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A B S T R A C T   

The giant Sb metallogenic belt in South China (GSMB) has been proved to provide approximately half the world’s 
reserves and Sb production. This metallogenic belt is tectonically located along the transition zone between the 
Yangtze and Cathaysia blocks, covering an area of ~ 1900 km long and ~ 200 km wide, with a set of large or 
giant Sb deposits such as the Xikuangshan, Banxi, Woxi, Qinglong, and Banpo-Banian. The Sb deposits have the 
following features in common: localisation in sedimentary rocks or counterpart metamorphic rocks as veins or 
strata, structural-tectonic control of mineralisation along the regional NE-trending faults, and the presence of 
intermediate-mafic dyke rocks in the belt whose relationship with Sb mineralisation is not obvious. Fluid in
clusion data show that the Sb mineralisation in this belt generally occurred under low-temperature and low- 
salinity conditions (140–250 ◦C, 0.2%–10% NaClequiv.). Abundant isotope data suggest that the Sb deposits in 
this belt were dominantly generated by crustal fluids from the Proterozoic basement sequences and fresh 
meteoric water or their mixture with various proportions, whereas the magmatic contribution to Sb minerali
sation in this region is a preferential heat source rather than a material supplier (i.e., fluids and metals). The 
reported geochronological data of representative Sb deposits suggest an age distribution trend of Sb minerali
sation, from 120 to 130 Ma in the Xikuangshan, Banxi, Woxi, Banpo and Banian Sb deposits in the northern and 
central parts of the GSMB, to 140–165 Ma in the Qinglong, Muli and Maxiong Sb deposits in the southern part of 
this belt. This age trend of the GSMB is largely comparable to that of Mesozoic igneous rocks in the Cathaysia 
Block, indicating both of them are the products of the west-northwestward flat-slab subduction and post- 
subduction of the paleo-Pacific Plate during the Late Mesozoic. In combination of the geological, geochemical, 
and reported geochronological data, we proposed that the Sb deposits in GSMB in South China probably have 
been mainly generated by low-temperature and low-salinity crustal fluids which leached Sb and S from basement 
sequences under an extensional setting during Late Mesozoic.   

1. Introduction 

China ranks the first in the world both for Sb production and reserves 
(Zaw et al., 2007; Hu et al., 2017a, b; Fu et al., 2020a). The known Sb 
deposits in China are mainly distributed along transition zones between 
different tectonic units or regional faults, and constitute a series of Sb 
metallogenic belts in different regions (Zhang et al., 1998; Wang et al., 
2013). Among these belts, >500 Sb deposits with varying scales and 
grades have been found within the transition zone between the Yangtze 
and Cathaysia blocks in southern China, which constitute the giant Sb 
metallogenic belt in South China (i.e., the GSMB; Fig. 1; Xiao et al., 

1992; Liu et al., 1998; Wang et al., 2020). However, despite decades of 
substantial efforts, the timing of Sb mineralisation in this belt remains 
highly variable because of the absence of suitable minerals for reliable 
radiometric dating, and a wide range of ages from ~ 420 to ~ 120 Ma 
has been obtained from various dating methods (Hu et al., 1996; Peng 
et al., 2008; Wang et al., 2012; Li et al., 2018, 2020; Fu et al., 2019, 
2020b; Zhang et al., 2019). Uncertainties over mineralisation ages and 
the significance of a possible link between tectonic events and abnormal 
Sb enrichment have hampered the understanding of the genetic model of 
these deposits in the GSMB. 

The South China Block is tectonically bounded by the North China 
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Craton by the Qinling-Dabie orogenic belt and North China Craton to the 
north, the Tibetan Plateau by the Longmenshan Fault to the northwest, 
and the Indochina Craton by the Song-Ma Fault to the south (Li and Li, 
2007; Wang et al., 2011; Hu and Zhou, 2012; Fig. 1). It comprises the 
Yangtze and Cathaysia Blocks, which were welded along the Neo
proterozoic Jiang-Shao tectonic suture zone, which coincides with the 
GSMB. The Cathaysia Block is well known for its Mesozoic large-scale 
granite province with a width of > 1,000 km and granite-related W-Sn 
polymetallic deposits, which have supplied >50% of the world’s W and 
20% of Sn reserves (Hu and Zhou, 2012; Sun et al., 2012; Mao et al., 
2013). Numerous studies have suggested that the subduction and sub
sequent post-subduction of the paleo-Pacific plate are responsible for 
producing large-scale magmatism and W-Sn mineralisation (John et al., 
1990; Li and Li, 2007; Zhou and Li, 2000; Zhou et al., 2006; Sun et al., 
2007; Wang et al., 2011; Li et al., 2012a,b; Hu and Zhou, 2012; Mao 
et al., 2013, Mao et al., 2021a, Mao et al., 2021b). However, though a 
possible link between the Sb mineralisation in the GSMB and large-scale 
magmatism in the South China Block was also proposed (Peng and Hu, 
2001), the detailed relationship between this belt and subduction of the 
paleo-Pacific plate remains poorly understood. 

In the past two decades, abundant new data on Sb deposits in the 
GSMB have been obtained and demonstrate that Sb deposits in this belt 
dominantly formed during the Late Mesozoic, although multiple epi
sodes of Sb mineralisation have been identified (Peng and Hu, 2001; 
Xiao, 2014; Hu et al., 2017a, b; Fu et al., 2016, 2019, 2020a, Fu et al., 
2020b; Li et al., 2018, 2020; Zhang et al., 2019). In this study, we 
compiled and reviewed available data of geological, geochemical and 
geochronological data of the Sb deposits in the GSMB and presented a 
comprehensive synthesis of Sb metallogeny in this belt. In compilation 
with reported geochronological data of Mesozoic granites in South 
China, we put forward a consistent geodynamic model for the giant Sb 
metallogenic belt in South China in relation to the flat-slab subduction of 
paleo-Pacific plate during Late Mesozoic. 

2. Geological background 

2.1. Regional geology 

The Sb metallogenic belt in South China is predominantly located at 
the southeastern margin of the Yangtze Block and to a lesser extent in 
the adjacent Cathaysia Block, comprising the traditional Jiangnan oro
gen and Xiangzhong basin to the north, and the Xiang-Gui-Yue basin and 
Youjiang basin to the south (Fig. 1; Xiao et al., 1992; Liu et al., 1998; 
Peng and Hu, 2001; Zhang et al., 2019). This NE-trending metallogenic 
belt extends approximately 1900 km long and 200 km wide, spanning 
seven provinces from Anhui to Yunnan (Fig. 1). It has provided more 
than 83.1% of the total Sb reserves in China, including 9 of 10 large Sb 
deposits in China and the world’s largest Sb deposit at Xikuangshan 
(Zhang et al., 1998; Hu et al., 2016, 2017a, Hu et al., 2017b; Fu et al., 
2020a, Fu et al., 2020b). 

