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Abstract

Magmatic fluid degassing within shallow magma chambers underneath the ore bodies is critical 
to the formation of porphyry Cu-Au deposits (PCDs). Yet, it remains unclear how the fluid degassing 
influences the development of PCDs. Here, geochemical data of apatite, amphibole, and plagioclase 
from ore-bearing and coeval barren porphyries have been analyzed in Sanjiang metallogenic belt, 
China. The ore-bearing porphyries normally exhibit high and wide XF/XCl (31.76–548.12) and XF/XOH 
(0.779–7.370) ratios of apatites, which are evidently higher than those of the barren porphyries (XF/XCl 
of 1.03–26.58; XF/XOH of 0.686–3.602). Combined with the continuous variation features of Cl/OH 
ratios and H2O contents of melts calculated by amphiboles, as well as fluid migration models, we 
constrained the mechanisms of fluid degassing within shallow magma chambers underneath PCDs. 
There are three different ways of fluid degassing, while only fluid degassing via fluid channel stage 
can migrate and focus the metal-rich fluids effectively, conducive to the development of PCDs. The 
mechanisms of magmatic fluid degassing processes are further controlled by the storage depths of 
magma chambers and initial H2O contents of the magmas revealed by the compositions of amphibole, 
plagioclase, and thermodynamic modeling. Magmas with shallower storage depths and higher initial 
H2O contents are more likely to experience extensive and focused fluid degassing, leading to the 
generation of PCDs. This study demonstrates the potential utility of integrated mineral analyses and 
thermodynamic modeling for investigating the mechanisms of magmatic fluid degassing in porphyry 
systems, as well as for identifying prospective buried PCDs.
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Introduction

Porphyry Cu-Au deposits (PCDs), representing a typical type 
of magmatic-hydrothermal deposit, currently provide ~75% and 
~20% of the global demand for Cu and Au, respectively (Sillitoe 
2010). Their ore bodies are typically around the apical tips of 
small volume (<~5 km3) pipe- or dike-like porphyries at depths 
of ~1–4 km. Such small porphyries could not be able to provide 
enough ore-bearing metals and fluids (enriched in H2O, HCl, 
H2S, SO2, and other volatile components) for the development of 
large PCDs. Thus, it is commonly believed that the ore-bearing 
metals and fluids are dominantly derived from a larger magma 
chamber (> ~100 km3) underneath the porphyries at depths of 
~4–10 km (e.g., Richards 2018). Consequently, the tonnages of 
PCDs could be closely associated with the volumes of fluids 
(> ~10 km3) degassed from the shallow magma chambers (e.g., 
Cline and Bodnar 1991; Chelle-Michou et al. 2017; Richards 

2018), while the processes of fluid degassing may also play 
critical roles in the development of PCDs as shown by numerical 
simulations (Parmigiani et al. 2016, 2017; Degruyter et al. 2019; 
Lamy-Chappuis et al. 2020). These various processes that govern 
the transport and extraction of magmatic fluids as they leave 
their shallow magma chambers and reach the mineralization 
sites are difficult to be well constrained directly by geological 
samples and remain a major challenge to our understanding of 
magmatic-hydrothermal systems of PCDs.

Apatite and amphibole are common phases in ore-bearing 
porphyries that can incorporate Cl, F, and OH in their structure 
and are known to have relatively high crystal-melt partition 
coefficients. They have been used to elucidate the behavior of 
magmatic fluids due to their ability to dynamically re-equilibrate 
their volatile contents in response to changes in melt composi-
tions (Piccoli and Candela 2002; Humphreys et al. 2009). 
Therefore, the compositions of apatite and amphibole may have 
great potential to provide constraints on the mechanisms of fluid 
degassing within the shallow magma chambers underneath PCDs 
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