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ABSTRACT

Pyrite (FeS2), the most abundant sulfide mineral on Earth, typically contains a host of minor and trace
elements, including As, Co, Ni, and Au. It is an important semiconductor with unique structural properties
markedly influenced by elemental impurities. However, whether the change in semiconducting properties
of natural pyrite is caused by the type and concentration of trace elements or by a non-stoichiometry-
related doping mechanism remains uncertain. Moreover, the effect of semiconducting properties on
the enrichment mechanism of Au has not been well addressed. Here, we investigate microscopic pyrite
crystals from the Heilangou gold field (HGF) in the eastern Jiaodong Peninsula using field emission scan-
ning electron microscopy (SEM), electron probe microanalysis (EPMA), in situ laser ablation inductively
coupled plasmamass spectrometry (LA-ICP-MS), potential-Seebeckmicroprobe (PSM), and thermoelec-
tric measurements. The results demonstrate that pyrite grains show either p- or n-type conductivity
depending on chemical compositions. Pyrite enriched inAs, which typically substitutes for S in the crystal
structure, tends to be p-typewith a positive Seebeck coefficient, whereas pyrite crystals enriched inCo,Ni,
Cu, and Zn, as well as those depleted in As, are typically n-type. Moreover, As shows the strongest influ-
ence on the semiconducting properties of natural pyrite crystals and a strong positive correlation with Au.
We observed that visible Au grains are preferentially accumulated on individual domains of sulfides
(e.g., As-rich pyrite) that act as cathodes, suggesting that electrical p-n junctions in sulfides drive electro-
chemical reactions with ore-forming fluids, resulting in the deposition of visible Au. The electrochemical
precipitationmechanism of Aumay account for the formation of other types of hydrothermal Au deposits.
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INTRODUCTION

The Jiaodong Peninsula, containing more than 150 Au
deposits, is located on the eastern margin of the North China
Craton (Fig. 1) (Goldfarb and Santosh 2014; Mills et al. 2015;
Wang et al. 2020) and is also one of the highly Au endowed
regions in the world with known Au resources of >5000 tons
(Deng et al. 2020a; Santosh and Groves 2022). The Au deposits
in this peninsula postdate their Precambrian metamorphic wall-
rocks by about 2 billion years (Zhao et al. 2001; Wang et al.
2020; Deng et al. 2020b), making them distinct from orogenic
Au deposits formed in volcano-sedimentary greenstone belts
(Goldfarb and Groves 2015; Deng et al. 2020b; Wang et al.
2022). There are two major types of Au deposits in this region,
namely fracture-controlled alteration type and auriferous quartz-
pyrite vein type (Qiu et al. 2002; Mills et al. 2015; Li and San-
tosh 2014, 2017; Yang and Santosh 2020; Deng et al. 2020a,
2020b; Peng et al. 2021). Importantly, both of these types are
characterized by visible Au mineralization (Peng et al. 2021).

Several studies have genetically correlated the Au deposits to the
large-scale lithospheric thinning beneath the NCC that resulted
in the destruction of the craton in the Mesozoic, accompanied by
extensive tectonic andmagmatic activities (Kusky 2011; Li et al.
2012; Mills et al. 2015; Wu et al. 2019a; Yang and Santosh
2020; Groves and Santosh 2021; Wang et al. 2020, 2021a;
Du et al. 2023). However, the anomalous enrichment mecha-
nism for the deposition and formation ofworld-class Au deposits
in such a small region remains elusive. The HGF, located in the
eastern margin of the Jiaodong Peninsula, is composed of sev-
eral Au deposits, such as Heilan’gou, Hexi, Hougezhuang,
Chugezhuang, and Qigou, which belong to the same ore-form-
ing hydrothermal system but are divided into different parts. The
mineralization styles in this field are broadly similar, character-
ized by quartz-sulfide vein mineralization developed along
secondary faults that strike NE and dip moderately to steeply
SE, with the local presence of native Au shoots (Yan et al. 2014;
Feng et al. 2018). Pyrite is an important constituent throughout
the hydrothermal mineralization process in the HGF and hosts a
significant proportion of Au (Feng et al. 2018).* Corresponding author E-mail: djun@cugb.edu.cn
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