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Abstract

The southwest Guizhou Province, China, contains numerous sediment-hosted Au deposits with Au reserves
greater than 700 tonnes. To date, the source of ore fluids that formed the Guizhou sediment-hosted Au deposits
is controversial, hampering the formulation of genetic models. In this study, we selected the Shuiyindong and
Jinfeng Au deposits, the largest strata-bound and fault-controlled deposits in Guizhou, respectively, for detailed
research on pyrite chemistry and S isotope composition using laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) and laser ablation-multicollector-inductively coupled plasma-mass spectrometry
(LA-MC-ICP-MS), respectively.

Petrography and pyrite chemistry studies distinguished five generations of pyrite. Among these, pre-ore
pyrite 2 and ore pyrite are the most abundant types in the deposits. Pre-ore pyrite 2 is anhedral to euhedral
and with ~2,639 ppm As and wider ranges of Cu, Sb, and Pb (<~22-4,837 ppm, <~6 to 532 ppm, and <~4 to
1,344 ppm, respectively). Gold in pre-ore pyrite 2 is below the detection limit of LA-ICP-MS (~2 ppm). Pre-ore
pyrite 2 is interpreted to have a sedimentary (syngenetic or diagenetic) origin. Ore pyrite commonly rims the
four identified pre-ore pyrites or occurs as individual, anhedral to euhedral crystals. Ore pyrite is enriched in
Au (~641 ppm), As (~9,147 ppm), Cu (~1,043 ppm), Sb (~188 ppm), Hg (~43 ppm), and TI (~22 ppm) in both
deposits. Ore pyrite formed mainly by sulfidation of Fe in Fe-bearing host rocks, mainly Fe dolomite, and As,
Cu, Sb, Hg, and TI, also in ore fluids, were incorporated into ore pyrite.

In situ 03S isotope ratios for pre-ore pyrite 2 and ore pyrite were measured by LA-MC-ICP-MS. Pre-ore
pyrite 2 from Shuiyindong and Jinfeng deposits resulted in 034S values ranging from —0.8 to +3.4%o and from
5.1 to 10.5%o, respectively. Analyses of ore pyrite from the Shuiyindong have 034S values that vary from 3.3 to
+2.5%o, with a median of 0.7%o; analyses of ore pyrite from the Jinfeng range from 8.9 to 11.2%o, with a median
at 10.3%o. Available bulk and in situ 034S data in the literature for pre-ore pyrites 1 and 2 and ore-related sulfide
minerals including ore pyrite, arsenopyrite, and late ore-stage stibnite, realgar, orpiment, and cinnabar from sev-
eral Guizhou sediment-hosted Au deposits were compiled for comparison. Pre-ore-stage pyrites from Guizhou
sediment-hosted Au deposits have a broad range of 03S values, from —33.8 to +17.9%0 (including in situ and
available bulk 034S data). Ore-related sulfide minerals in all Guizhou sediment-hosted Au deposits, except Jinfeng,
have very similar §4S values, and most data plot between ~-5 and +5%o. In the Jinfeng deposit, the ore-related
sulfide minerals exhibit 034S values ranging from 1.9 to 18.1%o, with most data plotting between 6 and 12%o.

The broad range of S isotope compositions for the sedimentary pyrites (pre-ore pyrites 1 and 2) indicate that S
in these pre-ore pyrites was most likely generated by bacterial reduction from marine sulfate. The narrow range of
0348 values (~—5-+5%o) for ore-related sulfide minerals in all Guizhou sediment-hosted Au deposits, excepting the
Jinfeng deposit, suggests that the deposits may have formed in response to a single widespread metallogenic event.
As the S isotope fractionation between hydrothermal fluids and sulfide minerals in a sulfide-dominated system is
small (<2%o) at ~250°C, the initial ore fluids that formed the Guizhou sediment-hosted Au deposits would have
had 034S values similar to the ore-related sulfide minerals, between ~—5 and +5%o. At Jinfeng, initial ore fluids may
have mixed with local fluids with heavier 634S, possibly basin brine (03*Spasin brine >18%o), resulting in elevated 6S
values of ore-related sulfide minerals and especially late ore-stage sulfide minerals.

Although few igneous rocks are exposed in the mining area around these deposits, there is evidence of mag-
matic activity ~20 km away. Furthermore, gravity and magnetic geophysical investigations indicate the presence
of a pluton ~5 km below the surface of the Shuiyindong district. Based on in situ S isotope results and recent data
indicating proximal intrusions, we interpret a deep magmatic S source for the ore fluids that formed the Guizhou
sediment-hosted Au deposits. However, as the age for Au mineralization of Guizhou sediment-hosted Au deposits
is still debated, the mineralization-magma connection remains hypothetical. Identifying an ore fluid source and
time frame for Guizhou Au mineralization continues to be a critically important research goal for this district.
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Introduction

One of the most significant characteristics of sediment-hosted
Au deposits in the Youjiang Basin, Guizhou Province (from
here on referred to as Guizhou deposits), is the consistent
presence of invisible Au in arsenian pyrite (Hu et al., 2002,
2017; Zhang et al., 2003; Chen et al., 2009; Su et al., 2012;
Hou et al., 2016; Xie et al., 2017, 2018; Yan et al., 2018)—a
characteristic similar to the Nevada Carlin-type Au deposits
(Arehart, 1996; Simon et al., 1999; Hofstra and Cline, 2000;
Kesler et al., 2003, 2005; Cline et al., 2005; Reich et al., 2005;
Muntean et al., 2011). These Au-bearing arsenian pyrites are
also enriched in Sb, Hg, T1, and Cu, interpreted to have been
transported with Au in ore fluids and incorporated into Au-
bearing pyrite (Simon et al., 1999; Hofstra and Cline, 2000;
Cline et al., 2005; Su et al., 2009; Muntean et al., 2011; Tan et
al., 2015a; Xie et al., 2017, 2018). Gold in these trace element-
enriched ore fluids is interpreted to have been transported
by S, most likely as a bisulfide complex (Au(HS)? and/or
Au(HS)3) (Seward, 1973, 1991; Stefansson and Seward, 2004;
Cline et al., 2005; William-Jones et al., 2009; Liu et al., 2014).
Thus, the S isotope composition and the chemistry of the ore
pyrites are key to better understanding the source of Au and
ore fluids, ore fluid chemistry, and ore deposit genesis.

Previous studies of Guizhou sediment-hosted Au deposits
resulted in two end-member models based on sources of ore
fluids: (1) basin fluids enriched in ore-forming elements pre-
cipitated metals during sedimentation-diagenesis (Liu and
Liu, 1997; Liu et al., 2001; Wang et al., 2002); (2) ore fluids
liberated by deep metamorphic dehydration or magmatism
ascended along regional faults and precipitated metals in sedi-
mentary rocks (Liu et al., 2008; Su et al., 2009; Xia et al., 2009;
Hu et al., 2017). Sulfur isotope analyses provide key data in
discriminating between geologic models for these deposits.
Sulfur isotope analyses of ore pyrite in some studies were
conducted on physical separates of pre-ore and ore-stage
pyrites, and these studies produced a broad range of S isotope
ratios (see fig. 2 in Hou et al., 2016, and fig. 13 in Hu et al,,
2017). However, sample purity may have been compromised
by physical separation of the fine-grained pyrites, contributing
to a wide range of S isotope values.

Recent advances including laser ablation-multicollector-
inductively coupled plasma-mass spectrometry (LA-MC-ICP-
MS), sensitive high-resolution ion microprobe (SHRIMP),
and nanoscale secondary ion mass spectroscopy (nanoSIMS)
now allow in situ analyses to distinguish trace elements and S
isotope compositions between ore pyrite and pre-ore pyrite
(Kesler et al., 2005; Large et al., 2007, 2009; Chang et al.,
2008; Barker et al., 2009; Hou et al., 2016; Wei, 2017; Zheng,
2017; Yan et al., 2018). Hou et al. (2016) quantified S isotope
ratios in various pyrite types from the Shuiyindong deposit
using SHRIMP and determined that ore pyrite has a narrow
range of 03S values (-1.2—+1.5%o). Wei (2017) and Zheng
(2017) used LA-MC-ICP-MS to analyze the S isotope com-
positions of various pyrite types from the Nibao deposit and
determined that ore pyrite has 03*S values between -3 and
1%o. Furthermore, Yan et al. (2018) reported nanoSIMS
S isotope analyses of various pyrite types from Jinfeng and
demonstrated that the 034S of ore-pyrite inner rims ranged
from 1.1 to 7.9%o. These studies indicate that S isotope data
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collected using in situ techniques provide a narrow, consistent
range of data for ore pyrites from several Guizhou sediment-
hosted Au deposits. These results further suggest a similar S
source for all Guizhou sediment-hosted Au deposits.

In this study, we present in situ trace element and S isotope
data for pre-ore and ore pyrites using LA-ICP-MS and LA-
MC-ICP-MS, respectively, from the Shuiyindong and Jinfeng
deposits. For comparison, we compiled available 634S data for
pre-ore pyrites and ore-related sulfide minerals including ore
pyrite, ore- and late ore-stage arsenopyrite, and late ore-stage
stibnite, realgar, orpiment, and cinnabar from other Guizhou
sediment-hosted Au deposits. To date, the ore-related sulfide
minerals from Guizhou sediment-hosted Au deposits have
03§ values primarily from ~-5 to +5%o, consistent with a
magmatic S source.

Geology of Guizhou Sediment-Hosted Au Deposits

Key deposit characteristics

Almost all Guizhou sediment-hosted Au deposits are located
within the Youjiang Basin (Fig. 1), and the unique characteris-
tics distinguishing the deposits include the following. (1) Sig-
nature ore elements include Au, As, Cu, Sb, Hg, and Tl with
low to absent Ag and base metals. (2) Orebodies are prefer-
entially hosted by carbonate-bearing rocks and are controlled
by faults and/or anticlines, and (3) most Au is ionically bound
in trace element-rich, subhedral-euhedral arsenian pyrite,
though minor arsenopyrite contains trace Au (Zhang et al.,
2003; Xia, 2005; Chen et al., 2009; Xia et al., 2009; Su et al.,
2012; Tan, 2015; Hou et al., 2016; Xie et al., 2017, 2018). These
Au-bearing sulfide minerals are commonly disseminated in
variably altered host rocks. (4) The most important and con-
sistently present alteration features spatially associated with
Au-bearing ore pyrite include dissolution of calcite, jasperoid
replacement of calcite, and sulfidation of Fe in Fe dolomite
to form Au-bearing pyrite and dolomite. Variable additional
alteration includes minorillite replacement of K-feldspar/mus-
covite and formation of minor vein quartz (Zhang et al., 2003;
Peters et al., 2007; Cline et al., 2013; Tan et al., 2015a; Su et
al., 2018; Xie et al., 2018). The observed alteration, especially
calcite dissolution and formation of dolomite during the ore
stage, is consistent with ore formation from near-neutral (pH
~5.5) ore fluids (Xie et al., 2017, 2018). (5) Stibnite, realgar,
calcite, quartz, and lesser orpiment and cinnabar precipitated
in open space within veins during the late ore stage, and these
veins crosscut and/or are near orebodies (Tan et al., 2015b;
Xie et al., 2018). In addition, (6) the deposits generally formed
at depths between 2 and 8 km and at temperatures of 190°
to 300°C (average ~250°C) from low-salinity (<5 wt % NaCl
equiv) and COz-rich (6-75 mole %) reduced fluids (Zhang et
al., 2003; Wang et al., 2013a; Su et al., 2009, 2018). No known
coeval porphyry, skarn, or distal Ag-Pb-Zn mineralization has
been identified near the deposits.

Geologic setting

The tectonic setting of the Youjiang Basin summarized by
Xie et al. (2018) is briefly described here. Extension com-
menced from Early Devonian passive margin rifting along
the southwestern margin of the Precambrian Yangtze cra-
ton, which produced a series of high-angle normal faults that
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Fig. 1. Regional geologic map showing the distribution of sediment-hosted Au deposits in the Yunnan-Guizhou-Guangxi
“golden triangle” region (modified from Chen et al., 2011; Xie et al., 2018). The Youjiang Basin consists of Triassic carbonate-
dominated rock of platform facies (gray) and Triassic fine, clastic-dominated rock of slope and basin facies (pink). Sources
for dates are as follows: Baiceng alkaline ultramafic dikes, LA-ICP-MS zircon U-Pb and phlogopite “Ar/9Ar, Liu et al., 2010;
quartz porphyry dikes, SIMS and LA-ICP-MS zircon U-Pb, Zhu et al., 2017; Gejiu granite, SHRIMP and LA-ICP-MS zircon
U-Pb, Cheng and Mao, 2010; Bainiuchang granite, LA-ICP-MS zircon U-Pb, Cheng et al., 2010; Dulong granite, SHRIMP
zircon U-Pb, Liu et al., 2007; Damingshan granite, molybdenite Re-Os, Li et al., 2008; and Dachang granite, zircon SHRIMP

U-Pb, Cai et al., 2006.

shaped the Youjiang Basin and subsequently controlled sedi-
mentation and deformation (Bureau of Geology and Mineral
Resources of Guangxi Zhuang Autonomous Region, 1985;
Hu et al., 2002; Chen et al., 2011). Subsequent to rifting and
from the Devonian to Triassic, a passive margin sequence
developed on the continental margin. In the northwestern
part of the Youjiang Basin, a sequence of shallow-water

platform-facies sedimentary rocks mainly consisting of car-
bonate rocks interbedded with terrigenous detrital rocks
formed (gray unit, Fig. 1; Wang, 1990; Han et al., 1999).
In the southern and eastern part of the basin, deeper-water
slope/basin-facies sedimentary rocks, which are dominated
by calcareous mudstone, siltstone, and siliceous rocks inter-
bedded with thinly layered carbonate rock and sandstone,
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were deposited (pink unit, Fig. 1; Wang, 1990; Han et al,,
1999). Following passive margin deposition, two subduc-
tion events including subduction of the Pacific plate and
of the Meso-Tethys Ocean may have influenced the mag-
matism and deformation of the Youjiang Basin. Li and Li
(2007) suggested that W-verging subduction of the Pacific
plate beneath the Eurasian plate (Hilde et al., 1977; John et
al., 1990) during the mid-Permian folded the basin sequence
(see fig. 4, Li and Li, 2007). Alternatively, Lai et al. (2014)
and Zaw et al. (2014) proposed that the NE-verging sub-
duction of the Meso-Tethys Ocean beneath Sibumasu began
during the Early Cretaceous (see fig. 11, Zaw et al., 2014)
and caused the Late Triassic intracontinental deformation of
Youjiang Basin.

