
1 Introduction 
 
The Southern Great Xing'an Range (SGXR) is one of 

the most important non-ferrous metal ore concentrating 
areas in northeastern China, and this district has been 
listed as one of 19 key belts that are often targets for 
mineral exploration in China (Wu et al., 2008). Ore 
deposits of different types and sizes have been found and 
mined over the past decades in this area. Besides the 
newly discovered deposits, the number of mineral 
resources from known deposits has also increased in 
recent years, making this belt a continuous hot area for ore 
deposit research in northern China (Liu et al., 2004; Zeng 
et al., 2011; Mei et al., 2015;). Fig. 1c shows the location 
of many of the major deposits in SGXR.  

During the past years, geologists have carried out a lot 
of work on geochronology to accurately constrain the ages 
of these deposits (Zhou et al., 2010a, b; Zhou et al., 2012; 
Wan et al., 2014; Li et al., 2016; Liu et al., 2016; Liu et 
al., 2018). And the results reveal that polymetallic 
mineralization in SGXR was mainly occurred in Early-
Middle Permian, Early-Middle Triassic, Early Jurassic and 
Early Cretaceous (Ouyang et al., 2015). Ore deposits of 
Early Cretaceous constitute the most important part of 

hydrothermal mineralization in SGXR. The major Early 
Cretaceous Sn and associated metal deposits from SGXR 
can be divided into three types on the basis of their 
mineral assemblages, host rocks and major ore controlling 
factors: (1) skarn type deposits, (2) porphyry type 
deposits, and (3) hydrothermal vein type deposits (Wang, 
2015; Table 1). Since 2010s, we have successively carried 
out study on geology, fluid inclusion, stable isotope, 
lithogeochemistry, geochronology and metallogenic 
prediction of Haobugao, Huanggang, Dongshanwan, 
Shuangjianzishan, Bairendaba, Bujinhei and Dajing 
deposit in the area, and the corresponding achievements 
have been published in periodicals of China or abroad 
(Wan et al., 2014; Li et al., 2016; Zhang et al., 2017; 
Wang et al., 2018a, b; Wang et al., 2019). 

This paper will review the geology, fluid inclusion and 
isotope of the Early Cretaceous hydrothermal Sn and 
associated metal deposits, which is based on the data 
compiled from the authors' own work and other articles. 
And the temporal, spatial and genetic relationships 
between different types of ore deposits are also discussed 
in this paper. All of the deposits presented in this paper 
have high-precision ages of mineralization which are 
defined by radio isotopic dating methods.  
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Fig. 1. (a) Tectonic subdivisions of NE China; (b) tectonic subdivisions of the Great Xing'an Range; (c) regional geo-
logical map of the southern Great Xing'an Range. a is after Wu et al. (2011), b is after Liu et al. (2004) and c is after 
Zeng et al.(2011). 
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2 Geological Setting  
 
As one of the most important economic mineral districts 

in northern China, the SGXR is tectonically located in the 
eastern part of the Xingmeng orogenic belt (Xiao et al., 
2013).The Xilinhot Complex, which was proposed to be 
formed in the Mesoproterozoic, is the oldest stratigraphic 
unit exposed in the area. The previous studies have 
indicated that the Xilinhot Complex mainly consists of 
deformed and metamorphosed rocks. And the main rock 
types include biotite-(garnet)-plagioclase gneiss, 
biotiteplagioclase gneiss, sillimanite-biotite-plagioclase 
gneiss, biotite-(hornblende)-plagioclase migmatite, 
amphibolites and gneissic granite. Regionally, the Xilinhot 
Complex is intruded by Late Proterozoic basic-ultrabasic 
rocks and Phanerozoic granites (Ge et al., 2011; Wu et al., 
2011; Zhou and Ge, 2013). The Xilinhot Complex is also 
one of the most significant ore-bearing stratigraphic units 
in the study area, and the famous Bairendaba and 
Weilasituo deposits occur in it. Except for the Xilinhot 
Complex, the strata exposed in the regional area are 
mainly composed of Late Paleozoic and Mesozoic 
Formations. The Carboniferous strata in the regional area 
mainly consist of the Benbatu and Amushan formation. 
The Benabtu Formation is composed of sandstone, 
feldspar sandstone and conglomerate, and the Amushan 
formation consists of two transitional lithofacies, varying 
from marine clastics to carbonates (Bao et al., 2006). The 
Permian strata, mainly including the Dashshzhai, 
Huanggangliang and Linxi Formation, is the most 
important ore bearing strata in SGXR. The lithologies of 
Permian strata mainly consist of altered volcanic rocks, 
spillite-keratophyre, metasandstone, slate and marble (Li 
et al., 2010). Mesozoic strata in the regional area include 
the Lower Jurassic Hongqi Formation, the Upper Jurassic 
Manketouebo formation and the Lower Cretaceous 

Manitu, Baiyingaolao and Meiletu Formation. The Lower 
Jurassic Hongqi Formation is mainly composed of 
conglomerate, sandstone, siltstone, mudstone and coal. 
The Upper Jurassic-Lower Cretaceous strata mainly 
contain continental volcanic rocks, which are composed of 
basaltic andesite, rhyolite and felsic volcanic tuff (Ying et 
al., 2011). 

The structures in SGXR are mainly distributed in NE- 
trending, near EW- trending, NWW-and NW- trending. 
The EW- trending structures formed in an earlier tectonic 
system, which is related to the closure of the Paleo-Asian 
Ocean. The NE- trending structure is the major structure 
of SGXR, which controls the distribution of the majorities 
of intrusions and ore deposits. The NWW and NW 
trending faults constitute the derivative structures in the 
regional area (Zhao and Zhang, 1997; Sheng and Fu, 
1999). 

The previous study has divided the SGXR into the 
following four important mineralization concentration 
zones: the Xilinhot–Huolinguole Ag–polymetallic zone, 
Linxi–Ganzhuermiao Sn–Cu–polymetallic zone, Tianshan 
Mo–polymetallic zone, and Tuquan Cu–polymetallic zone 
(Ouyang et al., 2015). Most of the ore deposits in SGXR 
are hosted in Permian rocks and are temporally, spatially, 
genetically associated with Mesozoic intrusions (Liu et al., 
2004; Niu et al., 2009; Shao et al., 2010). 

 
3 General Descriptions of Ore Deposits 
 
3.1 Skarn type deposit 

Three important skarn type deposits occur in SGXR, 
namely, Huanggang, Haobugao and Baiyinnuoer. Our 
previous research of molybdenite Re–Os dating shows that 
the Haobugao deposit is formed at 140.3 Ma, and the 
mineralization related granites in the mining area are 
formed between 136.7–144.8 Ma based on the LA-ICP-

 Table 1 Geological features of Early Cretaceous deposits from Southern Great Xing’an Range 
Ore deposit 

type 
Ore deposit 

name 
Metallogenic 

elements Types of intrusion Surrounding rock strata Age of intrusion/ 
analysis method 

Age of minerlization 
analysis method Reference 

Skarn 
type 

Haobugao Cu-Pb-Zn-
Ag-Fe-Sn

Alkali feldspar granite, 
granite porphyry, fine 

grained granite 

Marble, silty slate, 
andesite of Permian 
Dashizhai Formation 

136.7–144.8 Ma/ 
LA-ICP-MS Zircon 

U-Pb 

140.3Ma/Molybdenite 
Re-Os;142.9±1.6 

Ma/Cassiterite U-Pb 

Our previous study; 
Liu, et al.,2018 

Huanggang Fe-Sn-W-
(Pb)- (Zn)