The GSMB experienced a complicated geological history as transition 
zone between the Yangtze and Cathaysia blocks (Liu et al., 1998; Shu, 
2006, 2012; Li and Li, 2007; Zhao et al., 2011; Wang et al., 2012; Zhang 
et al., 2013; Fu, 2015). This history includes the following: (i) The paleo- 
South China Ocean (Cathaysia) subducted beneath the Yangtze block 
nucleus (Jinning Terrain) caused the continental collision between the 
Yangtze and Cathaysia blocks during Early Neoproterozoic (1000 ~ 800 
Ma) and resulted in a residual basin in the western part of Jiangshan in 
the GSMB (850 ~ 800 Ma); (ii) The GSMB underwent continuous intra- 
continental sedimentation for approximately 400 Ma and the residual 
basin in South China was broken-up since Late Neoproterozoic, and the 
Caledonian orogeny during Early Paleozoic resulted in the final 
convergence of the Yangtze and Cathaysia Blocks in Caledonian; (iii) 
During Early Mesozoic, the westward subduction of the paleo-Pacific 
plate underneath the eastern margin of the Eurasian continent caused 
the formation of voluminous granitic plutons in the Cathaysia Block and 
eastern part of the Yangtze Block, and the associated deformation might 
have been caused by the collision between the Indochina and South 
China block, which is responsible to the closure of Paleotethys; (iv) 
During the Late Mesozoic Yanshanian event, the subduction and post- 
subduction of the paleo-Pacific plate beneath the Eurasian continent 

Fig. 1. A simplified geological map of the giant Sb metallogenic belt in South China (GSMB) showing the structural framework and distribution of major Sb deposits 
in the GSMB (modified from Peng and Hu, 2001; Hu et al., 2017a,b; Wang et al., 2020). 
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resulted the formation of the giant Yanshanian granitic province with a 
swath of > 1000 km. 

The lithostratigraphic sequences of the GSMB were highly variable. 
The basement of the Yangtze Block is mainly composed of Neo
proterozoic epimetamorphosed rocks (e.g., slates and other metasedi
mentary rocks) in the east, including the Banxi, Lengjiaxi, Fanjingshan, 
and Sibao groups. The sedimentary succession consists mainly of 
Cambrian to Triassic marine sedimentary rocks and Jurassic-Cretaceous 
and Cenozoic terrigenous sedimentary rocks (Peng and Hu, 2001; Wang 
et al., 2016; Zhang et al., 2019). In contrast, however, only a small 
volume of igneous intrusions outcrop in the GSMB. There are sparse 
granites in the northeastern part of the Jiangnan Orogen belt, with ages 
from the Neoproterozoic to Early Cretaceous (Wang et al., 2004; Zhong 
et al., 2005; Peng et al., 2006; Fu, 2015; Li et al., 2015; Wang et al., 
2016; Lu et al., 2017). In addition, a few small granitic intrusions and 
mafic dykes with Mesozoic ages also have been found in the Xiangzhong 
and Youjiang basins (Hu and Zhou, 2012; Mao et al., 2013; Pi et al., 
2017; Zhu et al., 2017). However, the genetic link between these igneous 
rocks and Sb deposits remains debatable because of no significant spatial 
association between them. 

On a regional scale, the Sb deposits in the northern part of the GSMB 
are distributed along with the NE- and NNE-trending regional deep 
faults whereas those in the southern part are distributed with NE- or 
NW-trending regional faults and mainly controlled by related deposit- 
scale faults. Host strata of these deposits vary from Neoproterozoic to 
Tertiary, where host rocks are mainly composed of sedimentary and 
carbonate rocks and counterpart epimetamorphic rocks. 

Considering the reserve and quantity of Sb deposits and tectonic 
background, three featured regions of Sb mineralisation can be identi
fied, notably, the Xiangzhong basin, Southeast Guizhou Province and 
the Dian-Qian-Gui area. The Xiangzhong basin is located at the eastern 
margin of the Yangtze Block (Fig. 1). Sb deposits in this area mostly 
occur along NE-striking regional structures on the margin and interior of 

the Xiangzhong basin including the Xikuangshan, Banxi, Woxi, and 
Zhazixi deposits (Fig. 2). This area underwent continuous sedimentation 
from the Late Neoproterozoic to Early Paleozoic (Wang and Li, 2003). 
Ductile shearing, intense folding and granitic magmatism were pro
duced by the Early Paleozoic Caledonian orogeny (Faure et al., 2009; 
Charvet et al., 2010). Additionally, beaded uplifts such as the Baima
shan- Longshan, Weishan-Nanyue and Simingshan-Guandimiao uplifts 
formed during this period (Liu, 2005; Bai et al., 2013). Subsequently, the 
Xiangzhong basin formed between these uplifts and sedimentation 
resumed on the Pre-Devonian metamorphosed clastic strata (Fig. 2), 
which were unconformably overlain by the Late Paleozoic to Early 
Mesozoic marine sedimentary sequence (Shi et al., 1993; Ma et al., 
2002). In the Late Triassic, the NE-striking regional structures (e.g., the 
Xuefengshan uplift belt) were produced by the Indosinian orogeny (Shu 
et al., 2009; Chu et al., 2012a, b; Fig. 2). These regional structures were 
reactivated and the Xuefengshan belt was further uplifted during the 
Late Mesozoic tectonic event (Li et al., 2013). The geophysical data 
suggest that some concealed intrusions might be present at depth 
although igneous rocks of this period are rarely outcropped in the 
Xiangzhong basin (Li, 1996; Rao et al., 1999). 

