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Qiu-Ming Pei a,*, Cheng-Hong Li a, Shao-Bing Ma a, Yi Liang a, Hua-Wen Cao b, Hang-Fei Ge a, 
Jia-Le Shen a, Inna Safonova a,c,* 

a Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China 
b State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu 610059, China 
c Sobolev Institute of Geology and Mineralogy SB RAS, Koptyuga ave. 3, Novosibirsk 630090, Russia   

A R T I C L E  I N F O   

Keywords: 
Sellaite 
Pyrite 
In-situ analyses 
Orogenic gold deposit 
Ore genesis 
Pianyanzi 

A B S T R A C T   

The Pianyanzi gold deposit is situated at the western margin of the Yangtze Craton, and represents a rare sellaite- 
bearing orogenic gold deposit. This deposit belongs to the Dauduhe gold belt of southwestern China and remains 
poorly documented. In this paper we present first petrographic and in-situ geochemistrical and sulfur isotope data 
from pyrite as well as results of multielement mapping. The deposit is dominated by native gold (average gold 
fineness = 980.8) filling fractures in minerals (e.g., pyrite, quartz, sellaite and hematite) or also emplaced along 
the contact interface between mineral grains. Pyrite is the most abundant sulfide mineral of this deposit. We 
identified five generations of pyrite: Py1, Py2a, Py2b, Py3, and Py4. Gold occurs in sellaite- and hematite-bearing 
mineral assemblages formed simultaneous with the formation of Py2a&b and Py4, respectively. Py1 formed in 
the Au-poor ore stage, while Py3 formed during the late galena-dominated sulfide stage. All generations of pyrite 
exhibit low concentrations of gold with an average value of less than 2 ppm. Py2a&b possess distinctive textures 
and chemical zonation, with trace elements displaying greater variations compared to Py1, Py3 and Py4. The 
δ34S values vary from − 0.52 ‰ to 7.08 ‰, which is consistent with those of orogenic deposits of the Daduhe gold 
belt. The deep metasomatized mantle lithosphere acted as a potential source of ore fluids. We conclude that the 
co-precipitation of native gold and sellaite was triggered by the interaction between auriferous fluids and 
dolomite.   

1. Introduction 

Orogenic gold deposits, also known as epigenetic lode- to 
disseminated-style gold-only deposits in metamorphic rocks, generally 
form at convergent margins during syn-subduction accretion to late- 
subduction lithosphere thinning or even continental collision (Gebre- 
Mariam et al., 1995; Groves et al., 1998; Robert et al., 2007; Goldfarb 
et al., 2019; Wang et al., 2022; Safonova and Perfilova, 2023; Zeng et al., 
2023). Gold deposits of this type are widely distributed throughout the 
world and account for a significant proportion of the world’s gold re-
sources and production (Goldfarb et al., 2005; Weatherley and Henley, 
2013; Chinnasamy et al., 2015). Numerous studies have demonstrated 
that the formation of orogenic gold deposits coincides well with the 
amalgamation of supercontinents (Barley and Groves, 1992; Goldfarb 
et al., 2001; Bierlein et al., 2009; Groves and Santosh, 2021; Wang et al., 

2023), indicating that studying such deposits can contribute to recon-
structing the tectonic evolution of individual accretionary and/or 
collisional orogens and supercontinents. Consequently, the orogenic 
gold deposits have recently attracted significant attention of researchers 
worldwide (Phillips and Powell, 2009; Huston et al., 2012; Deng and 
Wang, 2016; Groves et al., 2020; Zhao et al., 2021; Zhao et al., 2022b; 
Goldfarb and Pitcairn, 2023; Vasilopoulos et al., 2023; Raič et al., 2023). 

Orogenic gold deposits represent one of the most important types of 
gold deposits in China and typically occur along the margins of cratons 
and adjacent orogenic belts (Wang et al., 2022 and references therein). 
The Daduhe gold belt (also known as the Daduhe–Jinpingshan gold belt) 
is extended along the western margin of the Yangtze Craton. It is a 
famous gold metallogenic belt in southwest China with more than thirty 
gold deposits discovered (Wang et al., 2005; Li et al., 2007; Deng and 
Wang, 2016; Wang et al., 2020; Zhao et al., 2022a). Despite the common 
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features of orogenic gold systems, some aspects such as fluid/metal 
sources and mineral assemblages also show great differences (e.g., Large 
et al., 2011; Goldfarb and Groves, 2015; Qiu et al., 2020; Yang et al., 
2023). The Pianyanzi deposit is located in the middle Daduhe gold belt 
and carry specific sellaite-bearing mineral assemblages (sell-
aite–quartz–sulfide–fluorite–quartz–Au), which are untypical of 
orogenic gold deposits. Previous studies have revealed that diverse 
mineral assemblages in orogenic gold systems can be caused by diverse 
ore fluids, structural settings and host rocks through specific geological 
processes such as fluid-rock interaction (Hodkiewicz et al., 2009; 
Williams-Jones et al., 2009; Groves et al., 2018; Yang et al., 2021). 
However, the specifics of such processes in this deposit remain unclear. 
Early studies focused mostly on geologic features, ore-controlling 
structures and fluid inclusions (Mao et al., 1986; Luo et al., 1987; Lu 
and Mao, 1988; Li and Cai, 1995; Zheng, 1995; Zhang et al., 2022), but 
recently there have appeared new tools and methods like in-situ high- 
resolution mineral-scale analysis. In this paper we present first results 
from “traditional” and in-situ studies of pyrite of the Pianyanzi deposit. 

Pyrite is a ubiquitous sulfide in hydrothermal systems, which can 
form in a wide range of fluid temperatures, oxygen fugacities and pH 
conditions (Craig et al., 1998; Fontboté et al., 2017). The texture and 
chemical composition of pyrite keep a record of physicochemical con-
ditions of the fluid from which it crystallized (Cook et al., 2009; Koglin 
et al., 2010; Gregory et al., 2016; Gregory et al., 2019). In addition, the 
sulfur isotope geochemistry of pyrite is crucial to interpret the sources 
and evolution of ore-forming fluids during successive hydrothermal and 
metamorphic events (e.g., Tanner et al., 2016; Hu et al., 2019; Sun et al., 
2020; Cao et al., 2021; Martin et al., 2023). Accordingly, pyrite is ideally 
suitable for high-precision in-situ measurements coupled with trace 
element and sulfur isotope analyses to decipher complex and poorly 

constrained gold mineralization processes (Tanner et al., 2016; Keith 
et al., 2020; Ma et al., 2022; Berthier et al., 2023; Chao et al., 2023; Yang 
et al., 2023). Here, we report new field and petrographic observations, 
in-situ geochemistry and sulfur isotopic compositions of pyrite of the 
poorly studied Pianyanzi gold deposit. In attempting to better examine 
trace element variations, in-situ multielement mapping was also con-
ducted in this contribution. Additionally, we analyzed the concentra-
tions of Au and Ag in native gold grains formed in different paragenetic 
stages. The main goals of the present work were to elucidate: (1) the 
nature of sellaite-bearing gold mineralization; (2) the multielement and 
sulfur isotopic variations in different pyrite generations; and (3) the 
occurrence and precipitation mechanisms of Au. 