Alkali feldspar granite
Granite porphyry 

Marble and andesite of  
Huanggangliang 

Formation 

136.7–136.8 Ma/ 
LA-ICP-MS Zircon 

U-Pb 

135.31±0.85 
Ma/Molybdenite Re-Os 

Zhou et al., 2010;

Porphyry 
type 

Dongshanwan W-Mo-Sn-
Cu-Pb-Zn

Granite porphyry Silty slate  of Permian 
Dashizhai Formation 

142.2±0.9 Ma/ 
LA-ICP-MS Zircon 

U-Pb 

140.4±1.8 Ma/ 
Molybdenite Re-Os 

Our previous study

North 
Haobugao 

Cu-Mo- 
(Pb)- (Zn)

Granite porphyry, 
porphyritic granite 

/ 142.2±0.9 Ma/ 
LA-ICP-MS Zircon 

U-Pb 

139–141 Ma/ 
Molybdenite Re-Os 

 

Our previous study

Hydrother
mal 

vein type 

Dajing Sn-Cu-Pb-
Zn-Ag 

 

andesitic porphyrite, 
quartz porphyry 

Siltstone, fine sandstone, 
marl, shale of Permian 

Linxi formation 

133.2Ma and 146.1Ma/ 
LA-ICP-MS 
Zircon U-Pb 

140 Ma/ 
Sericite Ar-Ar 

Chu et al., 2002; 
Niu et al., 2006; 
Feng et al., 1994; 
Jiang et al., 2010

Bairendaba Pb-Zn- 
Ag-(Cu) 

Quartz diorite, 
granic vein 

Biotite plagiogneiss and 
of Baoyintu Group; 

Hercynian quartz diorite

326.5 and 318 Ma/ 
LA-ICP-MS 
ZirconU-Pb; 

135 Ma/ 
Muscovite 40Ar-39Ar; 

Ouyang,2013;Liu et 
al,2014; Chang et 

al,2010 
Weilasituo Sn-Cu-Zn-

(Ag) 
quartz porphyry Biotite plagiogneiss and 

of Baoyintu Group; 
Hercynian quartz diorite

135 Ma / 
LA-ICP-MS 
ZirconU-Pb 

133 Ma/Muscovite 
40Ar-39Ar;135 Ma 

/ Molybdenite Re-Os; 
135–138 Ma/  

Cassiterite U-Pb 

Pan et al., 2009; 
Zhai et al., 2016; 
Liu et al., 2016; 

Wang et al., 2017
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MS U-Pb dating of the zircons (Wan et al., 2014; Liet al., 
2015; Wang, 2015). Besides, Liu et al. (2018) obtained 
similar mineralization age of 139±0.6 Ma through 
cassiterite LA-ICP-MS U-Pb dating method. Researches 
of Zhou et al. (2010a) show that the Huanggang deposit is 
formed at 135.8 Ma (molybdenite Re–Os dating), and the 
mineralization related granite in the deposit is formed at 
136.6–136.8 Ma (LA-ICP-MS zircon U-Pb dating; Zhou 
et al., 2010b). As mentioned above, the existing researches 
clearly show that Haobugao and Huanggang deposits are 
both belong to skarn type deposits which are genetically 
related to Early Cretaceous magmatism. While the 
formation age of Baiyinnuoer deposit is still controversial 
between scholars till the present moment: (1) Jiang et al. 
(2011) believes that the deposit is genetically related to 
Triassic diorite, and the metallogenic age is determined to 
be 244.5Ma through a zircon U-Pb method. (2) The results 
of Rb-Sr dating show that sphalerites from the deposit are 
formed at 167.6 Ma (Wang, 2017), and the age 
is consistent with the ages of tuff lava exposed in the 
mining area. (3) Quartz porphyry vein with zircon U-Pb 
age of 129 Ma, is the only Cretaceous intrusion which is 
ever found in the mining area (Jiang et al., 2011). 
However, the vein obviously cuts through skarns and 
oredodies, indicating that it should be the product of the 
magmatism after Pb-Zn mineralization. 

 
3.1.1 Haobugao deposit 

The Haobugao deposit is a large size skarn-type deposit 
which is located in SGXR. Besides the Quaternary, the 
stratigraphic units exposed in the mining area mainly 
consist of the Upper Jurassic Manketouebo Formation and 
the Lower Permian Dashizhai Formation (Fig. 2a). The 
Dashizhai Formation, which is the major ore-hosting strata 
of this area, mainly consists of marine pyroclastic rocks, 
slate, argillaceous siltstone, and marble. The Jurassic 
Manketouebo Formation, which is composed of rhyolitic 
pyroclastic rocks, and unconformably overlies the Permian 
strata (Liu et al., 2017; Wang et al., 2018). 

The main structures in the ore district contain the NE- 
trending Haobugao anticline, and the NE-, NNW-, NW-
trending faults.  The Haobugao anticline is an overturned 
anticline with the axial direction of NE-SW. The NE-
trending faults, combined with the NE-trending anticline, 
constitute the major ore-controlling structures in the 
mining area. The NNW- and NW-trending faults cut 
across the pre-existing NE-trending structures, indicating 
that they are formed later than mineralization. Intrusive 
rocks in the ore district mainly include the Wulanba 
Granite and Wulanchulute Granite, our published 
geochronological and geochemical data show that both of 
the intrusions are belonged to Early Cretaceous A-type 
granites (Li et al., 2015). 

The deposit is positioned along the contact between 
Early Cretaceous intrusions and Permian carbonate rocks 
(Fig. 2b). Until now, the industrial ore bodies in this area 
are mainly located in the south-eastern flank of 
the rollover anticline, and the prospecting potential of the 
north-western flank of Haobugao anticline can not to be 
neglected. Ore textures provide direct clues for 
tracking ore-forming processes, according to the 

occurrence of mineral assemblages and the ore textures, 
the paragenetic sequence during formation of Haobugao 
deposit can be divided into four mineralizing stages: skarn 
stage, iron-tin oxide stage, early quartz sulfide stage and 
late quartz-sulfide stage. The skarn stage is the earliest 
paragenetic stage which is dominated by prograde skarn 
minerals, including pyroxene, garnet and wollastonite 
(Fig. 3). The oxide stage comprises abundant magnetite, 
retrograde hydrous skarn minerals and minor cassiterite. 
The magnetites and retrograde hydrous skarn minerals, 
such as amphibole and chlorite of this stage either replace 
or occur with earlier skarn minerals. The early quartz-
sulfide stage consists of arsenopyrite, pyrite, chalcopyrite, 
sphalerite, pyrrhotite andbornite, and thegangue minerals 
of this stage include quartz, chlorite and minor fluorite. 
The late quartz-sulfide stage is characterized by sphalerite, 
galena and abundant calcite and quartz. 

 
3.1.2 Huanggang deposit 

The Huanggang deposit is the largest tin-based multi-
metal deposit in the northern part of the North China Plate 
(Zhou et al., 2010a). Four Permian stratigraphic units, 
including the Lower Permian Qingfengshan Formation, 
Dashizhai Formation, Huanggangliang Formation, and the 
Upper Permian Linxi Formation, exposed in the 
Huanggangliang area (Fig. 4). The Sn–Fe mineralization 
developed along the contact zone between Early 
Cretaceous granites and Permian strata, and mineralization 
of the depositis spatially and temporally linked to the 
skarn. It is generally accepted that the majority of skarns 
and skarn type deposits are found in lithologies containing 
at least some carbonate rocks, such as limestone and 
marble, but in Huanggang deposit, a important geological 
phenomenon is that parts of the ore bodies occur in the 
outer contact zone between intrusive rocks and Permian 
andesites. 