The Southeast Guizhou area is a polymetallic mineralisation region 
containing abundant Sb, Au, and Hg deposits, and is located at the 
southwestern edge of the Yangtze Block, the area adjacent to the Tethys 
and Pacific tectonic domain (Xu et al., 2010; Fig. 1). This area is a 
Paleozoic basin which was covered by a Paleozoic marine carbonatite 
sequence and underwent multiple tectonic events from Hercynian to 
Yanshanian (Zheng et al., 2019, Fig. 3A), in which the Dushan Sb ore 
field, Sandu-Danzhai Hg-Sb-Au ore field, and Leigongshan Sb-Au ore 
field have been found in this area. Sb deposits in the Dushan Sb ore field, 
including the Banpo, Banian, Beida and Weizhai deposits mostly occur 
within secondary faults of the NNE-trending Dushan and Lantu struc
tures (Fig. 3B). Geophysical data suggest that concealed granites might 
be present at depth in the southeastern part of this area (Diao et al., 

Fig. 2. Geological map of the Xiangzhong basin showing the geological background of the Banxi and Xikuangshan Sb deposits (modified from Hu et al., 2017a,b).  
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2017). 
The Dian-Qian-Gui area is located at the southwestern margin of the 

Yangtze Block, and is structurally defined by the Mile-Shizong fault to 
the northwest, the Shuicheng-Ziyun-Bama fault to the northeast, and the 
Red River fault to the southwest (Fig. 4; Cai and Zhang, 2009; Yang 
et al., 2012; Faure et al., 2014). Early studies have suggested that the 

Dian-Qian-Gui area overlies the basement of Early Paleozoic strata and 
recorded significant marine sedimentation between the Late Paleozoic 
and Middle Triassic, experiencing a marine sedimentation with a 
thickness of ca.7000 m (Galfetti et al., 2008; Song et al., 2009; Yang 
et al., 2012). The marine sedimentary sequence was folded as an EW- 
trending Youjiang fold and thrust belt by the Indosinian uplift during 

Fig. 3. (A) Geological map of the Southeast Guizhou area showing the geological background of Dushan Sb ore field (after Zheng et al., 2019). (B) Geological map of 
Dushan Sb ore field and geological background of Banpo and Banian Sb deposits (modified from Zheng et al., 2019). 
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the Late Triassic (Cai and Zhang, 2009; Yang et al., 2012). Magmatic 
rocks occurring in this area mainly include Late Permian dolerites 
(Zhang and Xiao, 2014), quartz porphyry dykes (Zhu et al., 2016) and 
lamprophyre dykes (Liu et al., 2010). However, only scarce magmatic 
rocks are present in known Sb deposits such as the Qinglong, Maxiong 
and Muli deposits (Wang et al., 2009, Wang et al., 2015). 

2.2. Geology of representative Sb deposits 

The geological features of most Sb deposits have been described in 
the literature, and the most important details of representative Sb de
posit in the GSMB are summarised as follows. Notably, igneous rocks are 
rare in each Sb deposit, although some magmatism is observed in the 
GSMB. 

2.2.1. Banxi Sb deposit 
The Banxi Sb deposit is situated within the transition zone of the 

transitional region from the Xuefengshan uplift belt to the Xiangzhong 
basin (Fig. 2) with a total Sb reserve of ~ 100,000 tons and an average 
grade of 15.3%–25.9% Sb. This deposit contains two ore blocks, 
Jiangjiachong and Xiaogang, from south to north. The Neoproterozoic 
Wuqiangxi Formation of the Banxi Group is the major strata exposed in 
this deposit, which is lithologically composed of epimetamorphic clastic 
rocks with original features of littoral facies to neritic facies flysch 
sedimentary sequences (Fig. 5A). Quartz-porphyry dykes in the northern 
part of this deposit are the only intrusion rocks with a U-Pb age of ~ 220 
Ma, which were cut by quartz-stibnite veins and thus were considered to 
be earlier than Sb mineralisation (Zhao et al., 2005; Fu et al., 2019). 
Orebodies of the Banxi deposit mainly occur as veins in the 

Neoproterozoic epimetamorphic rocks of the Wuqiangxi Formation and 
are controlled by the NE-trending regional fault F1 (a part of the 
regional Taojiang-Chengbu fault) and a set of secondary compressional 
torsional faults with an angle > 70◦ (Fig. 5A; Li et al., 2018). The ore 
composition is simple, with stibnite as the principal ore mineral with 
minor arsenopyrite; the gangue mineral is dominated by quartz. Two 
types of fluid inclusions were identified in quartz as liquid-rich two- 
phase inclusions and CO2-rich inclusions. The fluid inclusion data sug
gested a low-temperature (170–260 ◦C) and low-salinity (3%–6% 
NaClequiv.) metallogenesis (Li et al., 2019). The wall-rock alteration 
related to Sb mineralisation mainly includes silification, sericitisation 
and chloritisation (Li et al., 2019). 

2.2.2. Xikuangshan Sb deposit 
The giant Xikuangshan Sb deposit within the Xiangzhong basin in 

Hunan Province is situated at the intersection of the NE-trending Tao
jiang-Chengbu and NW-trending Xikuangshan-Lianyuan basement 
faults (Fig. 2) with a total Sb metal reserve of ~ 2.5 Mt and an average 
grade of ~ 4% Sb. The dominated host rocks in the Xikuangshan deposit 
are Middle to Upper Devonian and Lower Carboniferous strata, which 
are mainly composed of carbonates and locally interbedded with silt
stone, argillite, and shale (Fan et al., 2004; Peng et al., 2003a). These 
strata have been intensely deformed into a kilometre-scale, NNE- 
trending major fold structure referred to as the Xikuangshan complex 
anticline (Fig. 5B; Peng et al., 2003a; Yang et al., 2006). Fault F75 (a part 
of the Taojiang-Chengbu regional fault) cuts the northwest limb of the 
anticline, and almost all ore-bodies occur in the footwall of this fault 
(Fig. 5B). A NNE-trending lamprophyre dyke with a length of ~ 10 km is 
the only outcropping intrusive rock in the Xikuangshan deposit (Fan 

Fig. 4. Geological map of the Dian-Qian-Gui area showing the location and geological background of the Qinglong, Maxiong and Muli Sb deposits (modified from 
Chen et al., 2018). 
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et al., 2004; Hu et al., 1996; Peng et al., 2003a). The Sb mineralisation in 
the Xikuangshan deposit consists of four ore blocks, referred to as Lao
kuangshan, Tongjiayuan, Wuhua, and Feishuiyan (Hu et al., 1996; Peng 
et al., 2003a). Orebodies mainly occur as stratiform and are strictly 
controlled by interlayer fault zones in silicified carbonates (Fig. 5B). Ore 
minerals in this deposit are primarily composed of stibnite with trace 
disseminated pyrite, and gangue minerals are dominated by quartz and 
calcite with minor barite, fluorite, and talc (Fan et al., 2004; Fu et al., 
2020a; Hu et al., 1996; Hu and Peng, 2018; Peng et al., 2003a). Four 

types of fluid inclusions in the Xikuangshan Sb deposit were identified in 
quartz, fluorite, barite and stibnite including pure liquid phase, liquid- 
rich aqueous phase, vapour-rich aqueous phase and pure vapour 
phase. The fluid inclusion data suggested a low to meso-thermal 
(112–366 ◦C) and low salinity (0.2%–15.4% NaClequiv.) ore-forming 
fluid. (Hu and Peng, 2018). Silicic alteration is the primary wall- rock 
alteration in the deposit and Sb orebodies never appear to exceed the 
limit of silicification zone (Hu et al., 1996; Yang et al., 2006). A lamp
rophyre dyke occurs in the eastern part of the orebodies as the eastern 

Fig. 5. (A) Cross-section map of Banxi Sb deposit showing the ore body veins controlled by high-angle faults (after Li et al., 2018). (B) Cross section map of the 
Xikuangshan Sb deposit (modified from Yang et al., 2006). (C) Cross section map of Woxi Sb deposit (modified from Gu et al., 2012). 
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boundary of antimony mineralisation in the Xikuangshan ore district 
(Liu and Jian, 1983; Shi et al., 1993). 

