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The South China Craton was formed by amalgamation of the Yangtze and Cathaysia Blocks during the
Neoproterozoic. During the Mesozoic, voluminous granitic plutons and associated W-Sn polymetallic
deposits were formed in the Cathaysia Block. The giant South China low-temperature metallogenic
domain (LTMD) includes an area of ~500,000 km? in the Yangtze Block and is composed of the Chuan-
Dian-Qian Pb-Zn, Youjiang Au-As-Sb-Hg and Xiangzhong Sb-Au metallogenic provinces. The Chuan-
Dian-Qian Pb-Zn province contains numerous MVT Pb-Zn deposits, whereas the other two provinces
are characterized by Carlin-type Au deposits and vein-type Sb, Hg and As deposits. These epigenetic
deposits, which formed under low temperature conditions (~100-250 °C), are typically hosted in sedi-
mentary rocks and are locally controlled by faults and fractures. The deposits formed dominantly at
200-230 Ma and 130-160 Ma, corresponding to Indosinian (Triassic) and Yanshanian (Jurassic to
Cretaceous) orogenies, respectively. Indosinian mineralization is recognized in all three provinces, but
Yanshanian mineralization occurred only in the Youjiang and Xiangzhong provinces. The Indosinian oro-
geny, which involved collision of the Indochina Block with the South China Craton, resulted in circulation
of basinal brines that leached ore-forming elements from adjacent sedimentary strata to form the Chuan-
Dian-Qian Pb-Zn province. Deep-seated granitic magmas generated during this orogeny caused extensive
circulation of meteoric water that mobilized ore-forming elements from the sedimentary strata to form
the Carlin-type Au deposits in the Youjiang province, and the Sb-Au deposits in the Xiangzhong province.
The Indosinian orogeny was the key factor in establishing the metallogenic framework of the LTMD. It
produced widespread mineralization in the three metallogenic provinces, each of which has unique fea-
tures reflecting differences in the nature and composition of the basement rocks. The Yanshanian metal-
logeny was less important and overprinted the older ore deposits in the Youjiang and Xiangzhong
provinces.
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1. Introduction

Metallogenic domains are defined as huge regions that contain
a large number of ore deposits. An extremely important group of
low-temperature (generally below 200-250°C), hydrothermal
deposits, has been termed the South China low-temperature met-
allogenic domain (LTMD; Tu, 1998, 2002; Li, 1999). This domain
extends over an area of ~500,000 km? in the southwestern part
of the Yangtze Block and includes world-class Carlin-type gold
deposits, vein-type Sb, Hg and As deposits and Mississippi
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Valley-type (MVT) Pb-Zn deposits (Hu et al., 2002; Su et al.,
2008, 2009a, 2009b, 2012; Hu and Zhou, 2012; Peng et al.,
2003b; Zhou et al., 2001; Zhou et al., 2013a, 2013b, 2013c; J.X.
Zhou et al., 2014; M.F. Zhou et al., 2014; Zhou et al., 2015; Chen
et al., 2015). The LTMD accounts for more than 50% of the Sb
reserves of the world (Peng et al., 2003a, 2014a), and ~10% of
the Au reserves (Su et al., 2016, in review) and 80% of the Hg
reserves of China (Hua and Cui, 1996). A particular feature of this
domain is its association of a variety of deposits including Carlin-
type Au, Mississippi Valley-type Pb-Zn and important Sb, Hg and
As deposits.

Extensive studies of the low-temperature ore deposits in South
China started in the 1970s and have resulted in many discoveries
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of different types of deposits. It is now widely accepted that the
LTMD includes the Chuan-Dian-Qian Pb-Zn, Youjiang Au-As-Sb-
Hg and Xiangzhong Sb-Au domains (Hu et al., 2015). These low-
temperature (~100-250°C) epigenetic deposits are typically
hosted in deformed sedimentary rocks which have structural styles
of fault-related folds (Zhou et al., 2001; Hu et al., 2002; Peng et al.,
2003a; Chen et al., 2015). However, their origin and geodynamic
environments have long been matters of debate. The debate is lar-
gely due to the lack of the age constraints on these deposits. Hu
and Zhou (2012) and Mao et al. (2013) reviewed the Mesozoic met-
allogeny in South China, but these papers are mainly focused on
granite-related, W-Sn polymetallic deposits in the Cathaysia Block.

In the past decade, abundant new data has become available
and it is now clear that these deposits were mostly formed at
200-230 Ma and 130-160 Ma, corresponding to the Indosinian
(Triassic) and Yanshanian (Jurassic to Cretaceous) orogenies,
respectively. Thus, it is now timely to review the existing literature
in order to generate a comprehensive genetic model. In this paper,
we bring together all possible data and review currently existing
models for the Mesozoic deposits in the LTMD. On the basis of this
review, we propose a new geodynamic model to explain the forma-
tion of the LTMD.

2. Geological background
The South China Craton in the southeastern part of the Eurasian

continent is made up of the Yangtze Block to the northwest and the
Cathaysia Block to the southeast, which were amalgamated along

the Jiangshao suture zone, which extends from Shaoxing in the
northeast through the south of Changsha to the east of Nanning
(Yao et al., 2016), at around 830 Ma (Zhao et al., 2011). In the Tri-
assic, the South China Craton was welded together with the North
China Craton to the north and the Indochina Block to the south
(Faure and Ishida, 1990; M.F. Zhou et al., 2006; Wang et al.,
2007a; Fig. 1).

The basement of the Yangtze Block is composed of late Archean
metamorphic rocks in the north and younger, only weakly meta-
morphosed late Paleoproterozoic to Neoproterozoic rocks in the
west and east, all of which were later intruded by widespread Neo-
proterozoic igneous rocks (Zhou et al., 2002; ].X. Zhou et al., 2014;
M.F. Zhou et al., 2014). The sedimentary succession of the Yangtze
Block consists mainly of Cambrian to Triassic marine sedimentary
rocks and Jurassic, Cretaceous and Cenozoic continental sedimen-
tary rocks (Yan et al., 2003).

The Cathaysia Block is characterized by widespread, 1.9-1.8-Ga
sedimentary rocks and Neoproterozoic to Early Paleozoic meta-
morphic rocks (Yu et al., 2005). Due to an Early Paleozoic orogeny,
Late Ordovician to Middle Devonian strata are absent but there are
widespread granitic intrusions with ages ranging from 480 to
400 Ma (Yu et al., 2005).

An important Mesozoic event in the South China Craton was the
formation of a large granite province and associated large-scale
Mesozoic metallogeny in both the Yangtze and Cathaysia Blocks
(Gilder et al., 1996; Chen and Jahn, 1998; Li, 2000; X.M. Zhou
et al., 2006; Li and Li; 2007; Wang et al., 2007b; Zaw et al., 2007;
Hu and Zhou, 2012; Mao et al., 2013). Indosinian magmatism
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Fig. 1. A simplified geological map of the South China Craton and adjacent regions showing the structural framework and the distribution of low-temperature ore deposits in
the Yangtze Block (modified from Hu et al., 2002; G.W. Zhang et al., 2013; Qiu et al., 2016; Yao et al., 2016).
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produced voluminous granitic plutons in the South China Craton
(e.g. Qiu et al,, 2016; Wu et al,, 2016), mainly in the Cathaysian
Block and eastern part of the Yangtze Block, which range in age,
from ca. 255 to 200 Ma (Wang et al., 2005, 2007a, 2007b; X.M.
Zhou et al., 2006; C.H. Chen et al., 2011, 2015). The Indosinian mag-
matism has been related to westward subduction of the Paleo-
Pacific plate underneath the eastern margin of the Eurasian conti-
nent (Cui and Li, 1983; Li and Li, 2007). The Indosinian deformation
and magmatism may also have been due to collision between the
Indochina Block and South China Craton in response to the closure
of Paleotethys (Wang et al., 2005, 2007a, 2007b; X.M. Zhou et al.,
2006; Lepvrier et al., 2004; C.H. Chen et al., 2011; Qiu et al., 2016).

The giant Yanshanian granitic province forms a swath
>1000 km wide across the whole Cathaysia Block (Li and Li,
2007). These granitic rocks were formed mainly in the Jurassic to
Cretaceous, notably at 160-150 Ma and 120-85 Ma, respectively
(Mao et al., 2013; Yang et al., 2016; Chen et al., 2016). The forma-
tion of this province was probably related to the westward subduc-
tion of the Pacific oceanic lithosphere beneath the Eurasian
continent (X.M. Zhou et al., 2006; Li and Li, 2007). The Yanshanian
granitic intrusions are mostly distributed in the Cathaysia Block
with some in the Yangtze Block (Hu and Zhou, 2012).

In the Cathaysia Block, numerous Mesozoic granitic intrusions
host most of the world’s W-Sn deposits (Hu and Zhou, 2012; Mao
et al, 2013), but Mesozoic, low-temperature mineral deposits
occur mostly in the Yangtze Block (Zhou et al., 2001; Hu et al,,
2002; Su et al., 2008, 2009a, 2009b, 2012; Hu and Zhou, 2012;

Peng et al., 2003b; Chen et al., 2015). The hydrothermal deposits,
including Carlin-type gold deposits, MVT Pb-Zn deposits and
vein-type Sb, Hg, As and Tl deposits, form a low-temperature met-
allogenic domain with an area of ~500,000 km? (Tu, 2002; Hu
et al., 2002, 2015; Fig. 1), which includes the Chuan-Dian-Qian
Pb-Zn, Youjiang Au-as-Sb-Hg and Xiangzhong Sb-Au metallogenic
provinces (Fig. 1). Proven Sb, Au and Hg reserves in this province
account for ~50% of the global Sb (Peng et al., 2003a, 2014a), and
10% and 80% of the Chinese Au and Hg, respectively (Su et al.,
2016, in review; Hua and Cui, 1996). The province is also one of
the main producers of Pb and Zn in China (C.Q. Zhang et al., 2005).