Intrusive rocks in the Huanggang area are mainly 
composed of K-feldspar-bearing granites and granite 
porphyries. The geochemical and geochronological research 
indicated that the Huanggangliang intrusion belongs to 
Early Cretaceous A-type granites which related to 
lithospheric thinning (Zhou et al., 2010b). Magnetite, 
hematite, cassiterite, varlamoffite, sphalerite, scheelite, 
loellingite, chalcopyrite constitute the main ore minerals 
of the ores, which display a variety of textures. Gangue 
minerals of the deposit were dominated by skarn minerals 
such as garnet, pyroxene, amphibole, with minor fluorite, 
calcite, quartz, epidote, chlorite and phlogopite. 

The typical textures of ores include subhedral, granular, 
metasomatic and exsolution textures. The ores of the 
deposit show mainly massive, breccia, veinlike structures, 
and minor banded and disseminated structures. The ore-
forming process of the deposit can be divided into the four 
following stages based on field observations, petrographic 
and mineragraphic observations, and across-cutting and 
replacement relationships: (1) prograde skarn stage. 
Mineral assemblage of this stage is mainly composed by 
pyroxene, garnet, wollastonite and vesuvianite; (2) 
retrograde alteration stage. This stage is characterized by 
occurrence of hydrous skarn mineral (hornblende, 
actinolite, epidote, chlorite and mica); (3) quartz–sulfide 



Wang et al. / The Early Cretaceous Sn and Associated Metal Deposits in NE China  1526 

Fig. 2. (a) Geologic map of the Haobugao ore district; (b) cross-section of the Haobugao ore deposit; (c) cross-section of the 
porphyry type mineralization areas at the periphery of the Haobugao deposit  
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stage, and metallic mineral assemblage of this stage is 
dominated by pyrite, chalcopyrite, galena, molybdenite, 
sphalerite, scheelite and pyrrhotite; (4) carbonate stage. 
Wall rock alteration styles in the hydrothermal stage are 
complex, and include skarnization, pyritization, 
silicification, albitization, chloritization, epidotization, 
sericitization. Skarnization at Huanggang has formed 
garnet, pyroxene, diopside, cassiterite and magnetite with 
associated Fe–Sn mineralization (Fig. 3). 

3.2 Porphyry type deposits 
Several porphyry type deposit have been found in 

southern Great Xing’an Range, and most of the deposits 
are Mo (Cu)-dominated deposits, only a few porphyry 
type Sn and associated metal deposits have been 
discovered to date. Dongshanwan is a newly discovered 
porphyry type W-Mo-Sn-Pb-Zn deposit in recent years, 
our molybdenite Re-Os and zircon U-Pb dating reveals 
that the mineralization of Dongshanwanwas formed at 

 

Fig. 3. Macro-, hand-specimen and microscopic scale characteristic for the skarn type deposits from the SGXR. 
(a) Rhythmic banded magnetite in skarns, Huanggang; (b) rhythmic banded sulfide ores in skarns, Haobugao; (c) Morphological characteristics of the reaction 
front from the marble-skarn contact; (d) a sulfide vein occured in garnet skarn, Haobugao. (e) breccia textures showing breccia fragments cemented by mag-
netites, Haobugao; (f) euhedral garnet (brown) surrounded by calcite and epidote, Haobugao; (g) euhedral and coarse galena occurred in geode, Huangang; (h) 
euhedral garnet particles surrounded by calcite of late mineralization stage; (i) oscillatory zoned garnet, Haobugao; (j) altered tremolite aggregate,Haobugao; 
(k) calcite occurred in the gap of other minerals, Haobugao.  
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140.5 Ma, and ore-bearing granite of the deposit was 
formed at 142.2 Ma. The porphyry-type mineralization 

age is consistent with the crystallizing age of ore-bearing 
granite (Wang, 2015).  

 

Fig. 4. (a) Geological map of the Huanggang area; (b) geological section along exploration line 70 of SKI district in Huanggang 
deposit; (c) geological section along exploration line418 of SKIII district in Huanggang deposit. (modified from Mei, 2015; Zhou et 
al., 2012)  
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Recently, porphyry type Cu-Mo-(Pb)-(Zn) mineralization 
has also been discovered in the periphery of the mining 
district of Haobugao deposit, which also indicates that a 
great potential for discovering porphyry type deposits 
exist in this area. Our LA-ICP-MS zircon U-Pb dating of 
granite porphyry yielded a weighted mean 206Pb/238U age 
of 141.9±1.2 Ma, which was interpreted as the 
emplacement age of the granite porphyry, while the model 
ages of molybdenite Re-Os dating range from 
139.9±2.3 Ma to 141.0±1.7 Ma. The molybdenite Re-Os 
age is quite consistent with the LA-ICP-MS zircon U-Pb 
age of the host granite, suggesting a coeval and causative 
relation between the granite and mineralization.  

 
3.2.1 Dongshanwan deposit 

Dongshanwan deposit, which was discovered by Team 
No. 243 of the China National Nuclear Corporation in 
2008, is a typical porphyry type deposit with intense 
mineralization of W, Sn, Mo and Pb, Zn, Ag (Zeng et al., 
2015). Dongshanwan deposit is characterized by veinlet–
disseminated type mineralization that developed in the 
Early Cretaceous granite porphyry. According to the 
location of industrial ore bodies, the ore district can be 
divided into two ore blocks (Fig. 5). The Block Ⅰ is 

located in the middle part of the mining area, most of the 
tungsten, molybdenum, silver and polymetallic ores are 
produced in this block. Up to now, 49 silver polymetallic 
symbiotic ore bodies, 42 tungsten ore bodies, 32 
molybdenum ore bodies, 17 tin orebodies, 9 tungsten-
molybdenum orebodies, 2 silver-tungsten orebodies and 2 
silver-molybdenum orebodies have been found in this 
block. The Block II is located in the northern part of the 
mining area, and only one industrial lead-zinc polymetallic 
ore body is found in this block. The ore minerals of this 
deposit are mainly composed of wolframite, cassiterite, 
molybdenite, arsenopyrite, argyrite, chalcopyrite, galena, 
malachite, chessylite, etc. The common gangue minerals 
are K-feldspar, albite, fluorite quartz and sericite. 
Hydrothermal alteration surrounding the Dongshanwan 
deposits is generally characterized by concentric zones 
that range from an inner potassic zone outward to 
kaolinization-albitization-sericitizaiton-silicification zone, 
and an outer propylitic zone. The major alteration related 
to the tungsten-molybdenum mineralization is potassium 
alteration, silicification and sericitification, while the 
silver, lead and zinc mineralization is spatially related to 
propylitization. Similar to the zoning of alteration, strong 
zoning patterns in metals and ore mineralogy also 

 

Fig. 5. Geological map of Dongshanwan deposit.  
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occurred in the deposit (Fig. 6). 
 

3.2.2 Porphyry type mineralization in Haobugao area 
In recent years, a series of work such as geological 

mapping, geochemical and geophysical exploration, 
trenching and drilling has been carried out in the periphery 
of the Haobugao mining area, and some polymetallic 
orebodies with characteristics of porphyry type 
mineralization have been discovered and evaluated in this 
area (Fig. 2). The ore minerals are commonly 
disseminated in the altered granite. Combined with the 
characteristics of mineral assemblages, ore textures and 
alterations, we believe that the mineralization in this area 
show characteristics of typical porphyry type deposit. 

