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Abstract This study investigates the mercury (Hg) isotope
geochemistry of pyrite from the Aketashi volcanic hosted
massive sulfide (VMS) deposit in the West Kunlun Orogenic
Belt, China, aiming to elucidate the sources of ore-forming
fluids and the behavior of Hg isotopes during mineraliza-
tion. The Aketashi deposit is located within a Late Paleozoic
back-arc basin, which is characterized by extensive Carbon-
iferous magmatism and hydrothermal activity. Analysis of
19 pyrite ore samples revealed Hg isotope composition with
8*2Hg values ranging from —2.48%o to 0.87%¢ and A'*’Hg
values from —0.02%o to 0.40%o. The negative 5°**Hg val-
ues are indicative of isotopic fractionation resulting from
hydrothermal processes, whereas the positive A'*’Hg val-
ues imply a mixed fluid source comprising both magmatic
and seawater-derived components. This study highlights
the unique advantage of Hg isotopes in tracing multi-source
fluid interactions (e.g., magmatic vs. seawater-derived) in
VMS systems, providing a novel methodology for global
metallogenic studies. Our findings not only resolve the long-
standing debate on fluid origins at Aketashi but also estab-
lish a framework for applying Hg isotopes to other VMS
deposits worldwide.
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1 Introduction

Mercury is unique among metals in exhibiting both mass-
dependent fractionation (MDF, expressed as 6°°°Hg) and
mass-independent fractionation (MIF, denoted as A'*°Hg).
Over the past decade, mercury isotope geochemistry has
emerged as a powerful tool for tracing pollution sources
in modern environments (Blum et al. 2014), reconstruct-
ing planetary formation processes (Meier et al. 2016) and
identifying ancient catastrophic events such as volcanic
eruptions and mass extinctions (Grasby et al. 2017; Shen
et al. 2019; Thibodeau et al. 2016). Crucially, mercury iso-
topes are particularly effective in deciphering hydrothermal
processes: MDF signatures track boiling, redox reactions,
and mineral precipitation (Sherman et al. 2009; Smith et al.
2005, 2008), while MIF anomalies serve as robust tracers
of fluid sources (Fu et al. 2020; Liu et al. 2021; Xu et al.
2018; Yin et al. 2019). These dual capabilities make mer-
cury isotopes uniquely suited for tracing mineralization pro-
cesses and material origins in hydrothermal systems (Xu
et al. 2021). For instance, mercury isotopes can distinguish
sedimentary-exhalative (SEDEX) and Mississippi Valley-
type (MVT) deposits from magmatically influenced systems
like volcanic-hosted massive sulfide (VMS) and intrusion-
related (IR) deposits (Yin et al. 2016a). In addition, the
combination of mercury isotopes with other isotopes, such
as sulfur isotopes, serves as a valuable tool for elucidating
the fluid sources and formation mechanisms of ore deposits
(Wang et al. 2025; Zhang et al. 2025). However, system-
atic studies of mercury isotopes in VMS deposits remain
scarce, particularly at the deposit scale, leaving their isotopic
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variability and implications for metallogenic processes
poorly constrained.

Volcanic-hosted massive sulfide (VMS) deposits repre-
sent critical global sources of base metals (e.g., Cu, Zn, Pb)
and are natural laboratories for studying fluid—rock interac-
tions (Barrie and Hannington 1997; Large et al. 2001). Their
genesis involves complex processes, including magmatic
degassing, seawater circulation, and hydrothermal altera-
tion of host rocks (Hannington 2014). Despite decades of
research, the relative contributions of magmatic versus sedi-
mentary metal sources remain contentious. Traditional trac-
ers (e.g., Pb isotopes, fluid inclusions) often lack diagnostic
resolution to disentangle these components (Hannington
et al. 2005). Mercury isotopes offer distinct advantages: (1)
The high mobility of mercury in geothermal environments,
its presence as Hg” in hydrothermal systems, and the domi-
nance of Hg” under high-temperature reducing conditions
render mercury isotopes valuable tracers for studying ore
deposits (Varekamp and Buseck 1984; Zhao et al. 2023).
(2) Mercury is a redox-sensitive, highly volatile chalcophile
metal that exhibits pronounced geochemical similarities to
Cu during magmatic and hydrothermal processes. It tends
to be enriched in sulfide minerals, such as pyrite, chalcopy-
rite, and sphalerite, thereby directly capturing ore-forming
signals (Rytuba 2003); (3) MIF anomalies (A'*’Hg) are
sensitive to photochemical processes, providing fingerprints
of near-surface fluid interactions (Smith et al. 2005; Yin
et al. 2016a). Nonetheless, the behavior of mercury iso-
topes during VMS mineralization and their relationships to
fluid sources are still enigmatic, partly due to the scarcity of
deposit-scale isotopic datasets.