2. Geological background 

2.1. Regional geology 

The Pianyanzi gold deposit is situated in the western margin of the 
Yangtze Craton, China (Fig. 1a). The structural framework of this region 
has been established during a multistage tectonic evolution: 1) the 
Neoproterozoic oceanic spreading and subduction (Zhou et al., 2002; 
Zhao and Zhou, 2008; Zou et al., 2021); 2) Late Paleozoic continental rift 
and mantle plume (Xu et al., 2007; Deng et al., 2014; Li et al., 2016; 
Metcalfe, 2021); 3) Mesozoic Paleo-Tethys suturing (Yan et al., 2011; 
Zhang et al., 2023); and 4) Cenozoic uplift of the eastern Tibetan Plateau 
related to the India–Asia collision (Cao et al., 2017; Kapp and DeCelles, 
2019; Su et al., 2019; Cao et al., 2023a). Stratigraphically, along the 
large-scale Mesozoic domal belt of the northwestern Yangtze Craton 
(Fig. 1a), the exposed Mesoproterozoic to Neoproterozoic crystalline 
basement essentially consists of Neoproterozoic arc 

Fig. 1. (a) Simplified tectonic map showing the location of the western margin of the Yangtze Craton (modified after Wang et al. 2020). (b) Regional geological map 
showing the stratigraphy, magmatic rocks, structures, and gold deposits (modified after Zhao et al. 2022b). 

Q.-M. Pei et al.                                                                                                                                                                                                                                  



Ore Geology Reviews 165 (2024) 105866

3

plutonic–metamorphic assemblages (Wallis et al., 2003; Zhou et al., 
2006). The basement complexes (e.g., the Kangding complex) include 
granitic gneisses, gneiss granites and migmatites and are largely over-
lain by a Neoproterozoic (Sinian) to Cenozoic cover sequence (Zhou 
et al., 2006; Yan et al., 2018), which is dominated by Paleozoic strata 
and Triassic flysch (Fig. 1b). The India–Asia collision resulted in the 
compression, which generated a system of ductile–brittle shear zones 
and faults of variable scales and rates (Yan et al., 2018). Such a network 
of tectonic structures appeared to be favorable for the formation of 
diverse hypogene deposits (Groves and Santosh, 2021; Yang et al., 2022; 
Zhou et al., 2023), in particular, significant amounts of gold deposits 
have been identified on the both sides of the Daduhe River to form the 
Daduhe gold belt. Abundant igneous rocks are distributed in this region 
and are mainly composed of Proterozoic mafic–ultramafic rocks, layered 
Permian mafic rocks related to the Emeishan large igneous province 
(LIP), and Mesozoic and Cenozoic granitoids (Zhang et al., 2009; Roger 
et al., 2010; Cao et al., 2022; Zhao et al., 2022a), all could provide 
necessary material, power and heat sources for mineralization (Broom- 
Fendley et al., 2017; Pei et al., 2017; Pei et al., 2022). 

2.2. Ore deposit geology 

The Pianyanzi deposit (>5 t Au @ 2.5 g/t) is located 6 km north of 
Kangding City in western Sichuan Province, Southwest China (Fig. 2a). 
It has a long history of sporadic mining dating back ~ 100 years, but the 
amount of Au ores extracted during the early period is unknown, and 
therefore the size of the deposit has been underestimated (Luo et al., 

1987). The later investigations of minerals and fluid inclusions provided 
more knowledge about the ore genesis (e.g., Mao et al., 1986; Lu and 
Mao, 1988; Li and Cai, 1995, Zheng, 1995; Zhang et al., 2022). 

The numerous gold deposits/occurrences distributed in the Kangding 
area and around all form the Kangding gold district (Fig. 2a). As shown 
in Fig. 2b, the exposed strata of the Pianyanzi deposit mainly consist, 
from oldest to youngest, of the Ediacaran Doushantuo and Dengying 
Formations, the Silurian Maoxian Group, and the upper Triassic Han-
fengya Formation. The Doushantuo Formation is exposed in the south-
eastern part of the mining area and is mainly composed of fine-grained 
limestone. The Dengying Formation can be divided into two units: (1) 
the lower unit of fine-grained dolomitic limestone; and (2) the upper 
unit of fine-grained dolomite and algal-rich dolomite. The upper unit of 
the Dengying Formation hosts the gold ore bodies (Fig. 2b). The 
Maoxian Group comprises crystalline limestone, slate and phyllite, 
which are exposed in the western part of the deposit. The Hanfengya 
Formation crops out in the southeast corner of the deposit and consists of 
sericitic phyllite interbedded with sandy slate. The structural framework 
of the deposit consists of earlier N–S-striking faults and later fanning 
NW- to NE-striking faults and matches that of the whole Daduhe gold 
belt (Wang et al., 2020; Zhao et al., 2022a). The gold ore bodies are 
mainly hosted in the NNE–NE-trending extensional faults and fractures. 
The majority of the ore bodies are buried and can be explored only by 
underground mining or drilling (Fig. 2c). The ore bodies are steadily 
extending by the strike and/or the ore veins show no tendency to pinch 
out. 