 

3.3 Hydrothermal vein type deposits 
Hydrothermal vein type deposits, which occurred in 

different types of units, constitute another important type 
of ore deposits in SGXR (Fig. 7). The important 
hydrothermal vein type deposits in SGXR include Dajing 
Cu-Sn-Ag-Pb-Zn deposit, Bairendaba and Weilasituo Zn–
Cu–Ag-Sn-W deposit and Shuangjianshan Pb-Zn-Ag 
deposit. Ore bodies of these deposits occur in specific 
Permian strata, and lack clear link with intrusive rocks in 
space and time. In recent years, geologists have tried to 
use different isotopic dating methods to study the 
formation ages of these deposits. Liao et al. (2014) carried 
out cassiterite LA-ICP-MS U-Pb isotope dating for the 
Dajing deposit and obtained the mineralization age of 144 
Ma. Muscovite Ar-Ar dating conducted by Pan et al. 

 

Fig. 6. (a) Cross-section of Dongshanwan deposit; (b) veinlet mineralization in Permian strata; (c) micrographs of Mo-
bearing ores; (d) veinlet mineralization in granite 
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(2009) and Chang et al. (2010) reveals that the Weilasituo 
and Bairendaba deposit was formed at 133.4 Ma and 135.0 
Ma, respectively. It can be concluded that the formation of 
hydrothermal vein type deposits in SGXR was also mainly 
concentrated in the Early Cretaceous Epoch. 

 
3.3.1 Dajing deposit 

The Dajing deposit is a large-scale Cu-Sn polymetallic 
deposit containing Cu, Sn, Zn, Pb, Ag and minor Ga, In. 
Ore-bearing strata of the Dajing ore deposit were the 
Upper Permian Linxi Formation. The Linxi Formation of 
this area can be divided into four sections from bottom to 
top: (1) black shale, (2) detrital rocks, (3) marls, and (4)
vari colored detrital rocks. Four distinct fractures, 
extending in NE-, NW-, NWW- and NNW- directions, 
exposed in the mining area (Wang et al., 2015; Fig. 7b).  
NW-trending faults and the interlayer breccia form the 
main host structure for ore veins. The ore-hosting 
structures generally cut the strata with small angles (< 20°) 
in the form of vein, network, composite vein and cross 

vein (Wang et al., 2010; Fig. 8 a and c). 
Three main kinds of ore types, including Cu-Sn-Ag ore, 

Pb-Zn-Ag ore and compound ore, exist in the Dajing 
mine. The main ore structures of the deposit include 
compact massive structure, brecciated structure, network 
structure, banded structure and strati form structure, and 
ore textures are various as granular, collo form, crush, 
poikilitic, exsolution, impregnation and metasomatic. 
Ore minerals in the deposit are originally composed of 
chalcopyrite, cassiterite, arsenopyrite, pyrite, galena, 
marmatite, pyrrhotite, acanthite. The major gangue 
minerals in ores are siderite, ankerite, calcite, quartz, 
sericite, chlorite, and fluorite (Fig. 9). Three main types 
of alteration were recognized in the deposit, namely, 
silicification, chloritization, carbonation (Wang et al., 
2010). The deposit is formed by a multi-stage 
hydrothermal process, and hydrothermal veins with 
different mineral assemblages, including cassiterite-
arsenopyrite-quartz, polymetallic-sulphides-quartz and 
polymetallic-sulphides-carbonate, developed in the mining 

Fig. 7. Schematic map showing the vein type ore-bodies occurred indifferent geological units. (a) geological map of 600 
meter level of Dajing deposit; (b) cross-section of the Bairendaba deposit; (c) cross-section of the Weilasituo deposit.  
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area. 
 

3.3.3 Bairendaba and Welasituo deposits 
The Bairendaba and Weilasituo deposits are located 

about 15 km apart, and both of them belong to 
mesothermal vein-type deposits controlled by fractures 
(Fig. 7c–d; Fig. 8g). The previous research reveals that the 
two deposits show similar characteristics, and are products 
of the same mineralization process (Jiang et al., 2010; Liu 
et al., 2014; Ouyang et al., 2015). The strata in the 
Bairendaba-Weilasituo area are relatively simple. The 
Xilinhot Complex is the oldest geological unit exposed in 
the mining area, and in addition to the Xilinhot Complex, 
another important geological unit in the mining area is 
Hercynian quartz diorite. The above two geological units 
also provide the main host rocks for mineralization (Jiang 
et al., 2010). 

NE-, near EW- and NW- trending faults are developed 
in this area, and the nearly EW- trending fractures 
are major ore-control structures. Ore textures of this two 
deposits show typical characteristics of hydrothermal 
origin. And the structures of ores are common in 
banded, disseminated, massive and vein like structures. 
The ore minerals of this area show the following textures: 
euhedral, subhedral, and anhedral granular textures, 
exsolution texture, replacement textures (Fig. 8f–g). As a 
result of multi-stage hydrothermal activity, hydrothermal 
veins of different mineral assemblages are very developed 
in this area, and the most common veins include 
arsenopyrite-pyrite-quartz vein, polymetallic sulphide 
fluorite-(quartz)-(calcite)  vein, sphalerite-pyrrhotite –
chalcopyrite-fluorite vein, quartz calcite+ fluorite+ 

muscovite vein. Wall rock alteration in the Weilasituo and 
Bairendaba area is always developed along and adjacent to 
mineralized fracture zones. And the wall rocks of the 
orebodies are subjected to silicification and chlorite–
carbonate alterations (Jiang et al., 2010). 

 
4 Geochemistry  
 
4.1 Fluid inclusions 

Fluid inclusions in ore minerals reflect the physiochemical 
nature of the solutions present during the ore-forming 
process. In order to understand the property, evolution and 
source of ore-forming fluids of the deposits, we 
summarized the previous research on fluid inclusion 
petrography, microthermometry and Laser Raman of 
deposits from SGXR. 

 
4.1.1 Types and assemblages of fluid inclusions 

According to their phase composition at room 
temperature (25°C), phase transitions observed during 
heating and cooling, and Laser Raman spectroscopy, 
primary fluid inclusions of the three deposits can be 
divided into these following major types (Fig. 10; Table 
2): (1) L-type (liquid-rich aqueous inclusions): The liquid-
rich fluid inclusions consist of vapor and liquid water at 
room temperature, with VH2O/(VH2O + LH2O) < 50 vol. % 
(Fig. 10b and d) . These fluid inclusions range in size from 
5 to 25 μm and homogenize to liquid during heating; (2) V
-type (vapor-rich inclusions): The vapor-rich fluid 
inclusions consist of vapor and liquid water, in which 
LH2O/(VH2O + LH2O) < 50 vol. %. These fluid inclusions 
occur in isolation or coexist with L- and S-type fluid 

 

Fig. 8. Photos of ore-bodies and ores from hydrothermal vein type deposit in the SGXR. 
(a) A vein type copper ore body(Dajing deposit); (b) veinlet polymetallic sulfide ores (Dajing deposit); (c) a carbonate vein cut crossaarsenopyrite-quartz 
vein (Dajing deposit); (d) stockwork polymetallic sulfide ores (Bairendaba deposit); (e) a vein type copper-zinc orebody (Weilasituo deposit). Sp- 
sphalerite; Gn- galena; Py- pyrite; Ccp- chalcopyrite; Po- pyrrhotite; Apy-arsenopyrite; Qtz-quartz ; Cal-calcite  
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Fig. 9. Micro-photos of ores from hydrothermal vein type deposit in the SGXR. 
(a) Rim texture, as the result of the edge of galena being replaced by sphalerite; (b) islanding galena ,as the result of sphalerite being replaced by galena; 
(c) secondary changes of primary sulfide minerals; (d) exsolution texture(drop like chalcopyrite occurred in sphalerite); (e) Skeleton crystal textures, as 
the results of euhedral pyrite being replaced by sphalerite; (f) branch-like texture as a result of replacement along irregular fissure in pyrite; (g) chalcopy-
rite replaced sphalerite and galena along their contact zone; ( h) pyrrhotite was replaced by chalcopyrite along its cleavage; (i) islanding pyrite residues in 
sphalerite; Sp- sphalerite; Gn- galena; Py- pyrite; Ccp- chalcopyrite; Po- pyrrhotite.  