3. Chuan-Dian-Qian Pb-Zn metallogenic province
3.1. Regional geology

The Chuan-Dian-Qian Pb-Zn metallogenic province at the
southwestern margin of the Yangtze Block (Fig. 1) hosts more than
400 Pb-Zn deposits (occurrences), making it one of the most
important Pb-Zn mineralization areas in China (Fig. 2; J.X. Zhou
et al., 2014; M.F. Zhou et al., 2014). In this region, the folded base-
ment rocks include those of the Kangding, Dahongshan and Kun-
yang Groups, consisting of well-bedded greywackes, slates and
carbonaceous to siliceous sedimentary rocks, which are tightly
folded but only weakly metamorphosed. The widely distributed,
shallow marine Paleozoic and Lower Mesozoic cover rocks include
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Fig. 2. A map showing the distribution of Pb-Zn deposits in the Chuan-Dian-Qian metallogenic province (modified from Zhou et al., 2013c).
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Cambrian black shale, sandstone and limestone interbedded with
dolostone, Ordovician sequences of thick-bedded limestone inter-
layered with dolostone and argillaceous siltstone, and Devonian
to Permian limestone and dolostone interbedded with minor clas-
tic rocks (Zhou et al., 2001, 2013b). Permian Emeishan basalts of a
mantle plume origin (Xu et al., 2001; Zhong et al., 2011a, 2011b;
Song et al., 2013; Liu et al., 2016), ranging from 200 to 400 m thick,
are widespread in the region where they unconformably overlie
carbonate rocks of the Maokou Formation. After eruption of the
basalts, collision between the South China Craton and Indochina
Block in Late Triassic produced extensive N- to NE-trending thrust
fault-fold system (Zhang et al., 2006; Reid et al., 2007; Han et al.,
2012; Zhou et al., 2013c).

3.2. Deposit geology

Major features of the Pb-Zn deposits in this province are sum-
marized in Table 1. The majority of orebodies are vein-type, clearly
controlled by faults cutting the Neoproterozoic, Carboniferous and
Permian dolostone and limestone sequences (Zhou et al., 2001; J.X.
Zhou et al., 2014; M.F. Zhou et al., 2014). Wall rocks commonly
exhibit dolomitization, calcification, pyritification, silicification
and ferritization (C.Q. Zhang et al., 2005; Chen and Wu, 2012).
Ore minerals are mainly sphalerite and galena with minor pyrite,
arsenopyrite, chalcopyrite, bornite, cerussite, argentite and bona-
mite. Gangue minerals include calcite, dolomite and quartz with
minor fluorite (Wang et al., 2014; C.Q. Zhang et al., 2015). In addi-
tion to Pb and Zn, Ag and Ge are also enriched in some deposits (Ye
et al., 2011). The Huize Pb-Zn deposit is the best known and best
studied body in the province.

The Huize Pb-Zn deposit in Huize county of Yunnan Province is
the largest Pb-Zn deposit in the Chuan-Dian-Qian province. Proven
reserves in this deposit include 1.96 million tons of Pb and 2.75
million tons of Zn, at grades of 2.3-9.2% Pb and 2.7-22.5% Zn
(Table 1). This deposit also contains an average of about 400 ppm
Ge, resulting in about 800 tons of this element.

Sedimentary sequences in the deposit include siliceous dolo-
stone of Neoproterozoic age, overlain by Paleozoic dolostone, lime-
stone, sandstone and greywacke. Permian Emeishan basalts are
also present in the mining district. All of the strata were involved
in a NE-striking fault-fold system. The ores are mainly hosted in
Lower Carboniferous dolostone, which contains 1-5wt.% SiO,,
probably due to silicification.

Northeast-trending fault-fold system is the dominant structures
of the deposit, and the Kuangshanchang and Qilinchang faults con-
trolled the distribution of orebodies. However, sizes, shapes, occur-
rences of the orebodies mostly depend on secondary structures
associated with the major faults (Fig. 3).

More than 30 orebodies are present in this deposit and most
occur as NE-trending, steeply dipping veins and lenses along faults
in Lower Carboniferous, muddy dolostone (Fig. 4). These orebodies
form a mineralized zone, ~800 m long and 1-40 m wide, which
extends downdip approximately 1100 m.

Hydrothermal alteration in the deposit is relatively simple, con-
sisting mainly of dolomitization and pyritification with minor cal-
cification, silicification and argillization. Two generations of
dolomite are recognized: an early generation of grayish-white,
fine- to medium-grained, diagenetic dolomite and a later wide-
spread generation that overprinted the early dolomite to form yel-
low and beige, euhedral crystals. The dolomitization is closely
related to mineralization, and the thicknesses and ore grades of
the orebodies increase as dolomitization increases at depth (Chen
et al., 2001; Fu, 2004). Pyrite forms cubes and pyritohedron, usu-
ally 0.1-0.5 mm in size, with the largest grains being close to the
orebodies (Chen et al., 2001; Han et al., 2001; Fu, 2004).

Metallic minerals in the deposit include sphalerite, galena and
pyrite, with minor amounts of arsenopyrite, chalcopyrite, bornite,
jamesonite, jordanite, argentite, polybasite and aerosite. Gangue
minerals are calcite, dolomite and quartz with minor barite and
gypsum. Germanium in the deposit is dominantly hosted in spha-
lerite as an isomorphism component and no Ge minerals have been
recognized (Ye et al., 2011).

Three stages of mineralization can be distinguished on the basis
of field and petrographic relationships; an early sphalerite-pyrite
stage, an intermediate sphalerite-galena stage, and a late pyrite-
carbonate stage (Fu, 2004). Mineral assemblages of each stage
are summarized in Fig. 5.

Fluid inclusions in sphalerite and calcite from this deposit have
been studied extensively (Zhang et al., 2005a, 2005b) and include
four types: liquid + gas, gaseous, liquid and multi-phase inclusions
with daughter minerals, among which liquid + gas and two-phase
inclusions are the most common. Homogenization temperatures
are about 130-250 °C, and salinities range from 0.7 to 22.2 wt.%
NacCl, but are mostly between 8 and 17 wt.% NaCl. The homoge-
nization temperatures and salinities generally decrease from the
early to the late stage (Zhang et al., 2005a, 2005b).

3.3. Origin of the Pb-Zn deposits

A number of different models for the genesis of the Pb-Zn
deposits in the Chuan-Dian-Qian province have been proposed.
Liu (1996) suggested that the ore-forming materials were from
multiple sources, whereas on the basis of Pb and Sr isotopes,
Zhou et al. (2001) argued that the ore-forming elements of the
Huize Pb-Zn deposit were dominantly from Neoproterozoic strata.
Sulfur isotopes of pyrite, sphalerite and galena from the Pb-Zn
deposits have been well studied and are similar to those of sulfates
in the regional strata, suggesting that the sulfur was derived from
sulfates in the strata (X.B. Li et al., 2006). In contrast, W.B. Li et al.
(2004) found that the Pb isotopic compositions of sulfides in the
ores are similar to those of disseminated pyrite in the carbonate
wallrocks, indicating another source of the ore-forming materials.
Sulfur isotopes also indicate that the sulfur in the ore-forming flu-
ids was derived from reduced sulfate in the strata.

A histogram of S isotopic compositions of the Pb-Zn deposits in
this province shows that different deposits have similar S isotopic
compositions with 84S values mostly from 8%. to 20%o (Fig. 6),
similar to the values of marine sulfates of the wallrocks, pointing
to this material as the source of sulfur in the fluids. Wen et al.
(2016) and Zhu et al. (2013) analyzed Cd and 8''“Cd of different
deposits in the region and found that the Pb-Zn deposits hosted
in different strata have ore-forming elements derived from their
country rocks. Considering the high salinities (as high as 22.2 wt.
% NaCl) of the fluids, most researchers agree that the fluids were
probably similar to brine waters of MVT Pb-Zn deposits, which
were formed from brine fluids rich in ore-forming elements lea-
ched from their wallrocks (Zhou et al., 2001, 2013a, 2013b,
2013c, 2015, 2016; J.X. Zhou et al., 2014; M.F. Zhou et al., 2014;
Ye et al.,, 2014; Wen et al., 2016).