2.2.3. Woxi Sb polymetallic deposit 
The Woxi Sb polymetallic deposit is situated in the northeast corner 

of Xuefengshan uplift belt in western Hunan province, China, which 
contains five ore blocks including Hongyanxi, Yuershan, Lijiaxi, Shi
liupenggong, and Upper Woxi (Fig. 2; Gu et al., 2012; Zhu and Peng, 
2015). The metal reserves for the Woxi deposit amount to 0.22 Mt of Sb, 
>50 t of Au, and 25,000 t of WO3, and the average grades of Sb, Au, W in 
the ores are 2.84%, 9.77 ppm and 0.3%, respectively. The dominated 
strata exposed in the Woxi region consist of the Proterozoic Lengjiaxi 
Group, Banxi Group and Cretaceous conglomerate. The Banxi Group is 
composed of Madiyi Formation and Wuqiangxi Formation. The Madiyi 
formation consist of low-grade metamorphic purple-red sericite slate, 
sandstone slate and calcareous sericitic slate. The orebodies in this de
posit occur in the purple-red calcareous sericitic slate as quartz veins and 
are controlled by interlay Woxi faults (Fig. 5C; Gu et al., 2012). These 
quartz veins can be divided into banded vein, veinlet and discordant 
vein, and the banded vein provides about 70% of metal accumulation 
(Luo et al., 1984). Ore minerals are dominated by scheelite, pyrite, 
stibnite, native gold and wolframite with minor arsenopyrite, sphalerite 
and galena. The gangue minerals consist of quartz with minor sericite, 
carbonate and chlorite. The mineral paragenesis for this deposit was 
divided into four stages, including quartz-carbonate stage, quartz- 
scheelite stage, quartz-sulfide-gold stage, and late quartz-carbonate 
stage (Zhu and Peng, 2015). Fluid inclusion data yield homogeniza
tion temperatures of 180–240 ◦C at quartz-scheelite veins with 2.41%– 
5.56% NaClequiv salinity, and 140–200 ◦C at quartz-sulfide-gold stage 

with a 0.88%–6.88% NaClequiv salinity. It suggested a low-salinity, low- 
to-moderate temperature ore fluid, consistent with other gold deposits 
in the Xuefengshan uplift belt (Zhu and Peng, 2015). The magmatic 
activities are absent in the mining area or adjacent regions. 

2.2.4. Banpo-Banian Sb ore field 
The Banpo-Banian Sb ore field is situated in southeast Guizhou, 

which contains two large Sb deposits of Banpo and Banian and a set of 
other medium-small scale Sb deposits, with a total Sb reverse of 
>200,000 tons (Diao et al., 2017). The dominant wall-rocks comprise 
Paleozoic carbonates and sandstone and Triassic limestone and dolo
mite, which are overlain on the Precambrian epimetamorphic rocks. The 
structural frame of this area is defined by the NE-trending Lantu Fault 
and Dushan Fault which is southern part of Songtao-Dushan regional 
fault. The Banpo and Banian Sb deposits were strictly controlled by the 
NNW-trending Dushan Fault (Fig. 3B). Sb mineralisation is mainly 
hosted in Devonian marine sedimentary rocks in the form of quartz- 
stibnite veins (Fig. 6; Xiao, 2014; Xue et al., 2019). The ore minerals 
are dominated by stibnite with trace pyrite, cinnabar, realgar and 
gangue minerals mainly quartz, calcite, dolomite, clay and barite (Shen 
et al., 2013; Xiao, 2014). Fluid inclusions occurring in quartz and calcite 
suggest a low temperature (120–180 ◦C) and low salinity (1.8%–8.3% 
NaClequiv.) ore-forming fluid. (Wang, 1995) Carbonization and silicifi
cation are the primary wall-rock alterations related to Sb mineralisation 
in these deposits. 

2.2.5. Qinglong Sb deposit 
The Qinglong Sb deposit is in the northwestern part of the Dian-Qian- 

Gui area and contains eight ore blocks, including Dachang, Shuijingwan, 
Dishuiyan, Gulu, Houpo, Xishe, Sanwangping and Heishanjing. The 
proved total Sb reserve of this deposit is up to 0.27 Mt with an average 
grade of 2.6% Sb. Local strata outcropping in the deposit area are 
composed of carbonate rocks of the Maokou Formation and “Dachang” 
layer of Middle Permian, E’meishan basalt of Upper Permian, and 
sandstone and shale of the Longtan Formation (Fig. 7A), of which Sb 
mineralisation is mainly hosted in the “Dachang layer” as quartz-stibnite 
veins. The “Dachang layer” is lithologically composed of tuff, silicified 
breccia, which overlays the limestone of the Maokou Formation and is 
covered by E’meishan basalt. The ore-controlling regional fault in the 
deposit is the NE-trending Mile-Shizong fault (Fig. 4), which controlled 
the distribution and occurrence of ore blocks (Fig. 7A; Peng et al., 
2003b; Chen et al., 2018). The Qinglong deposit contains several ore 
blocks, including Gulu, Zhimi, Houpo, Heishanjing, Xishe and Dachang. 
Individual orebodies range from 50 to 610 m long and 40 to 120 m wide, 
dipping at 3◦–8◦ to the northwest. The primary ore minerals are 
composed of euhedral-subhedral stibnite, arsenian pyrite and fine- 
grained stibnite, and the gangue minerals are mainly jasperoid quartz, 
fluorite and barite. Ore-forming fluid is characterised by low tempera
ture (130–195 ◦C) and low salinity (4.3%–8.1% NaClequiv.) (Cai et al., 
1997). Wall-rock alterations associated with Sb mineralisation include 
silicification and kaolinisation. 