The Western Kunlun Orogen in China hosts significant
VMS deposits but remains understudied due to its remote
and rugged terrain. Previous work by Jia et al. (1999) and
Mu (2016) established basic geological frameworks for
regional sulfide deposits, yet the origin of ore-forming flu-
ids remains unresolved. Here, we present the first mercury
isotope analysis of pyrite from the Aketashi VMS deposit.
Our objectives are threefold: (1) to characterize mercury
isotope fractionation (MDF and MIF) during VMS miner-
alization; (2) to quantify contributions from potential fluid
sources (magmatic, seawater-derived); and (3) to develop a
mercury isotope-based model for tracing metal origins in
VMS systems. This work not only advances understanding
of the Aketashi deposit but also establishes mercury isotopes
as a novel tracer for VMS metallogeny globally.

2 Geological background
The Western Kunlun Orogenic Belt, located in the west-

ernmost part of China, originated from the prolonged tec-
tonic evolution of the Tethyan Ocean (Fig. 1a; Pan 1990;

Xiao et al. 2005; Zhang et al. 2007). It can be divided from
south to north into the Karakoram Terrane, the West Kunlun
Block, and the Southern Tarim Block (Fig. 1b). The Karako-
ram Terrane, situated on the northwest margin of the Tibetan
Plateau, is considered a westward extension of the Qiang-
tang Terrane (Fig. 1a; Yin and Harrison 2000). The West
Kunlun Block formed through the aggregation of several
microcontinents during the Early Paleozoic (Cui et al. 2006)
and is bounded by the Mazha-Kangxiwa mélange belt to the
south (Li et al. 2007; 2006) and the Kegang fault zone to the
north. The Southern Tarim Block, an active fault zone, was
connected to the West Kunlun Block via the Tiekelike uplift
during the Early Paleozoic (Mattern and Schneider 2000).

In the Late Paleozoic, the convergence of the Paleo-
Tethys led to the formation of volcanic arcs and tectonic
mélanges in the southern part of the West Kunlun Block
(Li et al. 2007). This likely triggered the formation of the
Oytag-Kuerliang back-arc basin in northern West Kunlun
due to slab rollback (Liu et al. 2014b; Zhang et al. 2021).
The Oytag-Kuerliang Basin underwent extensive and intense
Carboniferous-Permian magmatism, marked by bimodal vol-
canism that resulted in the formation of the Wuluate Forma-
tion and the Keziligiman Formation. Seafloor volcanism in
the basin also led to intense hydrothermal activity, resulting
in numerous VMS deposits, such as the Aketashi, Saluoyi,
Shanggihan, and Tamugqi deposits (Wang et al. 2010; Song
et al. 2021; Zhai et al. 2013). The Aketashi deposit is hosted
in the Early Permian Keziligiman Formation. This tectonic
setting facilitated fluid mixing between magmatic-derived
Cu—Zn-rich fluids and seawater. And during the Indosinian
period, the Oytag-Kuerliang basin closed, causing regional
uplift (Zhang et al. 2024).

3 Deposit geology

The Aketashi region lies in the northern part of the Oytag-
Kuerliang Late Paleozoic back-arc basin, at the southwest
margin of the Tarim Block (Fig. 2a). Over 20 VMS deposits,
including Aketashi, Saluoyi, and Aketamu, have been identi-
fied in this region. Among them, the Aketashi VMS Cu—Zn
deposit in the Kungai mountain in the northern area is the
most representative (Fig. 2b; Jia et al. 1999).