4. The Youjiang Au-As-Sbh-Hg metallogenic province
4.1. Regional geology

The Youjiang Basin at the southwestern margin of the Yangtze
Block is bounded by the Mile-Shizong Fault to the northwest, the
Shuicheng-Ziyun-Bama Fault to the northeast, and the Red River
Fault to the southwest (Figs. 1 and 7; Cai and Zhang, 2009; Yang
et al., 2012; Faure et al.,, 2014). The oldest unit in this basin is a
Cambrian carbonate that crops out within the core of a superposed
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Table 1
Major deposits and geological features of the Chuan-Dian-Qian Pb-Zn metallogenic province.
Deposits County, Longitude Reserves Grade Ore minerals Gangue Alterations Host rocks ~ Hosting strata References
province Latitude minerals
Huize Huize, 103°41’55” 1.96 Mt 2.3- Galena, Calcite, Dolomitization Dolostone Early Chen et al.
Yunnan 26°38'18" Pb 9.2% sphalerite, pyrite, dolomite, calcification, Carboniferous (2001),
Pb arsenopyrite, quartz silicification, Zhou et al.
275Mt 27— chalcopyrite, argillization (2001) and
Zn 22.5%  bornite Han et al.
800t Ge Zn (2001)
Tianbaoshan Huili, 102°12'07" 2.6 Mt 10.1%  Sphalerite, Calcite, Dolomitization Dolostone Neoproterozoic ~ Wang
Yunnan 26°57'16" (Ores) Zn galena, pyrite, dolomite calcification, (1992), Zaw
Pb +Zn 1.5% chalcopyrite, silicification, et al. (2007)
Pb cerussite, sericitization and Wang
93.6 g/ argentite etal. (2014)
t Ag
Daliangzi Huidong, 102°52'05" 4.5 Mt 10.4%  Sphalerite, Dolomite, Silicification, Dolostone Neoproterozoic ~ Zheng and
Sichuan 26°37'50" (Ores) Zn galena, pyrite calcite dolomitization Wang
Pb +Zn 0.9% calcification, (1991), Zaw
Pb et al. (2007)
43.0g/ and Wang
t Ag etal. (2014)
Fule Pb-Zn Luoping, 104°23'53” 26,000t 0.7% Sphalerite, Dolomite, Dolomitization = Dolostone,  Early Permian Si et al.
Yunnan 25°21'31” Pb Pb galena, pyrite, calcite calcification limestone (20086,
028 Mt 5.1% arsenopyrite, 2011)
Zn Zn chalcopyrite,
tetrahedrite
Shanshulin Liupanshui,  105°04'51” 2.7 Mt 0.5- Sphalerite, Calcite, Dolomitization Limestone, Late Wang et al.
Guizhou 26°28'10” Pb+Zn 8.9% galena, pyrite dolomite calcification, dolostone Carboniferous (2014)
Pb
1.1-
26.6%
Zn
Maomaochang Hezhang, 104°29'34" Galena, calcite, Dolostone Early Zheng
Guizhou 26°58'19” sphalerite, pyrite, dolomite Carboniferous (1992) and
Cerussite, Chen and
smithsonite, Wu (2012)
hydrozincite,
hemimorphite,
limonite
Caoziping Hezhang, 104°40'11” Galena, Calcite, Dolostone,  Early Zheng
Guizhou 27°00'40” sphalerite, dolomite limestone Carboniferous (1992) and
chalcopyrite, Chen and
cerussite, Wu (2012)
smithsonite
Yadu Hezhang, 104°42'33" Galena, Calcite, Limestone  Early Permian Zheng
Guizhou 26°59'25" sphalerite, pyrite, dolomite (1992) and
smithsonite, Chen and
hydrozincite, Wu (2012)
hemimorphite,
limonite,
goethite,
chalcopyrite
Mangdong Hezhang, 104°47'25" Galena, Calcite, Limestone, Middle Zheng
Guizhou 26°55'47" sphalerite, pyrite, dolomite clastic Devonian (1992) and
marcasite, rocks Chen and
chalcopyrite Wu (2012)
Qingshan Liupanshui,  104°53'40” Galena, Calcite, Dolomitization, Limestone, Late Zheng
Guizhou 26°32/28" sphalerite, pyrite, dolomite calcification, dolostone Carboniferous, (1992) and
marcasite Early Permian Chen and
Wu (2012)
Maoping Yiliang, 103°59'10” 77,000t 5.0% Sphalerite, Calcite, Dolomitization Dolostone,  Early Devonian, Han et al.
Yunnan 27°30'49” Pb Pb galena, pyrite quartz, calcification, limestone Middle (2007),
0.165 9.1% barite baritiziation, Carboniferous Yang et al.
Mt Zn Zn silicification (2011,
2012) and
Shen et al.
(2011)
Maozu Qiaojia, 102°51'03” 0.11 Mt 1.9% Sphalerite, galena  Calcite, Silicification, Dolostone Neoproterozoic  He et al.
Yunnan 27°18'16” Pb Pb dolomite,  baritiziation, (2006),
072 Mt 5.7% quartz, fluoritization Yang et al.
Zn Zn fluorite (2012) and
Wang et al.
(2014)

(continued on next page)
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Table 1 (continued)

Deposits County, Longitude  Reserves Grade Ore minerals Gangue Alterations Host rocks ~ Hosting strata References
province Latitude minerals
Tiangiao Hezhang, 104°34'07” 038 Mt  16.7%  Galena, Calcite, Dolomitization =~ Limestone  Early Zheng
Guizhou 27°03'48” Pb+Zn Zn sphalerite, pyrite, ~dolomite  carbonatization Carboniferous (1992)
5.5% chalcopyrite, silicification
Pb marcasite,
arsenopyrite,
boulangerite
Shaojiwan Hezhang, 104°44'18” 0.5 Mt 0.7- Sphalerite, Calcite, Dolomitization, = Dolostone,  Early Permian Zhang et al.
Guizhou 27°06'12" Pb +Zn 10.6%  galena, pyrite quartz calcification, limestone (2011) and
Pb silicification Zhou et al.
2.1- (2013a)
30.4%
Zn
Jinshachang Yongshan, 103°37'56"” 4.6 Mt 41% Sphalerite, Calcite, Silicification Dolostone Neoproterozoic, C.Q. Zhang
Yunnan 28°13'03” Pb+Zn Pb galena, pyrite dolomite,  dolomitization Early Cambrian et al.
5.0% quartz, baritization, (2005), Guo
Zn barite, carbonatization (2007) and
fluorite chloritization Wang et al.
(2014)

anticline (Qiu et al., 2016). It has been suggested that the Youjiang
Basin lies on a basement of Lower Paleozoic strata and that it
evolved in three stages: passive continental margin rift basin (Early
Devonian to Early Permian), back arc basin (Late Permian to Early
Triassic) and foreland basin (Middle to Late Triassic), correspond-
ing to the opening, subduction and closing of Paleo-Tethys, respec-
tively (Zeng et al., 1995; Gu et al., 2012; Chen et al., 2015). This
basin records significant marine sedimentation between the late
Paleozoic and the Middle Triassic (Song et al., 2009), leading to for-
mation of a ~7-km-thick sequence of marine sediments (Galfetti
et al., 2008; Yang et al., 2012). After deposition ceased, the
sequence was folded to form the EW-trending Youjiang fold-and-
thrust belt by Late Triassic Indosinian uplift and northward migra-
tion of the basin associated with closure of Paleo-Tethys and sub-
sequent collision between Indochina and South China blocks
(Fig. 1; Cai and Zhang, 2009; Yang et al., 2012). Permian and Trias-
sic marine strata, composed of limestone, dolostone, siltstone,
sandstone and mudstone, crop out in the basin, and are intruded
by ca.-260-Ma diabases in the southern part of the basin. These
diabases are thought to be a distal manifestation of the Emeishan
mantle plume to the west (M.F. Zhou et al., 2006; Fan et al.,
2008). Yanshanian (ca. 90 Ma) and Indosinian (ca. 215 Ma) granite
and granite-related W-Sn polymetallic deposits have been recog-
nized in the southern and eastern parts of the basin (Liu et al.,
2010; Feng et al., 2011; Cheng, 2013; Chen et al., 2014a; J.W.
Zhang et al., 2015; Fig. 7). Gravity and magnetic data indicate the
existence of concealed granitic intrusions in the Youjiang Basin,
typically at depths of 2-5 km, some of which are up to several tens
of km? in size (Zhou, 1993).

4.2. Deposit geology

Many low-temperature, hydrothermal Au, As, Sb and Hg depos-
its have been found within the Youjiang basin and its northeastern
margin (Figs. 1 and 7, Table 2), among which Carlin-type gold
deposits are the most important. There are more than 200 Carlin-
type gold deposits (occurrences) in the province (Hu et al., 2007)
with a total proven gold reserve of more than 800 tons, being the
second largest such gold mineralized area in the world (Su et al.,
2016, in review).

Hosting rocks of the Carlin-type gold deposits are highly vari-
able in age and include Cambrian to Triassic sedimentary rocks
(Hu et al., 2002; Table 2). Most of the deposits, however, are hosted
in Permian and Triassic sedimentary rocks, the most extensive

strata in the basin. On the basis of their occurrence, the Carlin-
type orebodies can be classified into two types: strata-bound and
fault-bound (Xia, 2005; Su et al., 2008; Chen et al., 2015; Tan
et al., 2015). The fault-bound type usually occurs along high-
angle reverse faults on the flanks of anticlines or domes, with ores
being hosted in calcareous siltstones and silty mudstones, such as
those in Lannigou, Yata, and Jinya (Fig. 8). The strata-bound type is
controlled by anticlines or domes, with ores hosted in permeable
limestone below less-permeable cap rocks or with mineralization
along unconformities, such as those in Shuiyindong, Taipingdong
and Getang (Fig. 9).

Although the ages and lithologies of the host rocks vary, they
share many similarities in terms of mineral assemblages, element
associations, hydrothermal alteration and ore-forming conditions.

The Shuiyindong deposit is the largest Carlin-type gold deposit
in the region. Recent exploration and underground mining has
shown that this deposit has a proven gold reserve of 265 t, with
an average grade of 11 ppm Au (Su et al., 2016, in review). It lies
on the eastern flank of the Huijiabao anticline where gold deposits
also occur on its western flank, including the Zimudang (~80 met-
ric tons) and Taipingdong deposits (Fig. 9). The Shuiyindong
deposit is hosted in Permian bioclastic limestone that contains dis-
seminated pyrite and arsenopyrite. Most of the gold occurs in
arsenic-bearing pyrite and arsenopyrite as sub-micron particles
or lattice gold; some native gold is also present as grains ranging
from 0.1 to 6 um in size (Su et al.,, 2008, 2012). The geology of
the deposit has been described in detail by Su et al. (2008) and
Tan et al. (2015).

