
The Control of Deep Processes and Lithospheric Architecture 
on Metallogenic Systems in Continental Collision Zones

Rui Wang

China University of Geosciences, Beijing



Copper demand to soar as new technologies are adopted
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Source: McKinsey Global Institute



Coppe r: Green and Sustainable Resource

Key aspects of copper's sustainability

Å100% 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.



Not enough copper is being discovered to meet future project demand

Source: Visual Capitalist



Porphyry related deposits: 75% Cu of world

Bingham Canyon Cu-Au-Mo porphyry deposit, 

Utah, USA (view from International Space 

Station, Courtesy of NASA) 

Porphyritic 

texture

o Large tonnage and low grade 

bulk mineral deposits

o Related to porphyritic 

intrusions

o Stockwork and breccia-hosted 

ore

o Large volumes of 

hydrothermal alteration

o Supergene enrichment (Richards, 2013, Nature Geoscience)



Geological setting

Subduction -type

(Winter, 2001)
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Challenge of subduction-type

É Tethys belt, 10+ giant, 30+ large in collisional settings

É Tibetan plateau as the collisional belt with over 70 Mt Cu

Hard to explain PCDs in Tethys

Porphyry Deposit
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Collision -related PCDs

ÅLocation: Lhasa terrane

ÅRe-Os Age: 17-14 Ma

ÅHost: Potassic porphyries 

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

Indo-Asian Collision 

Gangdese Cu Belt 

Yulong Cu Belt 
ÅLocation: Qiangtang terrane

ÅRe-Os Age: 42-38 Ma

ÅHost: Potassic porphyries 

Gangdese Cu belt

Yulong Cu belt

Yang and Cao, 2024 ESR



Collision -related PCDs in the Tibetan Plateau

Gangdese Cu belt

Hou et al., 2003, EG; Yang and Cao, 2024 ESR

Questions

ΐ Deep processes ?

ΐ magma genesis ?

ΐ Cu and S sources ?



How to form giant Cu deposits in collisional orogen

üSpatial association of tearing with giant PCDs in Tibet

Melting trigger in Tibetan plateau 

with double - thick crust
Question

Multidisciplinary

collaboration

Wang et al., 2022 GSAB

Li and Song, 2018 PNAS

Solution

PCD

PCD



Gangdese Cu belt σSeismic Vs image and MT show the Indian -slab tear

Vs image MT image

Hou*,  Wang* et al., 2023,ESR



Ore -forming adakite isotopes show symmetrical
distribution with T1 as axis

Tearing and Cu mineralization

Wang et al., 2022 GSAB



Gangdese Cu belt σ Tear provided heat for lithosphere melting 

Houet al̆ 2006, APS

Li and Song, 2018, PNAS

Tearing can trigger 
lithosphere melting

Houet al., 2023, ESR

Medium-gently angle 
subduction promote
melting of the Lhasa 
lithosphere in Tibet

(PotassicCu magmas +
Ultrpotassicmafic melts)

E



Gangdese Cu belt σMelting of the crust  generated Cenozoic magmas
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Eocene and Miocene magmas in TibetVs slice at the Moho  (75 km)

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 

36-45Ma 
Volcanic rocks 

Hou et al., 2023, ESR

Gandesebelt porphyres

Yulong belt porphyres



Gangdese Cu belt σPCDs located in juvenile lower crust domains

Reworked LC

Juvenile LC

Ancient LC

Hou et al., 2015, EG

Model age



Reworked LC

Juvenile LC

Ancient LC

Hou et al., 2015, EG

ὄᶉ ⁴ẩẈ

Garnet amphibolite
(exhumed juvenile LC rock)

Lu et al., 2015, 

Geology

BeiyaƎ45 km

QulongƏ80 km

Adakitic

magmas

Temp.χ 650-850 C̄
Depthχ45-75 km

Mesozoic arc gabbro
(U-Pb age: 200 -80 Ma)

Underplating of Mesozoic arc magmas forms  the juvenile LC 



Melting of lower crust generates ore - forming granitoids

(Hou et al., 2004, EPSL)

üOre -forming granitoids show adakitic features
üTheir Sr -Nd -Hf isotopes are similar to Gangdese arcs 
üMelting of juvenile lower crust (arc root) generates adakitic rocks

Luo, Wang* et  al., 2022 GSAB

Ore -forming granitoids



Fertile ore - forming magmas 

Magmas have high water contents and oxidation state

Wang, R* et al. Economic Geology, 2014a         Wang, R* et al. Economic Geology, 2014b
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Tibetan lower crust (Cuijiu and Milin)σhornblendite with magmatic sulfides

1. Subduction modification τ         2. Melting of arc root

Hou and Wang, 2019, NC, Invited Comment

Cu: newly formed lower crust (arc root)



MMES

Cuσ1000-1300 ppm

Juvenile LC:  100 -320 ppm Cu
MMEsσ 1000 -1300  ppm Cu

Yang et al., 2015, JP; Houet al., 2017, Geology

Juvenile lower-crust
(exhumed Jurassic arc rocks )

Yu and Yang, 2017

Amphibolite cumulate Magma-original sulfides

Breakdown of sulfides in LC released Cu and S into magma

100-320 ppm Cu
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Sulfide assemblage σpyrrhotite + chalcopyrite °pentlandite

Magmatic sulfides are common 

in Gangdese lower crust (~0.4 vol%)

כֿ ởῺMagmatic sulfidesσMonosulfide solid solution (MSS)

Zhang, Chang*,  Wang, R* and Audetat, 2022 JP 



Zhang, Chang*, Wang, R* and Audetat, 2022 JP 

Experimental melts similar to ore - forming magmas

Experiment: Lower crust melting