Table 2 Summary of fluid inclusion assemblages of Early Cretaceous deposits from Southern Great Xing’an Range
Name of deposit Mineralization stage Host minneral Fluid inclusion type Homogenization temperature °C Reference 

Haobugao 

Mineralized granite Quartz S,V,L 286~432 
Our previous 

study 
Early Garnet S,V,L 329~421 

Middle Quartz V,L 308~440 
Late Calcite/ fluorite L,C2 145~265 

Huanggang 

Mineralized granite Quartz L,V,S 290~434 
Our previous 

study 
Early Garnet L,V,S 235~387 

Middle Quartz L,V,S 254~484 
Late Calcite L,C1 183~293 

Dongshanwan 

Mineralized granite Quartz L,V,S 203~498 
Our previous 

study 
Early Quartz L,V, 299~322 

Middle Quartz L,V, 201~353 
Late Quartz L 199~274 

Dajing deposit Disseminated orebody Quartz S,L,V 134~462 Li et al., 2015 Vein type orebody Quartz/ fluorite L,V 150~240 

Bairendaba 
Early Quartz L 262~374 

Ouyang, 2013 Middle Quartz/ Fluorite /calcite LC1 366~384 
Late Quartz calcite L  

Weilasituo 
Early Quartz V,L,C1 242~400 

Quan et al.,2017 Middle Quartz L,C2 190~331 
Late Quartz L 180~241 

L-liquid-rich aqueous type inclusions; V-vapor-rich type inclusions; S- daughter-mineral-bearing three-phase type inclusions; C1- CO2-bearing inclusions; 
C2- CH4-rich inclusion 
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inclusions and homogenize to vapor during heating (Fig. 
10a and c); (3) S-type (daughter-mineral-bearing three-
phase inclusions): S-type inclusions contain a vapor 
bubble, an aqueous liquid, and one or several solid 
daughter minerals at room temperature. The S-type 
inclusions are typically present in garnets of skarn type 
deposits, quartz phenocrysts of intrusions from porphyry 
type deposit can also find this type of fluid inclusions. In 
these deposits, the solid daughter minerals are mainly 

angular cube shapes, and they were identified as halite by 
their microscopic characteristics (Fig. 10e, g). Besides, the 
hydrothermal vein type Dajing deposit also developed S-
type fluid inclusions, but the numbers and types of 
daughter minerals are different from other ore deposits; (4) 
C1-type (CO2-bearing inclusions): The CO2-bearing 
inclusions consist mainly of two components—an aqueous 
solution and CO2 (Liquid CO2 + Gaseous CO2). This type 
of fluid inclusions can be identified in calcites from 

 

Fig. 10. Representative microphotographs of fluid inclusions in ores of deposits mentioned in the paper. 
(a) L-type fluid inclusions coexists with V-Type and S-Type fluid inclusions in garnet of skarn stage (Haobugao deposit); (b) an L-Type inclusion 
coexists with a V-Type inclusion in garnet (Huanggang deposit); (c) L-Type fluid inclusions coexist with S-Type fluid inclusions in garnet; (d) L-
Type fluid inclusions in garnet (Huanggang deposit); (e) an S-Type fluid inclusion in quartz(Haobugao deposit); (g) S- type fluid inclusion coex-
isted with VL- type fluid inclusions of (Dajing deposit); (f), (j) C1-type inclusions in ores from the Bujinhei deposit; (i), (h) C2-type inclusions in 
ores from the Weilasituo deposit; L-type: liquid-rich aqueous inclusions; V-type: vapor-rich inclusions; S-type: daughter-mineral-bearing three-
phase inclusions;  C1-type: CO2-bearing inclusions; C2-type: CH4-rich inclusions.  
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Huanggang deposit and Weilasituo deposit; (5) C2-type
(CH4-richinclusion):The C2-type inclusions generally 
occur as two phases consisting of an aqueous liquid and a 
carbonic vapor with varying phase ratios of between 60 
and 90 vol.% at room temperature. They occur as isolated 
cavities in healed microfractures in fluorite of Haobugao, 
Weilasituo and Bairendaba deposit (Fig. 10f, h–j). Laser 
Ramen revealed these inclusions are CH4-dominated, with 
variable proportions of N2 and CO2 (Fig. 11). 

For porphyry and skarn deposits, the fluid-inclusion 
assemblage of ores experienced a similar evolution 
process  from early to late mineralization stage, namely, 
Type-V + Type-L + Type-S → Type-V + Type-L ± (Type
-C1) ± (Type-C2)→Type-L ± (Type-C1). Halite-bearing 
fluid inclusions (Type-S) and vapor-rich fluid inclusions 
(Type-V) coexist in minerals of skarn and porphyry type 
deposits, indicating that primary fluid inclusions of the 
two types of deposits were captured almost simultaneously 
when the fluids were boiling (Roedder, 1971; Lu et al., 
2004; Ni et al., 2015). With the change of fluid inclusion 
assemblages, homogenization temperatures and salinities 
of the deposits all tended to decrease dramatically, 
indicating that the ore forming fluids changed from a 
boiling hydrothermal NaCl–H2O ± (CH4-CO2) system to a 
homogeneous NaCl–H2O system. 

For hydrothermal vein type deposits, significant 
differences appeared in fluid inclusion assemblages of 
different deposits. The ores from Weilasituo and 
Bairebada deposit mainly develop liquid rich two-phase (L
-Type), CH4-rich two phase (C2-Type) and CO2-(CH4)-
bearing three phase (C1-Type) inclusions, indicating that 
the ore forming fluids of the deposit belong to a complex 
NaCl-H2O-CH4-CO2system.The fluid inclusion 
assemblages of the Dajing deposit are characterized by 
occurrence of daughter mineral-bearing type (S-type) 
inclusions which is quite different from other 
hydrothermal vein type deposits. The S-type inclusions are 
prominent, in which abundant daughter minerals are 
contained, and sometimes a single inclusion may contain 
as much as 4~5 daughter minerals. And these daughter 
mineral-bearing S-type fluid inclusions are generally 

coexisted with L-type and V-type fluid inclusions (Wang, 
2000).  