2.2.6. Maxiong Sb deposit 
The Maxiong Sb deposit is in the southeastern part of the Dian-Qian- 

Gui area, which includes three ore blocks of the Maxiong, Poyan and 
Kagu with a total Sb reserve of ~ 56,400 tons and an average grade of ~ 
5.4% Sb. Tectonically, the deposit is situated at the western margin of 
the Youjiang rift valley in the transitional area between the Yangtze and 
Cathaysia blocks. The orebodies are mainly hosted in the unconformity 
between the Cambrian dolomite and the Upper Devonian Yujiang For
mation muddy-carbonaceous clasolite and are controlled by NW- 
trending compression and scissor faults in the southwest wing of Max
iong anticline (Fig. 7B). The orebodies occur as irregular veins and 
lenses with a total length of 3200 m and dipping at 50◦–80◦ to the 
northwest. The primary ore minerals are composed of stibnite with trace 
pyrite and arsenopyrite and the gangue minerals are mainly quartz and 

Fig. 6. (A) Cross-section map of Banpo Sb deposit showing that orebodies occur 
in Danlin formation (D1d) sandstone and argillaceous siltstone and are 
controlled by faults (after Zheng et al., 2019). (B) Cross-section map of Banian 
Sb deposit showing that orebodies occur in the interface of carbonatite and 
clasolite in Dushan formation (D2d) (after Xue et al., 2019). 
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minor calcite. Stibnite mainly occurs as grains with quartz, and minor 
columnar and acicular stibnite occurs in vein quartz (Wei, 1993). Ore- 
forming fluids revealed by fluid inclusions from quartz are charac
terised by low temperature (141–210 ◦C) and low salinity (6.6%-10.1% 
NaClequiv.; Cai et al., 1997). Wall-rock alterations are dominated by 
extensive silicification. 

2.2.7. Muli Sb deposit 
The Muli Sb deposit is in the southwestern part of the Dian-Qian-Gui 

area and the central part of the Dian-Qian intercontinental rift valley, 
which is part of the ancient Yangtze Block margin rift (Wang, 1994). The 
stratigraphy in this area is semi-deep to shallow water shelf faces 

ranging from the Lower Devonian to Middle Triassic carbonate and 
shale. The orebodies are mainly hosted in Devonian Pojiao (D1p) thick- 
bedded silica rocks with multiple folds controlled by NW-trending faults 
(Fig. 7C). The total Sb reserve is approximately 0.17 Mt with an average 
grade of 5.2% Sb. The orebodies occur as veins and lenses and are 
consistent with the stratum attitude. The primary ore mineral is stibnite 
associated with pyrite, quartz, calcite and barite. Calcite mainly occurs 
in metallogenic fault structures in the late or post-ore stage (Han et al., 
2019). Fluid inclusions from quartz and calcite suggest a low tempera
ture (95–196 ◦C) and low salinity ore-forming fluid (3.7%–8.8% 
NaClequiv) (Cai et al., 1997). Silification is the majority wall-rock alter
ation which is close to the Sb mineralisation (Fig. 7C). 

Fig. 7. (A) Cross-section map of Qinglong Sb deposit showing that orebodies mainly occur in the Dachang layer near major faults (after Chen et al., 2018). (B) Cross 
section of Maxiong Sb deposit showing that orebodies occur in the unconformity between the Cambrian and the Upper Devonian (after Wei, 1993). (C) Cross section 
of Muli Sb deposit showing that orebodies occur in silica rocks (after Wang and Jin, 1994). 
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3. Timing of Sb mineralisation in the GSMB 

Precisely determining the timing of mineralisation is critical for 
constraining the ore genesis of hydrothermal deposits. However, the 
precise ages of Sb deposits in the GSMB remain scarce because of the 
absence of suitable minerals for traditional radiometric dating (Hu et al., 
2017b; Fu et al., 2020b). Many Sb deposits in this belt have been mined 
for more than a century (e.g., Xikuangshan and Banxi) and widely 
studied by geologists for decades, but few studies have investigated the 
precise ages of Sb deposits because of the simple mineral assemblages. 
Over the past two decades, a wide range of Sb mineralisation ages from 
ca. 420 Ma to ca. 50 Ma have been determined by applying various 
radio-isotope dating methods such as Pb-Pb, K-Ar, 40Ar/39Ar, Rb-Sr, Re- 
Os, Sm-Nd, (U-Th)/He and electron spin resonance. On the basis of the 
methods and samples used, the reported ages of Sb mineralisation using 
different methods must be evaluated with caution. For example, Pb-Pb 
dating of sulfide minerals is widely recognised as unreliable, particu
larly in low-Pb systems such as those of Sb deposits in the GSMB, thus, 
they are not considered in this study. 

In this study, we mainly reviewed and investigated the mineralisa
tion ages of these representative Sb deposits obtained by Sm-Nd, Ar-Ar, 
Rb-Sr and (U-Th)/He radio-isotope dating methods. For example, mul
tiple dating methods, including hydrothermal calcite and stibnite Sm-Nd 
isochron and zircon (U-Th)/He dating, have been employed to deter
mine the mineralisation age of the giant Xikuangshan Sb deposit in the 
Xiangzhong basin and yielded an age range of 120–155 Ma (Hu et al., 
1996; Fu et al., 2020b). An age of ca.130 Ma of the Banxi Sb deposit was 
obtained using Rr-Sr isochrons of major ore minerals such as stibnite, 
arsenopyrite, and zircon (U-Th)/He dates (Li et al., 2018; Fu et al., 
2019). More recently, an age of ca. 130 Ma of the Woxi deposit was also 
obtained using scheelite and wolframite U-Pb dates (unpublished data). 
In the southeast Guizhou area, Sm-Nd isochrons of hydrothermal calcite 
were used to date the Banpo and Banian Sb deposits in the Dushan ore 
field and yielded ages of 130 Ma and 126–128 Ma, respectively (Wang, 
2012; Xiao, 2014). In comparison, however, the mineralisation ages of 
Sb deposits in the Dian-Qian-Gui area were slightly older. For example, 
Peng et al. (2003b) proposed the Qinglong Sb deposit formed at 
142–148 Ma using Sm-Nd dating of hydrothermal fluorite from ore 
veins. The Maxiong Sb deposit was dated at 141–156 Ma using K-Ar and 

Rb-Sr isochron methods of quartz from quartz-stibnite veins (Wei, 1993) 
while the Muli Sb deposit was dated at ca.165 Ma using Ar-Ar isochrons 
of hydrothermal quartz (Hu et al., 2007; Han et al., 2019). 

