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Pebble – District Geology
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Pebble – Multiple Mineralized Zones

1 Gold Zone1 Gold Zone
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Pebble - Topography
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Pebble -- Deposit Geology & East vs
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Pebble – Geological History 1: Kahi
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Pebble – Geological History 2: Dior
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Pebble – Geological History 3: Alka
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Pebble – Geological History 4: Gran
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Pebble – Geological History 5: Post
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Pebble – Geological History 6: Terti
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Pebble – Mineralization
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Pebble – Metal Distribution on E-W Sec
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Pebble – Metal Distribution in Plan



Pebble – Early K-Silicate Alteration 

• Most important alt’n

• Coincident with min’l

• Related to granodiorites

• Strong but preserves textures

KF i h i di it• KF-rich in granodiorites

• Biotite-rich in host rocks

• Biotite zoned brown to blackBiotite zoned brown to black

• Helped identify East Zone

Diorite – black peripheral biotiteDiorite black peripheral biotite

Flysch – proximal brown biotite

1 – Distribution & Zoning

Blk bt

K-Sil

KF>bt

Brn btBrn+blk bt
Blk bt

Granodiorite – KF-dominated, low biotite



Pebble – Early K-Silicate Alteration 

• Introduced most Cu-Au-MoIntroduced most Cu Au Mo

• High cpy/py except where overprinted

• Veins, but also truly disseminated

• Cpy-dominated

• Local coprecipitated bornite-cpy in Eas

• Cu-Au well-correlated

• Moly coarse-grained

Coarse moly in veins & d

2 – Mineralization

Typical dissem cpy-rich, low-py min’l

st

Coprecipitated
bornite-cpy min’l

dissem



Pebble – Early K-Silicate Alteration 

• Quartz-rich -- A, B & C
• Fully gradational time/space/minerals
• Intense but minor A-B vein domains

Type Sulph Envs Time/Loc

A 0-2% None/KF Early/Core

B 2-5% Bt-KF Interm/Mid

C 5->50% KF Late/PeriphC 5 50% KF Late/Periph

C B

C

BB

A-B

C B

>70% Coalescingg
A-B Veins

3 – Associated Veins

A Vn

B Vn

C Vein B Vein



Pebble – K-Silicate Alteration 4 - Ma

• M veins (timing between B & C)• M veins (timing between B & C)

• Only one domain in West Zone

• Within & adjacent to diorite sills

**Most of deposit low to no 
titmagnetite

agnetite Alteration and Veins

M Vein
(hematized)



Pebble – Peripheral Quartz-Pyrite-S

• Peripheral (S & NE)

Sili it 10%• Siliceous, pyrite >10%

• Texture-destructive

• Pyrite-dominated veinsPyrite dominated veins

• Partial overprints in West Zone

• Not within core of East Zone

• ~Total removal of Cu

• Retains 100-500 ppb Au

Sericite Alteration

QPS
Variable QPS

OverprintsOverprints

No QPS Ingress

QPS



Pebble – Peripheral Propylitic Altera

• Outboard of QPS alt’n (to N)

• Not significant within Zones

• Variably texture-destructive

• Veins combinations of chl, ep
carbs py mt hem qtzcarbs, py, mt, hem, qtz

• No significant Cu min’l

• 50-150 ppb Au common

**Polymetallic veins peripheral to 
deposit; overprint West but not East

ation & Polymetallic Veins

PRP PRP

Rare PRP
OverprintsOverprints

No PRP Ingress



Pebble – Internal, Low-Pyrite, Seric

• Throughout interior of stocks, sills

L i di h t k• Lesser in surrounding host rocks

• Pervasive overprint on early K-silicate

• Typically no obvious fracture controlTypically no obvious fracture control

• Low to no pyrite

• **Affects grade, redistributes Cu & Au

Perv Illite On Early K-Silicate

ite-Illite-Smectite Alteration 1

Weaker, withinWeaker, within
Gd intrusions

Strong in stock
and sill/seds

Illite in Seds – Repl by Bt



Pebble – Internal, Low-Pyrite, Seric

• Vertically Zoned:

• Deep smectite-illite

• Intermediate illite

• Shallow sericite illite• Shallow sericite-illite

• High-level advanced argillic
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Pebble – Advanced Argillic Alteratio

Discrete zone in south of East ZoneDiscrete zone in south of East Zone

Pyro, dias, zuny, dickite (PIMA)

Upward transition from illite

Overprint on early K-silicate

Typically no obvious fracture control

Highest grades in deposit

Adv A
Rare F

Illite Overprint on
K-Sil Cpy-Py Min’l

on 1

Adv Arg

Arg w/Bornite
Fracture Control



Pebble – Advanced Argillic Alteratio

High-sulphidation ore minerals

Bornite +/- (covellite, chalcociteBornite / (covellite, chalcocite

Replaces/rims earlier cpy-py rel

Highest grade min’l in deposit

Persists downward into areas w

Hypogene Covellite

on 2 - Replacement Bornite Min’l

, enargite, tetrahedrite) [low pyrite], enargite, tetrahedrite) [low pyrite]

ated to K-silicate alt’n

with illite overprint

Bornite Rimming Chalcopyrite



Pebble – Key Points to Take Away

• District hosts numerous deposi

• Pebble is one of the world’s larg• Pebble is one of the world’s larg

• Pebble is a 90 Ma Cu-Mo-Au sys

E t & W t Z i il• East & West Zones – similar gen

• West Zone – Complex host rock

E t Z Si l l i• East Zone – Simple geology, sin

• East Zone was a blind discovery

• No current evidence for multiple

• Similarly for hydrothermal activ

• Advanced argillic overprint in E

• Post K-silicate alt’n assemblage

• East Zone remains open with dr

ts

gest porphyry depositsgest porphyry deposits

stem w/typical porphyry features

b t t l tneses, but separate coeval centres

ks, multiple small intrusions/centres

l l d tngle very large zoned system

y (drilling, geology, alt’n zoning)

e intrusive events (in Pebble proper)

vity (except possibly)

ast Zone with its very high grades

es have variably affected grades

rilling in progress