The dominant metallic minerals at Pianyanzi are pyrite, hematite, 

Fig. 2. (a) Geological map of the Duduhe gold belt (modified after Zhao et al. 2022a). (b) Geological sketch map of the Pianyanzi gold deposit (modified after Luo 
et al. 1987). (c) Simplified geological profile of the Pianyanzi gold deposit (modified after Luo et al. 1987). 
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galena, native gold, chalcopyrite, sphalerite, limonite and chalcocite. 
Gangue minerals mainly include sellaite, fluorite, quartz, malachite and 
carbonates. We identified four ore-forming stages and one post-ore stage 
on the basis of cross-cutting relationships, textures of hand-size and 
microscopic specimen and observed mineral assemblages (Fig. 3). Stage 
1: crystallization of milky barren quartz and coarse-grained euhe-
dral–subhedral pyrite (Fig. 4a). Stage 2: crystallization of sellaite and 
formation of economic amounts of native gold (Fig. 4b) plus abundant 
euhedral pyrite, quartz with minor galena, fluorite, dolomite, and sub-
ordinate sphalerite, enargite, scheelite and calcite (Fig. 4c). Stage 3: 

deposition of later sulfides, abundant galena, pyrite and quartz with 
minor sphalerite (Fig. 4d). Stage 4: crystallization of grey–white quartz 
with abundant coarse-grained anhedral–subhedral hematite, deposition 
of economic amounts of native gold, plus pyrite and limonite (Fig. 4e). 
Stage 5 is post-ore epigenetic oxidation that formed widespread oxidized 
minerals such as malachite and limonite (Fig. 4f). 

As mentioned above, the economic gold mineralization of the Pia-
nyanzi deposit developed in Stage 2 and Stage 4. A special feature of 
Stage 2 mineral assemblage is the presence of sellaite. Sellaite is a 
transparent mineral that typically occurs as coarse anhedral grains with 

Fig. 3. Mineral paragenesis and assemblage diagram of the Pianyanzi gold deposit.  

Fig. 4. Photographs of hand specimens showing the mineralization and mineral assemblages of the Pianyanzi gold deposit. a. Coarse-grained pyrite in barren quartz 
veins in stage 1; b–c. Sellaite-bearing gold ore in stage 2; d. Galena, pyrite, native sulfur within quartz in stage 3; e. hematite-bearing gold ore in stage 4; f. Malachite 
+ azurite + hematite + quartz in post-ore stage (stage 5). Abbreviations: Gn–galena, Hm–hematite, Lm–limonite, Mal–malachite, Py–pyrite, Qz–quartz, Sel–sellaite. 
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high negative relief under microscope (Fig. 5a). It is very closely asso-
ciated with quartz, fluorite, pyrite and native gold (Fig. 5b–c). The Stage 
2 gold mineralization is characterized by discrete gold grains (2–100 
μm) occurring within other mineral grains (Fig. 5d–f) or along grain 
boundaries (Fig. 5g). Stage 4 is marked by large amounts of oxidized 
minerals (e.g., hematite) (Fig. 5h). Hematite is the most abundant 
mineral and can sometimes form through the replacement of pre- 
existing pyrite (Fig. 6). Compared to Stage 2, Stage 4 has a similar 
occurrence of gold, but produces less gold and smaller native gold grains 
(less than 20 μm). 

The weak proximal hydrothermal alteration is aligned linearly and is 
manifested in silicification, pyritization, sericitization, chloritization 
and carbonatization of the zone around the ore veins and ore-controlling 
faults. 

3. Sampling and analytical techniques 

Twenty-five samples of different types of ores and wall rocks were 
collected from field outcrops and two underground tunnels within the 
mining area at the 3412 and 3300 m altitude levels for this study. Pol-
ished thin sections were made from both barren samples and gold- 
bearing ores of different mineralization stages at Guangzhou Tuoyan 
Analytical Technology Co. Ltd. (Guangzhou, China). Detailed petro-
graphic and mineralogical examinations were studied via reflected and 
transmitted polarized light microscopy and electron microprobe anal-
ysis (EMPA). Subsequently, a total of eleven pyrite-bearing samples with 
typical mineral assemblages were further selected for in-situ elemental 
content and sulfur isotope analyses. 

The EMPA was undertaken using a JEOL JXA–8230 electron probe at 
the School of Geoscience and Technology, Southwest Petroleum Uni-
versity, China. The thin sections were uniformly carbon-coated (20 nm 

thick) prior to analysis. All analyses for sulfide were carried out under 
the following conditions: accelerating voltage = 20 kV, beam current =
20nA, beam diameter = 1 μm, and counting time for each element = 10 
s. The measured elements are Se, S, Bi, Fe, Cu, Zn, As, Co, Ni, Sb, Ag, Pb 
and Au. All data were corrected using a standard ZAF routine, yielding a 
precision of better than 1 %. Additionally, backscattered electron (BSE) 
images were captured during the EMPA analysis. 

In-situ trace element analyses of pyrite were performed by the Laser 
Ablation Inductively Coupled Plasma Mass Spectra (LA–ICP–MS) at the 
Wuhan Sample Solution Analytical Technology Co., Ltd., Wuhan, China 
(WSSAT), using a GeoLasPro laser ablation system consisting of a 
COMPexPro 102 ArF 193 nm excimer laser and a MicroLas optical sys-
tem connected to an Agilent 7700e ICP–MS instrument. The laser 
ablation system was equipped with a signal-smoothing device to 
improve the stability of the signal and precision of the isotope ratio (Hu 
et al., 2015). Helium was applied as the carrier gas for laser ablation and 
was merged with argon (makeup gas) during single-hole ablation (Cao 
et al., 2023b). The beam diameter was set to 15 μm for all samples and 
reference materials, with a pulse frequency of 5 Hz. Trace element 
concentrations of sulfides were calibrated against various reference 
materials (NIST 610 and NIST 612) without using an internal standard 
(Liu et al., 2008). The sulfide reference material of MASS–1 (USGS) is 
used as the unknown sample to verify the accuracy of the calibration 
method. Each analysis included a background acquisition of approxi-
mately 20–30 s followed by 50 s sample data acquisition. The analyzed 
elements include Li, Be, Na, Mg, Al, Si, P, S, K, Ca, Ti, Cr, Mn, Fe, S, Co, 
Ni, Cu, Zn, Ge, As, Se, Mo, Ag, Sb, Au, Pb and Bi. The Excel-based 
software ICPMSDataCal is used for offline processing of the analytical 
data (Liu et al., 2008). 

LA–ICP–MS trace element mapping on pyrite domains was 
completed under a procedure similar to that for the spots except for 

Fig. 5. Photomicrographs illustrating ore textures and gold occurrence of the Pianyanzi gold deposit. a. Transmitted light image showing sellaite and quartz. B. BSE 
image of pyrite, sellaite and quartz. c. Reflected light (RL) image of crushed pyrite grains intergrown with sellaite and quartz. RL images showing native gold 
occurring as discrete grains within quartz (d), sellaite (e) and pyrite (f), or along grain boundaries (g). h–i. RL images showing native gold grains in hematite of stage 
4. Abbreviations: Hm–hematite, Py–pyrite, Qz–quartz, Sel–sellaite. 
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slight variations in spot size and pulse rate. Instead of individual spot 
locations, a series of parallel lines were ablated. Accordingly, the con-
centration at each time slice was stacked to form an x–y concentration 
grid, which is displayed as false color images using a kriging algorithm 
(Wu et al., 2018). Detailed information about the LA–ICP–MS mapping 
method in pyrite is similar to that previously reported in Koenig et al. 
(2009). 