 
4.1.2 Salinities and homogenization temperatures of 
fluid inclusions  

Homogenization temperatures of fluid inclusions from 
Early Cretaceous deposits are highly varied, but the main 
stage of mineralization interval corresponds with the 
medium-temperature (around180–300°C). Fluid inclusions 
of early-stage, which are more likely represent fluids 
before lead-zinc mineralization, tend to show higher 
homogenization temperatures than the middle and late-
stage fluids. Generally, homogenization temperatures of 
early-stage fluid inclusions are mainly in the 290–420°C 
range for skarn type deposits, 230–320°C range for 
porphyry type deposits, and 240–330 °C range for the 
hydrothermal vein type deposits. For skarn and porphyry 
deposits in the study area, daughter-bearing minerals 
inclusions of high salinity appeared in the early stage of 
mineralization. Salinities of these salt-bearing fluid 
inclusions are commonly more than 35 wt% NaCl eqv. 
whereas salinities of daughter mineral-absent fluid 
inclusions typically lower than 12 wt% NaCl eqv. As the 
only hydrothermal vein type deposits which is dominantly 
by Sn-Cu mineralization, the Dajing deposit also 
developed daughter-bearing minerals inclusions, 
indicating that the metallogenic conditions and genetic 
mechanism of this deposit are different from other 
deposits of similar types. Fluid inclusion 
microthermometry constrains temperature intervals of 
approximately 180 to 400°C and 262 to 384°C for 
Weilasituo and Bairendaba stage, respectively (Ouyang, 
2013; Quan et al., 2017). And ore forming fluids in the 
main-ore stage of this two deposit are characterized by 
low-salinities (＜9 wt% NaCl eqv.; Ouyang et al., 2014). 

 
4.1.3 Composition of fluid inclusions 

The results of laser-Raman spectroscopic analysis 
indicate that: (1) For skarn type deposits (Huanggang and 
Haobugao), gas  and liquid components in fluid inclusions 
of skarn minerals is dominated  by H2O, whereas that of 

 

Fig. 11. Laser Raman Evidence of Carbonaceous Fluid Participation in Mineralization. 
(a) Haobugao; (b) Weilasituo deposit; (c) Bujinhei deposit; (d) Haobugao deposit.  
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mineral in quartz-sulfide stage contains a certain amount 
of CH4 and CO2. (2) As stated above, CH4 and CO2 are 
identified in vapor bubbles of two phases fluid inclusion  
in skarns of Haobugao and Huanggang deposit by laser 
Raman, but CO2-bearing three phases fluid inclusions 
were not observed at room temperature and during 
freezing in this study, thus CO2 only occurs as a minor 
component (≤3.5 mol%) that is considered as insignificant 
in regards to the bulk composition of the hydrothermal 
fluids (Azbej et al., 2007). (3) For hydrothermal vein type 
Weilasituo and Bairendaba deposit, vapor bubbles of 
vapor-rich inclusions contain variable CO2 and CH4 
contents and rare N2 concentrations in ores of early stage 
and liquid  and vapor compositions of fluid inclusions are 
mainly composed of H2O (Fig. 11). And with the 
formation of the ore, carbonaceous components in fluids 
presented as an increased at first and then decreased trend 
from the early to late stages.  

 
4.2 Isotope geochemistry 
 
4.2.1 Hydrogen and oxygen isotope 

Hydrogen and oxygen isotopes have been measured on 
a variety of minerals and some inclusion fluids from 
deposits of SGXR. In this paper, we organized the 
hydrogen and oxygen isotope data obtained by our and 
predecessors’ research, and the oxygen isotope values of 
ore-forming fluids are also re-estimated based on the latest 
microscopic thermometric data of fluid inclusions (Table 
3). On a δD vs. δ18OH2O diagram (Fig. 12a), data points of 
garnets from Haobugao and Huanggang deposits fall 
below the magmatic water field, indicating that the initial 
ore-forming fluids of skarn type deposits were mainly 
derived from magmatic fluids (Zhou et al., 2011). Data 
points of the Weilasituo, Bairendaba and Dajing deposit 
plot in the lower-left part of the magmatic water field, 
which is obviously shifting toward the meteoric water line 
(Feng et al., 1994; Liu et al., 2003; Ouyang, 2013). 
In particular, some of the deposits, like Dongshanwan, 
have relatively lower hydrogen isotope values, the 
hydrogen isotopes values of some samples are even lower 
than that of Mesozoic meteoric water which is estimated 
by Ma et al. (2008). 

 
4.2.2 Sulfur isotope 

The Early Cretaceous hydrothermal deposits in the 
study area have similar sulfur isotopic compositions which 
are characterized by narrow changing ranges. Table 4 and 
Fig. 12b present the sulfur and lead isotopic compositions 
of ore minerals obtained from previous studies (Zeng et 
al., 2009; Shao et al., 2010; Zhou et al., 2012). The δ34S 
values of sulfide samples (galena and sphalerite) from the 
Haobugao deposit varied between −2.7‰ and −0.9‰, 
with a mean value of −1.6‰. The δ34S values of sulfides 
from the Huanggang deposit generally ranged from 
−9.5‰ to 4.5‰. The mean δ34S values of molybdenite, 
sphalerite, and chalcopyrite are −0.13‰, −2.00 ‰, and 
−2.61 ‰, respectively. Theδ34S value of ore minerals from 
Bairendaba and Weialsituo deposit vary from −3.6 to 
1.7‰ and 9.4 to 2‰, with peak values of −2.0 to −1.0‰ 
and −4.0 to 2.0‰, respectively (Jiang et al., 2010). The 

δ34S  values of sulfides in the Dajing deposit also have a 
relatively narrow range between −1.8 to ~3.4‰, which are 
similar to those of the other hydrothermal vein type 
deposits (Fenget al., 1994; Chu and Huo, 2002; Liu et al., 
2003; Niu et al., 2008; Chu et al., 2010). 

 
4.2.3 Lead isotopes 

The lead isotopic compositions of the ore samples from 
the Early Cretaceous deposits of SGXR were also 
characterized by a limited variation in 206Pb/204Pb, 
207Pb/204Pb, and 208Pb/204Pb. And lead isotope 
compositions of ores from same type of deposits show 
similar characteristics (Fig. 13). The 206Pb/204Pb, 
207Pb/204Pb, and 208Pb/204Pb ratios of the skarn type 
deposits ranged from 18.248 to 18.279, 15.488 to 15.634 
and 37.927 to 38.436, respectively, which was close to 
feldspars of the Early Cretaceous granites (Zhou et al., 
2012; Li, 2015). The mean values of 206Pb/204Pb, 
207Pb/204Pb, 208Pb/204Pb ratios of Weilasituo, Bairedaba, 
and Dajing deposit were 18.326, 18.366, 18.304, 18.282 
and 15.553, 15.571, 15.525, 15.538, and 38.237, 38.313, 
38.046, 38.241, respectively (Chu and Huo, 2002; Ouyang 
et al., 2014). 
 