Several igneous rocks including granites, quartz porphyry
dikes, and alkaline ultramafic dikes are exposed in the Youji-
ang Basin (Fig. 1). In the west, east, and southeast parts of the
basin (Fig. 1), granites are exposed (~80-95.6 Ma, Cai et al.,
2006; Liu et al., 2007; Li et al., 2008; Cheng and Mao, 2010;
Cheng et al., 2010; Mao et al., 2013; Xu et al., 2015), which
are interpreted as mainly derived from crustal melts that
intruded the sedimentary rocks. Some of these intrusions con-
tributed to the formation of polymetallic tin/tungsten deposits
(Mao et al., 2013). Minor quartz porphyry dikes (95-97 Ma,
Chen et al., 2014; Zhu et al., 2017) and alkaline ultramafic
dikes (85-88 Ma, Liu et al., 2010) related to the onset of basin
extension intruded the sedimentary rocks. Most of these dikes
are ~10 to 30 km from the sediment-hosted Au deposits (Fig.
1). Only at the Liaotun Au deposit in the southeastern part of
the Youjiang Basin is there an unaltered quartz porphyry dike
that crosscuts the Au orebody (Fig. 1; Chen et al., 2014).

To date, the mineralization age for Guizhou sediment-
hosted Au deposits remains controversial because of the lack
of minerals clearly related to Au mineralization that are suit-
able for dating (Hu et al., 2007). Su et al. (2018) and Xie et
al. (2018) discuss ages proposed for Au mineralization using
different methods and conclude that the most reliable pro-
posed ages are based on crosscutting relationships. Chen et
al. (2014) described an unaltered quartz porphyry dike cross-
cutting the orebodies at the Liaotun Au deposit (Fig. 1). An
HOAr/9Ar plateau age of 95.5 + 0.7 Ma was determined for a
magmatic muscovite phenocryst from this dike. This age pro-
vides a minimum value for Au mineralization. Wang (1997)
identified a small Jurassic sedimentary rock exposure near the
Shuiyindong and Jinfeng districts, which is conformable and
folded with Late Triassic sedimentary rocks. Because some of
the orebodies in the Shuiyindong and Jinfeng deposits cross-
cut these folds, Au mineralization should be synchronous with
or younger than the folding, which suggests a maximum Juras-
sic age for Au mineralization. Collectively, these relationships
indicate that the Au mineralization that formed the Guizhou
sediment-hosted Au deposits occurred between Jurassic and
Late Cretaceous time.

Geology of the Shuiyindong deposit

Currently, the Shuiyindong Au deposit consists of four ore
blocks including Shuiyindong, Xionghuangyan, Bojitian, and
Nayang. The combined deposit has Au reserves of 263 tonnes

(t) (8.46 million ounces [Moz]), with an average Au grade of
5 g/t (0.16 oz/t), and is the largest sediment-hosted Au deposit
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discovered to date in the Youjiang Basin (Tan, 2015). Su et
al. (2018) and Xie et al. (2018) have described the geology of
Shuiyindong deposit in detail. A brief summary follows.

The Shuiyindong deposit is controlled by the Huijiabao
anticline, which is ~5 km wide and ~20 km long with both
limbs dipping at low angles (Fig. 2). The strata-bound ore-
bodies are mainly on the flanks and crest of the anticline (Fig.
2) and are principally hosted by the Upper Permian Longtan
bioclastic limestone. The strata above and below the bioclastic
orebodies are typically thick-bedded argillite. These imper-
meable layers promoted ore fluid reaction with bioclastic
limestone, contributing to the formation of high-grade ore
(locally Au >100 g/t). An unconformity between the Longtan
and underlying Maokou Formation also hosts some low-grade
strata-bound orebodies (Fig. 2). Tan et al. (2015a) proposed
that this unconformity was the structural conduit that fed ore
fluids into the anticline core (Tan et al., 2015a; Fig. 2).

Igneous rocks have not been identified by geologic mapping
or drilling in the Shuiyindong district. The nearest igneous
rocks, the Baiceng alkaline ultramafic dikes (85-88 Ma, Liu
et al., 2010), are ~20 km from this deposit (Fig. 1). However,
geophysical investigations (Bouguer gravity and magnetic sur-
veys) indicate the presence of a pluton ~5 km below the sur-
face at Shuiyindong (Liu, pers. commun., 2018).

Geology of the Jinfeng deposit

The Jinfeng deposit, the second largest sediment-hosted Au
deposit in Guizhou, has proven and probable Au reserves
of 57.9 t (1.86 Moz) with an average Au grade of 3.83 g/t
(0.12 oz/t) (Eldorado Gold Corp., 2016), and ~51 t (1.64 Moz)
of Au has been mined (Lu, pers. commun., 2018). The fol-
lowing geologic descriptions are summarized from Xie et al.
(2018).

The stratigraphy at Jinfeng is divided into two distinct
sequences with Au mineralization primarily in carbonaceous
siltstone of the third and fourth subunits of the fourth unit
of the Middle Triassic Xuman Formation (Xuman Formation
4-3, 4-4) and the Middle Triassic Bianyang Formation in the
upper sequence (Fig. 3; Zhang et al., 2003; Chen et al., 2011;
Chen et al., 2011). The Xuman Formation 4-3 (Fig. 3) has a
thickness up to 250 m in the Jinfeng district and mainly con-
sists of dolomitic siltstone and thick-bedded to massive cal-
careous mudstone with a few interlayered sandstone lenses.
The Xuman Formation 4-4 is dominated by thick-bedded
sandstone intercalated with argillite. The Bianyang Forma-
tion, which lies above the Xuman Formation, exceeds 300 m
in thickness and consists largely of turbiditic sandstone, silt-
stone, and silty argillite.

The Jinfeng district underwent multiple periods of short-
ening and extension, which are characterized by reactivated
faults (Chen et al., 2011). The F2 and F3 fault zones are the
major ore-controlling structures, with the F3 fault zone con-
trolling ~80% of Au reserves at Jinfeng (Fig. 3). The F3 fault
zone, with an apparent normal sense of displacement, strikes
north to northwest and dips steeply to the northeast (Fig. 3).

As in the Shuiyindong deposit, geologic mapping and drill-
ing have yet to identify any igneous rocks in the Jinfeng dis-
trict. The Baiceng alkaline ultramafic dikes (85-88 Ma, Liu et
al., 2010) are the nearest igneous rocks and are ~20 km from
this deposit (Fig. 1).
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Fig. 2. Geologic cross section of the mineralized Huijiabao anticline in the Shuiyindong deposit, showing sample locations
(modified from Tan et al., 2015a; Xie et al., 2018).

Methods prepared (Table 1). All sections were examined using transmit-
ted and reflected light microscopy to identify mineralogy and

Pyrite morphology and texture to observe mineral morphology and texture. The JSM-5600

A total of ~289 samples were collected from the Shuiyindong
and Jinfeng deposits, and 59 polished thin sections were

scanning electron microscope (SEM) and JSM-6700F field
emission SEM at the University of Nevada Las Vegas (UNLV)
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Table 1. Samples and Polished Sections Collected and Analyzed Using LA-ICP-MS and LA-MC-ICP-MS

LA-MC-ICP-MS sulfur

LA-ICP-MS analysis isotope analysis

Deposits No. of samples Polished sections Polished sections Spots Lines Maps Polished sections Spots
Shuiyindong 167 29 7 90 7 5 1 51
Jinfeng 122 30 6 59 4 3 1 25

Electron Microanalysis and Imaging Laboratory (EMiL) were
used to identify and confirm minerals and observe mineral
morphology and texture, especially textures relating to pyrite.
The JSM-6700F field emission SEM, with resolution reach-
ing 10 nm, was optimized for imaging nanoscale minerals and
textures, particularly of fine-grained pyrites and framboidal
pyrites. High-resolution images were obtained to illustrate
textures and provide precise locations for LA-ICP-MS and
LA-MC-ICP-MS analyses.

In situ trace element analysis of pyrite

In situ trace element analyses of pyrites from 13 polished sec-
tions (Table 1) were conducted using LA-ICP-MS at the U.S.
Geological Survey, Denver, Colorado. A Photon Machines
Analyte G2 LA system (193 nm, 4-ns Excimer laser) was cou-
pled to a PerkinElmer DRC-e inductively coupled plasma-
mass spectrometer. The ablated material was carried to a
modified glass mixing bulb by He carrier gas (0.8 I/min). To
improve the efficiency of aerosol transport, the He carrier gas
was mixed with Ar (0.6 I/min). Single-spot ablation was car-
ried out using a 5-or 10-um spot size at 3 J/cm?2. Line and map
ablations were carried out using a 4- or 8-um spot size at 4 J/
cm?. Scanning speed was 1 4m/s. Line analyses were ablated
using 25 pulses/s (25 Hz). The protocol from Longerich et al.
(1996) was used to calculate the concentration and detection
limit, and the 57Fe isotope was used as the internal standard
for concentration calculations. Detection limits for these anal-
yses are listed in Appendix 1.

In situ S isotope analysis of pyrite

The 34S/32S isotope ratios of pyrites in two samples (one from
Shuiyindong [Fig. 2] and one from Jinfeng [Fig. 3]) were ana-
lyzed using LA-MC-ICP-MS at the U.S. Geological Survey,
Denver, Colorado (Table 1). The procedure and operating con-
ditions were described in detail by Pribil et al. (2015). Briefly, in
situ 345/32§ isotope ratio measurements were performed using
a Teledyne CETAC Photon Machines G2 Excimer laser abla-
tion (LA) system coupled to a Nu Instruments HR® MC-ICP-
MS. The instrument was operated in pseudo high-resolution
mode to resolve polyatomic interferences from 160-160 for 328,
32S-1H for 33S, and 60-180 for 3S. Pyrite and reference mate-
rial samples were analyzed using 20- to 60-um spot sizes at a
frequency of 5 to 10 Hz. The laser energy was 2.2 m], result-
ing in a fluence of 2 to 3 J/em?2. The ablated sample material
was transported from the LA system sample chamber using
two mass flow controllers (MFC), with MFC 1 at an He gas
flow rate of 0.400 I/min and MFC 2 at an He gas flow rate of
0.350 I/min. The LA system sample flow was introduced to the
instrument using an LA gas mixing chamber with a makeup Ar
gas flow rate of approximately 0.900 ml/min.

Time-resolved data acquisition mode was used to collect
and integrate data. Each sample acquisition began by collect-
ing an on-peak background for 30 s, followed by 30-s data
acquisition. Typical background for 32§ ranged from 20 to
40 mV. All analyses followed standard-sample bracketing pro-
cedures of three samples bracketed by S isotope reference
material.

A ZnS glass was used as the bracketing standard for the in
situ analyses. This internal reference material was analyzed
independently by the USGS light stable isotope lab (%S =
0.78 %o + 0.3) and cross-verified using NIST SRM 8554
(International Atomic Energy Agency [IAEA] S-1), resulting
in a 034S of 0.81%0 + 0.21 (Pribil et al., 2015).

Secondary sulfide reference materials were used to deter-
mine accuracy and precision. The error for the measurements
is 0.21%o 2 standard deviations (SD) based on secondary in-
house sulfide reference materials. The 332§ isotope ratios are
reported in %o using a delta notation (0) (Krouse and Coplen,
1997) reported relative to the Vienna-Canyon Diablo troilite
(V-CDT) using the following expression:

34

=0 Ssmnplc

32
03*Sv_cpr = S
£ Srcfermwe V-CDT

-1 | x 1,000.

Results
Pyrite types

Based on pyrite morphology, texture, and chemistry, Xie et al.
(2018) identified five distinct pyrites in both the Shuiyindong
and Jinfeng deposits, including pre-ore pyrites 1, 2, 3, and 4,
and ore pyrite (Fig. 4; Table 2). Pre-ore pyrites 1 and 2 domi-
nate in low-/no-grade rocks and account for ~90% of the total
pre-ore pyrites in both deposits. Pre-ore pyrites 3 and 4 locally
occur in both deposits. Ore pyrite is the dominant pyrite in
high-grade ore in both deposits. The following descriptions of
pyrite types are summarized from Xie et al. (2018).