Reverse faults cut through the axis of the Huijiabao anticline,
and are intercepted by N-striking normal faults (Fig. 9), which also
control the occurrence of Hg and Tl deposits within this area, such
as the Lanmuchang Hg-Tl deposit (Su et al., 2009a). The main ore-
bodies are stratiform or stratiform-like and occur in the core of the
anticline, 100-900 m below the surface (Fig. 9).

Hydrothermal alteration in the Shuiyindong gold deposit
includes decarbonation, silicification, sulfidation and dolomitiza-
tion. Ore minerals include arsenic-bearing pyrite, arsenopyrite,
realgar, orpiment and stibnite. Gangue minerals are quartz, dolo-
mite, calcite and clay minerals. Three stages of mineralization
can be recognized on the basis of field and petrographic relation-
ships (Su et al., 2009a): an early quartz-pyrite stage, an intermedi-
ate quartz-arsenian pyrite-arsenopyrite stage and a late quartz-
calcite-realgar-orpiment-stibnite stage. Mineral assemblages of
each stage are summarized in Fig. 10.
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Fig. 3. A geological map of the Huize Pb-Zn deposit (modified from Chen et al., 2001).

Fluid inclusion studies indicate that the ore fluids had low tem-
peratures (126-240 °C) and low salinities (0.2-6.9 wt.% NaCl). Both
temperature and salinity decreased from the early to the late stage,
but CO, increased (Xia, 2005; Su et al., 2009a; Gu et al., 2012).

4.3. Origin of the deposits

Carbon and O isotopic data of calcites from five Carlin-type gold
deposits in the Youjiang basin form two trends (Fig. 11). A flat
trend between the marine carbonates and granites suggests mixing
of CO, derived from these two sources (Tan et al., 2015), whereas
the sloping trend probably reflects mixing between CO, dissolved
from the carbonate rocks and CO, produced by oxidation of organic
matter in the carbonates (Y.W. Peng et al., 2014).

Zhang et al. (2010), Z.P. Wang et al. (2013) and Tan et al. (2015)
studied hydrothermal calcites from four Carlin-type gold deposits

in the basin, and found that most post-ore calcite grains have pos-
itive 8'3C values, whereas calcites of the ore-forming stage have
negative values ranging from —3%. to —9%., consistent with the
values of mantle carbon (—3%. to —8%o; Rollinson, 1993), suggest-
ing a mantle derivation. However, other possibilities cannot be
excluded; e.g., such values could reflect mixing of marine carbon-
ate (8'3C~0%) and organic carbon (5'3C<—-20%.) (Hu et al.,
2002).

Hydrogen and O isotopes of quartz and clay minerals from six
Carlin-type gold deposits in the Youjiang Basin are plotted in
Fig. 12. Although the H and O isotopic values are relatively dis-
persed, almost all of them plot below the field of metamorphic
water, and many lie in the field of formation fluids, indicating that
the ore-forming fluids might have been mainly basinal in origin
with minor input of metamorphic or magmatic fluids (Y.W. Peng
et al., 2014). However, Hofstra et al. (2005) found that the H and
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Fig. 4. A cross-section of the main orebodies in the Huize Pb-Zn deposit (Inner

geological report).
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0 isotopes of clay minerals from several deposits are mostly within
the field of metamorphic water or close to its lower boundary, sug-
gesting a metamorphic origin. Furthermore, H and O isotopes of
quartz from the Shuiyindong gold deposit mostly plot within the
field of magmatic water or close to its lower-left boundary, possi-
bly indicating a magmatic origin although the ore-forming fluid
might have been mixed with meteoric fluids during subsequent
evolution (Tan et al., 2015).

In earlier studies, pyrite in the Carlin-type gold deposits of the
Youjiang basin was considered to be a product of the ore stage. It
was concluded that the H,S was derived from diagenetic dissolu-
tion of pyrite because of the similarity in §*S values of pyrite from
the ore and the host strata (Hu et al., 2002; X.C. Zhang et al., 2005;
Fig. 13). However, pyrites in the ores have zoned textures with a
diagenetic core and a hydrothermal rim (Fig. 14), indicating that
the pyrite is the product of a two-stage process (Su et al., 2008,
2009a).

In order to better understand the sulfur sources, several work-
ers have carried out detailed isotopic analysis of the Shuiyindong
gold deposit. For example, Hou et al. (2016) reported that the
84S values in the rims of hydrothermal pyrite obtained by SHRIMP
in situ analysis range from —2.6 to 1.5%.. In addition, Chen et al.
(2014b) analyzed sulfur isotopes of ore-stage, homogeneous
arsenopyrite and obtained 53?S values of 0.8-5.1%, very similar
to those obtained by Z.P. Wang et al. (2013) and Tan et al. (2015)
for late-stage sulfides, such as realgar, orpiment and stibnite
(—0.5 to 5.3%c). These relatively consistent >*S values, —2.6 to
5.3%0, are very close to those of mantle sulfur (0 3%;
Chaussidon et al., 1989), indicating that the sulfur was probably
derived from a magmatic source. Actually, except for the Lannigou
gold deposit, the 534S values of sulfides from most of the gold

deposits in the Youjiang Basin are similar to those of the Shuiyin-
dong deposit, with 534S being about 0 + 5%. (Fig. 15), indicating a
deep magmatic source. However, these results cannot exclude
the possibility that the H,S in the ore fluids could also have been
derived from an average sedimentary pyrite source, because the
mean value of the diagenetic pyrite is essentially 0+ 5%. (Hou
et al,, 2016).

Thus, the sources of the ore-forming fluids of the Carlin-type
gold deposits in this region is still unresolved. A magmatic source
was commonly excluded in earlier studies because there were no
outcrops of igneous rocks, whereas recent studies suggest that
magma was probably an important source of the ore-forming flu-
ids in the region. Identification of some concealed granite intru-
sions in the Youjiang Basin (Zhou, 1993) supports this
interpretation.

5. The Xiangzhong Sh-Au metallogenic province
5.1. Regional geology

The Xiangzhong Sb-Au metallogenic province is located at the
eastern margin of the Yangtze Block (Fig. 1). The deposits in this
province mostly occur on the margin and interior of the Xiangz-
hong Basin. Between the late Neoproterozoic and early Paleozoic,
this area underwent continuous sedimentation for about 400 Ma
(Wang and Li, 2003). The early Paleozoic Caledonian orogeny pro-
duced ductile shearing, intense folding, granitic magmatism (e.g.,
Ren, 1991; Faure et al., 2009; Charvet et al., 2010), and the forma-
tion of beaded uplifts such as the Baimashan-Longshan, Weishan-
Nanyue and Simingshan-Guandimiao uplifts (Liu, 2005; Bai et al.,
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Table 2
Major deposits and geological features in the Youjiang Au-As-Sb-Hg metallogenic province.
Deposits County, Longitude Reserves Grade Ore minerals Gangue Alterations Host rocks  Hosting References
province Latitude minerals strata
Lannigou Zhenfeng, 105°52'36” 167 t Au 4-5g/t  Pyrite, Quartz, calcite, Silicification, Fine- Middle Chen (2007)
Guizhou 25°08'40" Au arsenopyrite, dolomite, carbonatization grained Triassic and Chen
stibnite, muscovite, argillization clastic et al. (2009,
cinnabar, clay rocks, 2015)
realgar, limestone,
orpiment dolomite
Shuiyindong Zhenfeng, 105°32'40” 265tAu 11.0g/t  Pyrite, Quartz, Decarbonization, Clastic Late Su et al.
Guizhou 25°31'57" Au arsenopyrite, dolomite, silicification, rocks, Permian (20093,
realgar, calcite, fluorite, dolomitization limestone 2009b)
orpiment, sericite,
stibnite, kaolinite,
cinnabar, native  hydromica,
gold asphalt
Taipingdong Xingren, 105°28'45” >29tAu 4.7gft Pyrite, Quartz, Silicification, Limestone, Late Qin and Liu
Guizhou 25°33/46" Au arsenopyrite, dolomite, dolomitization, clastic Permian (2006) and
realgar, calcite, calcification rocks Liu et al.
orpiment, kaolinite, (2012)
stibnite, native chlorite,
gold sericite
Zimudang Xingren, 105°28'09” 80tAu 6.0g/t Pyrite, Calcite, Silicification, Limestone, Late Liu et al.
Guizhou 25°34'15" Au arsenopyrite, dolomite, dolomitization, fine- Permian, (2009) and
realgar, limonite, quartz, calcification grained Early Wang (2013)
native gold hydromica, clastic Triassic
kaolinite, rocks
chalcedony
Nibao Pu’an 104°55'53” 43 tAu 2.6g/t Pyrite, Quartz, calcite, Silicification, Limestone, Late P. Liu et al.
Guizhou 25°2224" Au arsenopyrite, fluorite, carbonatization clastic Permian (2006)
realgar, chlorite, rocks
orpiment, sericite,
stibnite, kaolinite
cinnabar
Getang Anlong, 105°17'47” 36tAu 5.0g/t Pyrite, Fluorite, Silicification, Limestone, Late Dong et al.
Guizhou 25°15'07” Au arsenopyrite, quartz, calcite, fluoritization, fine- Permian (2011) and
stibnite, realgar, dolomite, carbonatization,  grained Huang et al.
orpiment, barite clastic (2012b)
limonite rocks
Yata Ceheng, 105°39'11”  20.7 t 5.0g/t Pyrite, Quartz, Silicification, Fine- Middle Xiao (2012)
Guizhou 24°54'46" Au Au arsenopyrite, dolomite, carbonatization, grained Triassic
realgar, stibnite, calcite, clay argillization clastic
chalcopyrite, rocks
native arsenic
Gaolong Tianlin, 105°39'22" 216t 3.7 gt Pyrite, Calcite, Silicification, Fine- Middle Zhang et al.
Guangxi 24°12'24" Au Au arsenopyrite, dolomite, carbonatization, grained Triassic (2012)
stibnite, quartz, carbon,  sericitization, clastic
limonite, clay kaolinization rocks
valentinite
Jinya Fengshan, 106°54'23" 274t 34glt Arsenopyrite, Quartz, Decarbonization, Fine- Middle Liu (2013)
Guangxi 24°34'00" Au Au pyrite, stibnite, dolomite, silicification, grained Triassic and Liu et al.
realgar, hydromica, argillization clastic (2014)
orpiment calcite rocks
Mingshan Lingyun, 106°53'00” 372t 2.7 gt Pyrite, Quartz, Silicification, Fine- Middle Liang et al.
Guangxi 24°21'54" Au Au arsenopyrite, sericite, calcite, sericitization, grained Triassic (2015)
stibnite, dolomite argillization clastic
chalcopyrite, rocks
sphalerite,
galena, realgar,
orpiment
Laozhaiwan  Guangnan, 104°53'15” 314t Au Pyrite, Quartz, Silicification, Fine- Early Luo and Yang
Yunnan 23°49'30” Au 1.7 g/t arsenopyrite, sericite, calcite, carbonatization, grained Devonian (2010), Wang
Au stibnite, kaolinite, sericitization clastic et al. (2011)
limonite, hydromica, rocks, and ]. Zhang
valentinite chalcedony diabase et al. (2014)
Dachang Qinglong, 105°08'00”  0.274 2.6% Sb  Stibnite, pyrite, Quartz, Silicification, Clastic Middle Peng et al.
Guizhou 25°40'30” Mt Sb Sb limonite, fluorite, calcite, fluoritization, rocks Permian (2003b) and
valentinite kaolinite, argillization, Su et al.
barite, gypsum  carbonatization (2015)
Banpo Dushan, 107°37'25”  0.15 Mt  5.0- Stibnite, pyrite, Quartz, calcite, Silicification, Fine- Early Xiao (2014)
Guizhou 25°49'24" Sb 22.3% cinnabar, realgar dolomite, carbonatization, grained Devonian
Sb barite, clay baritization, clastic
sericitization rocks
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Table 2 (continued)