The sedimentary sequence in the region comprises the
Proterozoic Jixian Formation (Jxbc), the Late Carbonifer-
ous-Early Permian Tahaqi Formation (C,P,th), the Early
Permian Keziligiman Formation (P,k), and the Quaternary
(Q) (Jia et al. 1999; Sun 2003). The ore-bearing stratum
is mainly the Keziligiman Formation, which is predomi-
nantly composed of basalt, rhyolite, and rhyolitic tuff, with
minor occurrences of limestone and metamorphic sandstone.
The Keziligiman Formation can be further subdivided into
four distinct lithological units. The first unit is primarily
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characterized by metamorphic sandstone and limestone. The
second unit consists of tuff and spilite that have experienced
extensive metamorphism. The third unit serves as the ore-
hosting section, mainly comprising basalt. Most of the basalt
has undergone metamorphism, forming sericite quartz-schist
and chlorite-quartz schist. The contact between the fourth
unit and the third unit is abrupt, marked by keratophyre and
marble (Fig. 3).

The Aketashi deposit is divided into east, middle, and
west ore sections, each containing 2-3 orebodies. They
range in length from 300 to 1600 m and in thickness from 1
to 10 m. These stratiform orebodies are hosted in the meta-
basalt of the third unit of the Keziligiman Formation. The
internal structure of the orebody is well-defined, exhibit-
ing a clearly discernible double-layer characteristic. The
upper layer consists of a massive sulfide ore zone, whereas
the lower layer comprises a laminated sulfide ore zone.
The meta-basalt is bounded by a sequence of thin-bedded
marine carbonate rocks at both its top and bottom, suggest-
ing that volcanic activity and mineralization processes took
place within a marine environment (Fig. 4; Mu 2016). The
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1 Map showing the tectonic configuration of China (a) and distribution of tectonic framework in West Kunlun (b)

mineralization likely formed through hydrothermal over-
printing on pre-existing volcanic rocks, with the laminated
ores predating the massive ores based on local intrusive rela-
tionships (Fig. 5a).

The laminated ores are dark gray to golden (Fig. 5b) and
primarily composed of quartz, chlorite, muscovite, and
abundant pyrite, with minor chalcopyrite. These minerals
are well oriented, forming laminated structures. The pyrite
grains are euhedral and medium-grained (0.2-1.0 mm
in diameter), deformed and elongated along schistosity
(Fig. 5¢). The gangue minerals (quartz, chlorite, and mus-
covite) are similar to those in barren volcanic rocks.

In contrast, the massive ores are golden and lack dis-
tinct structures (Fig. 5d). They are dominated by sulfides,
including pyrite (60%—-70%), chalcopyrite (10%-15%),
and sphalerite (5%—10%). Gangue minerals are minimal,
mainly quartz with minor chlorite and carbonates. Pyrite
grains in the massive ores are euhedral and medium-
grained (0.2-1.2 mm in diameter), pure, smooth, and
free of compositional zoning or inclusions (Fig. Se).
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Fig. 2 Regional setting map showing the distribution area of metal deposits in the north slope of Kungai mountain

Chalcopyrite and sphalerite are interstitial, anhedral, and
fine-grained (0.1-0.5 pm in diameter).

4 Sampling and analytical methods

In the Aketashi mining district, 19 pyrite ore samples of
two types (laminated ore and massive ore) were collected.
The samples were pre-cleaned with deionized water, dried
at ambient temperature, pulverized using an agate shatter
box, and sieved to a particle size of less than 200-mesh
prior to chemical analysis. Total Hg (THg) concentra-
tions and Hg isotopic composition were determined at
the Institute of Geochemistry, Chinese Academy of Sci-
ences, Guiyang, China. THg concentrations were deter-
mined using a DMA-80 Hg analyzer, which provided Hg
recoveries of 90%—110% for the standard reference mate-
rial GSS-4 (soil), with uncertainties of less than +10%

for triplicate sample analyses. Sample preparation for Hg
isotope analysis followed the two-stage thermal combus-
tion and pre-concentration method outlined by Zerkle
et al. (2020). Both the standard reference material GSS-4
and procedural blanks were processed identically to the
samples. The GSS-4 material resulted in Hg recoveries of
95%-100%, while the procedural blanks had Hg concen-
trations below detection limits. Pre-concentrated solutions
were adjusted to a concentration of 0.5 ng mL~' Hg in 10%
HCI acid prior to analysis using a Neptune Plus multicol-
lector inductively coupled plasma mass spectrometer (Yin
et al. 2016b). Mercury isotopic measurements are reported
in 5202Hg notation, relative to the NIST-3133 Hg standard,
in units of %o:

