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ABSTRACT

The formation of epithermal gold deposits is closely linked to the evolution of hydrothermal
fluids, but the factors controlling the partitioning of gold and arsenic into sulfide minerals within
the evolutionary framework remain poorly understood. Here, we interpret the spatial zoning of mineral
assemblages, trace elements, and sulfur isotopic fractionation at the Dongyang epithermal gold deposit
in southeastern China. The vertical zonation is defined by a distinct transition from an upper (surface to
∼100 m) sulfide assemblage with negative δ34S values to a lower zone (below ∼100 m) where sulfides
with near-zero δ34S coexist with ferric iron oxides and sulfosalts, indicative of an increase in the oxygen
fugacity of the hydrothermal fluids with depth. The distribution of arsenian sulfides exhibits an opposite
trend relative to the variation in oxygen fugacity, indicating that low oxygen fugacity facilitates arsenic
partitioning into sulfides, which is consistent with the reduction of As(III) aqueous complexes to As– in
the structures of pyrite and arsenopyrite. The increased arsenic partitioning into sulfides also enhances
mineralization of “invisible” gold in the upper part of the deposit. The vertical zonation, mineralogical,
textural, and sulfur isotopic signatures at Dongyang are consistent with a model involving boiling at
depth and rapid upward migration of reducing (H2) and H2S-rich vapors.
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INTRODUCTION

Epithermal deposits are commonly regarded as products of
processes related to fluid evolution within and around volcanoes.
They form at convergent plate margins, as well as in intra-arc,
back-arc, and postcollisional rift settings (e.g., Simmons et al.
2005). Epithermal deposits occur at shallow depths, and their for-
mation is closely linked to changes in fluid properties, especially
via the processes of boiling (Wilkinson and Johnston 1996; Falk-
enberg et al. 2021) and fluid mixing (Wilkinson 2001; Heinrich
2007), in addition to fluid-rock interactions (Kusebauch et al.
2019; Petrella et al. 2021). One microscopic expression of these
processes is that gold (Au) has a strong affinity for the arsenian
iron sulfide minerals, such as pyrite [Fe(S,As)2] and arsenopyrite
(FeAsS) (Deditius et al. 2014). Multiple processes are thought to
control the partitioning of Au, together with As, into these miner-
als during fluid evolution. The co-transport of Au and As com-
plexes in low salinity, reduced, sulfur-rich hydrothermal fluids
is inferred to be responsible for the coupling of Au and As in sul-
fides (e.g., Boiron et al. 1989). The incorporation of As alters the
electrochemical and semiconducting properties of the pyrite

surface, thereby facilitating the adsorption of Au and its incorpo-
ration into growing sulfide minerals (Fleet and Mumin 1997;
Kusebauch et al. 2019; Du et al. 2025). The effect of As on
the enrichment of Au may also be attributed to a coupled redox
reaction involving the transformation of the dominant Au� and
As3� redox states in the hydrothermal fluid into Au2� and As−

in the sulfides (Perfetti et al. 2008). At a molecular level, cluster-
ing of Au and As within co-substituted pyrite structures acts as an
As-pump (Pokrovski et al. 2021b). These processes are expected
to be strongly dependent on the fluid physicochemical para-
meters, including temperature, pH, and fugacities of oxygen
(f O2

) and sulfur (f S2 ) (Fougerouse et al. 2016a; Xing et al. 2019;
Falkenberg et al. 2021; Liang et al. 2021; Wu et al. 2019, 2024).
The upwelling fluids lead to zonation patterns of wall-rock alter-
ation, elemental distribution, and isotopic fractionation along
ascending fluid-flow pathways, which systematically record the
stage-specific physicochemical conditions during fluid evolution
through both space and time.

Numerous studies have used themineralogical and geochem-
ical information recorded by sulfides to explore the fluid
conditions responsible for Au mineralization, including textures
(e.g., dissolution-reprecipitation replacement of sulfides;
Fougerouse et al. 2016a; Wu et al. 2018, 2019); morphologies
(e.g., the effect of the degree of solution supersaturation on
crystal habit) (Zhang et al. 2018; Hu et al. 2019); elemental
compositions (e.g., remobilization in deformed sulfides)
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