Deposits County, Longitude Reserves Grade Ore minerals Gangue Alterations Host rocks  Hosting References
province Latitude minerals strata
Banian Dushan, 107°39'15” 64,000t 5.1- Stibnite, pyrite Calcite, Carbonatization,  Fine- Middle Shen et al.
Guizhou 25°46'00” Sb 6.7% Sb dolomite, silicification, grained Devonian  (2013)
quartz carbonization clastic
rocks
Lanmuchang Xingren, 105°30'42” 3140t 0.19% Cinnabar, Barite, Silicification, Fine- Late Chen and
Guizhou 25°31'22" Hg Hg lorandite, pyrite, kaolinite, kaolinization, grained Permian, Zhou (2000)
392tTl 0.01%Tl realgar, quartz, calcite  baritization clastic Early and Deng
orpiment, rocks Triassic (2009)
stibnite, christite
Jiaoli-La’e Sandu, 107°37'05”, >581t 0.1- Cinnabar, Calcite, Calcification, Limestone  Early Wang and
Guizhou 26°02'30” Hg 3.7% Hg realgar, dolomite, dolomitization, Ordovician Wen (2015)
orpiment, pyrite  barite silicification,
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Fig. 8. A cross-section of the Lannigou Carlin-type gold deposit (after M.H. Chen et al., 2011).

2013). Subsequently, the Xiangzhong Basin formed between these
uplifts and sedimentation resumed on the Pre-Devonian strata
(Fig. 16) composed of metamorphosed clastic rocks, which were
unconformable overlain by a marine cover sequence of Late Paleo-
zoic and Early Mesozoic carbonate and clastic rocks (Liu et al.,
1985; Shi et al., 1993; Ma et al., 2002). In the Late Triassic, this
region was significantly affected by the Indosinian orogeny, lead-
ing to the formation of NE-striking structures (called the Xuefeng-
shan belt), the emplacement of granitic plutons and folding of the
strata in the basin (e.g., Shu et al., 2009; Chu et al., 2012a, 2012b;
Figs. 1 and 16). During a Late Mesozoic tectonic event the earlier

structures were reactivated and reworked and the entire Xuefeng-
shan belt was uplifted further (Li et al., 2013). However, igneous
rocks of this period are very scarce although geophysical data sug-
gest that some concealed granite intrusions may be present at
depth (Li, 1996; Rao et al., 1999).

5.2. Deposit geology
There are more than 170 Sb and Au deposits (occurrences) in

this province. The proven Sb reserves are over 2.7 Mt, accounting
for more than 50% of the total reserves in the world (J.T. Peng
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Fig. 10. Paragenetic mineral assemblages in the Shuiyindong Carlin-type gold
deposit (modified from Su et al., 2009a).

et al., 2014). On the basis of the host rock ages, the Sb-Au deposits
can be classified into two types: Sb deposits occurring in the cover
strata of Late Paleozoic carbonate and clastic rocks within the
basin, and Sb-Au deposits occurring in the basement of Pre-
Devonian, low-grade metamorphic clastic rocks at the margin of
the basin (Ma et al., 2002).
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Fig. 11. Carbon and oxygen isotopic compositions of calcites from Carlin-type gold
deposits in the Youjiang Au-As-Sb-Hg province. Data are from Zhang et al. (2003,
2010), Z.P. Wang et al. (2013a), Y.W. Peng et al. (2014) and Tan et al. (2015). For
reference, the fields for typical marine carbonates (MC), sedimentary organic matter
(Sedim Org), igneous carbonatite and mantle xenoliths (CMX), basic and ultrabasic
rocks (BUR) and granite (Gran) are outlined. The arrows show typical isotopic
trends resulting from carbonate dissolution (Dis Carb), decarbonation (Dec),
decarboxylation of organic matter (Decbx), oxidation of organic matter (Oxid
Org), and mixing trend (MT).

The deposits in the cover sequence, such as the Xikuangshan
giant Sb deposit, usually occur as stratabound features in Devonian
limestone far from any known granite bodies. Their mineral assem-
blages are relatively simple, with stibnite as the major ore mineral
and quartz and calcite as the main gangue minerals. Wallrock
alteration is mainly silicification and carbonation (Table 3).
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2013; Dai et al., 2014; Y.W. Peng et al., 2014; J. Zhang et al., 2014; Tan et al., 2015;
Liu, 2015; Hou et al., 2016).

The deposits in basement rocks are usually small, with only the
Banxi, Longshan, Gutaishan and Gaojia’ao deposits being of signif-
icant sizes. Most orebodies are vein type, and are located either
around known granite intrusions, such as the Gutaishan and Qing-
jingzhai gold deposits, or above concealed granite intrusions, such
as the Longshan Sb-Au and Daxin gold deposits. Mineral assem-
blages in these deposits are relatively complicated with stibnite,
native gold, pyrite, arsenopyrite and scheelite as the main ore
minerals. Hydrothermal alteration mainly includes silicification,

sericitization and chloritization. The features of the Sb-Au deposits
in this province are summarized in Table 3. The following are some
details of the Xikuangshan Sb deposit, the most important deposit
of the province.

The deposit, with a Sb reserve of about 2.5 Mt, is located within
the Xiangzhong Basin (Fig. 16), where it is associated with carbon-
ates and minor siltstone and mudstone of Early Carboniferous and
Middle-Late Devonian ages (Fig. 16). The orebodies are hosted in
the Middle-Late Devonian sedimentary rocks (Hu et al., 1996;
Fan et al., 2004; Peng et al., 2003a), where mudstone layers above
the carbonates are thought to have acted as a barrier to the rise of
ore fluids, resulting in the precipitation and accumulation of Sb in
the limestone (Jin et al., 2001; R.Y. Yang et al., 2006; Chen, 2012).

Four secondary anticlines of the Xikuangshan complex anticline
controlled the distribution of orebodies in the Feishuiyan, Wuhua,
Laokuangshan and Tongjiayuan ore blocks (Fig. 17; Hu et al., 1996;
Kuang, 2000). More than 80% of the Sb reserves come from strata-
bound orebodies, which were controlled by interlayer fault zones
in silicified carbonates (Wen et al., 1993; Xie et al., 1996; Tang
et al.,, 1999; Kuang, 2000; He et al., 2002; Chen, 2012; Fig. 17). Sec-
ondary barite and fluorite are also locally present (Kuang, 2000; He
et al., 2002).

Mineral assemblages are relatively simple with stibnite as the
main ore mineral, which is accompanied by minor pyrite. Gangue
minerals are mainly quartz and calcite along with minor barite, flu-
orite and gypsum (Fan et al., 2004; Hu et al., 1996; Peng et al,,
2003a). On the basis of mineral associations, three stages of miner-
alization are recognized; pre-ore, ore-forming and post-ore, with
mineral assemblages of each stage shown in Fig. 18.

Fluid inclusion studies of hydrothermal quartz and calcite indi-
cate that the ore-forming fluids had low temperatures and low
salinities. The homogenizing temperatures of the fluid inclusions
are commonly between 140 and 250 °C, and the salinities are typ-
ically lower than 5 wt.% NaCl (Lu et al., 2000; Jin et al., 2001; Ma
et al., 2003; Wu et al., 2007).

5.3. Origin of the deposits

The origin of the deposits in the Xiangzhong Sb-Au province has
long been controversial. Both granite-related (Liu et al.,, 1985;
Yang, 1986; Lu, 1999; Murao et al., 1999) and granite-unrelated
(Chen et al., 1983; Liang, 1991; Liu, 1992; Wen et al., 1993; Fan
et al.,, 2004; D.S. Yang et al., 2006) models have been proposed.

