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Tectonic elements of Papua New Guinea
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Styles of magmatlc arc Cu-Au mineralisation
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Placer production
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History of Prospecting in
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Edie Creek

Fissure vein

1 Volcanic breccia (interpreted
: as diatreme tuff ring)

Edie Porphyry j , . .
Chloritoid Schist _ode mini ng

(Kaindi metamorphics)

Phylite 1931-62, 88,0000z Au

(Kaindi metamorphics)
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Bulolo Gold Dredging 2.1 M oz Au @ 0.15 g/t Au
1932-65

-

1 s .- - & e o
riw o LY
A B Na T e




4

4 JoC
A 1T AT
;.4/{/4:.*1"/1‘3*/“7& Z‘A‘/ v
o, :

A T Ilustration & End of the first operation. The dredger at rest on the bilge
d ht t of water. 9
Bulolo Gold Dredger upside down in eighty feet of water and superdiriciire with The pond pumped dry.




Wau-Namie-Ribroaster

About1MozAu - . |
1923-90 N AT sea | )




Vi =
/ Kerimenge
ke

1opuio9 Bopjn

N~—=Hidden Valiey /
N\ 7/

AECF ) ALE)







Styles of magmatlc arc Cu-Au mineralisation
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Noel Stagg Mt Victor about 1958
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1990-2003 — 12.22M o0z Au 2.23M 0z Ag P()rgera
2006 reserves 77.26Mt @ 3.79g/t Au (9.4M 0z2)
2013 production of 17.3M 0z and reserves of 6.2M o0z
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ALTERATION
quartz (vughy silica)

quartz-alunite

quartz-dickite-kaolinite

MINERALISATION

pyrite-enargite

metal Au

Adapted from:

Leach, 1999

Corbett, 2005
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Golpu porphyry
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Quartz-Alunite-Dickite g Quartz-Actinolite-Epidote  * Descending Cool
/Pyrophyliite+Sericite [l -Albite-Chlorite+Sericite Neutral Fluids

84305 Leach

Ristribution of Surface Alteration
Mineralogy in the Watl River Prospect Area
(After Eeach & Erceg 1990)

Quartz

Quartz - Alunite

Quartz - Alunite - Dickite
- + Pyrophyllite
Quartz - Dickite - Kaolinite
- + Pyrophyllite
- Quartz - Dickite - Kaolinite

- Sericite/lllite

Quartz - lllitic Clay

4+ Chlorite + Sericite
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Terry Leach pH vs temperature figure

Common Alteration Mineralogy in Hydrothermal Systems

INCREASING pH > [ Potassic [ 1 outer Propyitic
G | faisn [ 1 Skam B Advanced Argilic
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1 Phyliic

K, Sm Sili Zeo
K Silica e Cb Ct/Do

+ Sid

Chab, Nat |

iom Ch/Ch-Sm

] Ch/Ch-Sm
Q +Sid Sm'(c){)Chd Q/Chd

Zeo

Ab - albite; Act - actinolite; Ad - adularia;
g,I—SSr_r(; e | Do Al - alunite; And - andalusite; Bio - biotite;
+ 2l y B
. I-Sm Cb - carbonate; (Ca, Mg, Mn, Fe); Ch - chlorite;
K, Dik YChd | ¢, ichd s -
I/1-Sm Ad/Ab Chab - chabazite; Chd - chalcedony;
Q45id Ch,1 Ct/Do

_ Ab/Ad
Dik, | Q/Cb
Q +Sid

EPITHERMAL

Stb. Heu, Mor,

Ch-Sm - chlorite-smectite; Cor - corundum;

Cpz - clinopyroxene; Cr - cristobalite;
Ct - calcite; Do - dolomite; Dik - dickite;
Dp - diaspore; Ep - epidote; Fsp - feldspar;

Ga - garnet; Hal - halloysite; Heu - heulandite;

MESOTHERMAL

5 | - illite; I-Sm - illite-smectite; K - kaolinite;

INCREASING TEMPERATURE

— Lau - laumonite; Mt - magnetite;
Mica/Ser | Mica/Ser | "''<@/>€r

Pyr,Q Gich ||| 2BSD

e Mor - mordenite; Nat - natrolite; Op - opaline silica;