In summary, the aforementioned age data of representative Sb de
posits indicate that Sb mineralization in the GSMB mainly took place 
during the Late Mesozoic (160 –120 Ma), and a possible age distribution 
trend of Sb mineralisation in GSMB was also identified, i.e., from ca. 
120–130 Ma for Sb deposits in the central and northeastern part of this 
belt (e.g., Xikuangshan, Banxi, Woxi, Banpo, and Banian deposits) to ca. 
140–165 Ma for Sb deposits in the southwestern part (e.g., the Qinglong, 
Muli and Maxiong deposits; Fig. 11B). Notably, however, more 
geochronological studies using robust dating methods are required to 
further constrain the precise timing of large-scale Sb mineralisation in 
the GSMB. 

4. Origin of Sb deposits in the GSMB 

The origin of the Sb deposits in South China has long been debated 
and various viewpoints have been invoked including intrusion-related 
and intrusion-unrelated models (Hu et al., 2017a; Chen et al., 2018; 
Zhang et al., 2020; and references therein). Continuing argument in this 
respect is driven principally by uncertainties over the significance of a 
possible magmatic link with Sb mineralisation. Over the past two de
cades, abundant new data including fluid inclusion, stable isotopes, 
noble gas, and other geochemical data, have been obtained that enable 
improvement in understanding the origin of these Sb deposits. 

Fluid inclusion studies suggest that ore-forming fluids of Sb deposits 
in the GSMB are generally characterised by low temperature (average 
temperature with 140–250 ◦C) and low salinity (0.2%-10% NaClequiv.) 
(Wang and Jin, 1994; Wang and Cui, 1996; Cai et al., 1997; Shen et al., 
2008; Su et al., 2015; Hu and Peng, 2018; Chen et al., 2018; Li et al., 
2019). The fluid inclusion data of each Sb deposit revealed an increasing 
trend of mineralisation temperature of Sb deposits in the GSMB from 
southwest to northeast, 95–210 ◦C for those in the Dian-Qian-Gui area, 
120–180 ◦C for those in Southeast Guizhou area, and 112–366 ◦C for 
those in the Xiangzhong basin. In general, the δDVSMOW-δ18O composi
tion can place a first-order constraint on the origin of the ore-forming 
fluids for hydrothermal deposits. The δDVSMOW and δ18O values of ore- 
forming fluids for Sb deposits in the GSMB calculated from fluid 

Fig. 8. The δD-δ18O diagram for ore-forming fluids from Sb deposits in the GSMB. Data sources: Banxi: Li et al. (2019); Xikuangshan: Xie et al. (1996), Yang et al. 
(1998), Yin and Dai (1999), Peng et al. (2002), Ma et al. (2003), Lin (2014);Woxi: Yang (1986), Liang and Zhang (1986); Banpo: Pan and Wu (2017); Banian: Pan and 
Wu (2017); Qinglong: Pan and Wu (2017). 
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inclusions in ore-related hydrothermal minerals range from − 128‰ to 
− 46‰ and − 10.2‰ to + 11.9‰, respectively (Wang, 1995; Xie et al., 
1996; Yang et al., 1998; Yin and Dai, 1999; Peng et al., 2002; Ma et al., 
2003; Gu et al., 2012; Lin, 2014; Zhu and Peng, 2015; Hu et al., 2016; 
Pan and Wu, 2017; Li et al., 2019). In a δDVSMOW-δ18O diagram of fluid 
inclusions trapped in hydrothermal quartz and calcite, most samples 
from representative Sb deposits plot within the transition field of 
meteoric water and magmatic/metamorphic water (Fig. 8), indicating a 
mixing origin of ore-forming fluids, i.e., admixture of magmatic or 
metamorphic water and meteoric water. However, because the latest 
metamorphic event documented in this district (460–400 Ma; Faure 
et al., 2009; Wang et al., 2010) occurred many hundred millions of years 
ago before the timing of Sb mineralisation in the GSMB, metamorphic 
fluids thus are unlikely to be candidates as one end-member of ore- 
forming fluids. In addition, the majority of large Sb deposits is primar
ily hosted in Neoproterozoic epimetamorphic clastic rocks or Devonian- 
Carboniferous sedimentary rocks, with no obvious direct spatial rela
tionship to magmatic activity, indicating that magmatic fluids seem 
unlikely to be the major component of ore-forming fluids for these Sb 
deposits. Recent experiment study demonstrated that weak partitioning 
of Sb into magmatic fluids makes it unlikely that primary magmatic 
fluids serve as the Sb source of large epithermal Sb deposits (Fu et al., 
2020c). Alternatively, the Mesozoic meteoric water can be one of the 
end members of ore-forming fluid sources since lots of H-O isotope plots 
of all investigated Sb deposits are close to the meteoric water line (Hu et 
al, 2016; Pan and Wu, 2017). The other end member could be inter
preted as a result of water–rock interaction between meteoric water and 
δ18O-enriched wall rocks or δ18O-enriched basement rock (Peng et al., 
2014; Hu et al., 2017a), which can be further favoured by following He- 
Ar isotopic data. 

Argon and He isotope ratios in fluid inclusions entrapped hydro
thermal sulfide minerals such as pyrite and stibnite have been proved 
effective for identifying the sources of ore-forming fluids for hydro
thermal deposits because of the significant difference in 3He/4He and 
40Ar/36Ar ratios for fluids derived from different geochemical reservoirs 
(Stuart et al., 1994; Burnard et al., 1999; Burnard and Polya, 2004; 
Davidheiser-Kroll et al., 2014). For example, crustal fluids are charac
terised by low 3He/4He (0.01–0.05 Ra, where Ra is the atmospheric 
3He/4He ratio, 1.39 × 10-6) while the 3He/4He of mantle-derived fluids 
can be up to 6–9 Ra (Burnard et al., 1999; Hu et al., 2009; Mark et al., 
2011). The 3He/4He values for ore-forming fluids from the Banxi and 
Qinglong Sb deposits are ranging from 0.01 to 0.03 Ra and 0.13–0.46 
Ra, respectively (Chen et al., 2016; Li et al., 2018), which are close to 
that of crustal fluids but much lower than mantle-derived fluids. This 
indicates that the ore-forming fluids of these Sb deposits were 

dominantly generated from crustal fluids. Accordingly, the 40Ar/36Ar 
values are range from 409 to 545 and 305–326, respectively (Chen et al., 
2016; Li et al., 2018), which are comparable to those of air-saturated 
water (meteoric), implying that ore-forming fluids are probably domi
nated by Mesozoic meteoric water. In the 3He/4He-40Ar/36Ar diagram 
(Fig. 9), all samples from the Banxi deposit plot within the field of crustal 
fluid, whereas most samples from the Qinglong deposit plot in the field 
between crustal fluids and air-saturated water. More recently, Hu (2021) 
proposed that ore-forming fluids of the giant Xikuangshan Sb deposit are 
also dominated by Mesozoic modified air-saturated meteoric water 
based on similar He-Ar isotopic compositions. Therefore, the ore- 
forming fluids of the Sb deposits in the GSMB were likely to be domi
nated by Mesozoic meteoric water but were compositionally modified 
by fluid-rock interaction during the evolution of fluids. 