In a 8D-8'80 diagram of fluid inclusions trapped in hydrother-
mal quartz and calcite (Fig. 19), most samples plot between the
fields of magmatic and meteoritic water, suggesting mixing of
the two components. However, the Mesozoic deposits in South
China most likely formed from meteoric water which had 8D and
8'80 values of approximately —60 + 10%. and —9%., respectively
(Zhang, 1989). The 8D-3'80 compositions of the ore-forming fluids
could be also interpreted as a result of water-rock interaction
between Mesozoic meteoric water and §'80-enriched sedimentary
rocks. Thus, the 8D-5'80 compositions cannot provide a definitive
explanation for the origin of the ore-forming fluids. However, as
discussed below there may be some basic differences between
the Sb deposits in the late Paleozoic sedimentary rocks and the
Sb-Au deposits in the Pre-Devonian, low-grade metamorphic rocks.

Ma et al. (2002, 2003) reported that relatively ‘fresh’ sedimen-
tary rocks hosting some of the Sb deposits, such as those of the
Xikuangshan deposit, generally have very low Sb contents (average
0.9 ppm), whereas the Sb contents range up to 46 ppm in ‘altered’
host rocks, indicating an external source of Sb. In contrast, the Sb
and Au in deposits hosted in the metamorphic basement rocks,
such as Longshan, show a U-shaped pattern going from “fresh”
rocks to altered rocks and ores, demonstrating that the metals
were derived from the altered country rocks. Furthermore, REE
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Fig. 14. BSE image and arsenic mapping of Au-bearing pyrite from the Shuiyindong deposit, with As-poor pyrite core overgrown by As-rich rim.

patterns of stibnite from deposits in the cover strata are different
from those of their host rocks (Ma et al., 2002). In contrast, the
REE patterns of stibnite from Sb deposits in the cover strata and
Sb-Au deposits in the basement strata are all similar to those of
the basement metamorphic rocks (Ma et al.,, 2002). These differ-
ences suggest that the ore-forming elements of both the Sb and
Au-Sb deposits might have been derived from the basement rocks.

The S isotopic compositions of sulfides in the two types of
deposits are different from each other. 534S values of stibnite from
the Sb deposits vary between —2.8 and +16.3%o, mostly +5 to +10%o
(Fig. 20a), whereas the isotopic compositions of sulfides from the
Sb-Au deposits are very homogeneous with §34S values of about.
—2.0 to +2.0%o0 (Fig. 20b). There are almost no sulfate minerals in
these deposits, implying that the measured 53*S values of the sul-
fides reflect those of the total sulfur in the ore-forming fluids
(Ohmoto and Rye, 1979). The different 534S values of sulfides from
the different types of deposits indicate different sources. The sulfur
isotopes of the Sb deposits, such as the Xikuangshan, are similar to
those of sulfides from the basement strata (Fig. 21), indicating a
likely source of sulfur for mineralization. In contrast, the 534S val-
ues of Sb-Au deposits, such as the Longshan, Gutaishan and Daxin,
are about 0%., suggesting that the sulfur in these deposits was
magmatic in origin (Ohmoto, 1986).

The differences in the S isotopes of the two types of deposits
are mirrored in the C isotopes of calcites from the deposits. In
the Xikuangshan Sb deposit all measured calcite grains, except
those of the early stage that have magma-derived §'3C values of
—7 to —6.1%o, have 8'3C values of —0.9 to +2.1%o, similar to those
of the host carbonate rocks, indicating derivation from that
source (Peng and Hu, 2001a; Peng et al., 2002; Ma et al., 2003).
However, the 3'3C values of fluid inclusions trapped in quartz
from the Sb-Au deposits vary between —7.5 and —7.8%o, suggest-
ing that those ore-forming fluids might have been magma-
derived (Taylor, 1986).

In conclusion, the Sb-Au deposits hosted in the basement rocks
may have formed from magmatic fluids, which leached the ore-
forming elements from the basement metamorphic rocks. In con-
trast, the Sb deposits in the cover strata probably were derived
dominantly from meteoric fluids rich in sulfur and CO, derived
from the host rocks, although minor amounts of magmatic fluid
might have been involved in the early stage mineralization. How-
ever, some of the ore-forming elements of the deposits in the cover
sequences were probably also derived from the basement rocks
due to interaction between the rocks and circulating meteoric flu-
ids. This interpretation is supported by the observation that the Sb-
Au deposits usually occur near known granitic intrusions, whereas
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Fig. 15. A summary of reliable sulfur isotopic values for sulfides of Carlin-type gold deposits in the Youjiang Au-As-Sb-Hg province (data from Zhang et al., 2003, 2010; Z.P.
Wang et al.,, 2013; Y.M. Zhang et al., 2013; Y.W. Peng et al., 2014; Chen et al., 2014b; J. Zhang et al., 2014; Liu, 2015; Tan et al., 2015; Hou et al., 2016). White-dotted bars

represent data from the Lannigou deposit. The other bars represent data from the Shuiyindong, Taipingdong, Zimudang, Getang, Yata, Jinya, Zhesang and Laozhaiwan
deposits.
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Fig. 16. A map showing the distribution of Sb-Au deposits in the Xiangzhong Sb-Au province (modified from BGMRHN, 1988; Tao et al., 2001; J.H. Li et al., 2004).

no such intrusions have been recognized in the vicinity of the Sb ditional radiometric dating, making it difficult to determine the

deposits. precise ages of the deposits (Arehart et al., 2003; Li et al., 2003).

Because the ages of mineralization were previously unknown, it

was formerly not possible to link large-scale, low-temperature

6. Genetic links between mineralization and igneous events mineralization and geological events in South China. However,

some progress has been achieved in recent years due to improve-

A common problem of low-temperature hydrothermal deposits ments in dating techniques and the discovery of some additional
hosted in sedimentary rocks is the lack of suitable minerals for tra- datable minerals (Table 4).



Table 3
Major deposits and geological features of the Xiangzhong Sb-Au metallogenic province.
Clusters Deposits County, Longitude  Reserves Grade  Ore minerals Gangue minerals Alterations Host rocks Host rock ages  References
province Latitude
Xiangzhong  Xikuangshan Lengshuijiang, 111°27'30” 249 Mt 3.5- Stibnite, pyrite, valentinite Quartz, calcite, Silicification, Limestone, Late-Middle Hu et al. (1996) and
Sb-Au Hunan 27°44'30" Sb 5.7% gypsum, fluorite, carbonatization, fine-grained Devonian Peng et al. (2003a)
Sb barite baritiziation, clastic rocks
fluoritization,
Banxi Taojiang, 111°54'22” 0.12 Mt 15.3- Stibnite, pyrite, arsenopyrite, Quartz, chlorite, Silicification, Low-grade Neoproterozoic Hu (1991) and Luo
Hunan 28°21'03"” Sb 25.9% chalcopyrite, sphalerite, sericite, dolomite  chloritization, metamorphic (1995)
Sb native gold sericitization, clastic rocks
carbonatization
Longshan Shaoyang, 111°39'30” 0.10 Mt  4.9- Stibnite, native gold, Quartz, sericite, Silicification, Low-grade Neoproterozoic Liang (1991), Liu
Hunan 27°27'00" Sb 22.8% arsenopyrite, pyrite, feldspar, dolomite, sericitization, metamorphic et al. (2008) and
10 t Au Sb valentinite calcite carbonatization clastic rocks Pang et al. (2011)
3.0-
4.8 g/t
Au
Daxin Xinshao, 111°25'26” >30tAu 1.0- Pyrite, arsenopyrite, native Quartz, sericite, Silicification, Low-grade Neoproterozoic Gong et al. (2007)
Hunan 27°32'33" 6.1 g/t gold, chalcopyrite, sphalerite, calcite, chlorite, sericitization, metamorphic and Li (2007)
Au hematite, siderite feldspar chloritization clastic rocks
Gaojia'ao Xinshao, 111°18'01” >10tAu 1.8- Native gold, pyrite, marcasite, Quartz, sericite, Silicification, Fine-grained Middle Kang (2001) and Li
Hunan 27°25'09" 5.1 g/t  sphalerite, arsenopyrite, clay sericitization, clastic rocks Devonian et al. (2002)
Au siderite baritiziation
Gutaishan Xinhua, Hunan 111°04’55” >30tAu 13.0 Native gold, pyrite, Quartz, sericite, Sericitization, Low-grade Neoproterozoic Yu (1998) and Dai
27°48'05" g/t Au  chalcopyrite, arsenopyrite, calcite, barite, chloritization, metamorphic (2000a)
scheelite ferrodolomite carbonatization, clastic rocks
silicification
Qingjingzhai  Xinhua, Hunan 111°04'05” 55tAu  3.0- Pyrite, arsenopyrite, native Quartz, feldspar, Silicification Low-grade Neoproterozoic  Dai (2000a, 2000b)
27°42'53" 14.7 gold, chalcopyrite, limonite, sericite, chlorite, sericitization, metamorphic
g/t Au calcite, clay chloritization clastic rocks
Chanziping Qianyang, 110°22'06” 29t Au 1.0- Pyrite, arsenopyrite, native quartz, sericite, silicification Low-grade Neoproterozoic Li et al. (2008) and
Hunan 27°19'40 49¢g/t  gold, chalcopyrite, galena chlorite, sericitization, metamorphic Cao et al. (2014,
Au tourmaline greisenization clastic rocks 2015)
Daping Hongjiang, 110°17'31” Au30t Au3.3- Native gold, pyrite, Quartz, sericite Silicification Low-grade Neoproterozoic  Zhao (2001) and Li
Hunan 27°21'01" 22.3 arsenopyrite, sphalerite sericitization metamorphic et al. (2008)

g/t

clastic rocks
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Fig. 17. (a) A geological map of the Xikuangshan Sb deposit (modified from Peng and Hu, 2001a) and (b) a typical cross-section of the Xikuangshan Sb deposit (modified from
Jin, 2002; Tao et al., 2002).
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Fig. 18. A paragenetic sequence of minerals from the Xikuangshan Sb deposit (after Lin, 2014).
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Fig. 19. H-O isotopic compositions of the Sb-Au deposits in the Xiangzhong
province. .