8*Hg() =

20211, /198 2021y, /198
[( Hg/ Hg)sample/( He /"™ He) grsrs133 — 1] % 1000.
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Fig. S General characteristics
of the two main types of sulfide
ores and the pyrites in them. a
The laminated ore exhibits a
texture that has been replaced
and truncated by the massive
ore, suggesting that its forma-
tion predates that of the massive
ore. b Typical hand specimen
of pyrite ores showing typical
laminated and disseminated
structures. ¢ Reflection light
photo of the pyrite ore, showing
the pyrite and gangue minerals.
d Typical hand specimen of Cu
ores having massive structure. e
Reflection light photo of the Cu
ores showing its typical metal
and mineral assemblages

MIF is reported in A notation, which describes the dif-
ference between the measured and theoretically predicted
§*Hg value, in units of %o:

A™*Hg(%0) = 6**Hg — p x 6 Hg,

where f is equal to 0.252 for '’Hg, 0.502 for 2*°Hg, 0.752
for 2°"Hg, and 1.493 for 2**Hg (Blum and Bergquist 2007).

5 Results

In this study, 19 pyrite ore samples from two types (lami-
nated and massive) collected from the Aketashi deposit

were analyzed for their mercury content and mercury iso-
tope composition. The results of the THg concentration and
mercury isotope composition analyses are summarized in
Table 1.

Pyrite samples of laminated ores from the Aketashi
deposit have THg concentrations of 12.06 to 427.35 ppb,
6*?Hg values of —2.48 to —0.64%o, and A'®’Hg values of
—0.02%0 to 0.40%o. Pyrite samples of massive ores have
THg concentrations of 29.43 to 427.35 ppb, 6°"*Hg values
of —2.35%0 to —0.87%o, and A'”’Hg values of 0.00%o to
0.26%o. Specifically, while the range of mercury content in
both ore types is similar, the massive ore exhibits a nota-
bly higher average THg concentration of 151.64 ppb, com-
pared to an average THg of 92.89 ppb in the laminated ores.

@ Springer
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Table 1 Hg conten.t and Hg Sample Lithology He 5'%Hg 6°Hg 6'Hg 6Hg A'“Hg A Hg AX'Hg
isotope data for pyrite ores in
the Aketashi deposit ppm %o Yoo %eo %eo %eo %o %oo
AKTS-101 Laminated ore 42735 -0.23 -1.23 -1.53 -2.48 0.40 0.02 0.33
AKTS-102 4138 -0.28 -0.64 -0.89 -1.25 0.04 -0.01 0.05
AKTS-103 151.82 0.01 -0.27 =032 -0.64 0.17 0.05 0.15
AKTS-107 4748 -020 -044 -049 -0.70 -0.02 -0.09 0.03
AKTS-108 37.53 -0.27 -0.67 -0.84 -1.20 0.03 -0.07 0.06
AKTS-109 5298 -0.12 -040 -0.50 -0.78 0.08 -0.01 0.09
AKTS-112 12.06 -0.22 -0.59 -0.80 -I1.13 0.07 -0.02 0.05
AKTS-113 3278 =040 -097 -134 -1.76 0.04 -0.08 —0.02
AKTS-115 3259 -0.29 -0.71 -098 -1.36 0.05 -0.03 0.04
AKTS-106-3 Massive ore 53.70 -0.12 -0.31 -0.37 -0.63 0.04 0.01 0.10
AKTS-110-1 141.40 -0.11 -0.52 -0.67 -1.03 0.15 0.00 0.10
AKTS-110-2 98.02 -0.06 -047 -0.52 -091 0.17  -0.02 0.16
AKTS-122 382.65 -0.15 -0.62 -0.84 —1.38 0.20 0.07 0.19
AKTS-124 3278 =022 -0.72 -090 -1.38 0.13 -=0.02 0.14
AKTS-125 4776 -033 -1.15 -1.55 =235 0.26 0.03 0.22
AKTS-126 42735 0.22 0.46 0.67 0.87 0.00 0.03 0.02
AKTS-127 150.60 0.09 -0.14 -0.12 -0.48 0.21 0.10 0.24
AKTS-128 152.71 0.07 0.05 0.19 0.05 0.06 0.02 0.15
AKTS-130-2 2943 -035 -0.76 -1.03 -1.52 0.03 0.00 0.11
Nevertheless, no substantial variations were observed in the 2
mercury isotope composition of the two ore types. There- I
fore, in subsequent discussions, the two ore types will not [ [28D
be distinguished. T ®
Among the 19 analyzed samples, 18 exhibited positive
A" Hg values (up to 0.40%0), while one sample showed a =
slightly negative value (—0.02%o). 5 o i & 3
. . . = © jou)
Two regression lines with slopes of 1.17 and 1.13 were ] o® ® &
derived from the A'”’Hg and A*°'Hg values of these sam- N <) (<) ..OO .3 E
ples, indicating A'*°Hg/A?'Hg ratios of 1.17 and 1.13. -1r ) o %
These ratios are consistent with those observed during ® % _5
the photochemical reduction of Hg(Il) in water (A199Hg/ I o g
A*"Hg =1.0-1.3) (Bergquist and Blum 2007; Zheng and 2r
Hintelmann 2009), suggesting that the Hg MIF in the sam- o ®
ples originated from a photochemical reaction. I
B S T — B
1/THg(ppm™)