Pre-ore pyrite 1 is framboidal, consisting of ~0.5- to
3-um-diameter pyrite crystallites separated by pore space
(Fig. 4A; Table 2). Pre-ore pyrites 2, 3, and 4 are anhedral
to euhedral pyrites (Fig. 4B, C; Table 2) and are indistin-
guishable under the microscope as they have a similar yel-
lowish-white color, bright reflectivity, and high relief (Fig.
4B). However, they are chemically distinct and can be distin-
guished under backscattered electron (BSE) imaging; pre-ore
pyrite 2 is darker than pre-ore pyrites 3 and 4 (Fig. 4C), prob-
ably because pre-ore pyrite 2 contains less As.

Ore pyrite commonly rims pre-ore pyrites, and rims are
usually 5 to 30 um thick (Fig. 4D- F). It also forms individ-
ual, anhedral to euhedral pyrite crystals, 5 to 30 gm in diam-
eter. Chemical zoning displayed by pre-ore and ore pyrites
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/t

0.02

Fig. 4. Images of pyrite types from Shuiyindong (A, D, and E) and Jinfeng (B, C, and F). The label in the top right of images
A to C and F indicates the sample number, consisting of drill hole number, sampling depth, and Au grade; the label in the
top right of images D and E indicates the sample number and Au grade. A. Framboidal pynte (pre-ore pyrite 1) consists of
abundant euhedral pyrite crystallites and pore space (backscattered electron [BSE] image). B, C. Pre-ore pyrite 2 is rimmed
by pre-ore pyrite 3, which is rimmed by pre-ore pyrite 4. Pre-ore pyrites 2 to 4 (B, reflected and transmitted crossed-polarized
light) have a 5imildr yellowish-white color, bright reflectivity, and high relief; however, pre-ore pyrite 3 (C), which contains
more As than pre-ore pyrites 2 and 4, is brighter under BSE imaging at low brightness and high contrast. D. Framboidal
pyrite (pre-ore pyrite 1; BSE) is rlmmed by euhedral/subhedral ore pyrite. Green dots indicate locations of EPMA, and
analysis numbers and Au concentration in ppm are shown. All EPMA data were listed in the appendix of Xie et al. (2018). E.
Pre-ore pyrite 2 (BSE) is rimmed by ore pyrite, which has a similar morphology and high relief. Yellow dots indicate locations
of LA-ICP-MS analyses, and analysis numbers and Au concentration in ppm are shown. All LA-ICP-MS data are listed in
Table 4. F. Jinfeng ore pyrite inner rim has multiple As-rich subbands (BSE). Abbreviations: bdl = below detection limit (~2
ppm for LA-ICP-MS analyses, ~120 ppm for EPMA), dol = dolomite, Fe-dol = Fe dolomite, ill = illite, Opy = ore pyrite,
PrePyl = pre-ore pyrite 1, PrePy2 = pre-ore pyrite 2, PrePy3 = pre-ore pyrite 3, PrePy4 = pre-ore pyrite 4, qtz = quartz.

Downloaded from http://pubs.geoscienceworld.org/segweb/economicgeology/article-pdf/113/7/1627/4563269/1627-1652.pdf
bv Institute of Geochemistrv Chinese Academv Liser



SCIENTIFIC COMMUNICATIONS

Table 2. Pyrite Classification for Shuiyindong and Jinfeng Deposits
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Morphology and
Pyrite type  Stage spatially associated minerals Chemistry Sulfur isotope composition Interpretation
PrePyl Pre-ore  Yellowish white framboidal pyrite, Au bdl of LA-ICP-MS (~2 ppm), 034S values from =7.5 to Diagenetic/syngenetic
stage consisting of 0.5- to 4-um high Co (~635 ppm) and +5.9%o for Shuiyindong
spherical or euhedral pyrite Ni (~1,328 ppm) deposit (Hou et al., 2016)
crystallites; occurs with calcite,
Fe dolomite, and quartz;
rimmed by ore pyrite in ore
PrePy2 Pre-ore  Yellowish white, bright reflectivity, ~ Au bdl of LA-ICP-MS, low As 03S values from —0.8 to Diagenetic/syngenetic
stage anhedral to subhedral, poor (~2,639 ppm), a wider range +3.4%o for Shuiyindong
polish, commonly 5 to 50 #m in of trace element Cu, Sb, deposit; 034S values between
diameter; occurs with calcite, and Pb (<~22-4,837 ppm, 5.1 and 10.5%o for Jinfeng
Fe dolomite, and quartz; <~6-532 ppm, and deposit (this study)
rimmed by ore pyrite in ore <~4-1,344 ppm, respectively)
PrePy3 Pre-ore  Yellowish white, euhedral to Au bdl of LA-ICP-MS, high As 03S values from —2.6 to Pre-ore high As and
stage subhedral, good polish, bright (~13,848 ppm) and Cu +1.5%o for Shuiyindong Cu hydrothermal
reflectivity; occurs with calcite, (~495 ppm) deposit (Hou et al., 2016) fluid or early Au
Fe dolomite, quartz, and illite; hydrothermal fluid
rims PrePy2
PrePy4 Pre-ore  Yellowish while, euhedral to Au bdl of LA-ICP-MS, Too small to analyze via Pre-ore high-As and
stage subhedral, good polish, bright moderate As (~2,009 ppm), LA-MC-ICP-MS Cu hydrothermal
reflectivity; occurs with calcite, and high Cu (~706 ppm) fluid or early Au
Fe dolomite, quartz, and illite; hydrothermal fluid
rims PrePy2 and PrePy3
OPy Ore Yellowish white, bright reflectivity, ~ High Au (~641 ppm), high As 034S values from -3.3 to Au hydrothermal fluid
stage good polish; occurs as euhedral (~9,147 ppm), enriched in Cu +2.5%o for Shuiyindong

to subhedral crystals or rims
pre-ore pyrites; surrounded by
jasperoid quartz, dolomite, and
variable illite; note that in Jinfeng
deposit the ore pyrite inner rim
has multiple ~1- to 3-um As-rich
subbands

(~1,043 ppm), Sb (~188 ppm),
Hg (~43 ppm), and TI (~22
ppm); in Jinfeng, the ore pyrite
inner rim, with multiple As-rich
subbands, commonly contains
lower Au but higher As and Cu
than the ore pyrite outer rim

deposit (Hou et al., 2016
this study); 03*S values from
1.1 to 18.1%o for Jinfeng
deposit (Yan et al., 2018;
this study)

Modified from Xie et al., 2018
Abbreviations: bdl = below detection limit, OPy = ore pyrite, PrePyl = pre-ore pyrite 1, PrePy2 = pre-ore pyrite 2, PrePy3 = pre-ore pyrite 3, PrePy4 = pre-

ore pyrite 4

is apparent under BSE imaging adjusted for low brightness
and high contrast (Fig. 4F). Note that in the Jinfeng deposit,
the ore pyrite inner rim has multiple ~1- to 3-um subbands
with elevated As concentrations that are apparent under BSE
imaging (Fig. 4F). The presence of subbands is rare in the
Shuiyindong deposit. In addition, in the Jinfeng deposit, most
individual pyrite types have subhedral to euhedral crystal
faces; however, the boundaries between the various pyrite
types within a crystal are locally highly irregular and generally
rounded (Figs. 4C, F).

Pyrite geochemistry

The concentrations of trace elements in different pyrite types
as determined by LA-ICP-MS are included in Appendix 2 and
displayed in Figures 5 to 7. The average and median values of
trace elements in each pyrite type from LA-ICP-MS analysis
are listed in Table 3.

Pre-ore pyrite 1 contains high Co (average = 635 ppm) and
Ni (average = 1,328 ppm), and low As (average = 1,283 ppm)
compared to ore pyrite, which contains low Co (average =
136 ppm) and Ni (average = 198 ppm), and high As (aver-
age = 9,147 ppm) (Table 3; Fig. 5). Laser ablation-ICP-MS
analysis did not detect any Au in pre-ore pyrite 1 (Table 3;

Fig. 5A). Pre-ore pyrite 2 has a wider range of trace element
concentrations—especially Cu, below detection (~22 ppm)
to 4,837 ppm; Sb, below detection (~6 ppm) to 532 ppm;
and Pb, below detection (~4 ppm) to 1,344 ppm—com-
pared to pre-ore pyrite 1 and ore pyrite (Fig. 5). Gold in
pre-ore pyrite 2 is commonly below the detection limit of
LA-ICP-MS (Tables 3, 4; Figs. 5A, 6A-C). Pre-ore pyrites 3
and 4 contain higher As (average = 13,848 and 2,009 ppm,
respectively) and Cu (average = 495 and 706 ppm, respec-
tively), compared to pre-ore pyrite 1. Gold in pre-ore pyrites
3 and 4 is commonly below the LA-ICP-MS detection limit
(Table 3; Fig. 5A) and occasionally above the detection limit
(Table 3; Fig. 5A).

Ore pyrite (Table 3, Fig. 5) contains ~641 ppm Au,
~9,147 ppm As, ~1,043 ppm Cu, ~188 ppm Sb, ~43 ppm
Hg, and ~22 ppm TI (Table 3), and ore pyrite is, in general,
more enriched in these elements than the pre-ore pyrites
(Figs. 5A-F, 6A-F, TA-E, Table 4). However, in Jinfeng, the
ore pyrite inner rim that exhibits multiple ~1- to 3-um As-
rich subbands (Figs. 4F, TA) commonly contains lower Au
but higher As and Cu than the ore pyrite outer rim (Fig.
TA-E; fig. 21 in Xie et al., 2018). A Spearman rank correla-
tion matrix of ore pyrite was constructed using LA-ICP-MS
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Fig. 5. Box-and-whisker diagrams showing LA-ICP-MS data (Appendix 2) for Au (A), As (B), Hg (C), TI (D), Cu (E), Sb (F),
Co (G), Ni (H), and Pb (I) in pre-ore and ore pyrites from both deposits. Detection limits are shown on the image. The bar
indicates the median value, the box encompasses the 25t to 75t percentile of data, and the whiskers indicate the minimum
and maximum values. Abbreviations: OPy = ore pyrite, PrePyl = pre-ore pyrite 1, PrePy2 = pre-ore pyrite 2, PrePy3 = pre-

ore pyrite 3, PrePy4 = pre-ore pyrite 4.

data (Appendix 2) and included in Appendix 3. Gold cor-
relates positively (>0.4) with As (0.52), Tl (0.55), and Sb
(0.6). Other strong positive correlations include As and
Sb (0.53), Sb and Hg (0.65), Sb and TI (0.65), Hg and TI
(0.44), Pb and Sb (0.8), Pb and Hg (0.53), Pb and As (0.42),
and Pb and TI (0.46).

Pyrite sulfur isotope compositions

In situ 3¢S values of pre-ore pyrite 2 and ore pyrite in two sam-
ples (one from Shuiyindong [Fig. 2] and one from Jinfeng [Fig.
3]) were quantified by LA-MC-ICP-MS analyses (Figs. 6A, H,
TH) and shown in Figure 8 and Table 5. Pre-ore pyrites 1, 3,
and 4 are too small (commonly less than 20 um in diameter, the
minimum spot size of LA-MC-ICP-MS) to analyze using LA-
MC-ICP-MS. Twenty-eight spots including 20 spots from Shui-
yindong and eight spots from Jinfeng on pre-ore pyrite 2, and
48 spots including 31 spots from Shuiyindong and 17 spots from
Jinfeng on ore pyrite were analyzed (Table 5). Pre-ore pyrite 2
sulfur isotopes for Shuiyindong and Jinfeng have 03S values
from —0.8 to 3.4%o, and 5.1 to 10.5%o, respectively (Fig. §;
Table 5). In Jinfeng samples, pre-ore pyrite 2 is commonly ~20
to 40 um in diameter (Fig. 7A, H) and LA-MC-ICP-MS spot

size ranges from 20 to 60 um; thus, pre-ore pyrite 2 analyses
from Jinfeng may have included some ore pyrite during anal-
ysis. Ore pyrite 0%4S values determined for Shuiyindong vary
from —3.3 to +2.5%o, with a median of 0.7%o. Ore pyrite values
for Jinfeng are markedly higher and range from 8.9 to 11.2%o,
with a median at 10.3%o, ~10%o greater than the median value
of Shuiyindong ore pyrite (Fig. 8; Table 5). In the Shuiyindong
sample, the pre-ore pyrite 2 core and ore pyrite rim exhibit 034S
values that slightly decrease from pre-ore pyrite 2 to ore pyrite
(Fig. 6A, H). In the Jinfeng sample, however, the pre-ore pyrite
2 core and ore pyrite rim have 034S values that slightly increase
from pre-ore pyrite 2 to ore pyrite (Fig. 7H). Note that the Jin-
feng ore pyrite inner rim commonly exhibits multiple ~1- to
3-um As-rich bands that cannot be individually analyzed (Fig.
4F), and LA-MC-ICP-MS spots will average the values within
a spot analysis.