S Pyr - pyrophyllite; Q - quartz; Ser - sericite;
And, 152)

ol Mica,Q | *Cb ";‘;‘: Sid - siderite; Sm - smectite; Stb - stibnite;

R R Tr - tremolite; Tri - tridymite;

PORPHYRY

non - dissociation

Alunite | AI-K | Kaolin | 1-K | Wite |Chiorite| Calc-silicate | oINS SIS
Group | Group | Group | Group | Group | Group Group Wo - wollastonite; Zeo - zeolite.
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H(i);r?Sulphidation Rafferty’s Porphyry

Gold Mineralisation

/ drill hole with >0.1% Cu

§ stockwork veining

+  Pomhyry

alluvium E Diatreme breccia

SIMPLIFIED ALTERATION

- Quartz
- Quartz-alunite

- Quartz-pyrophyllite

Quartz dickite/kaolinite
sericite

WR95

263m @ 1.86% Cu
+0.27 git Au | Quartz initic clay
including 88m @

2.75% Cu+0.35 git Au il e
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Wafi about
2003

Western Zone
(not currently in
resource)

Gopu Porphyry*

Diatreme

» W= SN 163 Mt @ 1.1% Cu, 0.57 g/t Au, 132 ppm Mo
’

3.9B |Ib Cu, 47M Ib Mo 2.96 Moz Au

Wafi Au Resource*

* 1 g/t grade shell (Blue)
« 2.5 g/t grade shell (Yellow)

Link Zone 110Mt @ 1.85 g/t for 6.51 Moz Au

48Mt@ 8.4 gt
for 1.3 Moz Au

* Resource inventory available on the Harmony website



Elevated metal grades
due to acid overprint on porphyry

ALTERATION
quartz (vughy silica)

quartz-alunite

quartz-dickite-kaolinite

<\
f Zone ' MINERALISATION
quartz-sulphide Au < pyrite-enargite

carbonate-base

metal Au kaolinite- | covellite

illite

o chalcopyrite
sericite-

chlorite

Kfeldspar-

magnetite hot

acid
fluids

Golpu porphyry
1.1BT @ 0.75¢/t Au
& 0.87% Cu

Adapted from:

Leach, 1999

Corbett, 2005

Menzies, 2013

Newcrest Limited press releases
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PROJECTION VIEW
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1368.9m @ 1.1g/t Au & 1.7% Cu from 399m —
incl. 428m @ 2.2g/t Au & 2.9% Cu from 1191m Go LPU(I)
WRA499 20.3 Moz Au
 1246.5m @ 1g/t Au and 1.2% Cu from 966m, 9.0 Mt Cu
incl. 560m @ 1.9g/t Auand 2.1% Cu from 1252m

PLAN VIEW
WRSO04 o

GOLPU
o] 19950me ~ !
WR499
zu{’ -

R490 4 0 0a/t AU ano 00 om 900
AU ano 9% 0
R504 69 Q 0/t AU ano Vi 0 09

+ WR5041 (west to east)

1369m @ 1.1g/t Au and 1.7%
Cu from 399m, including 428m
@ 2.2g/t Au and 2.9% Cu from
1191m

— confirmed fault structure
controlling higher grade blocks

+ WR499 (north to south)

1247m @ 1.0g/t Au and 1.2%
Cu from 966m, including 560m
@ 1.9g/t Au and 2.1% Cu from
1252m

— confirmed northern margin

— demonstrated continuity of
mineralisation below the current
resource
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crackle breccia

1-2 g/t Au
0.5-1 g/t Au i
2-12 g/t Au
1-6 g/t Au
pyrite flooding <

overprints fractures
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1‘:.‘!

fractred porphyry
min. 1-3 g/t Au

12g/tAu
5 g/t at contact i

1-3g/tA
shear 12 g/t Au - gtAd

fracture porphyry S
min. 1-4 g/t Au

N
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Series of cross
sections
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Trend

"opal veins
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K-feldspar
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biotite-anhydrite
Y T L ' Drill Section 9300 cut by banded Drill Section 9500 E
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quartz-pyrite + intense quartz
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Equigranular moenzanites
Undifferentiated porphyries

Undifferentiated lavas & pyroclastics

23 i 6/
I > 1.0 gt Au = -

— op of anhydrite seal

500m

Reference

+0-5 g/t cut off
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LIHIR ISLAND
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LONGITUDINAL SECTION

——2% 33 100m
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December 2, 1985
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WILD DOG PROSPECT

Papua New Guinea
Structure.

