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ABSTRACT

Porphyry copper deposits are usually associated with high-Sr/Y granitoids. The Miocene Gangd-
ese porphyry copper belt in southern Tibet is also associated with high-Sr/Y granitoids, forming wol-
framite deposits. Why some coeval high-Sr/Y granitoids formed Cu deposits (Cu-granitoids) while
others formed W deposits (W-granites) remains unclear. We address this issue by studying magma
sources and properties, analyzing magmatic zircons, biotites, and apatites in these granites, and com-
bining this information with previously published bulk-rock and zircon isotopic data. In situ chemical
analyses of magmatic zircon, biotite, and apatite show that the properties of the magmas that pro-
duced the Cu-granitoids and W-granites were significantly different. Zircon ΔFMQ values of the
W-granites were much lower than those of the Cu-granitoids, suggesting a more reduced magma
for W deposits. Water content of the W-granites (7–9 wt%) seems to be lower than that of the
Cu-granitoids (10–12 wt%). This is suggested by the low-zircon Ce/Nd and (Ce/Nd)/Y ratios and
high-Dy/Yb ratios in the W-granites. Biotite and apatite from the W-granites generally have lower
Cl contents than those from most Cu-granitoids. Moreover, the SO3 concentration in apatite from the
W-granites is also lower than that of the Cu-granitoids. These data agree with the genetic environment
suggested by previously published isotopic data. Bulk-rock Sr-Nd and zircon Hf isotopes indicate
that the Cu-granitoids were mainly sourced from juvenile lower crust. In contrast, the source of
W-granites was contaminated with the old Lhasa terrane basement. Our results highlight the role
of magma oxygen fugacity and volatile components in controllingmetal variations in high-Sr/Y gran-
itoids. Combinations of magmatic zircon ΔFMQ and Ce/Nd, (Ce/Nd)/Y and Dy/Yb ratios, and apa-
tite and biotite SO3 and Cl contents can be used to discriminate W-granites from Cu-granitoids in the
Gangdese metallogenic region, and hence granitoids potentially hosting W vs. Cu ore deposits.
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INTRODUCTION

Porphyry copper deposits (PCDs) are generally associated
with hydrous and oxidized magmas (Richards 2003), which
can be generated in both magmatic arcs (Richards 2003; Sillitoe
2010) and collisional orogenic belts (Hou et al. 2015). Studies on
PCDs, including cases in magmatic arcs and collisional zones
worldwide, have proposed that the magmatic suites associated
with PCDs usually have high-Sr/Y ratios (Richards and Kerrich
2007; Chiaradia et al. 2012; Richards et al. 2012; Loucks 2014).
High-Sr/Y ratios may reflect garnet and/or hornblende residues in
the magma source region during partial melting or fractional
crystallization of garnet and/or hornblende at pressures above
∼10 kbar (Loucks 2021). In addition, high-Sr/Y ratios can be gen-
erated in asthenosphere-derived arc magmas by upper plate
crustal interaction and crystal fractionation (Richards and Kerrich
2007). The Gangdese porphyry copper belt (GPCB) in the south-
ern Lhasa terrane (Fig. 1) is a typical collisional metallogenic belt
and the PCDs in the GPCB are also associated with high-Sr/Y

(>20) and usually high La/Yb (>20) granitoids (Fig. 2) emplaced
during the Miocene (22–12 Ma) (Hou et al. 2015; Yang et al.
2016;Wang et al. 2018b). Recently, several quartz vein- and grei-
sen-typewolframite deposits andmineralization occurrences have
been discovered in the northwestern GPCB; these deposits are
genetically related to Miocene (14–11 Ma) high-Sr/Y and high-
La/Yb biotite monzogranite and two-mica granite (Wang et al.
2018a, 2020, 2022). They typically include the Jiaoxi deposit
and the Jiaodong and Anglonggangri mineralization occurrences
(Fig. 1b). These discoveries indicate that the Miocene high-Sr/Y
granitoids in the Gangdese metallogenic region formed not only
Cu but alsoW deposits. The geological factors controlling the for-
mation of distinct metal deposits by nearly coeval high-Sr/Y gran-
itoids remain unclear. This is an important question that needs to
be addressed because of its relationship with regional mineral
resource prospecting and exploration.

The magma source and properties of granitoids (e.g., temper-
ature, oxygen fugacity, sulfur fugacity, water content, and
halogen concentration) play key roles in controlling metal asso-
ciations in magmatic-hydrothermal mineralization systems.
Based on the oxygen fugacity (f O2

) estimated by bulk-rock*Corresponding author E-mail: wlq060301@163.com
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