Polished thin sections for in-situ trace element spot analyses of pyrite 
were chosen for in-situ sulfur isotopic analyses, which were also con-
ducted using LA–ICP–MS method at WSSAT. Analyses were performed 
on a Neptune Plus MC–ICP–MS (Thermo Fisher Scientific, Bremen, 
Germany) together with a Geolas HD excimer ArF laser ablation system 
(Coherent, Göttingen, Germany). Analytical techniques are described in 
detail by Fu et al. (2016). Single spot ablation mode was used at a large 
spot size (44 μm) and low pulse frequency (2 Hz), which were used to 
avoid the down hole fractionation effect. During the experiment, the 
laser energy fluency was kept constant at ~5 J/cm2. A standard-sample 
bracketing method (SSB) was employed to compensate for instrumental 
mass fractionation. The in-house references of pyrrhotite SP-Po-01 
(δ34Sv-CDT = 1.4 ± 0.4), chalcopyrite SP-CP-01 (δ34Sv-CDT = 5.45 ±
0.3) and two synthetic Ag2S standards IAEA-S-2 (δ34Sv-CDT = 22.58 ±
0.39) and IAEA-S-3 (δ34Sv-CDT = –32.18 ± 0.45) were analyzed repeat-
edly as unknown samples to ensure the accuracy of the calibration 

method. In addition, all data reduction for the MC–ICP–MS analysis of 
sulfur isotope ratios was processed with the “Iso-Compass” software 
(Zhang et al., 2020). 

4. Results 

4.1. Pyrite generations 

Pyrite is the predominant sulfide mineral in this deposit. Based on 
petrographic observations and BSE imaging, at least five pyrite gener-
ations (Py1, Py2a, Py2b, Py3 and Py4) with distinct textures and mineral 
assemblages are identified throughout the mineralization stages. 

The pyrite formed in the first stage of paragenesis (Py1) is mostly 
coarse- to medium-grained euhedral–subhedral grains (100 μm to 2 
mm). Py1, mainly formed in the Au-poor ore stage, is typically inclusion 
free with a uniform internal texture (Fig. 7a). Late-stage dendritic he-
matite overgrows from the grain boundaries of Py1 displaying a 
replacement texture (Fig. 7b). These Py1 grains usually have irregular 
textures, which are interpreted to be the products of corrosion. 

Py2 is commonly developed in the Au-rich main ore stage and has 
angular to rounded edges with crystals ranging in diameter from 30 to 
500 μm. It is porous and associated with abundant sellaite, fluorite, 
dolomite, trace sulfide and widely distributed gold, which typically 

Fig. 6. EMPA element maps of selected pyrite grains from the Pianyanzi gold deposit.  
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occur as particles within or along the microfractures of Py2 (Fig. 7c). The 
core–rim textures were best developed in this generation of pyrite and 
thus Py2 can be further subdivided into Py2a and Py2b. Their over-
growth relationship and general succession can be easily identified by 
BSE images (Fig. 7c–d), indicating that they contain higher concentra-
tions of other elements such as As. Py2b commonly borders Py2a as thin 
subhedral rims. In particular, the zoned or oscillatory-rimmed pyrite 
commonly consists of cavities, an inclusion-rich core (Py2a) and an 
inclusion-poor rim (Py2b). 

Py3 typically coexists with galena, sphalerite, and quartz in Stage 3. 
It appears as euhedral crystals varying from 100 to 500 μm (Fig. 7e). Py4 
is found in irregular shapes surrounded by hematite, often appearing as 
discrete grains with a size of less than 50 μm (Fig. 7f). Native gold grains 
are also sparsely present in the fractures within hematite adjacent to Py4 
(Fig. 5h). In addition, both Py3 and Py4 are texturally homogeneous and 
have very few inclusions. 

4.2. EMPA analysis of pyrite and native gold 

The major element compositions of different pyrite generations were 
determined through a total of 78 EPMA spot analyses. The results are 
summarized in Table 1, and the full data sets are available in supple-
mentary Table 1. No significant compositional variations were detected 
by EMPA. The Fe, S and Co contents among all pyrite types have 
restricted ranges of 45.6–47.4 %, 51.4–53.5 % and 0.03–0.09 %, 
respectively. In terms of arsenic, slight variations were observed among 
the different types of pyrite. Specifically, the average As contents in Py1, 
Py2a, Py2b, Py3 and Py4 are 0.29 %, 0.04 %, 0.31 %, 0.34 % and 0.15 %, 
respectively. EMPA mapping in selected pyrite grains also yields similar 
element variation trends (Fig. 6). In addition, elements such as Se, Bi, 
Cu, Zn, Ni, Sb, Ag, Pb and Au were sometimes below the detection limit 
of EMPA. 

The Au and Ag concentrations of native gold grains in different ore 
stages were also measured with EMPA. All analytical data are provided 

Fig. 7. BSE images with sulfur isotope sites showing representative textures of pyrites from Pianyanzi. (a) Coarse-grained euhedral–subhedral Py1 grains. (b) 
Hematite and pyrite form dendritic textures. (c–d) Zoned pyrite (Py2a&b) with porous structure and rich in inclusions. (e) Py3 in galena-dominant mineral 
assemblage. (f) Pyrite in hematite and associated Ag-bearing substances. Abbreviations: Ccp–chalcopyrite, Gn–galena, Hm–hematite, Py–pyrite, Qz–quartz. 