6 Discussion

6.1 Enrichment of light Hg isotopes in the Aketashi
deposit

The 6?2 Hg values of pyrite ores from the Aketashi deposit
range from —2.48%o to 0.87%o (Fig. 6; mean=—1.05%o),
which are significantly lower than those of both marine/ter-
restrial reservoirs (generally negative 5°°?Hg; Blum et al.
2014) and mantle-derived materials (near-zero 6202Hg; Sher-
man et al. 2009). This pronouncedly light Hg isotope enrich-
ment (Fig. 6) strongly suggests mercury mass-dependent

@ Springer

Fig. 6 Plot of A'’Hg vs. §°?Hg for the studied samples. The field
for terrestrial Hg is from Blum et al. (2014) and references therein,
and the field for marine sedimentary Hg is from Yin et al. (2015) and
Meng et al. (2019)

fractionation (MDF) during hydrothermal processes. We
attribute this fractionation to high-temperature reducing
conditions in the magmatic-hydrothermal system, which
promote (1) Hg? volatilization (preferentially releasing
lighter isotopes such as *°Hg) and (2) retention of heavier
isotopes (e.g., >?Hg) in residual sulfides (Smith et al. 2005,
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2008; Sherman et al. 2009). These mechanisms align with
isotopic behaviors observed in other magmatic-hydrothermal
systems, where boiling, redox fluctuations, and sulfide pre-
cipitation drive Hg—MDF (Zheng et al. 2007). The correla-
tion between low 6°°*Hg values and magmatic-hydrothermal
activity underscores the utility of Hg isotopes in distinguish-
ing fluid evolution pathways in VMS systems.

6.2 Hg isotopic MIF constraints on the source
of ore-forming fluid in the Aketashi deposit

Mass-independent fractionation (MIF) of mercury isotopes
(A'™Hg and A*'Hg) serves as a critical tracer for dis-
tinguishing mercury sources in hydrothermal systems, as
hydrothermal processes typically induce negligible Hg—MIF
(Xu et al. 2018; Yin et al. 2016a). Mercury MIF arises from
two principal mechanisms: (1) the nuclear volume effect
(NVE), dominant during Hg" evaporation and dark Hg(II)
reduction, producing A'”’Hg/A*'Hg ratios of ~1.6-1.7
(Estrade et al. 2009; Ghosh et al. 2013; Zheng and Hin-
telmann 2010); and (2) the magnetic isotope effect (MIE),
associated with photochemical processes such as aqueous
Hg(II) photoreduction and methylmercury (MeHg) pho-
todegradation, yielding A'*Hg/A?*'Hg ratios of ~1.0 and
~1.3, respectively (Bergquist and Blum 2007; Zheng and
Hintelmann 2009).

Pronounced Hg-MIF signals (A'°Hg up to ~10%o)
are predominantly observed in Earth’s surface environ-
ments (e.g., atmosphere, rainwater, aquatic biota), where
photochemical Hg(II) reduction dominates (Blum et al.
2014; Sonke 2011). In contrast, the primitive mantle and
the asthenospheric mantle exhibit near-zero A'*°Hg val-
ues (0.00%o0 +£0.10%0, 2SD; Moynier et al. 2021; Deng
et al. 2022a), reflecting minimal MIF in deep-Earth reser-
voirs (Sherman et al. 2009; Smith et al. 2008). Significant
Hg—MIF in some hydrothermal sulfide deposits has been
attributed to epigenetic Hg inheritance via sedimentation and
hydrothermal leaching. Notably, recent studies have demon-
strated that low-temperature hydrothermal ore deposits (such
as Au, Sb, Pb, and Zn deposits) formed in volcanic-arc and
intracontinental settings display distinct A'*’Hg signatures
(A" Hg >0 in arc settings; A!*Hg <0 in intracontinental
settings), indicating that their metallogenic materials origi-
nate from marine and terrestrial environments, respectively
(Gray et al. 2013; Deng et al. 2021b, 2022b).