Interpretation and Discussion
Pyrite formation

Pre-ore pyrite: Pre-ore pyrites 1 and 2 lack gold and are com-
monly rimmed by ore pyrite in the Shuiyindong and Jinfeng
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Fig. 6. Textural (A), chemistry (B-G), and 63S isotope composition (H) of pre-ore pyrite 2 and ore pyrite from the Shui-
yindong deposit (sample SYD-3A-1, 32 g/t Au). A. Anhedral pre-ore pyrite 2 is rimmed by ore pyrite. Yellow and red dots
indicate locations of LA-ICP-MS and LA-MC-ICP-MS analyses, respectively, and were marked with analysis number and
Au concentration in ppm and 034S isotope composition in %o, respectively. All LA-ICP-MS data are tabulated in Table 4. B.
Spider diagram of LA-ICP-MS data shows ore pyrite contains more As, Tl, Cu, and Sb than pre-ore pyrite 2. C-G. LA-ICP-
MS maps of Au (C), As (D), TI (E), Cu (F), and Pb (G) showing the correlation of these elements in pre-ore pyrite 2 and ore
pyrite; the pre-ore pyrite 2 core lacks these elements. H. Spider diagram of §34S isotope composition analyzed by LA-MC-
ICP-MS, showing that 034 isotope compositions of pre-ore pyrite 2 are slightly greater than those of the ore pyrite. The lower
0348 value for point 2 compared with points 1 and 3 could result from a mixture of ore and pre-ore pyrites. Abbreviations: bdl
= below detection limit (~2 ppm for LA-ICP-MS analyses), OPy = ore pyrite, PrePy2 = pre-ore pyrite 2.
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Fig. 7. Textural and BSE (A), chemistry (B-G), and 03S isotope composition (H) of pre-ore pyrite 2 and ore pyrite from the
Jinfeng deposit (sample HDDS0091-507, 28 g/t Au). A. Anhedral pre-ore pyrite 2 is rimmed by ore pyrite. The inner rim of
ore pyrite has As-rich subbands. Green dots are locations of EPMA spots. Labels show analysis number and Au concentra-
tion in ppm. All EPMA data were listed in the appendix of Xie et al. (2018). B. Spider diagrams of EPMA data show that ore
pyrite contains more As, Au, and Tl than pre-ore pyrite 2. C-G. LA-ICP-MS maps of Au (C), As (D), Cu (E), Sb (F), and Pb
(G) showing the correlation of these elements in pre-ore pyrite 2 and ore pyrite. The inner rim is more enriched in As and Cu
than the outer rim. H. Three pre-ore pyrite 2 cores with ore pyrite rims (BSE images) and a spider diagram of 034S isotope
compositions, analyzed by LA-MC-ICP-MS, of pre-ore pyrite 2 (spots 1-3). These compositions are generally lower than
those of ore pyrite (spots 4-9). Red dots are locations of 934S analyses and isotopic compositions are in %o. Abbreviations: bdl
= below detection limit (~120 ppm for EPMA), Opy = ore pyrite, PrePy2 = pre-ore pyrite 2.

deposits, demonstrating that they formed before the ore
pyrites. Large et al. (2009) and Gregory et al. (2015) ana-
lyzed global sedimentary pyrites and determined that they
contain abundant As, Ni, Pb, Cu, and Co, and less abundant
Mo, Sb, Zn, and Se. Pre-ore pyrites 1 and 2 exhibit textural
and chemical similarities (Tables 2, 3) to these sedimentary
pyrites, which is consistent with a sedimentary (syngenetic or
diagenetic) origin (Xie et al., 2018). Pre-ore pyrites 3 and 4,

which contain high concentrations of As and Cu but no/low
Au, could have precipitated during an Au-free but As- and
Cu-rich period of the hydrothermal event or at the beginning
of the ore stage from low-Au and As- and Cu-rich fluids (Xie
et al., 2018).

Ore pyrite: Ore pyrite is the main ore mineral in the Shui-
yindong and Jinfeng deposits, although minor arsenopyrite
also contains trace Au in these deposits (Zhang et al., 2003;
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Table 3. Average and Median Values (ppm) of Trace Elements in Each Type of Pyrite from LA-ICP-MS Analysis, Shuiyindong and Jinfeng Deposits

Au As Hg Tl Cu Sb Pb Ni Co Sn Ag  Mn Zn
Pyrite type Stage No. of analyses ~21 <1281 ~28! ~21 2291 <l <41 <881 20! ~30! ~10' ~42! ~210!
Average value
PrePyl Pre-ore N=6 1 1283 74 31 109 167 114 1,328 635 15 9 68 132
PrePy2 Pre-ore N =22 1 2639 17 2 753 127 267 152 76 31 7 44 151
PrePy3 Pre-ore N=7 3 13848 29 4 495 127 170 268 1,148 15 10 196 259
PrePy4 Pre-ore N=6 2 2009 21 5 706 134 177 122 32 15 12 36 326
OPy Ore N =109 641 9,147 43 22 1,043 188 98 198 136 20 9 58 207
Median value
PrePyl Pre-ore N=6 1 1,051 62 31 125 166 112 1,086 504 15 7 71 105
PrePy2 Pre-ore N =22 1 1,018 14 1 146 34 31 44 20 15 5 21 105
PrePy3 Pre-ore N=7 1 11,631 14 1 307 29 34 99 9 15 5 21 105
PrePy4 Pre-ore N =6 1 2334 14 5 381 123 224 95 10 15 5 32 105
OPy Ore N =109 467 7,327 14 12 660 126 48 44 52 15 5 21 105

Notes: Data used to calculate the average and median values are listed in Appendix 2; we use half the detection limit if the analysis is below detection limit

during average and median values calculation

Abbreviations: OPy = ore pyrite, PrePyl = pre-ore pyrite 1, PrePy2 = pre-ore pyrite 2, PrePy3 = pre-ore pyrite 3, PrePy4 = pre-ore pyrite 4

Walue listed below the element is the approximate detection limit (in ppm)

Chen et al., 2009; Hou et al., 2016) and locally trace native Au
was reported in Shuiyindong deposit (Su et al., 2008, 2012).
Previous studies have suggested that the ore pyrite from
Guizhou sediment-hosted Au deposits is similar to the ore
pyrite from Nevada Carlin-type Au deposits, though the ore
pyrite morphologies and trace element abundances differ in
the Nevada and Guizhou deposits (Cline et al., 2013; Xie et
al., 2018). Studies of the Nevada deposits are consistent with
ore pyrite formation by sulfidation of host-rock Fe by fluids
transporting Au, As, Hg, Tl, Cu, and Sb in addition to S to
form Au and trace element-rich pyrite (Hofstra et al., 1991;
Stenger et al., 1998; Kesler et al., 2003; Ye et al., 2003; Cline
et al., 2005; Muntean et al., 2011; Maroun et al., 2017; Xie
et al., 2018). Similarly to the Nevada ore pyrite, Guizhou ore
pyrite is enriched in Au, As, Cu, Sb, Hg, and T1. Ore-stage fluid
inclusions from Shuiyindong, analyzed using LA-ICP-MS (Su
et al., 2009), contain <~400 ug/g Fe, the detection limit for

Fe using this technique. These analyses are consistent with
petrographic observations that increasing Au grade in Shui-
yindong and Jinfeng ore correlates directly with consumption
of Fe from spatially associated Fe dolomite and alteration of
Fe dolomite to Fe-free dolomite (see fig. 25, Xie et al., 2018).
Arsenic, Cu, Sb, Hg, and T] were also incorporated into the
ore pyrite during this sulfidation process. Locally, in Jinfeng,
irregular boundaries between pre-ore and ore pyrites suggest
that replacement in addition to sulfidation may have been
important in the formation of ore pyrite (Xie et al., 2018).

One difference between ore pyrite in the Shuiyindong and
Jinfeng deposits is that the Jinfeng ore pyrite inner rim com-
monly contains multiple As-rich subbands. This oscillatory
variation in As concentration appears to have recorded fluc-
tuations in the chemical composition of the ore fluids and may
suggest ore fluid pulsing instead of a continuing influx in the
Jinfeng district.

Table 4. LA-ICP-MS Analyses of Pyrites in Shuiyindong Deposit (ppm)

Au As Hg Tl Cu Sb Bi Ag \Y% Mn Co Ni Pb Zn Sn S

Analysis no.  Pyrite type ~21 ~301  ~301 ~5!  ~20! <5 ~31 ~101  ~40!  ~40' ~20! <50 ~41 ~210' ~30! ~20,000!
Figure 4F (SYD-1200-3C, 40 g/t. Shuivindong deposit)

LAl OPy 1,002 4,318 58 37 1,268 319 bdl bdl bdl bdl bdl bdl 21 bdl bdl 379,757
LA2 OPy 1,453 9879 bdl 14 1,026 142 6 21 bdl 99 75 bdl 25 bdl bdl 510,778
LA3 PrePy2 bdl 53 bdl 2 bdl 8  bdl bdl bdl bdl 137 93 27  bdl bdl 380,578
LA4 PrePy2 bdl bdl bdl bdl bdl bdl bdl 25 bdl bdl bdl bdl 11 310 bdl 373,094
Figure 6A (SYD-3A-1, 32 g/t. Shuivindong deposit

LAl OPy 986 8,090  bdl 41 2,719 271 bdl 29 bdl bdl 30 bdl 106 bdl 38 433,400
LA2 OPy 856 5,342  bdl 4 1,234 22 bdl bdl bdl bdl bdl 19 9 bdl bdl 329,030
LA3 OPy 837 6,289  bdl 27 2,993 254 bdl bdl bdl bdl bdl 22 70 bdl bdl 440,488
LA4 OPy 612 9,851 bdl 7 2,621 74 bdl bdl bdl 98 bdl 25 25 bdl bdl 369,403
LA5 PrePy2 bdl 1,205  bdl bdl bdl bdl bdl bdl bdl bdl 88 161 bdl bdl bdl 253,812
LA6 PrePy2 bdl 910  bdl bdl 125  bdl bdl bdl bdl 59 293 5 bdl bdl 448,843
LAT PrePy2 bdl 426 bdl bdl bdl bdl bdl bdl bdl 81 bdl 44 bdl bdl 31 534,263
LAS PrePy2 bdl 57  bdl bdl bdl bdl 3 bdl bdl bdl bdl bdl bdl bdl bdl 386,535

Abbreviations: bdl = below detection limit, OPy = ore pyrite, PrePy2 = pre-ore pyrite 2
Walue listed below the element is the approximate detection limit (in ppm)
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Fig. 8. Histogram of all 63!S isotope data gathered in this study from pre-
ore pyrite 2 (PrePy2) and ore pyrite (Opy) from the Shuiyindong (SYD) and
Jinfeng (JF) deposits. See Table 5 for analysis details.
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Comparison of Guizhou sediment-hosted Au deposit
sulfur isotopes

Available 63S data for pre-ore and ore pyrites, ore- and late ore-
stage arsenopyrite, and late ore-stage sulfide minerals including
stibnite, realgar, orpiment, and cinnabar from several Guizhou
sediment-hosted Au deposits (Guo, 1988; Li et al., 1989, 1995;
Li, 1994; Liu et al., 1994; Zhang et al., 2003; Xia, 2005; Wang
et al., 2010, 2012, 2013b; Zhang et al., 2010; Fan, 2015; Tan
et al., 2015b; Hou et al., 2016; Wei, 2017; Zheng, 2017; Yan et
al., 2018) are compiled for comparison (Fig. 9). Sulfur isotope
data for pre-ore pyrites include both in situ and available bulk
analyses because all of these data can provide a pure pre-ore
S isotope signature. Sulfur isotope compositions of ore pyrite
and arsenopyrite include only data obtained using in situ mea-
surements with SHRIMP, LA-MC-ICP-MS, and nanoSIMS
instruments to avoid contamination by non-ore pyrites. For the
late ore-stage sulfide minerals stibnite, realgar, orpiment, and
cinnabar, we include bulk analysis data as these minerals are
commonly coarse and homogeneous.