Table 1 
Summary of EMPA analyses of each pyrite generation from Pianyanzi.  

types Items S Fe Cu Zn As Co Ni Sb Bi Ag Au Total 

Py1 Min  51.90  45.56 bdl bdl 0.01  0.03 bdl bdl bdl bdl bdl  98.18 
(n = 12) Max  53.49  46.85 0.02 0.04 0.59  0.07 0.03 0.04 0.12 0.02 0.07  100.57  

Average  52.63  46.10 0.01 0.01 0.29  0.05 0.01 0.01 0.05 bdl 0.02  99.24 
Py2a Min  52.14  45.93 bdl bdl bdl  0.04 bdl bdl bdl bdl bdl  98.52 
(n = 19) Max  53.51  47.33 0.04 0.05 0.38  0.09 0.06 0.02 0.13 0.02 0.10  100.88  

Average  52.85  46.45 0.01 0.02 0.04  0.06 0.01 bdl 0.03 0.01 0.02  99.49 
Py2b Min  51.40  45.79 bdl bdl bdl  0.03 bdl bdl bdl bdl bdl  98.19 
(n = 32) Max  53.45  47.44 0.03 0.04 0.91  0.09 0.05 0.04 0.11 0.03 0.11  100.86  

Average  52.79  46.43 0.01 0.01 0.31  0.06 bdl 0.01 0.03 0.01 0.03  99.67 
Py3 Min  52.09  45.71 bdl bdl 0.10  0.04 bdl bdl bdl bdl bdl  98.61 
(n = 5) Max  53.09  46.26 0.02 0.03 0.96  0.06 0.01 bdl 0.02 0.03 bdl  99.53  

Average  52.71  46.08 0.01 0.01 0.34  0.05 bdl bdl 0.01 0.02 bdl  99.22 
Py4 Min  52.41  45.81 bdl bdl 0.01  0.03 bdl bdl bdl bdl bdl  98.75 
(n = 10) Max  53.53  46.69 0.05 0.02 0.39  0.08 0.02 0.02 0.12 0.06 0.10  100.30  

Average  53.01  46.23 0.02 bdl 0.15  0.06 bdl 0.01 0.04 0.02 0.02  99.54 

Note: bdl = below detection limit. 
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in supplementary Table 2. The 55 spot analyses of Stage 2 and Stage 4 
are similar to each other, with gold fineness (=Au (wt %)/[Au (wt %) +
Ag (wt %)] × 1000) ranging from 976.4 to 986.9 and 960.9 to 992.9, 
respectively. The mean values of gold fineness in Stage 2 and Stage 4 are 
981.4 (N = 27) and 980.3 (N = 28), respectively. The above results show 
that the native gold grains in the Pianyanzi gold deposit exhibit constant 
and high Au contents. 

4.3. LA–ICP–MS trace element analysis of pyrite 

Trace element data for all generations of pyrite obtained by LA-ICP- 
MS spot analysis are summarized in Table 2 and Fig. 10. The complete 
data sets are compiled in Supplementary Table 3. Some representative 
profiles of various pyrites are presented in Fig. 11. All generations of 
pyrite in the Pianyanzi deposit have various As, Pb, Co, Ni, Au, Ag, Cu, 

Table 2 
Summary of LA–ICP–MS spot analyses of each pyrite generation from Pianyanzi.  

Pyrites types Items Co Ni Cu Zn As Se Ag Sb Au Pb Bi Mg Ca 

Py1 Min  0.02  0.02  0.34  0.92  2197.16  bdl  bdl  0.02  0.14  0.03 0.01  0.01  bdl 
(n = 9) Max  2.08  10.07  7.49  38.15  4724.39  58.94  0.30  30.97  1.90  49.08 2.44  23.00  55.09  

Average  0.28  1.77  2.32  5.57  3348.21  24.56  0.06  3.94  0.68  6.05 0.34  5.57  18.67 
Py2a Min  0.07  0.18  1.78  1.12  0.19  4.23  0.01  0.02  0.01  0.02 0.01  0.04  3.02 
(n = 16) Max  48.97  41.60  591.43  102.64  969.67  151.59  10.41  35.27  3.47  1059.86 29.09  13518.91  23741.55  

Average  8.64  9.18  45.22  8.18  185.82  48.74  1.87  9.09  0.75  118.57 3.76  1154.69  2400.69 
Py2b Min  0.01  0.12  0.24  1.12  616.68  2.49  0.02  0.04  0.27  0.08 0.01  0.04  0.73 
(n = 24) Max  86.23  350.37  11.84  19.44  10656.39  181.98  7.88  41.99  12.48  1381.18 11.69  537.92  711.15  

Average  20.66  44.59  3.87  2.43  4460.23  41.05  1.24  3.66  2.99  127.84 1.23  46.85  70.40 
Py3 Min  0.02  0.16  1.05  0.90  1166.55  2.28  0.05  0.04  0.41  0.31 bdl  0.24  10.12 
(n = 5) Max  2.79  16.39  3.24  1.62  2912.98  87.84  2.60  36.41  2.61  218.61 bdl  0.46  38.40  

Average  0.90  4.24  1.91  1.30  1929.48  31.73  0.73  12.68  1.08  98.49 bdl  0.37  21.66 
Py4 Min  0.20  0.05  0.24  0.84  717.43  14.59  0.16  0.02  0.07  0.95 0.01  0.11  7.38 
(n = 5) Max  1.95  1.27  5.46  2.22  1224.25  90.44  127.45  0.21  2.00  13.22 0.22  0.19  38.47  

Average  1.15  0.69  1.92  1.41  967.71  51.25  43.38  0.07  0.71  5.69 0.12  0.14  22.61 

Note: bdl = below detection limit. 

Fig. 8. LA–ICP–MS multielement mapping of selected pyrite from the Pianyanzi gold deposit.  
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Zn, Pb, Bi, Se, Ti, Sb, and Ge concentrations. The contents of some trace 
elements such as Mo, Sn, Tl, Te and rare earth element (REE) are typi-
cally below the detection limit. 

Py1 is relatively enriched in As and Se, with averages of 3348.21 
ppm and 24.56 ppm, respectively. As shown in Fig. 10, Py1 is commonly 
depleted in Au, Ag, Co, Ni, Sb, Pb and Bi with average concentrations of 
0.68 ppm, 0.06 ppm, 0.28 ppm, 1.77 ppm, 3.94 ppm, 6.05 ppm and 0.8 
ppm, respectively. 

