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Copper demand to soar as new technologies are adopted

Commodity demand indexes

1 = 1995 demand level Source: McKinsey Global Institute
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Coppe r: Green and Sustainable Resource

Key aspects of copper's sustainability

A00% Recyclability:  Copper can be recycled indefinitely without any
loss of its high -quality performance.

Critical for Green Technology: Copper is indispensable for the transition
to a sustainable energy future, renewable energy applications

Sustainable Mining Practices: The copper industry is developing and
adopting more responsible methods for resource extraction.
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Not enough copper is being discovered to meet future project demand

Mt
0
N — Primarydemond d
mm Base case production capability
P ww Probable projects
T = fim s i s s o s s e «
10~
5. -
0
1997 2002 2007 2012 2017 2022 2027
TR TR TG A R e ZORA
g "“‘ & 4 .;'fﬁ, aS 20



Porphyry related deposits: 75% Cu of world

Bingham Canyon Gié\u-Mo porphyry deposit,
Utah, USA (view from Internatlonal Space "
Station, Courtesy of NA A) ~ i /5

0 Large tonnage and low grade

bulk mineral deposits

0 Related to porphyritic

intrusions

o Stockwork and breccia-hosted
ore

o0 Large volumes of
hydrothermal alteration

0 Supergene enrichment




Geological setting
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Porphyry Deposit

Hard to explain PCDs in Tethys

Challenge of subduction-type
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Collision -related PCDs
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Indo-Asian Collision

A Syn-collision: 65 -42 Ma
A Late-collision: 41 -26 Ma
A Post-collision: 25 -0 Ma

Gangdese Cu Belt

A Location: Lhasa terrane
A Re-Os Age: 17-14 Ma
A Host: Potassic porphyries

Yulong Cu Belt
A Location: Qiangtang terrane
A Re-Os Age: 42-38 Ma
A Host: Potassic porphyries




Collision -related PCDs In the Tibetan Plateau
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How to form giant Cu deposits in collisional orogen

- Melting trigger in Tibetan plateau
4/ with double -thick crust
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Gangdese Cu belt o Seismic Vs image and MT show the Indian -slab tear
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Tearing and Cu mineralization

Ore -forming adakite isotopes show

distribution

symmetrical
with | T1 as axis

86°E 88°E 90°E 92°E 94°E
| | | | 10
“ Whole rock eNd(=15ma) 1 —
S velocity (km/s) / P +5.0 to +0.50 o
Coqen ‘| [ | \ i : ! I P 4 - +0.50to -0.23 : O High-Sr/Y granitoids 5
i zone ) 43 44 45 46 47 48 yad -0.23 to0 -0.92 5 | |0 Trachytes g L
31°N—] ) 7 -0.92 to -1.61 1A Transitional w
~ |‘ YGR -1.61 to -2.30 monzonites e g4
> s it e -2.30 to -2.99 1| ® HHL ] !
= i ' ap I -2.99 to -3.68 JlanHL o 8
1 Yangying £ | -3.68 to -4.37 04 < L
30°N > 4 L & s N < -4.37 to -5.06 - o
a Tinggong = W !
Chongjiang . Il ~ m 'angbula : [
i : e e R N T T T —
Tmchyt'c suij ' M -5 -
z g © -
—p— - o
29°N o y v L &L 0 <
) gy L™ 3 104 B 4 -
Mt. Everest knarta i ®
~'YGR , North Himalaya w
'Ama Drlme :: E
' ¥ | D E
26N_|
’lr ¢ o7 O i
Q
o 50 100 K ' Higher Himalaya
Yadong [\ ] O z
[ Trachytes [ Higher Himalayan leucogranites [JJll Paleozoic granitic gneisses ¥’ g/lloch:ﬁenz porprtlyry 20— L L L
SN SR 400 300 200 100 0 100 200 300 400

[ North Himalayan leucogranites High-grade metamorphic rocks . Granulitized eclogites

Wang et al.,

High-Sr/Y granitoids (including
transitional monzonites)

Distance to T1 trace (km)
2022 GSAB



Gangdese Cu belt o Tear provided heat for lithosphere melting

Tearing can trigger
sawa [ lithosphere melting

Tibetan crust
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Gangdese Cu belt 0 Melting of the crust  generated Cenozoic magmas
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Numerous low -Vs anomalies correspond with localization of Cenozoic magmas in Tibet,
suggesting that partial melting of the overlying Asian lithosphere formed the Cenozoic magmas



Gangdese Cu belt o PCDs located in juvenile lower crust domains
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Underplating

of Mesozoic arc magmas forms the juvenile LC

Crust thickness
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Melting of lower crust generates ore -forming granitoids
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(Hou et al., 2004, EPSL)

U Ore-forming granitoids show adakitic features
U Their Sr -Nd -Hf isotopes are similar to Gangdese arcs
0 Melting of juvenile lower crust (arc root) generates adakitic rocks



Fertile ore -forming magmas
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Magmas have high water contents and oxidation state
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Cu: newly formed lower crust (arc root)

Tibetan lower crust (Cuijiu and Milin)o hornblendite with magmatic sulfides
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Breakdown of sulfides in LC released Cu and S into magma
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Magmatic sulfideso Monosulfide solid solution (MSS)
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Magmatic sulfides are common

In Gangdese lower crust (~0.4 vol%)

- Zhang, Chang*, Wang, R* and Audetat, 2022 JP
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Experiment: Lower crust melting

Experimental melts similar to ore -forming magmas
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