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Formation of giant copper deposits driven by rapid uplift and sudden depressurization
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ABSTRACT

Porphyry Cu deposits in collisional orogens are new targets for modernmineral exploration. A series
of post-collisional (Miocene; 22–12 Ma) porphyry copper deposits with Cu reserves over 45 Mt have
been discovered in the Gangdese magmatic belt, southern Tibet. These magmas were derived from the
partial melting of sulfide-bearing Tibetan juvenile lower crust and were well primed for porphyry Cu
deposits, having high oxidation states and being rich in volatiles such as water, S, and Cl. However,
only some plutons ended up with economic ore concentrations. We measured the igneous zircon water
contents of ore-related and barren high Sr/Y magmas in the Gangdese belt, southern Tibet, and found
that magmas that produce giant porphyry Cu deposits have lower zircon water contents than barren and
small-deposit related magmas. Combined with previous studies of fluid inclusions, magmatic breccias,
apatite geochemistry, and thermal histories, which demonstrated higher initial water content in causa-
tive porphyries such as the giant deposits of Qulong and Jiama, we believe that the lower zircon water
content may be attributed to these magmas experiencing faster cooling and sudden depressurization of a
large, primed, volatile-saturated or supersaturated mid-to-upper crustal magma chamber, which led to
rapid and voluminous volatile exsolution and fluid discharge. These processes caused intense hydro-
thermal alteration and large ore deposition. In contrast, magmas that experienced slow cooling and deep
emplacement would undergo steady-state degassing and weak alteration. The variable intrusive and
thermal histories across the Gangdese intrusions reflect the interplay between surface and lithospheric
dynamics within the Himalaya-Tibet orogen. Our findings suggest that the differences in zircon water
content reflect the emplacement rate and depth of each granitic body and, therefore, may serve as an
indicator for tectonics and the potential for mineralization.
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INTRODUCTION

Porphyry copper deposits (PCDs) are characterized by exten-
sive precipitation of sulfideminerals (e.g., pyrite, chalcopyrite, and
molybdenite) fromhydrothermal fluids, which are exsolved during
cooling and crystallization of hydrous (>4 wt%) and oxidized
(ΔFMQ�1 to�2) porphyritic magmas at 5–10 km in convergent
settings such as arcs or collisional orogens (Burnham 1979;
Richards 2003; Cooke et al. 2005; Sillitoe 2010; Lee and Tang
2020). The recent discovery of large Cenozoic, post-collisional,
porphyry copper deposits in the TibetanPlateau has attractedwide-
spread attention. Similar to porphyry deposits in the subduction
setting, the Cenozoic Tibetan ore-forming magmas for porphyry
deposits commonly have high water contents (>4.0 wt%, and up
to 10wt%) (Wang et al. 2014a; Lu et al. 2015) and oxidation states

(ΔFMQ�0.8 to�2.9) (Wang et al. 2014b; Zhang et al. 2017). The
post-collisional magmas with high Sr/Y ratios and isotopic com-
positions similar to arc magmas have long been thought to be
derived from partial melting of a subduction-modified lower crust
(Hou et al. 2004, 2015). The exposed Tibetan lower crust contains
multiple sulfide minerals and high Cu contents (Zhang et al. 2022;
Luo et al. 2023). Therefore, such sulfide-rich lower crust has been
proposed as the source of metals (Hou et al. 2015; Zheng et al.
2019). Although the essential materials (metals, water, oxidation
state) for porphyry mineralization have been met in the post-colli-
sional setting, only a few of these fertile magmas are mineralized,
and the probability of a large mineable porphyry deposit is
extremely low (<0.0001%) (Richards 2022). Therefore, a funda-
mental question has emerged: What is the trigger for porphyry
ore-forming events?

To address this question, we select a series of granitoids that
include both fertile and barren examples in the Gangdese belt.
The ore-related, high-Sr/Y magmas are from the giant porphyry
copper deposits of Qulong and Jiama, and medium to small
porphyry copper deposits of Jiru. The barren magmatic rock
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