Results show that pre-ore-stage pyrites from Guizhou sed-
iment-hosted Au deposits have a broad range of 63S values

Table 5. LA-MC-ICP-MS In Situ S Isotope Compositions of Pyrites from Shuiyindong and Jinfeng Deposits

Deposit Sample no. Pyrite type 034S (%o0) Deposit Sample no. Pyrite type 034S (%o0)

Shuiyindong SYD-3A-1 PrePy2 -0.8 Shuiyindong SYD-3A-1 OPy 1.0
(Au: 32 g/t) PrePy2 -0.5 (Au: 32 g/t) OPy 1.0
PrePy2 -0.3 OPy 1.1
PrePy2 0.1 OPy 1.2
PrePy2 0.4 OPy 1.2
PrePy2 0.4 OPy 1.3
PrePy2 0.5 OPy 1.3
PrePy2 0.6 OPy 1.3
PrePy2 0.6 OPy 1.4
PrePy2 0.7 OPy 14
PrePy2 1.3 OPy 1.5
PrePy2 2.0 OPy 1.7
PrePy2 2.4 OPy 2.5

PrePy2 2.5
PrePy2 2.5 Jinfeng HDDS0091-507 PrePy2 5.1
PrePy2 2.6 (Au: 28 g/t) PrePy2 8.9
PrePy2 2.7 PrePy2 9.5
PrePy2 3.0 PrePy2 9.9
PrePy2 3.3 PrePy2 10.1
PrePy2 3.4 PrePy2 10.2
OPy -3.3 PrePy2 10.5
OPy -0.4 PrePy2 10.5
OPy 0.1 OPy 8.9
OPy 0.0 OPy 9.7
OPy 0.0 OPy 9.8
OPy 0.2 OPy 10.1
OPy 0.3 OPy 10.1
OPy 0.4 OPy 10.2
OPy 0.5 OPy 10.3
OPy 0.5 OPy 10.3
OPy 0.5 OPy 10.4
OPy 0.6 OPy 10.5
OPy 0.6 OPy 10.6
OPy 0.7 OPy 10.6
OPy 0.7 OPy 11.0
OPy 0.7 OPy 11.1
OPy 0.7 OPy 11.1
OPy 08 OPy 11.2
OPy 11.2

Abbreviations: OPy = ore pyrite, PrePy2 = pre-ore pyrite 2

Downloaded from http://pubs.geoscienceworld.org/segweb/economicgeology/article-pdf/113/7/1627/4563269/1627-1652.pdf
bv Institute of Geochemistrv Chinese Academv Liser



SCIENTIFIC COMMUNICATIONS

from -33.8 to +17.9%o (Fig. 9), and in the Getang deposit
the range reaches 46.7%o (Fig. 9). Additionally, the §34S val-
ues for pre-ore-stage pyrites from different deposits are dif-
ferent (Fig. 9). For example, the Shuiyindong pre-ore-stage
pyrites exhibit 034S values between -25.7 and +17.9%o, and
most of the data plot between ~—2.1 and +3.8%o0. However,
the pre-ore-stage pyrites from Jinfeng deposit have §34S val-
ues ranging from 5.1 to 13.2%o, with most data between ~7.4
and 10.5%o (Fig. 9).

Ore-related sulfide minerals including ore pyrite, arsenopy-
rite, and late ore-stage sulfide minerals in all deposits, except
Jinfeng, have very similar 0 34S values, and most of these data

[ Late-ore-stage cinnabar

1641

plot between ~—5 and +5%o (Fig. 9). The variation of §34S val-
ues for ore-related sulfide minerals in all deposits, except Jin-
feng, are commonly <~ 6%o (Fig. 9). In the Jinfeng deposit,
the ore pyrite exhibits 034S values ranging from 1.9 to 18.1%o,
and most of the data plot between 6.6 and 11.5%0—~7 to
12%o greater than the §3S values of ore pyrite from other
Guizhou sediment-hosted Au deposits (Fig. 9). The late ore-
stage sulfide minerals from the Jinfeng deposit, including
stibnite, realgar, and cinnabar, have 034S values varying from
8.4 to 13.2%0—~8 to 13%o greater than the 0%*S values of
late ore-stage sulfide minerals from other Guizhou sediment-
hosted Au deposits (Fig. 9).
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Fig. 9. Compilation of d%S isotope ratio data for pre-ore-

and ore-stage pyrites from the Guizhou sediment-hosted Au

deposits, including minor arsenopyrite and late ore-stage stibnite, realgar, orpiment, and cinnabar; the vertical organization
of data reflects host-rock age. Pre-ore-stage pyrite types were analyzed using both bulk and in situ techniques, whereas data
for ore-stage pyrite and arsenopyrite are from in situ techniques including SHRIMP, LA-MC-ICP-MS, and nanoSIMS only.
Late ore-stage sulfide minerals were analyzed using bulk techniques (Guo, 1988; Li et al., 1989, 1995; Li, 1994; Liu et al.,
1994; Zhang et al., 2003, 2010; Xia, 2005; Wang et al., 2010, 2012, 2013b; Fan, 2015; Tan et al., 2015b; Hou et al., 2016; Wei,

2017; Zheng, 2017; Yan et al., 2018; this study)'.
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The broad range of S isotope compositions for the sedimen-
tary (syngenetic or diagenetic) pyrites (pre-ore pyrites 1 and
2) is likely the result of bacterial reduction from marine sul-
fate during sedimentation and diagenesis in (semi-) open and
sulfate-limited systems (Aharon and Fu, 2000; Machel, 2001;
Shen et al., 2001; Hou et al., 2016), which is consistent with
the pyrite textures (e.g., framboid and anhedral) and high
concentrations of Co and low concentrations of Carlin-type
elements. The narrow variation in 034S values for ore-related
sulfide minerals in all Guizhou sediment-hosted Au deposits,
except the Jinfeng deposit, suggests that these deposits likely
formed from similarly sourced ore fluids. All Guizhou sedi-
ment-hosted Au deposits share consistently similar geologic
characteristics, including ore minerals, ore fluid temperatures
and pressures, and alteration minerals and textures (Su et
al., 2018; Xie et al., 2018). Thus, these deposits most likely
formed in response to a single widespread metallogenic event.

Jinfeng ore pyrite has a relatively broad range of S isotope
compositions and is more enriched in higher 034S values than
ore pyrite from other Guizhou sediment-hosted Au deposits
(Fig. 9). Mixing of ore fluids with basin brines with elevated
038 value (>18%o; Yan et al., 2018) could have produced the
higher values observed in this deposit. In addition, nanoSIMS
analyses (Yan et al., 2018), which have a smaller beam size
(1-2 um), provided 83S values of 1.1 to 7.9%o (most data
<5%o) for As-rich bands in the ore pyrite inner rim, and val-
ues of 4.9 to 18.1%o for the ore pyrite outer rim. These results
are consistent with an interpretation that the inner ore pyrite
rim precipitated from initial ore fluids with 634S values of ~1.1
to 7.9%o that represent the S isotope signature of ore fluids,
and the outer ore pyrite rim formed from ore fluids mixed
with basin brines with elevated §3S value (>18%o). Owing
to a larger spot size, our LA-MC-ICP-MS analyses for Jin-
feng ore pyrite analyzed both inner and outer ore-stage rims,
yielding 074§ values between these two end-member values.
Collectively, these data indicate that Jinfeng S isotope compo-
sitions of the ore pyrite inner rim (1.1-7.9%o) represent the
S isotope signature of the initial ore fluids, and these values
are largely consistent with the 034S values (-5—+5%o) of ore-
related sulfide minerals from other Guizhou sediment-hosted
Au deposits.

Source of sulfur and ore fluids

In the Carlin-type ore systems, as ore fluids were enriched in
reduced S and Au was principally transported as an Au-HS
complex [Au(HS)? and/or Au(HS)3] (Seward, 1973, 1991;
Stefansson and Seward, 2004; William-Jones et al., 2009; Liu
et al., 2014), the S isotope ratio data can provide insight into
potential Au and ore fluid sources. In the Guizhou sediment-
hosted Au deposits, fluid inclusion studies indicate that these
deposits formed at temperatures of 190° to 300°C (average
~250°C; Zhang et al., 2003; Su et al., 2009, 2018; Wang et
al., 2013a). The S isotope fractionation between pyrite and
hydrothermal fluids [A(034Ses,-03Sus7)] is less than 2%o at
a temperature of ~250°C (Ohmoto, 1972), and the 03*Sys- is
approximately equal to the 334Sgulfide minerals (Ohmoto and Gold-
haber, 1997). Thus, the initial ore fluid should have had d34S
values similar to the 034S values of sulfide minerals, between
~=5 and +5%o. Such values can result from a magmatic, meta-
morphic, or sedimentary S source. Because a sedimentary S
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source would likely have provided a wide range of values for
S in ore-stage minerals among different deposits, and because
a wide range is only observed at the Jingfeng deposit, possibly
owing to mixture with a fluid with elevated 034S value, we do
not consider a sedimentary source as likely. Furthermore, as
the sedimentary rocks that comprise the Youjiang Basin did
not undergo metamorphism, a potential magmatic S source
is more likely.

Known igneous rocks in the Youjiang Basin are scarce; how-
ever, minor alkaline ultramafic dikes (85-88 Ma, Liu et al.,
2010) and quartz porphyry dikes (95.5-97 Ma, Chen et al.,
2014; Zhu et al., 2017) have been identified ~10 to 30 km
from the Au deposits (Fig. 1). Additionally, quartz porphyry
dikes present at Liaotun (97-99 Ma, Zhu et al., 2017) crosscut
Au orebodies (Fig. 1, Chen et al., 2014). Laser ablation-ICP-
MS and SIMS U-Pb dating of inherited zircons from Liaotun,
Bama, and Xiabaha quartz porphyry dikes show age clusters of
130 to 140 Ma and ca. 242 Ma (Zhu et al., 2016). These were
interpreted as ages of intrusions that are not exposed in these
areas. Furthermore, gravity and magnetic geophysical inves-
tigations in the Shuiyindong district are consistent with the
presence of a pluton ~5 km below the surface (Liu, pers. com-
mun., 2018). Collectively, these data indicate the presence of
magmatic activity that may have contributed to formation of
the Guizhou sediment-hosted Au deposits.

We suggest that the thick Devonian-Triassic passive margin
sequence (6-12 km) that comprises the Youjiang Basin and
weak extension following sedimentation prevented igneous
activity from reaching the surface. However, buoyant ore flu-
ids released from these intrusions could have ascended along
structural conduits and precipitated Au at higher crustal levels.
Because the age of Au mineralization is still controversial, it
is currently not possible to relate the Au mineralization to a
specific episode of magmatism. Determining an accurate age
for Au mineralization continues to be an urgent research issue.

Implications and Conclusions

In the Youjiang Basin, pre-ore pyrites 1 and 2 in sedimentary
rocks formed during the sedimentary (syngenetic or diage-
netic) process. These pyrites have a broad range of 034S iso-
tope compositions (-33.8-+17.9%o), and the S that formed
these pyrites was probably generated by bacterial reduction
from marine sulfate. Trace elements As, Ni, Pb, Cu, and Co
were incorporated into these pyrites during the sedimentary
process.

A thick section of sedimentary rocks in Youjiang Basin
including a Devonian-Triassic passive margin sequence (6-12
km) followed by weak extension prevented igneous activity
in the region from reaching the current surface, except at a
few locations. Ore fluids with d34S values between ~-5 and
+5%o, enriched in Au, As, Cu, Sh, Hg, and Tl and deficient
in Fe, were potentially released by the deep intrusions and
ascended along regional structures. Where ore fluids encoun-
tered Fe-bearing carbonate-rich host rocks under appropriate
pressure-temperature conditions, ore fluids reacted with and
extracted Fe from Fe-bearing dolomite and sulfidized the Fe,
forming Au-bearing and trace element-rich pyrite and, ulti-
mately, the Guizhou sediment-hosted Au deposits.

At Jinfeng, ore fluids initially precipitated Au-bearing pyrite
with S isotope signatures similar to the initial ore fluids (034Sere
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fluid ~—D—+5%o). However, as ore pyrite continued to precipi-
tate, ore fluids mixed with local fluids with elevated 634S,
possibly basin brine (0%*Spasin brine >18%o; Yan et al., 2018),
producing ore pyrite with elevated 34S values.
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APPENDIX 1
Detection Limit for LA-ICP-MS Analysis

Element LA-ICP-MS detection limit (ppm) Element LA-ICP-MS detection limit (ppm)
Au 1-3 7Zn 130-270
As 10470 Mo 740

Sb 3-8 Fe 400-700
Hg 10-50 S 18,000-70,000
Tl 2-5 \Y 15-70

Cu 10-35 Cr 20-140

Bi 2—4 Mn 30-55

Ag 5-15 Cd 2045

Te 10-15 Sn 3-8

Co 10-35 Se 80-910
Ni 20-150 Pb 2-6

Downloaded from http://pubs.geoscienceworld.org/segweb/economicgeology/article-pdf/113/7/1627/4563269/1627-1652.pdf
bv Institute of Geochemistrv Chinese Academv Liser



1646 SCIENTIFIC COMMUNICATIONS

APPENDIX 2
Pyrite Chemistry (in ppm) Analyzed by LA-ICP-MS

Deposit Pyrite type Sample and Au grade S A% Cr Mn Co Ni Cu

Shuiyindong PrePyl SYD-2F-3 at 80 g/t 539,459.3 bdl bdl 118.2 371.9 1,436.3 154.3
Shuiyindong PrePyl SYD-2F-3 at 80 g/t 635,883.8 bdl bdl bdl 1,302.4  3,066.9 77.1
Shuiyindong PrePyl SYD-2F-3 at 80 g/t 485,559.3 bdl bdl 105.1 995.1 2.569.4 162.5
Shuiyindong PrePyl SYD-2F-3 at 80 g/t 455,496.5 bdl bdl 82.4 391.5 736.6 95.6
Shuiyindong PrePyl SYD-2F-3 at 80 g/t 484,896.0 bdl bdl bdl 131.6 bdl bdl

Shuiyindong PrePyl 34332-45 at 3.56 g/t 708,907.9 bdl bdl 59.7 616.7 113.0 155.7
Jinfeng PrePy2 HDDSO0154B-777 at 0.02 g/t 670,166.4 bdl 92.3 bdl 20.5 bdl 166.9
]infeng PrePy2 HDDSO0154B-777 at 0.02 g/t 503,536.7 bdl 82.7 bdl 98.3 bdl 392.6
Jinfeng PrePy2 HDDSO0154B-777 at 0.02 g/t 472,838.7 179.6 bdl 109.9 bdl bdl 201.7
]infeng PrePy2 HDDSO0154B-777 at 0.02 g/t 508,208.2 bdl bdl bdl bdl 165.4 340.1
Jinfeng PrePy2 HDDS0154B-740 at 1.62 g/t 657,858.6 bdl bdl bdl bdl bdl 735.5
]infeng PrePy2 HDDSO0154B-740 at 1.62 g/t 447,023.0 bdl bdl 31.7 25.3 bdl 1,956.3
Jinfeng PrePy2 HDDS0154B-766 at 57 g/t 677,919.8 bdl bdl bdl 282 bdl bdl