5 Discussion  
 
5.1 Sources of ore-forming fluids 

Some features of the ore forming hydrothermal system 
at the Early Cretaceous deposits of SGXR can be inferred 
from the fluid inclusion and isotope geochemistry data. As 
described above detailed observation of the skarn and 
porphyry deposits from SGXR yielded three types of 
inclusions: Type-S, Type-V, and Type-L. The coexistence 
of fluid inclusions with similar homogenization 
temperatures but contrasting salinities is interpreted as 
evidence of boiling in the ore-forming hydrothermal 
system (Roedder and Bodnar, 1980). It is generally 
believed that this kind of ore-forming fluid can be directly 
derived from the magma differentiated hydrothermal 
solutions (Cline, 1994). Fluid inclusion of quartz 
phenocrysts is considered to be earliest record of fluids 
exsolved from an igneous intrusion (Harris et al., 2003; 
Vasyukova et al., 2008). By comparing fluid inclusion in 
ores and hosting granites, we noted that the types of fluid 
inclusions in ores of early stage are consistent with quartz 
phenocrysts of granite. This further proves that the initial 
ore-forming fluids of skarn and porphyry type deposit 
might be derived from magmatic hydrothermal activities. 
The H-O isotopic compositions of early stage from skarn 
type deposits are consistent with fluids derived from 
magmatic sources, indicating that the initial ore forming 
fluids show a close genetic relationship between magmatic 
differentiation hydrothermal solutions (Taylor, 1997). As 
for other types of deposits, the majority of δ18OH2O values 
of main mineralization stage were between meteoric water 
and primary magmatic water, suggesting that the ore-
forming fluid could be mixed with significant meteoric 
water during its evolution. In addition, we also noted that 
the Early Cretaceous hydrothermal deposits in SGXR have 
very lower hydrogen isotope values, and the hydrogen 
isotope levels of some deposits are even lower than 
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Table 3 List of Hydrogen and Oxygen Isotope Compositions of Early Cretaceous deposits from Southern Great Xing’an 
Range 

Ore deposit Minerlization stage Mineral δ18Oq-SMOW/‰ δDH2O-SMOW/‰ δ18OH2O-SMOW/‰ References 

Haobugao 
Middle Quartz 5.7~5.9 –130.5~ –127.3 2.45~2.65 

Our previous study Late Quartz –2~4.1 –132.2~ –125.5 –7.58~ –1.48 
Late Calcite –4.8~0.5 –144.1~ –136.0 –14.34~ –9.04 

Huanggang 
Early Garnet 6.2~7.8 –96~ –83 7.4~9.1 

Zhou et al. 2011 Middle Quartz 9.5~10.6 –116~ –108 4.5~4.9 
Late Calcite 5.7~6.6 –104~ –101 –2.8~ –3.8 

Dajing Early Quartz 13.36 / 7.15 Feng et al.,1994; 
Liu et al., 2002; Early Cassiterite 2.06~1.52 / 4.51~4.58 

Bairendaba 

Early Quartz 11.99~14.24 / –0.38~ –2.57 

Ouyang,, 2013; 
 

Earlt Quartz 15.2~15.4 –100.9~ –108 10.45~10.65 
Middle Quartz 11.6~16.5 –132.0~ –104.0 3.31~6.01 
Middle Fluorite  –130.2~ –106.4 5.32~7.12 

Late Calcite 12.04~13.69 –120.3~ –104.6 6.94~8.59 

Weilasituo 
Late Fluorite  –83~ –75 –15.8~ –5.2 

Ouyang,2013; 
Wang et al., 2010 Late Calcite –1.36~10.29 –90.1~ –74.5 –16.06~ –4.41 

Late Quartz 12.25~16.63 –139.4~ –88.2 1.15~5.5 
 

Fig. 13. 207Pb/204Pb vs 206Pb/204Pb (a) and 208Pb/204Pb vs 206Pb/204Pb (b) diagrams of sulfides, Cretaceous granite, and esite 
and major geological units of SGXR (modified after Zhai et al., 2014, the data are from Ouyang et al., 2014; Zhai et al., 
2014; Li et al., 2015; Jiang et al., 2017)  

Fig. 12. Calculated H-O isotopic composition of fluids responsible for ore deposits in the SGXR (a); Sulfur isotope compositions 
of sulfide minerals fromEarly Cretaceous deposits in SGXR (b).  
The data are from Feng et al., 1994; Chu and Huo, 2002; Liu et al., 2002; Niu et al., 2009; Zeng et al., 2009; Jiang et al., 2010; Zhou et al., 2011; Zhou et al., 
2012; Ouyang, 2013; Ouyang et al., 2014; Li et al., 2015; Wang, 2017; Zhang, 2018).  
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Mesozoic meteoric water. Obviously, such a lower 
hydrogen isotope value of ore forming fluids is beyond 
what can be explained by precipitation of meteoric water. 
The hydrogen of organic matter in the sedimentary strata 
usually has a lower value. Therefore, we believe that the 
reaction between ore-bearing fluids and organic-rich 
country rocks may be the main reason for the relatively 
depleted δD fluids isotopic compositions of ore forming 
fluids. 

One of the important features the Early Cretaceous 
deposits is that the appearance of carbonaceous 
components in ore-forming fluids (mainly including CH4 
and CO2). The reducing gas, including CH4 and CO2, is 
not very common in hydrothermal metallogenic system 
but in metamorphic fluids (Rowins, 2000; Xu et al., 2007). 
There exist many different explanations for the genesis of 
this type of fluids, such as magma origin, decomposition 
of organic matter in strata and decarbonization of calcium 
silicate rocks (Kerkhof and Thiéry, 2001; Fan et al., 2004; 
Xu et al., 2009). Over the past years, especially, with the 
introduction of the concept of reduced porphyry type 
deposits, scholars gradually realize that carbonaceous 
composition is also an important part of ore-forming 
hydrothermal solution. CH4 and CO2 have 
also been detected in fluid inclusions from 
Huanggangliang, Haobugao, Weilasituo deposit by 
previous researches, and these gas compositions of 
mineral inclusion are also considered to be derived from 
deep seated magma (Zhou et al., 2011; Ouyang et al., 
2014). However, thermal degradation of organic material 
from strata also can result in the generation of CH4 and 
CO2 (Ague, 1988; Rowins, 2000). Silty slate, silty 
mudstone, carbonaceous slate and other organic-rich rocks 
are very developed in the Permian Dashizhai Formation 
and Linxi Formation, the above strata are also constitute 
the main ore bearing strata of the Early Cretaceous 
hydrothermal deposits in the study area. We therefore 

conclude that CH4 in ore-forming fluids of the deposits 
may be products of dehydroxylation of organic carbon in 
the Permian strata. And CH4 and CO2 contained in the 
fluid inclusions most likely formed by the reaction  

2C + 2H2O=CH4 +CO2 
between carbonaceous slate from Permian strata and 

hydrothermal fluids during migration. 
More importantly, thermal decrepitation is the most 

frequently used method of extracting fluid inclusions for 
stable isotope analysis (Coleman et al., 1982). 
For this method, the water (H2O) in the fluid inclusions 
was extracted by decrepitation of quartz grains at 500°C, 
and hydrogen (H2) was obtained by reduction of the 
collected water(H2O) with Zn shot at 450°C. In this 
process, chemical reaction and isotope exchange between 
CH4 and H2O may occur as follows: 

CH4+H2O=CO+3H2; CH4+2H2O=CO2+4H2 
Therefore, the existence of CH4-rich fluid inclusions 

and isotope exchange between methane (CH4) and water 
(H2O) at high temperatures may dramatically affect the 
measured hydrogen isotope values of water (H2O) in the 
fluid inclusions. And the appearance of CH4-rich fluid 
inclusions could be also an important reason for the quite 
lower hydrogen isotope values of the collected water from 
fluid inclusions. The CH4 components of fluid inclusions 
probably came from dehydroxylation of organic carbon 
and fluids wall rock reaction. 