Py2a has the highest concentrations of Mg (average 1154.69 ppm) 
and Ca (average 2400.69 ppm); relatively high concentrations of Cu 
(average 45.22 ppm), Co (average 8.64 ppm), Ni (average 9.18 ppm), Se 
(48.74), Sb (average 15.63 ppm), Pb (average 118.57 ppm), and Bi 
(average 3.76 ppm); and the lowest concentrations of As (average 
185.82 ppm) and Au (average 0.75 ppm). Compared with Py2a, Py2b 
shows significantly higher As and Au contents ranging from 616.68 to 
10656.39 ppm and 0.27 to 12.48 ppm, respectively. Additionally, Py2b 
shows slightly increasing Co and Ni concentrations and decreasing Cu, 
Sb and Bi concentrations. Some elements, such as Ag and Se, have 
similar concentrations. By LA–ICP–MS mapping of the selected zoned 

pyrite grains (Py2a & Py2b), we obtained clear elemental distribution 
patterns of Co, Ni, Cu, As, Ag, Sb, Au and Pb. As shown in the 
LA–ICP–MS trace element maps (Figs. 8–9), there is noticeable chemical 
zoning from the porous and inclusion-rich core (Py2a) to the rim (Py2b), 
which is coherent with EPMA mapping. The overgrowth (Py2b) has 
higher concentrations of elements such as As, Au, Co, Ni and Cu 
compared to Py1a. 

Py3 exhibits relatively high concentrations of Pb and Sb, averaging 
98.49 ppm and 12.68 ppm, respectively. Conversely, Py3 has lower Ag, 
with a mean of 0.73 ppm, and Bi is below the detection line, with Co, Ni, 
Cu and Zn similar to Py1. In addition, the As content is lower compared 
to Py1 (mean 1929.48 ppm). For Py4, the Co and Ni concentrations are 
comparable to those of Py3. However, it has higher Ag (average 43.38 
ppm) and Se (average 43.38 ppm) levels, and lower Pb (average 0.14 
ppm) and Bi (average 0.12 ppm) concentrations than other types of 
pyrite. 

Fig. 9. LA–ICP–MS multielement mapping of selected pyrite from the Pianyanzi gold deposit.  
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4.4. In-situ sulfur isotopic compositions of pyrite 

The in-situ S isotopic compositions of the different types of pyrite are 
given in Table 3. The pyrite from the Pianyanzi Au deposit typically 
exhibits positive δ34S values ranging between 1.49 and 7.08 ‰, except 
for one spot from Py2a, which shows a negative δ34S value of − 0.52 ‰. 
Py1 displays a limited range of δ34S values, ranging from 6.50 to 6.85 ‰ 

(mean = 6.63 ‰), whereas Py3 and Py4 have comparable δ34S values 
ranging from 5.95 to 7.08 ‰ with an average of 6.5 ‰. In comparison, 
the δ34S value of Py2a is low, ranging from − 0.52 to 3.25 ‰, while that 
of Py2b is between 6.44 and 6.97 ‰, which is consistent with the δ34S 
values of Py1, Py3 and Py4. 

Fig. 10. Box and whisker diagram showing selective trace element contents of the different pyrites from Pianyanzi.  

Fig. 11. Representative LA–ICP–MS time-resolved spectra for each pyrite generation from Pianyanzi, showing the distribution of Mg, S, Ca, Fe, Co, Ni, Cu, Zn, As, Ag 
and Au. 
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5. Discussion 

5.1. Pyrite information and gold occurrence 

Textural and chemical variations among different pyrite generations 
(Py1, Py2a, Py2b, Py3 and Py4) were observed by means of EMPA and 
LA–ICP–MS analyses in spot and mapping modes. In addition, the time- 
resolved ablation profiles of individual laser spot analyses can be used to 
identify invisible or nano-sized inclusions within pyrite grains (Mas-
lennikov et al., 2009; Genna and Gaboury, 2015). However, if the nano- 
inclusions are evenly distributed, it may appear impossible to detect 
them by LA–ICP–MS depth profiles (Cook et al., 2016). In that case, co- 
variations between specific elements can provide us useful clues for their 

identification (Voute et al., 2019). 
Our petrographic observations have demonstrated that native gold 

particles are widely distributed throughout the gold-forming stages 
(Fig. 5d–i). This visible native Au delineates a significant Au species at 
Pianyanzi. Our in-situ analyses also revealed the distribution charac-
teristics of gold in pyrite. Specifically, the average concentrations of Au 
in different pyrite generations are 0.68 (0.14–1.90 ppm) in Py1, 0.75 
ppm (bdl–3.47 ppm) in Py2a, 2.99 ppm (0.27–12.48 ppm) in Py2b, 1.08 
ppm (0.41–2.61 ppm) in Py3, and 0.71 ppm (bdl–2.00 ppm) in Py4. The 
compositional points on Au and As all appear below the solubility lines 
defined by Reich et al. (2005) in an Au–As scatterplot (Fig. 12a), indi-
cating that Au+ is a dominant form in the crystal lattice of pyrite. More 
evidence for the occurrence of gold in the lattice sites comes from the flat 
time-resolved ablation profiles of gold in most pyrite grains (Fig. 11). 
Considering the low concentrations of Au (<2 ppm in average) in pyrite 
and other mineral inclusions or nanoparticles (e.g., sulfide) potentially 
encapsulated therein, gold in the form of Au+ is not a dominant form in 
the ores of the Pianyanzi deposit. 

The positive correlation between Au and Cu (Fig. 12b) together with 
the smooth laser ablation spectra suggest that Au3+ and Cu+ ions 
replaced two Fe2+ ions in a coupled substitution process (Chouinard 
et al., 2005), that required anomalous oxidation conditions (Hazarika 
et al., 2013). Such substitutions could happen during the late stage 
because there are abundant oxide minerals such as hematite formed 
during Stage 4. The concentrations of Ag and Sb in pyrite demonstrate 
no positive correlations with Au (Fig. 12c and Fig. 12e), indicating a 
decoupling of Au and Ag and/or a lack of electrum inclusions (Voute 
et al., 2019). Due to significant differences in ionic size, it is challenging 
for Pb to get incorporated into the lattice of pyrite (Chinnasamy et al., 
2021). Accordingly, the positive correlations between Pb and Ag and 
between Pb and Bi (Fig. 12d and Fig. 12f), are likely due to the presence 
of galena inclusions (Shao et al., 2018). The occurrence of various sul-
fide nanoparticles in pyrite is typical of hydrothermal deposits (e.g., 

Table 3 
Sulfur isotope compositions of different pyrite types from Pianyanzi.  