]infeng PrePy2 HDDS0170-592 at 0.02 g/t 283,700.8 186.2 bdl bdl bdl bdl 4,837.3
Jinfeng PrePy2 HDDS0170-592 at 0.02 g/t 640,622.2 bdl bdl bdl bdl bdl 3,942.7
]infeng PrePy2 HDDS0170-592 at 0.02 g/t 498,341.9 bdl 60.5 bdl 20.1 bdl 2,042.1
Shuiyindong ~ PrePy2 SYD-3A-1 at 31.9 g/t 253,812.0 bdl bdl bdl §78 1615  bdl

Shuiyindong PrePy2 SYD-3A-1 at 31.9 g/t 448,842.6 bdl bdl 59.4 59.2 293.0 1255
Shuiyindong ~ PrePy2 SYD-3A-1 at 31.9 g/t 534,263.4 bdl bdl SL3  bdl 437 bdl

Shuiyindong PrePy2 SYD-3A-1 at 31.9 g/t 386,534.9 bdl bdl bdl bdl bdl bdl

Shuiyindong ~ PrePy2 9-1200-3A at 40 g/t 380,577.5 bdl bdl bdl 1372 928 bdl

Shuiyindong ~ PrePy2 9-1200-3A at 40 g/t 373,094.4 bdl bdl bdl bdl bdl bdl

Shuiyindong PrePy2 34332-45 at 3.56 g/t 595,048.3 45.2 bdl 250.7 99.3 255.2  1,418.0
Shuiyindong ~ PrePy2 34332-45 at 3.56 g/t 708,052.8 bdl bdl bdl bdl 3473 bdl

Shuiyindong PrePy2 34332-45 at 3.56 g/t 504,443.4 bdl bdl bdl 921.3 291.2 300.3
Shuiyindong PrePy2 34332-42 at 0.16 g/t 144,072.0 bdl bdl bdl bdl 61.1 bdl

Shuiyindong ~ PrePy2 + PrePy3  SYD-3A-1 at 31.9 g/t 561,014.2 bdl bdl bdl 264 1765  bdl

Shuiyindong PrePy2 + PrePy3 SYD-3A-1 at 31.9 g/t 807,816.7 bdl 302.3 93.3 46.7 978.9 bdl

]infeng PrePy3 HDDSO0154B-777 at 0.02 g/t 430,015.5 bdl bdl bdl bdl bdl 78.3
Jinfeng PrePy3 HDDS0154B-777 at 0.02 g/t 593,827.2 bdl bdl 531  bdl bdl 250.5
]infeng PrePy3 HDDSO0154B-777 at 0.02 g/t 681,701.9 bdl bdl 12134  7,461.2 1,259.6 230.6
Jinfeng PrePy3 HDDS0170-592 at 0.02 g/t 474,330.6 bdl bdl bdl 98.8 2440 13774
]infeng PrePy3 HDDS0170-592 at 0.02 g/t 438,994.2 bdl bdl bdl 35.5 bdl 307.0
Shuiyindong PrePy3 34332-42 at 0.16 g/t 379,253.5 bdl bdl bdl 234.2 144.7 590.8
Shuiyindong PrePy3 34332-42 at 0.16 g/t 366,079.4 bdl 82.5 bdl 185.3 98.6 628.0
]infeng PrePy4 HDDS0170-592 at 0.02 g/t 504,265.1 77.2 305.4 bdl 141.4 270.9 298.8
Jinfeng PrePy4 HDDS0170-592 at 0.02 g/t 428,010.4 bdl bdl 59.4 bdl bdl bdl

]infeng PrePy4 HDDS0170-592 at 0.02 g/t 727,518.5 bdl bdl bdl bdl 180.9 1,189.2
Jinfeng PrePy4 HDDS0170-592 at 0.02 g/t 653,307.7 bdl 85.4 52.3 bdl 145.9 463.9
]infeng PrePy4 HDDS0170-592 at 0.02 g/t 602,101.1 bdl bdl 43.7 bdl bdl 2,188.5
Shuiyindong ~ PrePy4 34332-42 at 0.16 g/t 355,233.4 bdl bdl bdl bdl bdl 84.3
Jinfeng Opy HDDS0154B-740 at 1.62 g/t 742,203.8 bdl bdl 667 968  bdl 4947
]infeng Opy HDDSO0154B-740 at 1.62 g/t 627,149.4 bdl bdl bdl 60.7 425.3 850.3
Jinfeng Opy HDDS0154B-740 at 1.62 g/t 572,040.6 239 bdl bdl bdl bdl 195.6
Jinfeng Opy HDDS0154B-740 at 1.62 g/t 116,756.1 bdl bdl bdl bdl bdl 83.1
Jinfeng Opy HDDS0154B-766 at 57 g/t 649,279.6 bdl bdl 904 bdl 191.0 1887
]infeng Opy HDDSO0154B-766 at 57 g/t 603,146.1 bdl 155.8 bdl 149.3 332.2 505.8
Jinfeng Opy HDDS0154B-766 at 57 g/t 669,021.6 482 1186 bdl bdl bdl 371.8
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 667,406.6 bdl bdl bdl bdl bdl 11385
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 332,440.9 bdl bdl 349 806 bdl 592.3
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 561,134.8 bdl bdl bdl 191 bdl 18489
Jinfeng Opy HDDS0091-507 at 28.4 g/t 373,120.2 646 bdl bdl 1425 3156 21375
]infeng Opy HDDSO0154B-766 at 57 g/t 325,129.6 23.3 bdl 51.5 43.6 bdl 1,686.6
Jinfeng Opy HDDS0154B-766 at 57 g/t $25,293.3 bdl 940  bdl bdl bdl 316.3
Jinfeng Opy HDDS0154B-766 at 57 g/t 624,462.0 bdl bdl 864  bdl bdl 14982
Jinfeng Opy HDDS0154B-766 at 57 g/t 736,888.1 bdl bdl bdl bdl bdl 22368
Jinfeng Opy HDDS0154B-766 at 57 g/t 815,233.0 bdl bdl 1068 bdl bdl 370.2
Jinfeng Opy HDDS0154B-766 at 57 g/t $27,279.1 bdl bdl bdl bdl bdl 142.7
Jinfeng Opy HDDS0154B-766 at 57 g/t 732,056.2 bdl bdl 1662 bdl bdl 806.1
Jinfeng Opy HDDS0154B-766 at 57 g/t 534,479.2 bdl bdl bdl bdl bdl 15825
Jinfeng Opy HDDS0154B-766 at 57 g/t 722,579.6 bdl bdl bdl bdl bdl 6235
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 432.331.7 bdl bdl 556 1253  bdl 12687
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 570,287.3 bdl bdl bdl 1411 bdl 168.4
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 923,653.9 bdl bdl bdl 3676 2653 8527
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Deposit Zn As Se Mo Ag Cd Sn Sb Au Hg Tl Pb Bi
Shuiyindong bdl 1,357.5 bdl 42.4 bdl bdl bdl 151.5 bdl 429 9.2 121.7 bdl
Shuiyindong bdl 928.5 bdl 41.6 18.3 9.7 bdl 260.0 bdl 68.9 38.8 173.2 5.7
Shuiyindong bdl 1,174.3 bdl bdl bdl bdl bdl 197.8 bdl 4.4 30.6 164.6 bdl
Shuiyindong bdl 712.9 bdl bdl 9.4 18.6 bdl 179.6 bdl 51.8 14.9 74.8 bdl
Shuiyindong 265.4 64.0 bdl bdl 135 bdl bdl 94.5 bdl 55.8 31.7 495 bdl
Shuiyindong bdl 3,463.0 bdl bdl bdl bdl bdl 116.7 bdl 147.6 63.0 101.4 bdl
Jinfeng bdl 11,678.9 bdl bdl 12.7 bdl 39.7 419 bdl bdl bdl 28.9 bdl
Jinfeng 278.3 365.6 bdl bdl bdl bdl 46.5 316.4 bdl bdl bdl 369.1 4.2
Jinfeng bdl 1,637.1 bdl bdl 12.8 567.6 bdl 55.9 bdl bdl bdl 42.3 bdl
Jinfeng bdl 652.6 bdl bdl bdl bdl bdl 532.6 4.0 bdl bdl 456.7 12.4
Jinfeng 549.8 2,575.4 bdl bdl bdl bdl bdl 194.7 2.3 124 bdl 1,344.4 bdl
]infeng bdl 1,239.6 bdl bdl 7.6 bdl 47.0 324.8 bdl 11.2 4.0 883.7 14.7
Jinfeng bdl 2.397.8 bdl bdl bdl 142.9 bdl 46.8 bdl 13.3 bdl 67.1 bdl
]infeng bdl 348.4 bdl bdl bdl bdl 65.3 424.0 bdl 72.9 bdl 1,072.0 9.6
Jinfeng bdl 540.7 bdl bdl bdl bdl 25.2 163.6 bdl bdl bdl 351.5 9.6
]infeng bdl 1,127.2 1,010.3 8.2 bdl bdl 26.5 170.7 bdl bdl bdl 697.6 15.8
Shuiyindong bdl 1,204.8 177.3 bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl
Shuiyindong bdl 909.5 bdl bdl bdl bdl bdl bdl bdl bdl bdl 4.6 bdl
Shuiyindong bdl 495.7 bdl bdl bdl bdl 31.2 bdl bdl bdl bdl bdl bdl
Shuiyindong bdl 57.3 bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 3.2
Shuiyindong bdl 53.0 bdl bdl bdl bdl bdl 8.2 bdl bdl 2.1 27.3 bdl
Shuiyindong 310.2 64.0 164.0 bdl 25.3 bdl bdl bdl 4.7 bdl bdl 11.1 bdl
Shuiyindong bdl 7,076.9 9,757.0 bdl 15.7 bdl 186.8 460.1 bdl bdl 17.3 411.6 bdl
Shuiyindong bdl 64.0 bdl 11.6 bdl bdl bdl 12.6 bdl bdl bdl 19.2 bdl
Shuiyindong bdl 556.6 bdl bdl 7.7 bdl bdl bdl bdl bdl bdl 24.4 bdl
Shuiyindong 296.5 4518.7 bdl bdl bdl bdl bdl bdl bdl 22.7 bdl 6.1 bdl
Shuiyindong bdl 8,605.1 bdl bdl bdl bdl bdl 25.3 bdl bdl 3.6 125 74
Shuiyindong bdl 11,950.5 bdl bdl bdl 12.9 bdl bdl bdl bdl bdl 32.2 bdl
Jinfeng 562.1 7,758.6 bdl bdl bdl 168.7 bdl 36.8 bdl bdl bdl 43.2 bdl
]infeng bdl 19,774.3 bdl 18.9 bdl 124.9 bdl 29.4 3.8 12.5 2.9 27.7 bdl
]infeng 635.7 13,764.1 bdl 281.9 14.3 108.8 bdl 636.4 8.8 1175 15.7 971.3 114.3
Jinfeng bdl 9,550.7 bdl bdl bdl bdl bdl bdl bdl bdl 3.3 17.2 bdl
Jinfeng 192.6 42785 1,000.7 bdl bdl bdl bdl 20.4 bdl bdl bdl 33.6 bdl
Shuiyindong bdl 11,630.7 bdl bdl bdl bdl bdl bdl bdl bdl bdl 18.6 bdl
Shuiyindong bdl 30,176.3 bdl bdl 32.3 bdl bdl 158.5 bdl bdl bdl 81.2 27.0
Jinfeng 1,184.7 2,612.6 bdl bdl bdl bdl bdl 280.8 bdl bdl 6.8 285.7 6.6
Jinfeng bdl 604.4 bdl bdl bdl bdl bdl 39.9 bdl bdl 2.0 17.2 bdl
]infeng bdl 2.864.4 bdl bdl 9.4 1,265.6 bdl 89.3 3.3 57.6 6.0 209.5 2.6
Jinfeng bdl 2,055.0 bdl bdl 42.6 bdl bdl 156.5 bdl bdl 11.8 237.9 2.8
]infeng 348.5 917.7 bdl 10.2 bdl 494 .4 bdl 226.9 bdl bdl 3.5 311.3 2.9
Shuiyindong bdl 3,002.8 bdl bdl bdl bdl bdl 7.7 3.5 bdl bdl bdl bdl
]infeng 540.8 23,810.9 bdl 16.4 bdl bdl bdl 61.9 82.3 41.9 bdl 42.9 6.3
Jinfeng bdl 9,654.7 bdl bdl bdl 216.2 bdl 85.5 244.6 bdl bdl 35.3 bdl
Jinfeng bdl 18,358.5 bdl bdl bdl bdl bdl 16.0 477 bdl bdl 124.9 bdl
Jinfeng bdl 2.589.5 bdl bdl bdl bdl bdl bdl 16.9 bdl bdl bdl bdl
Jinfeng bdl 32,229.3 bdl bdl bdl bdl bdl 14.4 7.0 bdl 3.9 bdl bdl
]infeng bdl 16,735.4 bdl bdl bdl bdl bdl 270.8 65.7 46.4 16.2 219.8 54
]infeng 247.1 23,904.0 bdl bdl 9.5 bdl bdl 197.0 3.3 17.7 5.1 234.4 bdl
]infeng bdl 18,632.0 bdl bdl 25.9 bdl bdl 1,306.8 2,714.1 285.2 142.5 500.5 bdl
]infeng bdl 8,951.2 bdl bdl bdl bdl bdl 192.2 688.9 109.4 42.0 116.6 3.7
]infeng bdl 13,693.9 bdl 24.3 12.3 bdl 73.9 345.0 1,015.6 62.7 37.0 185.0 bdl
]infeng bdl 5,385.0 454.6 bdl bdl bdl bdl 308.4 50.7 64.8 16.2 282.4 155
]infeng bdl 9,499.4 bdl bdl bdl 326.9 bdl 32.0 518.8 25.5 11.1 49.8 bdl
Jinfeng bdl 16,757.7 bdl bdl bdl bdl bdl 1385 21116 bdl 5.6 44.3 bdl
]infeng bdl 15,050.7 bdl bdl 10.0 153.4 bdl 719 1,600.2 bdl 9.7 32.6 59
]infeng bdl 16,479.2 bdl bdl bdl bdl bdl 256.4 788.6 44.2 17.9 125.1 8.5
]infeng bdl 20,775.9 bdl bdl bdl bdl bdl 201.0 2419.7 59.0 4.0 95.5 bdl
]infeng bdl 7,327.2 bdl 32.1 40.1 372.1 bdl 350 1,434.1 bdl 5.3 4.8 3.2
]infeng 1,106.3 25,668.0 116.0 65.8 14.9 268.5 bdl 400.9 3,481.2 95.0 15.0 212.6 3.6
]infeng 204.0 13,153.1 bdl bdl bdl bdl bdl 205.9 598.7 52.7 14.6 130.3 11.1
]infeng bdl 11,454.2 bdl bdl 8.3 bdl bdl 52.3 2015.1 bdl 2.5 23.6 2.8
]infeng 1,106.1 10,443.7 bdl bdl bdl bdl bdl 3783 11,3724 30.3 51.7 204.9 bdl
]infeng bdl 19,517.1 bdl bdl 26.5 bdl bdl 756.2 992.6 582.0 19.7 285.3 bdl
]infeng 484.8 28,976.3 bdl bdl 8.0 898.6 bdl 986.0 3,618.0 224.5 326.8 427.3 9.6
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]infeng Opy HDDSO0154B-767 at 91.7 g/t 737,311.1 bdl 110.9 69.5 bdl bdl 728.9
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 589,113.9 bl bl bl 523 bdl 349.4
]infeng Opy HDDSO0154B-767 at 91.7 g/t 883,152.3 70.0 321.0 bdl 24.8 bdl 930.4
Jinfeng Opy HDDS0154B-767 at 91.7 g/t 675.422.4 bl bl bl 643 2091 3431
]infeng Opy HDDSO0154B-767 at 91.7 g/t 414,016.6 bdl 99.3 60.7 33.2 bdl 385.8
Jinfeng Opy HDDS0091-507 at 25.4 g/t 417.897.5 bl bl §77 bl bdl 30981
]infeng Opy HDDS0091-507 at 28.4 g/t 395,682.9 bdl 162.8 bdl bdl 829  3,905.4
Jinfeng Opy HDDS0091-507 at 25.4 g/t 361,330.3 bl bl bl 263 1653 51902
]infeng Opy HDDS0091-507 at 28.4 g/t 409,594.0 bdl 139.9 bdl 25.2 bdl 2,743.2
]infeng Opy HDDS0091-507 at 28.4 g/t 430,240.4 bdl 192.9 bdl 108.5 133.8 4241.1
Shuiyindong Opy SYD-3A-1 at 31.9 g/t 566,406.7 bdl bdl bdl 107.3  1,245.6 347.3
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 369.402.8 bdl 167 982 bl 255 26207
Shuiyindong Opy SYD-3A-1 at 31.9 g/t 497,276.1 bdl bdl bdl 99.8 2345  3,366.3
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 330.871.0 bl bl bl 4883 354 31717
Shuiyindong Opy 9-1200-3A at 40 g/t 57,463.5 bdl bdl bdl 150.3 bdl 756.1
Shuiyindong ~ Opy 9-1200-3A at 40 g/t 510.777.7 bl bl 985 745  bdl 10261
Shuiyindong Opy 34332-45 at 3.56 g/t 737,833.3 bdl 42.6 bdl 34.0 bdl 586.7
Shuiyindong ~ Opy 3433245 at 3.56 g/t 1,076.201.6 bl bl bl bl bl 7875
Shuiyindong Opy 34332-45 at 3.56 g/t 639,180.9 bdl bdl bdl 995.0 594.0 372.8
Shuiyindong ~ Opy 3433245 at 3.56 g/t $09.549.9 bl bl bl 1772 4546 8604
Shuiyindong Opy 34332-45 at 3.56 g/t 658,235.7 bdl 57.8 bdl 4.145.0 602.3 315.2
Shuiyindong ~ Opy 3433245 at 3.56 g/t 623,334.2 bl bl bl 350.6 2330 5727
Shuiyindong Opy 34332-45 at 3.56 g/t 459,235.2 bdl bdl 37.0 bdl 191.8 934.8
Shuiyindong ~ Opy 34332-44 at 33.38 g/t 463,550.8 bdl 1435 bl 743 652 24223
Shuiyindong Opy 34332-44 at 33.38 g/t 351,842.0 55.3 228.0 bdl 43.8 bdl 2,716.8
Shuiyindong ~ Opy SYD-2F-3 at 80 g/t 440,140.4 bl bl bl 703 1742 1046
Shuiyindong Opy SYD-2F-3 at 80 g/t 404,696.9 bdl bdl bdl bdl bdl 183.7
Shuiyindong ~ Opy SYD-2F-3 at 80 g/t 585.969.7 bl bl bl 1201 1259 838
Shuiyindong Opy SYD-2F-3 at 80 g/t 615,301.7 bdl bdl 65.8 bdl 175.1 341.6
Shuiyindong ~ Opy SYD-2F-3 at 80 g/t 692.245.5 bl bl bl 732 7953 583
Shuiyindong Opy SYD-2F-3 at 80 g/t 661,680.1 bdl bdl bdl bdl 189.7 205.2
Shuiyindong ~ Opy SYD-2F-3 at 80 g/t 562.283.3 bl bl 1546 366 1441 187
Shuiyindong ~ Opy SYD-2F-3 at 80 g/t 815,633.0 bdl bdl bdl bdl bdl 194.4
Shuiyindong ~ Opy SYD-2F-3 at 80 g/t 554.727.6 bl bl bl 214 2040 2161
Shuiyindong Opy SYD-2F-4 at 77.2 g/t 621,666.5 95.9 bdl bdl 479 bdl 356.9
Shuiyindong ~ Opy SYD-2F-4 at T7.2 g/t 7575349 bdl  109.0 761 bl 2374 3740
Shuiyindong Opy SYD-2F-4 at 77.2 g/t 698,739.9 bdl bdl bdl 22.7  1,904.0 86.7
Shuiyindong ~ Opy SYD-2F-4 at T7.2 g/t 483.230.1 bl bl 637 bl bl 192.1
Shuiyindong Opy SYD-2F-4 at 77.2 g/t 934,731.9 bdl 311.4 bdl 133.9 804.7 bdl

Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 556,343.8 bl bl bl bl 1681 5163
Shuiyindong Opy SYD-3A-1 at 31.9 g/t 421,184.2 bdl bdl bdl 70.5 bdl 1,954.8
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 440,851.9 bl bl bl 269 219 13770
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 433,399.7 bdl bdl bdl 30.1 bdl 2,719.4
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 329,029.8 bl bl bl bl 190 12336
Shuiyindong Opy SYD-3A-1 at 31.9 g/t 440,487.6 bdl bdl bdl bdl 219 2992.6
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 374,109.7 bl bl bl 2004 360.1 2.648.1
Shuiyindong Opy SYD-3A-1 at 31.9 g/t 504,455.6 bdl bdl 75.6 69.5 160.8  2,264.6
Shuiyindong ~ Opy SYD-3A-1 at 31.9 g/t 484,440.6 bl bl 725 3405 7136 25445
Shuiyindong Opy SYD-3A-1 at 31.9 g/t 442,032.4 67.2 bdl bdl bdl 27.0  3,968.3
Shuiyindong ~ Opy 9-1200-3A at 40 g/t 371,056.0 bl bl bl 630 623 8515
Shuiyindong Opy 9-1200-3A at 40 g/t 356,692.9 bdl bdl bdl 29.5 24.6 973.1
Shuiyindong ~ Opy 9-1200-3A at 40 g/t 374,054.9 bdl 2556 bl 513 305 11396
Shuiyindong Opy 9-1200-3A at 40 g/t 496,678.3 bdl bdl bdl 57.5 775 1,330.0
Shuiyindong ~ Opy 9-1200-3A at 40 g/t 379.756.7 bl bl bl bl bdl 12675
Shuiyindong Opy 9-1200-3A at 40 g/t 493,083.9 117.1 153.4 bdl 33.8 27.0 555.1
Shuiyindong Opy 9-1200-3A at 40 g/t 394,167.7 bdl bdl 114.9 214.8 181.8 1,185.8
Shuiyindong Opy 34332-45 at 3.56 g/t 573,386.5 bdl bdl bdl bdl bdl 1,040.2
Shuiyindong ~ Opy 34332-45 at 3.56 g/t 647.475.2 bdl 1109 S11 bl bdl 17234
Shuiyindong Opy + PrePyl SYD-2F-3 at 80 g/t 637,717.4 bdl bdl bdl 57.1 bdl 162.9
Shuiyindong ~ Opy + PrePyl ~ SYD-2F-3 at 80 g/t 634.875.4 bl bl bl 1284 bl 244.4
Shuiyindong Opy + PrePyl SYD-2F-3 at 80 g/t 421,450.2 bdl bdl 57.7 41.1 182.6 156.9
Shuiyindong ~ Opy + PrePyl ~ SYD-2F-3 at 80 g/t 451.618.2 bl bl bl $88 2539 353
Shuiyindong Opy + PrePyl SYD-2F-3 at 80 g/t 529,211.3 bdl 167.9 bdl 131.7 216.4 43.8
Shuiyindong ~ Opy + PrePyl  SYD-2F-4 at 77.2 gt 596.733.3 725  bdl 1443 1420 7754 bdl