The sulfur isotopic composition of a sulfide deposit can be variable 
because of multiple possible sources of sulfur in the metallogenetic 
environment, thus, sulfur isotopes can provide insights into the origins 
of sulfide minerals in hydrothermal deposits (Ohmoto and Rye, 1979; 
Hoefs, 2009). Advances in analytical methods, particularly in micro- 
analytical techniques (e.g., LA-ICP-MS), enable new sulfur isotope 
data of some representative Sb deposits in the GSMB to be obtained. The 
S isotope compositions of Sb deposits in the GSMB are shown in the 
Fig. 10, ranging from 4.8‰ to 6.7‰ in Banxi, 6.8‰ to 10.2‰ in 
Xikuangshan, − 2.8‰ to − 1.2‰ in Woxi deposit, − 6.3‰ to 2.6‰ in 
Banian, 3.4‰ to 7.5‰ in Banpo, − 5.0‰ to 2.3‰ in Qinglong, − 14.5‰ 
to 3.8‰ in Muli and 3.6‰ to 7.7‰ in Maxiong (Cui, 1992, 1995; Wang, 
1995; Gu et al., 2004, 2012; Shen et al., 2013; Hu et al., 2016; Li et al., 
2018; Chen et al., 2018; Fu et al., 2020a). The wide range of δ34S values 
of the fluid in these deposits indicates a complex source of sulfur in 
different Sb deposits. The δ34SV-CDT values of deposits in the Xiangzhong 
basin, such as Banxi, Xikuangshan and Woxi show a narrow range, 
whereas the δ34SV-CDT values of deposits such as Banian-Banpo, Qing
long and Muli in southeast Guizhou and the Dian-Qian-Gui area range 

Fig. 9. Plot of 40Ar/36Ar vs. R/Ra for representative Sb deposits in the GSMB. 
Data source: Woxi: Hu, 2021; Banxi: Li et al., 2018; Xikuangshan: Hu, 2021; 
Gutaishan: Sun et al., 2020; Qinglong: Chen et al., 2016. 

Fig. 10. Sulfur isotopic composition of representative Sb deposits in the GSMB. 
Data sources: Banxi: Li et al. (2018); Xikuangshan: Fu et al. (2020a); Woxi: Gu 
et al. (2004, Gu et al., 2012); Banian and Banpo: Cui (1992, 1995), Wang 
(1995), Shen et al. (2013); Qinglong: Chen et al. (2018), Shen et al. (2013); 
Maxiong: Shen et al. (2013). 
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within a wider range (Fig. 10). The wide δ34SV-CDT values of Sb deposits 
in the GSMB can be generated by mixing between wall-rocks and 
magmatic sulfur, or dissolution of sulfides in basement sequences (Hu 
et al., 2017a; Li et al., 2018, 2019; Fu et al., 2020a). However, as dis
cussed above, the H-O isotope and He-Ar isotopes and the absence of 
magmatic rocks in ore field suggest that the input of magmatic sulfur 
into the Sb deposits is insignificant. Trace elements and isotope 
geochemical data of Precambrian sedimentary strata in South China (Ma 
et al., 2002, 2003; Ma, 2008; Xu et al., 2012) revealed that the Prote
rozoic strata are generally enriched of W, Sn, Sb, and Au. The ore- 
forming metals in Proterozoic basement strata might have been pre- 
concentrated during previous magmatic events during early tectonic 
events (Hu, 2021). Therefore, it can be inferred that Proterozoic base
ment strata could have been the potential sulfur source of these deposits 
in the Sb belt (Ma, 2008; Hu et al., 2016; Fu et al., 2020a; Hu, 2021 and 
references therein). 

In conclusion, Sb deposits in the GSMB may have formed from 
evolved meteoric water, which circulated through regional faults and 
leached Sb and S from the basement metamorphic rocks because of the 
interaction between the rocks and circulating meteoric fluids. By 

contrast, deep-seated magmas may have served as heat sources for the 
circulation and transportation of Mesozoic meteoric water along 
regional faults (Hu et al., 2017a). 

5. Possible link between the paleo-Pacific plate subduction and 
Sb mineralisation 

Extensive magmatism in South China produced one of the largest 
magmatic provinces worldwide by widespread igneous rocks consisting 
of granites, rhyolites and subordinate mafic intrusions and volcanic 
rocks (Li and Li, 2007; Hu and Zhou, 2012; Mao et al., 2013, Mao et al., 
2021a, Mao et al., 2021b; Wang et al., 2016). Geochronological data 
indicate that the magmatic events in South China mainly occurred 
during the Indosinian Period (251–205 Ma), Early Yanshanian Period 
(180–150 Ma), and Late Yanshanian Period (140–70 Ma) (Zhou et al., 
2006; Wong et al., 2009; Wang et al., 2011; Li et al., 2011). The 
spatiotemporal distribution of Mesozoic igneous rocks reveals an 
increasing density and a younger trend toward the ocean (southeast
ward) (Li and Li, 2007; Li et al., 2007). Additionally, the distribution of 
igneous rocks with progressively younger northeastwards was also 