Sample Pyrite types δ34Sv-CDT（‰） Delta-2SE 

56-04-3-t-1-1 Py1  6.50  0.08 
56-06-1-t-3-1 Py1  6.83  0.11 
56-06-1-t-2-1 Py1  6.97  0.07 
56-08-1-t-2-1 Py1  6.57  0.08 
56-01-et-1-1 Py2a  2.40  0.17 
56-02-2-t-4-1 Py2a  3.25  0.10 
56-06-1-t-1-1 Py2a  2.80  0.07 
56-12-Bt-1-1 Py2a  1.49  0.09 
56-12-Bt-1-2 Py2a  − 0.52  0.09 
56-01-et-1-2 Py2b  6.68  0.12 
56-02-2-t-1-1 Py2b  6.44  0.09 
56-02-2-t-3-1 Py2b  6.58  0.07 
56-02-2-t-4-2 Py2b  6.64  0.13 
56-12-Bt-1-3 Py2b  6.52  0.11 
P2-11-B-J-4-1 Py2b  6.49  0.08 
56-5-T-5-1-1 Py3  5.95  0.09 
56-5-T-5-2-1 Py3  6.45  0.10 
P2-08-A-J-2-1 Py4  7.08  0.07  

Fig. 12. Binary plots of As vs. Au (the Au saturation line is defined by Reich et al. 2005), Cu vs. Au, Au vs. Ag, Pb vs. Ag, Sb vs. Au, and Pb vs. Bi from each pyrite 
generation from Pianyanzi. 
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Fig. 13. Correlation between Co and Ni concentrations and Co/Ni ratios of pyrites from other typical deposits (modified after Baidya et al. 2021).  
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Deditius et al., 2011; Chinnasamy et al., 2021). In our case, this is 
supported by the following evidences: 1) galena particles can be 
observed within the pyrite grains in the BSE images (Fig. 7c and Fig. 7e), 
and 2) there are occasional peaks with relevant element signals in the 
time-resolved laser ablation profiles (Fig. 11b and Fig. 11e). 

Arsenic typically occurs in its As1- anionic state involved in the 
partial replacement of S within the crystal lattice of pyrite (Savage et al., 

2000; Deditius et al., 2014). The emplacement of As into the pyrite 
lattice can enhance its ability to host Au in hydrothermal systems (Large 
et al., 2007; Gopon et al., 2019; Kusebauch et al., 2019; Pokrovski et al., 
2021). The bivariate plot (Fig. 12a) displays a broad positive correlation 
between Au and As, which is consistent with the preferential precipi-
tation of Au. The concentrations of As in Py1, Py2a, Py2b, Py3 and Py4 
are 3348.21 ppm, 185.82 ppm, 4460.23 ppm, 1929.48 ppm and 967.71 
ppm, respectively. The concentrations of As in Stage 2 pyrites (from 
Py2a to Py2b) are much more variable compared to Py1, Py3 and Py4. 
The Py2a&b preserved distinctive chemical zonation. LA–ICP–MS 
mapping demonstrates a systematic increase in the trace elements (e.g., 
Au, As, Co, Ni, Ag, Sb, Pb and Cu) from Py2a to Py2b (Figs. 8–9). The 
formation of zoned pyrite grains in Pianyanzi reflects rapid variations in 
fluid compositions (Deditius et al., 2014), that could be ascribed to fluid- 
rock interactions or fluid boiling (Velásquez et al., 2014; Li et al., 2018; 
Berthier et al., 2023; Lin et al., 2023; Xing et al., 2023). Note, compared 
to other pyrite types, Py2a typically shows more porous and inclusion- 
rich textures compared to other types of pyrite (Fig. 5d–g and 
Fig. 7c–d). An alternative explanation could be a coupled dissolution- 
reprecipitation (CDR) reaction (Velásquez et al., 2014; Chinnasamy 
et al., 2021; Ma et al., 2022; Tan et al., 2022), suggesting that Py2b is a 
product of the CDR reaction of Py2a with subsequent infiltrated fluids. 

Co/Ni ratios have been used by many researchers to help elucidate 
the origin of pyrite (e.g., Bajwah et al., 1987; Large et al., 2009; Reich 
et al., 2016). Specifically, pyrite of sedimentary origin is characterized 
by low Co/Ni ratios (<1), while pyrite of hydrothermal origin exhibits 
higher Co/Ni ratios (>1). The concentrations of Co and Ni in pyrite are 
positively correlated (Fig. 13). Figure 13a–i demonstrates a large over-
lap in the Co/Ni ratio data from various deposit types (Baidya et al., 
2021). This overlap makes differentiating the types of deposits based on 
the trace element scatter plots only difficult. However, the elemental 
distribution plots could help to constrain the range of deposit types 
(Gregory et al., 2019). The Co/Ni ratios for Py1 range from 0.01 to 2.24 
(0.51 in average). For Py2a and Py2b, the Co/Ni ratios range from 0.07 
to 11.86 and 0.04 to 1.48 (1.58 and 0.57 in average), respectively. For 
Py3, the Co/Ni ratios range from 0.13 to 13.2 with an average of 2.06. 
Our results are consistent with the model for the formation of orogenic 
gold deposits by Belousov et al. (2016), which implies that 65 % of 
“orogenic” pyrites have Co/Ni ratios < 1, and 94 % have Co/Ni ratios <
10. The As/Ag vs. Sb/Bi and Co/Sb vs. Se/As diagrams (Fig. 14a–b) 
support rather a hydrothermal than magmatic origin of most pyrites 
under study (Augustin and Gaboury, 2019; Duran et al., 2019). 

Fig. 14. Binary diagrams of the (a) As/Ag–Sb/Bi and (b) Co/Sb–Se/As of the pyrites from Pianyanzi (modified after Augustin and Gaboury, 2019; Duran et al. 2019).  

Fig. 15. Diagram showing the δ34S values of pyrites from Pianyanzi. Compa-
rable data include orogenic gold deposits on the western margin of the Yangtze 
Craton (see Supplementary Table 4 for details), normal range for orogenic gold 
deposits (Goldfarb and Groves, 2015), metasomatized mantle lithosphere 
(Wang et al., 2020) and average continental and oceanic crust (Rielli 
et al., 2018). 
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5.2. Source of sulfur 

Our petrographic investigations show the absence of sulfate minerals 
in the Pianyanzi gold deposit, suggesting that H2S may act as the 
dominant sulfur species (Ohmoto, 1972). Therefore, the measured δ34S 
values of pyrite can serve as the sulfur isotope of the ore fluid (Hiroshi 
and Ohmoto, 1986; Cao et al., 2019). 

