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Porphyry deposits, the world’s most significant source of Cu
and an important source of Au [1], are formed by precipitation of
Cu and Au from magmatic hydrothermal fluids. Some porphyry
deposits contain Au as major resources, but the others as by-
products [2]. The high Au endowments in the porphyry deposits
significantly increase the deposits value. However, the key
factors that control the Au enrichment in porphyry systems
remains unclear. Magmas traversing the thick crust are likely to
become sulfide-saturated early [3, 4], due to the high-pressure
differentiation and low Fe content, which decrease the sulfur
solubility in silicate melts [5, 6]. Early sulfide saturation locks
most of Au and some Cu in the sulfide phases that are retained in
the lower crustal cumulates. The evolving magma will be
significantly depleted in Au, but it may contain enough Cu to
form a porphyry Cu-dominant deposit. In contrast, magmas
evolving in the thin crust are suggested to reach sulfide
saturation late [3, 4], so that most of the Cu and Au may be
available by the time of fluids exsolution, favoring the formation
of Au-rich porphyry deposits. Based on this relationship, we
collect the global Au grade and crustal thickness data of giant
porphyry deposits and show they are generally negatively
correlated. As a consequence, we suggest that the Au fertility,
which is dominantly controlled by the timing sulfide saturation
and modulated by the crustal thickness, plays a critical role in the
formation of Au-rich porphyry deposits.
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