6.1. Chuan-Dian-Qian Pb-Zn province

Using Sm-Nd isotopes of calcite associated with ore minerals
from the Qilinchang and Kuangshanchang orebodies in the Huize
Pb-Zn deposit, W.B. Li et al. (2004) obtained isochron ages of
226+ 15Ma and 225+38 Ma, respectively. C.Q. Zhang et al.
(2005) obtained a K-Ar age of 176.5 £ 2.5 Ma on hydrothermal clay
minerals from the Huize Pb-Zn deposit, whereas Zhou et al. (2013b,
2013c) reported Rb-Sr isochron ages of 191.9+6.9Ma and
196 £ 13 Ma for sphalerite from the Tiangiao and Maozu Pb-Zn
deposits, respectively. All the ages summarized here are plotted
in Fig. 22, which shows that the ore deposits in the province prob-
ably formed dominantly between 200 and 230 Ma, corresponding
to the Late Indosinian.
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Fig. 21. Comparison of sulfur isotope compositions between deposits in the
Xiangzhong Sb-Au province and those elsewhere (data from Liu et al., 1985;
Ohmoto, 1986; Jiang et al., 1990; Liu, 1992; Ma et al., 2003; D.S. Yang et al., 2006).

6.2. Youjiang Au-as-Sb-Hg province

Some important progress has also been made in dating the
Carlin-type gold deposits. Chen et al. (2009) dated sericite in
quartz veins from the Lannigou deposit, and obtained a “°Ar/*Ar
plateau age of 194.6 = 2 Ma. Using Re-Os isotopes of arsenopyrite
from the Lannigou, Jinya and Shuiyindong deposits, Chen et al.

(2015) reported ages of 204+19Ma, 206+22Ma and
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Fig. 20. (a) Sulfur isotopes of sulfides from the Xikuangshan Sb deposit (after D.S. Yang et al., 2006) and (b) sulfur isotopic composition of hydrothermal sulfides from the

Longshan Sb-Au deposit (after Ma et al., 2003).
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Table 4
Age summary of major deposits in the South China LTMD.
Provinces Deposits Ages (Ma) Methods References
Chuan-Dian-Qian Pb-Zn Huize 226+15,225+38 Calcite Sm-Nd W.B. Li et al. (2004)
176.5+2.5 Clay mineral K-Ar C.Q. Zhang et al. (2005)
223.5+39,226+64 Sphalerite Rb-Sr Yin et al. (2009)
196.3+1.8 Sphalerite Rb-Sr C.Q. Zhang et al. (2014)
Tianqgiao 191.9+6.9 Sphalerite Rb-Sr Zhou et al. (2013a)
Maozu 196 £ 13 Calcite Sm-Nd Zhou et al. (2013b)
Chipu 292.0+9.7,165.7 £ 9.9 Bitumen Re-Os Wu (2013)
Daliangzi 2044+1.2 Calcite Sm-Nd Wu (2013)
Jinshachang 201.1+6.2 Fluorite Sm-Nd J-W. Zhang et al. (2015) and Wu (2013)
206.8 £3.7 Sphalerite Rb-Sr Zhou et al. (2015)
Lehong 200.9+8.3 Sphalerite Rb-Sr Y.X. Zhang et al. (2014)
Paoma 2001 Sphalerite Rb-Sr Lin et al. (2010)
Tianbaoshan >166 Zircon U-Pb age of diabase R. Wang et al. (2012)
Youjiang Au-As-Sb-Hg Shuiyindong 235+33 Arsenopyrite Re-Os Chen et al. (2015)
134+3,136+3 Calcite Sm-Nd Su et al. (2009b)
Lannigou 204+19 Arsenopyrite Re-Os Chen et al. (2015)
194.6+2 Sericite*®Ar/>°Ar Chen et al. (2009)
Jinya 206 + 22 Arsenopyrite Re-Os Chen et al. (2015)
Zhesang 213.6+4.6 Rutile U-Pb Pi et al. (2016, in review)
2153+1.9 Sericite “°Ar/3°Ar Pi et al. (2016, in review)
Laozhaiwan 216.9+34,2239+6.9,207.9+59 Monazite U-Pb Pi et al. (2016, in preparation)
Zimudang 148.4+4.8 Calcite Sm-Nd Wang (2013)
Qinglong 148 +£8,142 £ 16 Fluorite Sm-Nd Peng et al. (2003b)
Banian 126.4+2.7,1282+3.2 Calcite Sm-Nd Wang (2012)
Banpo 1305+3 Calcite Sm-Nd Xiao (2014)
Jiaoli-La’e 12920 Calcite Sm-Nd Wang and Wen (2015)
Xiangzhong Sb-Au Chanziping 205.6+9.4 Quartz fluid inclusion Rb-Sr Li et al. (2008)
Daping 204.8+6.3 Quartz fluid inclusion Rb-Sr Li et al. (2008)
Fuzhuxi 209 Host granite porphyry K-Ar Yao and Zhu (1993)
Liaojiaping 200 Host granite K-Ar Xiao et al. (1992)
Banxi 194-202 Host granite porphyry K-Ar Peng and Hu (2001b)
Xikuangshan 1563 £12 Calcite and stibnite Sm-Nd Hu et al. (1996)
1555+1.1 Calcite Sm-Nd Peng et al. (2003a)

235+33 Ma respectively. Pi et al. (2016, in review) dated
hydrothermal rutile and sericite from the Zhesang gold deposit,
and obtained an in situ U-Pb isochron age of 213.6 + 4.6 Ma for
the rutile and a “°Ar/3>°Ar plateau age of 215.3 * 1.9 Ma for the ser-
icite. Pi et al. (2016, in preparation) also analyzed hydrothermal
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Fig. 22. A histogram of mineralization ages of deposits in the Sichuan-Yunnan-
Guizhou Pb-Zn province (data from W.B. Li et al., 2004; C.Q. Zhang et al., 2005; Zhou
et al.,, 2013c, 2015).

monazite in three samples from the Laozhaiwan gold deposit,
and obtained in situ U-Pb isochron ages of 216.9 £3.4 Ma,
223.9+6.9Ma and 207.9 £5.9 Ma, consistent with the “°Ar/>°Ar
age of sericite, the Re-Os age of arsenopyrite and the U-Pb ages
of rutile.

Calcite from the Shuiyindong gold deposit has Sm-Nd isochron
ages of 134+3 Ma and 136 3 Ma (Su et al., 2009b). Y.J. Wang
et al. (2013) reported a Sm-Nd isochron age of 148.4 + 4.8 Ma for
calcite from the Zimudang gold deposit, whereas Peng et al.
(2003b) reported a Sm-Nd age of 148 + 8 Ma for fluorite from the
Qinglong Sb deposit. Wang (2012) obtained two Sm-Nd isochron
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Fig. 23. A summary of reliable ages for gold, antimony and mercury deposits in the
Youjiang Hu-As-Sb-Hg province (data from Peng et al., 2003b; Chen et al., 2009,
2015; Su et al., 2009b; Wang, 2013; Xiao, 2014; Wang and Wen, 2015; Pi et al.,,
2016).
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ages of 126.4+2.7Ma and 128.2 +3.2 Ma for calcite from two
veins in the Banian Sb deposit, and Xiao (2014) acquired a Sm-
Nd isochron age of 130.5+3 Ma for calcite from the Banpo Sb
deposit. Wang and Wen (2015) reported a Sm-Nd isochron age of
129 + 20 Ma for calcite from the Jiaoli-La’e Hg deposit.

The ages of the Au, Sb and Hg deposits in the Youjiang province
mainly plot in two groups; ca. 130-150 Ma and 200-230 Ma
(Fig. 23), implying two episodes of low-temperature metallogene-
sis. The Au mineralization probably formed dominantly during the
200-to-230-Ma period, whereas the Sb and Hg mineralization
probably formed between 130 and 150 Ma, corresponding, to the
Mesozoic Indosinian and Yanshanian events respectively. How-
ever, the late episode of mineralization may have overprinted the
earlier one in some deposits, such as the Shuiyindong gold deposit
(Su et al., 2009a; Chen et al., 2015).

6.3. Xiangzhong Sb-Au province

Previous studies of the ages of the deposits in the Xiangzhong
Sb-Au province indicate there might have been two episodes of
mineralization there as well. The Sb-Au deposits hosted in the
basement metamorphic rocks mostly developed between 200
and 210Ma. Li et al. (2008) reported Rb-Sr isochron ages of
205.6 £ 9.4 Ma and 204.8 + 6.3 Ma for fluid inclusions trapped in
quartz from the Chanziping and Daping gold deposits, whereas.
Yao and Zhu (1993), Xiao et al. (1992) and Peng and Hu (2001b)
obtained ages of the Fuzhuxi Sb-Au, Liaojiaping Sb-Au and Banxi
Sb deposits of ca. 209 Ma, 200 Ma and 194-204 Ma, respectively.

The Sb deposits hosted in the carbonate cover rocks, such as the
Xikuangshan giant Sb deposit, were probably formed mainly at
160-150 Ma. Hu et al. (1996) and Peng et al. (2003a) reported
Sm-Nd isochron ages of 156.3 + 12 Ma and 155.5 £ 1.1 Ma, respec-
tively, for calcite from this deposit.