The Aketashi pyrite samples exhibit a positive correlation
between A'”’Hg and A**'Hg (A'”"Hg/A*'Hg=1.13 and
1.17, Fig. 7). This suggests that some of the Hg—MIF in the
Aketashi deposit was caused by the Hg(II) photoreduction
before precipitation into pyrites. Some pyrite samples from
the Aketashi deposit exhibit obvious positive A'*’Hg values
(>0.1%0, n=9; Fig. 8), overlapping with values reported for
modern seawater (0.21 +0.13; Strok et al. 2015) and marine
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Fig. 7 Plots of §°®Hg versus 1/THg for the studied samples and
compiled data. The sample symbols and data sources are the same as
in Fig. 5

sediments (0.14%0 +0.18%0; Gehrke et al. 2009; Meng et al.
2019; Yin et al. 2015). This suggests a substantial contribu-
tion of submarine Hg (seawater or seafloor sediments) to the
deposit. However, the majority of samples from Aketashi
have A'"’Hg values within 0%o =+ 0.1%o, implicating a poten-
tial contribution from magmatic or mantle-derived fluids.
The Aketashi A'®’Hg values closely resemble those of Chi-
nese VMS (Yin et al. 2016a) and sediment-hosted stratiform
sulfide (SHSS) deposits (e.g., Xiangquan T1 deposit; Meng
et al. 2024), all of which mirror marine reservoirs (Fig. 8).
This consistency implies shared Hg sources among these
deposits. In contrast, negative A'”’Hg values in sediment-
hosted Pb—Zn and stratiform ironstone deposits (Fig. 9; Xu
et al. 2018; Zhou et al. 2024) highlight distinct metallogenic
mechanisms for the Aketashi system.

Small but significant Hg—MIF (A'”’Hg: —0.02%o to
0.40%0) and exceptionally low §**?Hg values (—2.48%o to
0.87%o) of the Aketashi pyrites reflect a unique interplay
of seawater and magmatic hydrothermal fluids. During the
Late Paleozoic, the Paleo-Tethys convergence facilitated the
development of the Oytag-Kuerliang back-arc basin in the
Western Kunlun region (Li et al. 2007; Liu et al. 2014a;
Zhang et al. 2021). In this extensional setting, seafloor vol-
canism and rifting provided conduits for ascending man-
tle-derived or lower-crustal fluids enriched in Cu and Zn,
while contemporaneous seawater circulation contributed
photochemically altered Hg. This dual-fluid model recon-
ciles the observed Hg—MIF signals with the strong He—MDF
recorded in 8**?Hg, underscoring the complex hybridization
of deep and surface reservoirs in VMS mineralization.
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Fig. 9 Plot of A'”Hg versus A>'Hg for the studied samples. The
sample symbols and data sources are the same as in Fig. 5

6.3 Implications for the sources of hydrothermal fluid
in VMS deposits

The origins of hydrothermal fluids in VMS deposits have
long been a subject of intense scientific debate. Distin-
guishing between the contributions of magmatic and
seawater-derived fluids continues to be a fundamental
challenge in elucidating the genesis of these deposits.
In this context, Hg isotopes serve as a robust tracer. For
instance, VMS deposits associated with arc magmatism
typically display positive A'®’Hg values, indicative of
a predominant seawater influence, while other deposits
formed in intracontinental settings exhibit more negative
values, suggesting a greater contribution from magmatic

@ Springer

7 Conclusion

The Aketashi VMS deposit exhibits significant Hg isotope
variations, characterized by exceptionally negative §°*°Hg
values and small but significant positive positive A!*’Hg
values. These isotopic signatures suggest that the deposit’s
Hg originated from a mix of seawater and magmatic/man-
tle fluids, highlighting the role of hydrothermal processes
in Hg enrichment. The findings indicate that Hg isotopes
are effective tracers for identifying fluid sources in VMS
deposits and provide critical insights into the mineraliza-
tion mechanisms. Our model links Late Paleozoic back-
arc tectonics to enhanced seawater infiltration, providing
a framework for reinterpreting VMS genesis in similar
settings.
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