Porphyry Deposits



The Importance of Porphyry Deposits
as a Copper and Gold Resource

Gold Resources

Porphyry (669

L 20 %) Carlin-like

(4801, 14 %)

Skarn (625 1./"/ Yaiaa

19%) / ' "™~ Epithermal (65 Orogenic

SEDEX/Skam | yHMs (13t L, 2%) (14301, 43 %)

overprint (49t 0.5 %)
1.5 %)

'\‘_ Porphyry (21.6

Copper Resources

SEDEX/skam

averprint (1.8

19 %)
|

Epithermal (18
ML, 4.5 %) :

VHMS (2.3 Mt
Noril'sk-type 6.6 %)
(1.3 Mt, 3.7 %)

ML, 61 %)




A Geological Cross Section through the Batu
Hijau Porphyry Deposit, Indonesia
(920 million tons of ore grading 0.55 wt.% Cu, 0.42 g/t Au)
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Batu Hijau Porphyry Cu-Au Deposit, Indonesia




Batu Hijau Porphyry Cu-Au Deposit, Indonesia
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Hydrothermal Alteration at Batu Hijau
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Batu Hijau Porphyry Cu-Au Ores

Hypogene Supergene




Spatial Distribution of Porphyry Deposits
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The Origin of Porphyry Cu-Au-Mo
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Porphyry-epithermal-skarn system - overview
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ldealized Porphyry Alteration/Mineralization
(Lowell and Gilbert, 1970)
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Schematic Porphyry-Epithermal Alteration
Sillitoe (2010
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Porphyry Ore and

Alteration
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Potassic Alteration Revealed by Staining




Hydrothermal Alteration — Chemical Controls
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Metal Zonation in Porphyry Systems
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Tectonic Setting of Porphyry Deposits

Bimodal, basalt-rhyolite volcanism

Felsic volcanism (leucogranites)




Porphyry metal associations as a
function of intrusive composition
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Fluid Inclusions in Porphyry Ore Depositing
Systems
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Primary, Pseudosecondary and Secondary
Fluid Inclusions

Primary and
pseudosecondary
fluid inclusions in
dolomite

Figure 1.5 Idealized distribution of P, S and PS fluid inclusions in quartz and fluorite. A, quartz,
section parallel to c-axis; B, fluorite, section parallel to cube face.




Isochores for Fluid Inclusions in the System H,O
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Fluid Inclusion Microthermometry




Microthermometry of Aqueous Fluid Inclusions




Isochores for Halite-bearing inclusions
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Isochores for the System NaCl-H,O
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Salinity Determination from Halite Dissolution
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Salinity Determination from lce Melting
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P-T-X Relationships in the System NaCl-H,O

—~
S
]

o]

-~
(o)
ju
=
(7]
L77]
o
-
Q

H
o
o

NaCl saturated
VAPOUR

LIQUID + VAPOUR
3509%

1
0.1
wt % NaCl




S al I 4 I ty- Te m p € rat ure :::-_-_-_-_:-_:-_::‘_:j

Relationships in A
Porphyry Systems -

---- Note existence of high
temperature VL and LVS

inclusions. Evidence of

. boiling or condensation?

............................. Data from the Sungun

Cu-Mo porphyry, Iran

r— w (Hezarkhani and
wt % NaCl equivalent Williams-Jones, 1997)

TEMPERATURE (°C)

NaCl saturation curve]




Laser Ablation ICP-MS and Fluid inclusions
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Stable Isotope Data for Porphyry Deposits
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Figure 8.13. Plot of § D vs. 6 '®0O for hydrous minerals from porphyry copper and porphyry molybdenum
deposits in relation to the “meteoric water line” (Craig 1961), “kaolinite line” (Savin & Epstein 1970) and
the field of primary magmatic water (Taylor 1974). The dotted line near the ‘kaolinite line’ is drawn
merely to emphasize the separation of supergene and hypogene clays. Biotites from the El Salvador
deposit (Sheppard & Gustafson 1976) plot within the cluster for biotites from other porphyry copper
deposits. For the Butte deposit: AA = advanced argillic alteration, PZ = peripheral zone, I1Z =
intermediate zone, CZ = central zone. Approximate values for modern meteoric waters are from White
(1974). Sources of data for porphyry deposits: Ford and Green (1977); compilation by Taylor (1979).




Porphyry-Epithermal System Evolution
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Chemical Controls on Ore Formation

Deposition of Chalcopyrite (CuFeS,)

CuCl° +FeCl,° + 2H,S + 0.50,= CuFeS, + 3H* + 3CI + 0.5H,0

Deposition favoured by an increase in fO,,
an increase in fH,S and an increase in pH

What about temperature?



Decreasing Temperature — the Main Control
on Porphyry Copper Ore Formation?

Modelling ore deposition in the Sungun porphyry, Iran.
Solubility of chalcopyrite in a 1 m NaCl solution.

Saturation Point

in Terms of Chalcopyrite COpper SOIUb|I|ty
drops to ~ 4,000
ppm at 400 °C,
the temperature of
ore formation and
1 ppm at 300 °C

Temperature ('C)

(Hezarkhani and Williams-Jones, 1998)



Decreasing Temperature — the Main Control
on Porphyry Copper Ore Formation

Copper concentrations in fluuid inclusions of the

Bingham porphyry, USA
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Porphyry Cu-Mo
deposits are commonly
zoned with a deeper,
higher temperature
molybdenite-rich zone
and a shallower, lower
temperature
chalcopyrite-rich zone.
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Magma Emplacement, and the Nature of
the Exsolved Fluid
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Summit of Merapi volcano, Indonesia

Transport of Metals
by Vapour?



The Bingham Porphyry Deposit - A Case
for the Vapour Transport of Copper
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(Williams-Jones and Heinrich, 2005)



The Solubility of Chalcopyrite in Water
Vapour

High-temperature
fumarole

0.25g cm™
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High-temperature
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HCI = 0.5 vol%
Hm/Mt CuCl:HCl

400°C
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Increasing PH,O promotes hydration (and solubility)
and increasing temperature inhibits hydration.

Migdisov et al. (2014)



From Hypogene to Supergene

Supergene

Hypogene




Supergene enrichment

Exotica Deposit Chuquicamata Deposit

Leached zone

Oxidised zone

Barren gravel

Leached zone — acidity creation
FeS, + H,0 + 7/20,= Fe?* + 2S0,% + 2H*
CuFeS, +40,=Fe?" + Cu?*+ 250,

Oxidised zone — Fe and Cu oxides, acidity creation
2Fe?* + 2H,0 + 1/20, = Fe, O, + 4H; 2Cu*+ H,O = Cu,0O + 2H*

Enriched zone — reduction and sulphide deposition
2Cu*+ SO, = Cu,S + 40,



Supergene enrichment
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