The Sb-Au deposits were formed at 200-210 Ma, mostly at the
margin of the Xiangzhong Basin, where they are spatially related to
Indosinian granitic intrusions. In contrast, the Sb deposits with
ages of 150-160 Ma are mostly within the basin where no exposed
granitic bodies are recognized.

In summary, the low-temperature ore deposits in the LTMD
formed in two episodes, i.e. around 200-230Ma and 130-
160 Ma, corresponding to Indosinian (Triassic) and Yanshanian
(Jurassic to Cretaceous) orogenies, respectively. The Indosinian
metallogeny is recognized in three provinces, including Pb-Zn
deposits in the Chua-Dian-Qian Pb-Zn province, the Carlin-type
Au deposits in the Youjiang Au-As-Sb-Hg province and the Sh-Au
deposits in the Xiangzhong province. However, Yanshanian metal-
logenesis occurred only in the Youjiang Au-As-Sb-Hg and Xiangz-
hong Sb-Au provinces, including the Sb and Hg deposits in the
Youjiang province, and the Sb deposits in the Xiangzhong province.
These two episodes of low-temperature metallogeny are consistent
with those of granite-related W-Sn polymetallic deposits in the
Cathaysia Block (Hu and Zhou, 2012; Mao et al., 2013).

7. A new geodynamic model for the South China metallogenic
domain

It is now clear that the South China Craton was amalgamated in
the early Neoproterozoic by collision of the Yangtze and Cathaysia
Blocks and has since been modified by middle Paleozoic (Kwang-
sian), Triassic (Indosinian) and Jurassic-Cretaceous (Yanshanian)
tectonothermal events (e.g., Charvet et al., 1996; Li, 1998; Li
et al,, 2009; Zhou et al.,, 2009; C.Q. Zhang et al., 2014; Wang
et al.,, 2005, 20073, 2007b; Y.J. Wang et al., 2010a,b, 2013; C.Q.
Wang et al., 2012). The Indosinian event is commonly considered
to have been responsible for the current tectonic framework of

southern Asia through its accretion of the South China Craton to
Eurasia (e.g., Huang et al., 1987; Ren, 1991; Qiu et al., 2016).

Initiation of Indosinian subduction of Indochina beneath the
South China Craton is recorded by the 267-262-Ma magmatic arc
in Hainan Island (X.H. Li et al., 2006), and the resulting plate con-
vergence led to collision along the Song Ma suture zone at 258-
243 Ma (Lepvrier et al., 1997; Carter et al., 2001; Maluski et al.,
2005; Peng et al., 2006; Cai and Zhang, 2009; Y.J. Wang et al.,
2010a,b). A Triassic intracontinental orogeny in South China is well
documented (e.g., ML.F. Zhou et al., 2006; X.M. Zhou et al., 2006;
Wang et al., 2007a, 2013b). This orogeny resulted from the pro-
gressive closure of Paleotethys and subsequent collision between
the South China Craton and the Indochina Block along the Song
Ma suture to the south and between the North China Craton and
the South China Craton along the Qinling-Dabie orogenic belt to
the north. These two collisional events were accompanied by fold-
ing and thrusting of the strata, emplacement of abundant granitic
plutons and widespread metamorphism. The southwestern margin
of the South China Craton experienced substantial shortening dur-
ing the continental collision (Wang et al., 2005, 2007b). The E-W-
trending folds in the LTMD are the result of N-S compression dur-
ing the Indosinian orogeny (Xu et al., 1992). Triassic peraluminous
granites with ages from 258 to 205 Ma crop out in an area of about
14,000 km? in the South China Craton (Fig. 1) and are mainly dis-
tributed along E-W-trending faults as a result of the Indosinian
event (X.M. Zhou et al., 2006). X.M. Zhou et al. (2006) proposed
that the Early-Mid Triassic granites are intruded in syn-
collisional compressional setting, whereas the Mid-Late Triassic
granites are thought to be formed in post-collisional or syn-
collisional extensional background (Qiu et al., 2014). The Mid-
Late Triassic granites (ca. 230-200 Ma) are significantly later than
the Indosinian Orogeny and its associated regional metamorphism
(ca. 258-243 Ma), suggesting an extensional tectonic setting due to
roll-back of the plate (Qiu et al., 2014). Decompressional partial
melting triggered by roll-back extension was responsible for the
origin of the Mid-Late Triassic granites (Qiu et al., 2014).

As already documented, the Chuan-Dian-Qian Pb-Zn metallo-
genic province was formed from basinal brine fluids, whereas the
Youjiang Au-As-Sb-Hg and Xiangzhong Sb-Au provinces most
probably resulted from mixed magmatic-meteoric fluids, although
ore-forming elements of all deposits in the LTMD were dominantly
from the sedimentary rocks. Combined with the ore-forming ages
of ca. 200-230 Ma, a new geodynamic model is proposed for for-
mation of the Indosinian metallogeny (Fig. 24).

The LTMD, especially the Youjiang and Chuan-Dian-Qian pro-
vinces, are located in the southwestern Yangtze Block, geographi-
cally far from the coastal area of South China, but near the Song
Ma suture. In the Triassic, the Indosinian orogeny, related to colli-
sion of the Indochina Block with South China Block, triggered circu-
lation of basinal brine fluids, which leached the ore-forming
elements from the sedimentary strata to form the Chuan-Dian-
Qian Pb-Zn province. There may be some buried Indosinian granitic
intrusions in the Youjiang and Xiangzhong provinces as evidenced
by geophysical investigations (Zhou, 1993; Li, 1996; Rao et al.,
1999). These may have also triggered circulation of possibly mete-
oric fluids that leached the ore-forming elements from sedimen-
tary strata to form the Carlin-type Au deposits in the Youjiang
Au-As-Sb-Hg province, and the Sb-Au deposits in the Xiangzhong
Sb-Au province.

The Indosinian orogeny was the main driving force for the
widespread mineralization of the LTMD. Each of the three metallo-
genic provinces possesses unique features. The different styles of
mineralization are believed to be due to the different geology of
these three provinces (J.X. Zhou et al., 2014; M.F. Zhou et al.,
2014). The eastern part of the Yangtze Block is known as the Jiang-
nan orogeny with the Neoproterozoic Sibao Group (830-815 Ma)
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Fig. 24. A proposed metallogenic model for the South China LTMD related to the Indosinian syn-collisional extension. The geodynamic setting is modified after Qiu et al.
(2014). BriF-Brine Fluid; MagF-Magmatic Fluid; MetF-Meteoric Fluid; SMS-Song Ma Suture.

and Banxi Group (800-730 Ma), whereas there are widespread
Paleoproterozoic (~1.7 Ga) and Mesoproterozic strata (~1.0 Ga).

The Yanshanian event in the South China Craton was domi-
nantly represented by the development of I-, S- and A-type gran-
ites in the Cathaysia Block (e.g. Zhao et al., 2015). The associated
deposits were petrogenetically related to input of juvenile,
mantle-derived magmas in response to an extensional regime in
the entire South China Craton. These igneous rocks were formed
in three stages; 152-180 Ma (peak at 158 Ma), 120-130 Ma (peak
at 125 Ma) and 87-107 Ma (peak at 93 Ma) but most formed at ca.
158 Ma (Y.J. Wang et al.,, 2012). Recent dating results indicate an
ore-forming age of ca. 150 Ma for Sb deposits in the Xiangzhong
province and for Hg and Sb deposits in the Youjiang province, coin-
ciding with the age of Jurassic magmatism in the South China Cra-
ton. This observation suggests that the Yanshanian metallogeny
overprinted the Youjiang and Xiangzhong provinces during devel-
opment of the Jurassic magmatism.

It should be noted that, as the metallogenic episodes of low-
temperature deposits in the Youjiang and Xiangzhong provinces
are temporally consistent with those of granite-related W-Sn poly-
metallic deposits in the Cathaysia Block (Hu and Zhou, 2012; Mao
et al., 2013), there might be some buried granite-related W-Sn
mineralization beneath these two provinces where the formation
of low-temperatue deposits were also triggered by the simultane-
ous deep-seated granitic magmatism (Fig. 24).

8. Conclusions

(1) The South China low-temperature metallogenic domain
extends over an area of around 500,000 km? in the Yangtze
Block and includes the Chuan-Dian-Qian Pb-Zn, Youjiang
Au-As-Sb-Hg and Xiangzhong Sb-Au metallogenic provinces.

(2) Ore deposits in the three provinces formed mostly at 200-
230 Ma, corresponding to the Indosinian orogeny. Those in
the Youjiang and Xiangzhong provinces were overprinted
by the Yanshanian orogeny.

(3) The ages of low-temperature ore deposits in the LTMD are
similar to those of granite-related, W-Sn deposits in the
Cathaysia Block, implying a similar geodynamic setting.

(4) The Indosinian orogeny, followed by collision of the Indo-
china Block with the South China Craton, triggered circula-
tion of basinal brine fluids that leached the ore-forming

elements from sedimentary rocks to form the Chuan-Dian-
Qian Pb-Zn province. Deep-seated granitic magmas, formed
during the Indosinian orogeny, triggered circulation of possi-
bly meteoric fluids, which also leached ore-forming ele-
ments from sedimentary rocks to form the Carlin-type Au
deposits in the Youjiang province, and the Sb-Au deposits
in the Xiangzhong province.

(5) The Indosinian intracontinental orogeny established the ore-
forming framework of the LTMD. The Yanshanian metal-
logeny overprinted deposits in the Youjiang and Xiangzhong
provinces due to development of Jurassic magmatism, in a
fashion similar to that of the Indosinian metallogeny in these
two provinces.
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