Shuiyindong Opy + PrePyl 9-1200-3A at 40 g/t 180,563.3 bdl bdl 81.0 419.3 190.4 841.4
Shuiyindong ~ Opy + PrePyl ~ 9-1200-3A at 40 g/t 393,576.8 894 bdl 988.1 2505 304 6528
Shuiyindong Opy + PrePyl 9-1200-3A at 40 g/t 510,195.7 88.2 bdl bdl 229.4 bdl 381.8
Shuiyindong ~ Opy + PrePyl ~ 9-1200-3A at 40 g/t 356,558.9 bdl 3743 5213 376  bdl 114358
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Deposit 7Zn As Se Mo Ag Cd Sn Sb Au Hg Tl Pb Bi
]infeng 489.4 7,130.6 bdl 26.1 bdl bdl bdl 107.9 604.7 50.2 bdl 36.4 bdl
]infeng bdl 12,198.0 bdl bdl bdl 324.6 bdl 457.2 838.9 149.2 88.9 430.3 bdl
]infeng bdl 20,381.6 bdl bdl bdl 158.6 bdl 711.7  2,393.3 102.9 52.4 272.5 bdl
]infeng 265.8 22,7024 bdl bdl bdl bdl 772 1,007.5 1,434.8 78.5 47.6 550.8 bdl
]infeng bdl 10,893.1 bdl bdl 13.7 bdl bdl 335.2  1,299.5 147.8 47.3 160.9 5.6
]infeng 301.2 3,630.6 bdl bdl 11.3 bdl bdl 18.0 327.4 bdl 4.3 99 bdl
Jinfeng bdl 3,269.7 bdl bdl bdl bdl 30.4 75.6 510.7 bdl bdl 12.9 bdl
Jinfeng bdl 5,539.1 164.6 bdl bdl bdl bdl 87.0 509.8 bdl 12.6 29.3 bdl
]infeng 542.6 5,250.7 bdl bdl 13.0 361.7 bdl 13.6 698.7 bdl bdl 3.9 3.9
Jinfeng bdl 5,363.9 bdl bdl bdl bdl bdl 54.0 720.6 bdl 7.1 10.3 bdl
Shuiyindong bdl 14,526.8 bdl bdl bdl 35.9 bdl 79.7 66.2 18.7 bdl 23.2 bdl
Shuiyindong bdl 9,850.6 bdl bdl bdl bdl bdl 74.0 612.5 bdl 6.5 24.9 bdl
Shuiyindong bdl 10,441.3 326.4 bdl 13.7 bdl bdl 92.8 577.3 bdl 9.9 31.6 bdl
Shuiyindong bdl 11,708.0 bdl bdl 18.8 bdl bdl 4579 1,478.6 80.3 41.3 124.2 bdl
Shuiyindong bdl 2,990.1 bdl bdl 14.9 bdl bdl 21.4 566.3 bdl 41.0 12.4 bdl
Shuiyindong bdl 9,879.2 bdl bdl 21.5 bdl bdl 142.3  1,453.3 bdl 14.1 25.4 6.5
Shuiyindong bdl 5,413.2 2,295.4 bdl 8.5 905.9 bdl 28.4 30.7 47.7 5.6 3.9 bdl
Shuiyindong bdl 6,536.1 bdl 19.8 12.0 bdl 27.7 1294 5.9 bdl bdl 200.6 bdl
Shuiyindong bdl 66.0 bdl bdl bdl bdl bdl 11.6 7.3 bdl bdl 12.7 bdl
Shuiyindong 656.5 8,763.6 bdl bdl bdl 1,192.2 22.3 50.6 43.4 bdl 12.1 71.7 bdl
Shuiyindong 169.2 452.6 bdl bdl 13.7 1,828.3 bdl 146.0 10.2 50.3 32.0 427.9 bdl
Shuiyindong bdl 4,045.9 bdl bdl 7.6 bdl 42.6 57.3 37.1 59.4 6.3 75.3 7.2
Shuiyindong bdl 6,168.7 bdl bdl 13.8 2,069.3 bdl 41.1 88.9 bdl bdl 21.5 2.7
Shuiyindong bdl 21,077.6 bdl bdl bdl bdl 29.9 362.2 12164 45.4 84.6 86.8 bdl
Shuiyindong bdl 20,478.2 bdl bdl bdl bdl bdl 220.7  1,037.5 24.8 62.6 99.0 bdl
Shuiyindong 238.8 3,195.0 bdl bdl bdl bdl bdl 37.5 31.3 17.1 3.7 23.9 bdl
Shuiyindong bdl 5,953.0 bdl bdl bdl bdl bdl 13.5 90.7 bdl bdl 19.5 bdl
Shuiyindong bdl 41119 bdl bdl bdl bdl bdl 75.2 476 bdl 52 64.6 bdl
Shuiyindong bdl 4,614.9 bdl bdl bdl 25.7 bdl 93.9 226.6 39.4 8.7 24.0 bdl
Shuiyindong bdl 3,589.6 bdl bdl bdl 24.0 68.6 57.5 15.8 bdl 3.4 71.4 bdl
Shuiyindong bdl 4,341.5 bdl bdl bdl 15.0 bdl 67.1 67.0 21.2 bdl 9.6 bdl
Shuiyindong 477.6 4,476.1 bdl bdl bdl bdl bdl 37.6 83.7 194 bdl 15.0 5.8
Shuiyindong bdl 6,796.4 bdl bdl bdl 15.1 bdl 72.1 101.4 bdl 6.9 8.5 bdl
Shuiyindong bdl 3,297.2 bdl bdl 10.8 15.7 bdl 56.8 55.6 bdl bdl 20.7 bdl
Shuiyindong 291.1 13,576.6 bdl bdl bdl bdl bdl 170.5 861.6 bdl 6.9 40.5 bdl
Shuiyindong 642.2 13,487.5 bdl bdl bdl bdl bdl 142.3 439.0 33.1 3.3 45.3 10.6
Shuiyindong 281.1 9,619.1 bdl bdl bdl bdl bdl 14.4 18.0 bdl bdl 31.1 bdl
Shuiyindong 259.3 8,691.6 bdl bdl bdl 20.8 bdl 45.6 467.4 bdl 5.6 25.9 bdl
Shuiyindong bdl 12,670.0 bdl bdl 48.0 bdl 53.5 102.3 104.0 bdl 19.5 46.0 11.2
Shuiyindong bdl 13,526.7 bdl bdl bdl bdl bdl 269.5 981.0 bdl 19.8 109.4 bdl
Shuiyindong bdl 9,812.9 bdl bdl 23.7 bdl bdl 190.3  1,254.7 bdl 17.0 52.5 4.2
Shuiyindong bdl 5,609.7 184.9 bdl 13.8 bdl bdl 140.9 899.2 bdl 24.2 53.2 3.2
Shuiyindong bdl 8,090.0 bdl bdl 28.6 bdl 37.7 270.6 985.8 bdl 41.4 106.3 bdl
Shuiyindong bdl 5,342.1 bdl bdl bdl bdl bdl 21.7 856.5 bdl 4.0 9.0 bdl
Shuiyindong bdl 6,289.1 180.9 bdl bdl bdl bdl 254.2 837.1 bdl 27.4 70.5 bdl
Shuiyindong bdl 9,851.2 bdl bdl 16.3 bdl bdl 254.8  1,399.1 bdl 25.0 54.0 bdl
Shuiyindong bdl 10,181.3 160.8 bdl 14.4 bdl bdl 2819 1,368.8 bdl 31.0 68.8 7.3
Shuiyindong bdl 7,684.2 bdl bdl 42.0 bdl bdl 4249 1278.0 bdl 44.6 81.8 bdl
Shuiyindong 393.8 12,031.6 bdl bdl bdl 298.3 bdl 123.7 1,074.8 bdl 11.7 27.0 bdl
Shuiyindong bdl 3,367.5 179.6 bdl bdl bdl bdl 100.9 745.6 bdl 17.5 23.4 bdl
Shuiyindong bdl 5,685.0 380.6 bdl bdl bdl bdl 217.8 740.2 bdl 31.9 41.9 bdl
Shuiyindong 387.1 6,101.9 bdl bdl bdl 267.8 bdl 2450 1,013.5 bdl 30.2 33.7 3.8
Shuiyindong bdl 74175 bdl bdl 15.5 bdl bdl 326.8  1,496.5 bdl 41.2 48.5 bdl
Shuiyindong bdl 4.318.2 178.4 bdl bdl bdl bdl 318.7  1,002.0 57.7 37.1 21.2 bdl
Shuiyindong bdl 7,841.1 bdl bdl bdl bdl bdl 225.6  1,282.6 63.4 23.2 23.1 bdl
Shuiyindong bdl 5,150.6 bdl bdl bdl bdl 35.4 1588 1,113.1 55.4 34.9 27.5 bdl
Shuiyindong bdl 3,953.8 bdl 18.2 bdl bdl 47.6 29.9 60.9 bdl 2.6 16.8 bdl
Shuiyindong bdl 4,451.8 bdl 21.8 bdl bdl bdl 49.6 137.7 bdl 4.4 32.8 bdl
Shuiyindong bdl 8,895.1 bdl bdl bdl bdl bdl 74.3 78.5 bdl 3.3 23.6 bdl
Shuiyindong bdl 5,018.8 bdl 56.5 bdl bdl bdl 89.8 84.4 bdl 16.5 54.1 bdl
Shuiyindong 282.2 2,816.9 bdl bdl bdl bdl bdl 28.6 49.1 bdl 8.5 12.4 bdl
Shuiyindong bdl 953.0 bdl bdl bdl bdl bdl 97.5 8.2 46.3 26.4 48.1 bdl
Shuiyindong 368.6 2,729.2 bdl bdl bdl bdl bdl 125.8 7.7 22.8 49.8 70.5 bdl
Shuiyindong bdl 1,877.2 bdl bdl 22.9 bdl bdl 82.0 28.6 38.0 14.8 12.4 bdl
Shuiyindong bdl 2,359.1 bdl bdl 25.9 bdl 44.5 79.7 370.3 78.1 76.6 36.9 bdl
Shuiyindong bdl 2,764.5 bdl 52.9 bdl bdl bdl 134.4 451.9 bdl 6.3 17.9 bdl
Shuiyindong bdl 5,689.8 283.9 bdl bdl bdl 51.7 159.5 747.1 bdl 23.8 35.2 bdl
Shuiyindong bdl 4,912.6 bdl bdl bdl bdl bdl 175.3 927.0 bdl 25.2 35.2 bdl
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Shuiyindong ~ Opy + PrePyl 3433244 at 33.28 g/t 347.742.0 bl bl bl 2486 2951 3372
Shuiyindong ~ Opy + PrePyl 3433244 at 33.28 g/t 321.687.1 bl bl bl 3782 1911 2371
Shuiyindong ~ Opy + PrePyl 3433244 at 33.28 g/t 336.612.5 bdl 1213 2280 1907 bl 892.5
Shuiyindong ~ Opy + PrePyl 3433244 at 33.28 g/t 386.842.4 bl bl bl 1452 bl 602.9
Shuiyindong Opy + PrePyl 34332-44 at 33.28 g/t 373,606.8 bdl bdl bdl 115.0 116.7 735.7
]infeng Opy + PrePyl HDDS0154B-767 at 91.7 g/t 677,296.3 46.6 195.5 395.8 108.6 196.2  1,075.3
Shuiyindong Opy + PrePy2 SYD-2F-4 at 77.2 g/t 561,742.7 bdl bdl 156.7 132.8  1,420.1 292.8
Shuiyindong ~ Opy + PrePy2  SYD-2F-4 at 77.2 gt 418,821.7 bl bl 572 204 6300 465
Shuiyindong Opy + PrePy2 SYD-3A-1 at 31.9 g/t 624,508.9 bdl bdl bdl 51.6 353.2 660.0
Shuiyindong ~ Opy + PrePy2  SYD-3A-1 at 31.9 gt 443 818.4 §24  bdl bl 787 1242 15822
Shuiyindong Opy + PrePy2 34332-45 at 3.56 g/t 557,434.9 bdl bdl 105.6 270.4 bdl 248.2
Shuiyindong ~ Opy + PrePy2  34332-45 at 3.56 g/t 650.673.5 bl bl 747 6074 bl 318.7
Shuiyindong ~ Opy + PrePy2 3433245 at 356 g/t 715501.1 bl 33.0 754 3314 2545 1966
Jinfeng Opy + PrePy2  HDDSO0154B-766 at 57 g/t 625.555.5 bdl 1074 bdl bl bl bl

Jinfeng Opy + PrePy2  HDDSO0154B-766 at 57 g/t 560.645.2 bl bl bl 602 3441 1415
Jinfeng Opy + PrePy2  HDDSO0154B-767 at 91.7 g/t 626.470.6 649  bdl bl $24 7011 11705
Jinfeng Opy + PrePy2 HDDS0091-507 at 28.4 g/t 444.,660.5 bdl 139.7 bdl bdl 439.6  1,225.0
Jinfeng Opy + PrePy2  HDDS0091-507 at 25.4 g/t 363,877.7 bl bl bl 717 3988 19716

Abbreviations: bdl = below detection limit, OPy = ore pyrite, PrePyl = pre-ore pyrite 1, PrePy2 = pre-ore pyrite 2, PrePy3 = pre-ore pyrite 3, PrePy4 = pre-
ore pyrite 4
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Deposit Zn As Se Mo Ag Cd Sn Sb Au Hg Tl Pb Bi
Shuiyindong bdl 1,723.6 bdl 45.9 bdl bdl bdl 74.0 46.6 33.9 21.5 67.2 bdl
Shuiyindong 234.9 919.6 bdl bdl 17.8 bdl bdl 49.8 6.5 91.9 14.7 151.0 bdl
Shuiyindong 1,426.5 10,394.6 bdl bdl bdl bdl 28.1 177.7 702.2 54.8 65.4 41.0 bdl
Shuiyindong bdl 1,514.3 bdl bdl bdl bdl bdl 39.7 92.1 36.6 10.9 97.3 bdl
Shuiyindong bdl 4,385.9 bdl 81.1 bdl bdl bdl 132.2 49.1 bdl 22.5 74.8 bdl
]infeng 495.3 15,516.6 bdl bdl 13.6 bdl bdl 508.5 688.1 48.9 bdl 361.9 15.2
Shuiyindong bdl 11,264.0 bdl bdl bdl bdl bdl 159.8 23.9 22.6 12.6 115.1 bdl
Shuiyindong bdl 7,349.5 bdl bdl bdl bdl bdl 129.8 19.7 bdl 11.8 75.1 bdl
Shuiyindong 438.4 16,927.9 bdl 38.2 bdl bdl bdl 43.3 219.3 22.0 bdl 27.3 bdl
Shuiyindong bdl 10,600.6 bdl bdl 16.1 bdl bdl 198.6 1,158.4 bdl 19.5 62.9 bdl
Shuiyindong 279.7 99.0 bdl bdl bdl bdl 20.8 5.7 3.2 bdl bdl bdl bdl
Shuiyindong 261.4 2,335.3 bdl bdl 7.6 bdl 45.3 141.2 4.5 110.3 60.3 90.9 74
Shuiyindong bdl 63.5 bdl bdl bdl bdl bdl 16.0 2.9 bdl bdl 184.7 4.1
Jinfeng bdl 6,743.9 bdl bdl bdl bdl bdl 109.1 11.0 bdl bdl 125.2 bdl
]infeng 247.8 3,587.4 bdl bdl bdl bdl bdl 139.1 54.9 54.5 7.8 115.6 bdl
]infeng bdl 24 887.3 bdl 27.2 9.8 149.3 bdl 797.6 384.7 123.0 45.3 611.0 94
]infeng 976.9 1,936.0 bdl bdl bdl bdl 66.3 404.5 17.1 bdl bdl 393.1 15.0
]infeng 295.5 5,805.5 bdl bdl 19.3 bdl bdl 296.8 27.0 146.6 11.8 280.5 5.4
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