Crystal tuff

Andesite porphyry (intrusive)

MA Reef with dip established
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Interpreted reef
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Porphyry Cu-Au
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Porphyry Cu-Au — Panguna

In 1972
944 Mt @ 0.48% Cu, 0.56 g/t Al —

Nautango Andesite

TO l 9 8 8 p ro d u C e d y Biuro Granodiorite Biotite Diorite

Breccia Kawerong Quartz Diorite

3 Mt Cu, 9.6 M oz Au R
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Yandera — geology

163 Mt @ 0.5 Cu equ
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INTERPRETATION

Frieda-Nena

Reference Strachirall
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Horse-lvaal Geology
1Bt @ 0.5% Cu, 0.3 g/t Au

-
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- Flimtem Trachyandesite

” - Koki Diorite Porphyry

- Frieda Diorite Porphyry

I:I Mudstone (Volcaniclastics)

- Horse Microdiorite

Wogamush Sediments,
I:I Hornfels

/ *
P Fault

- Geological Contact

‘b 0.7% Cu-equivalent
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Nena high sulphidation epithermal Cu-Au

18 Mt @ 0.1% Cu, 1.4 g/t Au
51 Mt @ 2.2% Cu, 0.6 g/t Au

ALTERATION
Vughy quartz - pyrite

Quartz - alunite
- pyrite + sulphur

Clay - pyrophyliite -
dickite - illitic clay

Propylitic chlorite
- illitic clay
-gypsum - carbonate

NENA
INTERPRETED
CROSS SECTION
4700N

BAINBRIDGE, CORBETT & LEACH
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Taranaki skarn

Since 1984 produced
3.8 Mt Cu, 10.6 M oz Au
13 M oz Ag

LEGEND

Ok Tedi — porphyry Cu-Au
and skarn — RTP magnetics
Irvin and Robertston, 1987




Ok Tedi — Porphyry Cu Au

Upper Sulphide Creek
skam

/
I
~. | Edinburgh

Section Skam

A\
%

New Glasgow
skam

Gold Coast
skams

Pnyang Formation (Sltst/Sst)
Darai Limestone

Ireu Formation (Sltst/Sst)
Fubilan Monzonite Porphyry
Sydney monzodiorite

Skarn

GEOLOGY

[ ] Magnetite skam
Quartz stockwork
>80% qtz veining
>20% qtz veining

Monzonite porphyry with significant
- volume of breccia dykes

[ Monzonite porphyry
Massive limestone
Siltstone, sandstone

3145006

315500E

3155006

GOLD
MINERALISATION

[ ]=10gtAu
05-1.0gitAu

3155006

COPPER
MINERALISATION

- Leached <0.1% Cu
(or unmineralised)

High grade >0.7% Cu
|: (secondary enrichment)

I: Low grade 0.3 - 0.7% Cu
(dominantly primary)




Papua New Guinea discovery

¢ Early prospectors — panning alluvial to lodes

¢ Government patrol officers and geological mapping —
~rieda, Ramu NI, Porgera, Ok Tedi, Panguna, Tolukuma

¢ Float — Ok Tedl, Frieda, Tolukuma, Yandera, Bilimoia,
Hamata

¢ Modern methods (geochemistry) — Hidden Valley, Wafi,
Kerimenge, Mt Kare, Wild Dog

¢ Concepts — Panguna, Golpu, Lihir,

¢ Prospect beyond the discovery outcrop — Zone VII,
Minifie, Bilimoia

¢ Geological models for the new millenia




Circa 1635

From Rickwood 1990
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