The δ34S values obtained from the Pianyanzi deposit range from 
− 0.52 ‰ to 7.08 ‰ and form two groups. The first group, Py2a, displays 
the δ34S values ranging from − 0.52 ‰ to 3.25 ‰, with an average value 

of 1.88 ‰. The other generations of pyrite are homogeneous and yield 
higher δ34S values spanning 5.95 ‰ to 7.08 ‰. Multiple fluid processes, 
such as fluid mixing, wall rock interactions, and isotopic fractionation, 
have a potential to modify the δ34S ratios of mineral fluids (see discus-
sion in Sun et al. 2020). Note, the variations of δ34S are typically 
observed in pyrite grains with zoning, ranging from Py2a (core) to Py2b 
(rim), where there was an increase in δ34S values (Fig. 7c–d). Notably, 
trace elements also show coupled variation characteristics from Py2a to 
Py2b, which may be caused by fluid-rock interactions, fluid boiling and/ 
or CDR reactions (Oberthuer et al., 1996; Uemoto et al., 2002; Hod-
kiewicz et al., 2009; Goldfarb and Groves, 2015; Yang et al., 2023). With 
the exception of slightly lower δ34S values in Py2a, the sulfur isotope 
compositions of pyrite at Pianyanzi are homogeneous, indicative of a 
homogeneous fluid source. 

There are typical ranges of δ34S values from different sources: 
magmatic sulfur (− 3‰ to 7 ‰; Hiroshi and Ohmoto, 1986); granitoid 
(1.0 ± 6.1 ‰; Robert, 2006), sedimentary sulfur (<0, Rollinson, 1994), 
primitive mantle (0 ± 3 ‰; Ohomoto and Rye, 1979) and marine sulfur 
(20 ‰; Rollinson, 1994). The δ34S values obtained from Pianyanzi 
exhibit similarity to those reported in metasomatized mantle lithosphere 
(Fig. 15), as documented by Zhao et al. (2019), Wang et al. (2020) and 
Zhao et al. (2022b). Additionally, the δ34S variations at Pianyanzi are 
consistent with those of the hypozonal, mesozonal and epizonal gold 
deposits of the Daduhe gold belt (~0 to 10 ‰; Zhao et al., 2022a). The 
aforementioned evidence suggests that the gold deposits, including 
Pianyanzi, within the Daduhe gold belt could have a relatively consis-
tent ore-fluid source, which is mainly derived from the deep metasom-
atized mantle lithosphere. 

5.3. Mechanisms of gold precipitation 

Although both visible Au and invisible Au (Au+) occurred, the 
dominant form of gold present in Pianyanzi is native gold grains. The 
precipitation of native gold may be due to the CDR reactions of previ-
ously auriferous pyrite (Fougerouse et al., 2016; Hastie et al., 2020) or 
direct precipitation from ore fluids (Taylor et al., 2021). Considering the 
very low gold content in the pyrite under study, direct native gold 
deposition was the major ore-forming process. The prevalence of native 
gold in pyrites or along their grain boundaries (Fig. 5e–g) suggests that 
the ore-forming fluid was enriched in reduced sulfur and that the gold 
was transported predominantly as an Au–HS complex (Stefánsson and 
Seward, 2004; Williams-Jones et al., 2009). 

Petrographic observations indicate that gold is primarily enriched 
during Stage 2, which is distinguished by the extensive generation of 
sellaite. In addition, previous research (e.g. Li, 1997) has demonstrated 
that there is a high abundance of CO2 phases in fluid inclusions of the 
Pianyanzi gold deposit. Based on geological exploration and experi-
mental data, we provisionally propose the following scenario of 

mineralization. An auriferous fluid ascended along regional faults trig-
gered by compressional tectonics at the western margin of the Yangtze 
Craton. Then the gold as an Au–HS complex was transported to favor-
able sites (e.g., the NNE fault). During the ascent, a range of fluid pro-
cesses including fluid-rock interactions ensued, resulting in the 
extraction of substances (e.g., Mg2+, Ca2+). A series of potential re-
actions (Eqs. 1–3) probably produced the native gold and an associated 
sellaite-bearing mineral assemblage. 

2Au(HS)−2 +2F− +Mg2++CO2+H2O=2Au↓+MgF2↓+S↓+3H2S↑+2HCO−
3

(1)   

2Au(HS)−2 +Fe2+= Au↓ + FeS2↓ + 2H2S↑ (3) 

Based on the laser ablation spectra (Fig. 11c), Mg and Ca were 
detected as inclusions in Py2b. In addition to sellaite and fluorite, nat-
ural sulphur (S) was identified in hand specimens (Fig. 3d), supporting 
the plausibility of the above reactions. Stage 4 is another stage of native 
gold mineralization, which is characterized by abundant hematite 
intergrown with pyrite (Fig. 5h–i). Such a phenomenon was also re-
ported for the Naakenavaara orogenic gold deposits of the Central 
Lapland belt, northern Finland (Vasilopoulos et al., 2023). The precip-
itation of gold during this stage could be linked to rapid changes of the 
physico-chemical conditions of the hydrothermal system (Evans, 2010). 

6. Conclusions 

We studied the Pianyanzi sellaite-bearing orogenic gold deposit 
located in the western margin of the Yangtze Craton using a novel 
combination of petrographic investigations, EMPA, LA–ICP–MS trace 
element analysis, multielement mapping and in-situ sulfur isotopes. We 
identified five stages of deposit establishment: pre-ore stage, three stages 
of mineralization, sellaite-bearing gold, galena-dominated sulfide, and 
hematite-bearing gold, and post-ore oxidation. 

We identified five generations of pyrite, Py1, Py2a, Py2b, Py3, and 
Py4, possessing distinctive textural and geochemical characteristics. The 
Pianyanzi deposit is dominated by native gold, but the new LA–ICP–MS 
data indicate the presence of trace invisible gold as Au+ in the crystal 
lattice of pyrite. Our petrographic observations show that the deposition 
of gold peaked during the second ore stage, which corresponds to the 
formation of Py2a&b. The LA–ICP–MS spot analyses and mapping 
indicate a systematic increase in the concentrations of trace elements 
such as Au, As, Co, Ni, Ag, Sb, Pb, and Cu from Py2a to Py2b, suggesting 
that fluid-rock interactions, fluid boiling and/or CDR reactions may 
have occurred. The δ34S values (− 0.52 ‰ to 7.08 ‰) observed in Pia-
nyanzi, coupled with the consistently recorded δ34S values (~0 to 10 ‰) 
from other orogenic deposits of the Daduhe gold belt, indicate a rela-
tively consistent ore-fluid source that originated from metasomatized 
mantle lithosphere. 

A series of potential reactions of the interaction between auriferous 
fluids and wall rocks (e.g., dolomite) were probably responsible for the 
deposition of native gold and associated sellaite-bearing mineral 
assemblage. 
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