Fig. 11. (A) Distribution of Mesozoic igneous rocks in South China with progressively younger age northeastwards (after Wang et al., 2011; Zhou et al., 2006; Zhu 
et al., 2016, Zhu et al., 2017). (B) Chronology of the Xiangzhong basin, the Southeast Guizhou area, and the Dian-Qian-Gui area showing a similar younger trend as 
the chronology of Mesozoic igneous in South China. 
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identified (Fig. 11A; Zhou et al., 2006; Sun et al., 2007; Wang et al., 
2011). Pacific plate subduction into the Eurasian continent during the 
Early Yanshanian (>140 Ma) and post-subduction during Late Yan
shanian Period (140–70 Ma) is widely believed to be responsible for the 
formation of abundant granitic rocks in South China, with the most 
famous models including the low-angle subduction model (Zhou and Li, 
2000; Zhou et al., 2006), flat-slab subduction model (Li and Li, 2007; Li 
et al., 2007) and large-scale extensional model (Mao et al., 2021a, Mao 
et al., 2021b). The low-angle subduction model interpreted that the 
overall southeastward migration of magmatism in Southeast China was 
a result of a northwest- to west-north- westward subduction of the Pa
cific oceanic lithosphere during the Late Mesozoic (Zhou and Li, 2000; 
Zhou et al., 2006). The flat-slab subduction model proposed that a 
flattened Pacific oceanic lithosphere that was caused by underflow of an 
oceanic plateau with a diameter of approximately 1000 km migrated 
further into the South China Block, followed by slab foundering (Li and 
Li, 2007; Li et al., 2007). The large-scale extensional model suggested 
that the subducted Paleo-Pacific plate was broken in the mantle 

transition zone in the deep of eastern China, and left a stagnant fragment 
in asthenospheric mantle during slab retreat. The eastern Asian conti
nent margin undergone extension which led to the formation of related 
structure, metamorphism and magmatism (Mao et al., 2021a, Mao et al., 
2021b). However, the drifting direction of the Paleo-Pacific plate 
changed several times, of which the major transition event occurred in 
125–122 Ma when the drifting direction changed by 80◦ from southwest 
to northwest (Sun et al., 2007). Combining the younger trend north
eastward of igneous rocks during 180–125 Ma (Fig. 11A; Zhou et al., 
2006; Sun et al., 2007; Wang et al., 2011), Wang et al. (2011) proposed 
that a southwestward subduction was followed by a northeastward 
rollback of the Pacific oceanic slab. 

In previous study Peng and Hu (2001) proposed a model of two-stage 
tectonic- magmatic activation to interpret the formation of the GSMB in 
the Southeast Yangtze Block, in which W-Sn-Zn-Pb and granite-related 
rare-metal deposits were considered to form at first stage (J3-K1) in 
South China, and the low-temperature deposits are formed at the second 
stage (K2-E1). However, the model is conflicted with the temporal 

Fig. 12. A proposed dynamic model for the GSMB 
related to west-northwestward slab-flat subduction 
and followed rollback of Pacific plate in the Late 
Mesozoic. (A, B) The slab-flat subduction and post- 
subduction of paleo-Pacific Plate before and after 
140 Ma not only generated the abundant igneous 
rocks and W-Sn, Cu-Au (Ag) deposits in Cathaysian 
Blocks, but also heated the basement and promoted 
the formation of the GSMB. (C) Deep intrusions star
ted at the far end of the subduction slab and became 
younger towards the NE of the subduction zone and 
caused a chronology difference between Sb deposits in 
the Xiangzhong basin, the SE Guizhou area, and the 
Dian-Qian-Gui area.   
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consistence between the Sb deposits in GSMB and the granite-related W- 
Sn polymetallic deposits in the Cathaysia block (Hu and Zhou, 2012; 
Mao et al., 2013; Hu et al., 2017a, Hu et al., 2017b). Furthermore, the 
ages of major large or giant Sb deposits in the GSMB, as investigated in 
this study, are mainly concentrated in a limited range (160–120 Ma) and 
show a consistent geochronological trend with those of igneous rocks in 
South China (Fig. 11B). Therefore, considering the presence of deep- 
seated granites in the GSMB revealed by geophysical data, we propose 
that the formation of the GSMB in southeastern edge of the Yangtze 
Block also was related to the subduction and post-subduction of the 
paleo-Pacific plate during Late Mesozoic, same as that of the igneous 
rocks and related W-Sn deposits in the Cathaysia block. 

6. Dynamic model of Sb mineralisation in the GSMB 

Based on the aforementioned discussion, we invoked a model of the 
west-northwestward slab-flat subduction and post-subduction of the 
paleo-Pacific plate during Late Mesozoic for the formation of the giant 
Sb metallogenic belt in South China. Firstly, the west-northwestward 
slab-flat subduction of the paleo-Pacific plate occurred during the 
transformation of the tectonic regimes in South China at ~ 180 Ma 
(Maruyama 1997; Zhou and Li, 2000; Scotese, 2002; Zhou et al., 2006; 
Wang et al., 2011). The subduction of the paleo-Pacific plate during 
180–140 Ma and followed extensive crustal extension not only triggered 
large-scale magmatism and related W-Sn and Cu-Ag (Au) mineralisation 
in Cathaysia Block (Fig. 12A, B; Zhou et al., 2006; Li and Li, 2007; Wang 
et al., 2011; Sun et al., 2012; Mao et al., 2021a, b), but also produced 
extensive concealed magmatism in the GSMB, which display a younger 
trend from the Dian-Qian-Gui area towards the Xiangzhong area that is 
broadly consistent with the age distribution trend of the Sb deposits in 
the GSMB (Fig. 12C). Therefore, in combination of reported geological 
and geochemical data, a new geodynamic model for the formation of 
GSMB in South China can be invoked that assumes deep circulation of 
low-temperature and low-salinity crustal fluids through faults under an 
extensional tectonic setting during Late Mesozoic (160–120 Ma), 
mobilization of Sb and sulfur from the basement sequences and 
ascending along deep faults and subsequently deposition of Sb in or 
around fault/fracture zones (Fig. 12C). Concealed magmatism may have 
served as heat sources for circulation and transportation of crustal fluids 
to form Sb deposits in GSMB. 

7. Summary and remaining issues 

The GSMB in South China contains >500 Sb deposits with various 
scales and grades. Available studies suggest that the majority of large Sb 
deposits in the GSMB mainly formed during the Late Mesozoic 
(160–120 Ma), and the ages of these Sb deposits show a younger trend 
from southwest to northeast, which is similar to that of igneous rocks in 
the Cathaysia Block, implying that they formed under a similar geo
dynamic setting. The west-northwestward slab-flat subduction and post- 
subduction of the paleo-Pacific plate during the Late Mesozoic are 
probably responsible for both Sb deposits in the GSMB and igneous rocks 
and associated W-Sn deposits in South China. Deep-seated granitic 
magmatism that occurred during the subduction and rollback of the 
paleo-Pacific plate provided a heat source for the circulation of possible 
meteoric fluids and leaching of Sb from basement sequences to form Sb 
deposits in the GSMB. However, a critical issue is that the sources of 
huge Sb metal in these large Sb deposits remain poorly understood 
because the Sb content is relatively low (typically < 1–2 ppm) in the 
potential candidates of source rocks in this region (Ma et al., 2002; Hu, 
2021), and further work is required to clarify the mechanisms of super- 
enrichment and transportation of Sb in hydrothermal systems to form 
large Sb deposits. 
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