 
5.2 Source of ore-forming materials 

Generally, the ore-forming materials of hydrothermal 
deposits can be derived from the following possible 
sources: (1) Magmatic materials carried by deeply-derived 
fluids; (2) Materials extracted from sedimentary or 
metamorphic wall rocks; or (3) mixtures of the above two 
sources. Sulfur-lead isotopes are commonly used to 
constrain the source of the ore-forming materials, and we 
collected the sulfur and lead isotope data of minerals from 

 Table 4 Sulfur isotope compositions of sulfide minerals of Early Cretaceous deposits from Southern Great Xing’an Range

 

Name of deposit mineral Range (‰) Average(‰) Extreme difference range Number of samples Reference

Haobugao 
Galena –2.7~ –2.3 –2.33 0.4 3 

Our previous study Sphalerite –1.6~ –0.9 –1.3 0.7 3 
Chalcopyrite –1.6~ –1.1 –1.3 0.5 3 

Huanggang 

Molybdenite –9.5~4.5 –0.13 14 6 

Zhou et al. (2012); 
Zeng et al. (2009) 

Arsenopyrite –1.0~2.2 0.53 3.2 3 
Chalcopyrite –6.7~1.1 –2.61 7.8 10 

Sphalerite –9.0~2.5 –2 11.5 13 
Galena –0.8~ –0.3 –0.55 0.5 2 

Dajing 

Arsenopyrite 1.5~3.4 2.43 1.90 4 Feng et al., 1994; 
Liu et al., 2002 
Niu et al., 2009; 

Chu and Huo,2002; 
 

Pyrite –0.9~2.1 0.78 3.00 18 
Chalcopyrite –0.2~1.7 1.02 2.10 9

Sphalerite –1.8~2.6 1.26 4.40 12 
Galena –1.1~1.8 0.30 2.90 3 

Bairendaba 

Arsenopyrite 0.6~+1.7 1.0 0.9 3 
Ouyang,2013 

Jiang et al., 2010 
Sphalerite –1.6~1.3 –0.56 2.9 15 

Galena –3.6~ –2 –2.2 1.6 17 
Pyrrhotite –2.4~0.5 –1.38 1.9 9 

Weilasituo 

Sphalerite –9.4~2  11.4 19 

Ouyang,2013 
Jiang et al., 2010 

Pyrite –1.8~0.4  2.2 6 
Galena –3.8~-3.5 0.3 3.7 2 

Pyrrhotite –1.0~0.2 –0.5 1.2 5 
Arsenopyrite –0.5~1.2 0.7 1.7 4 
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the Early Cretaceous hydrothermal deposits in the study 
area. 

The total sulfur isotopic composition of the 
hydrothermal system is a function of the physicochemical 
conditions including temperature, pH value, oxygen 
fugacity and ion activity (Ohmoto and Rye, 1979; Hoefs, 
1997). Therefore, average δ34S of sulfide minerals that 
formed in hydrothermal systems can only represent the 
origin of ore-forming materials to some extent. As 
previously described, the δ34S values of samples from 
skarn porphyry and hydrothermal vein type deposit ranged 
from −6.5 to +5.0, −5.0 to +5.0 and −5.5 to +9.0, 
respectively. The δ34S values for the deposits are 
characterized by close to magmatic sulfur, and are 
distinctly different from that of the host sedimentary rocks 
(Fig. 12b). These observations suggest that the deposits 
mentioned in paper can be interpreted to reflect a 
magmatic source for the sulfur, and formations of these 
deposits are controlled by the Early Cretaceous intrusions.  

It is generally believed that the lead derived from the 
same source should show similar Pb isotope compositions 
and variation trends, while Pb isotope compositions of 
different geological units are quite different. The host 
rocks of the Early Cretaceous deposits in the study area 
mainly include Permian low grade metamorphic detrital 
rocks, marble, Paleozioc gneiss and Hercynian granites. 
As illustrated in Fig. 13, the Pb isotopic compositions of 
the Early Cretaceous hydrothermal deposits are 
remarkably similar, and Pb isotopic compositions of 
sulfides are consistent with Early Cretaceous intrusions. 
We therefore infer that the Early Cretaceous magmatism 
could have been the most significant source of lead in the 
ores. 

 
5.3 Genetic types of the deposits  

Controversy on the the genesis and formation 
mechanism of skarn-related deposits from SGXR has 
never stopped in academia. Two representative views on 
the genesis of skarn deposits exist in academia: 
hydrothermal metasomatic origin and exhalative 
sedimentary origin. For a long time, the skarn-related 
deposits in the study area are recognized as the origin of 
Permian exhalative sedimentation. The evidence is mainly 
focused on the characteristics of stratiform and stratoid ore 
bodies which occur in Permian strata (Liu et al., 2001; Ye 
et al., 2002, Wang et al., 2007; Zeng et al., 2007). There 
are also some other scholars have proposed that the skarn 
in SGXR is of magmatic-hydrothermal origin, and their 
evidence mainly includes the following three aspects: (1) 
Daughter-mineral bearing fluid inclusions were found in 
some mineralized skarn minerals, and the occurrence of 
melt inclusions were regard as one of the major evidences 
of magmatic origin (Wang et al., 2010; Mei et al., 2015). 
(2) Systematic geological survey proved that different 
types of hydrothermal minerals, such as quartz, calcite and 
fluorite, are very developed in ores. These minerals, 
constitute different types of veins, or occur as cements in 
breccias type ores. (3) More importantly, the existence of 
mineralization and alteration within Mesozoic intrusions 
has been proved, these discoveries have undoubtedly 
added direct geological evidences to magmatic origin of 

the deposits. The genesis of porphyry type and 
hydrothermal vein type deposits are not much 
controversial, however, the spatio-temporal and genetic 
relationship between porphyry, skarn and hydrothermal 
vein type deposits has not been thoroughly studied before. 

 
5.4 Genetic relationships between different types of 
deposits 

In the past few years, we have successively carried out 
researches of zircon U-Pb geochronology and major-, 
trace-and rare earth-element geochemistry on 
mineralization related intrusions in the study area. The 
results reveal that the Early Cretaceous granitoids of 
SGXR, including Dongshanwan granitoids, Haobugao 
granitoids and Huanggang granitoids, show characteristics 
of A-type granites. And it is broadly accepted that this 
kind of granites are formed from magmatic underplating in 
an extensional within plate tectonic environment (Wang, 
2015; Li et al., 2015; Wang et al., 2018). 

On the basis of analyzed geological and geochemical 
data, including those published over the past years, we can 
conclude that the initial ore-bearing hydrothermal fluids of 
the deposits are mainly derived from magmatic water. The 
fluid inclusions within minerals from the main-ore stage 
were cooler and more dilute than those from the pre-ore 
stage, indicating that the mineralization temperatures and 
salinities of ore forming fluids tended to decrease with the 
conduct of the mineralization. And in this process, organic 
matter from surrounding rocks and meteoric water are also 
continuously added into the ore-forming fluids, and 
changed the initial components and isotopic compositions 
of ore-forming fluids. The formation process of the Early 
Cretaceous deposits from SGXR can be summarized as 
follows: during the Early Cretaceous Epoch, intensive 
underplating of mantle-derived magma led to partial 
melting of juvenile crust, which further resulting in the 
emplacement of A-type magama in a post-orogenic 
extensional tectonic setting. The A-type granites 
originated from the partial melting of the upper crust with 
some input of mantle material, resulting in strong 
differentiation and gradual enrichment in Pb, Zn, Cu, Sn, 
W, Mo and other ore-forming elements. It appears 
plausible that the lithospheric thinning not only resulted in 
emplacement of magmatic rocks and related Sn 
polymetallic mineralization, but also caused outward 
migration of mineralizing fluids in a regional thermal 
gradient. These magmas emplaced at a shallow level and 
finally formed porphyry–skarn– hydrothermal vein type  
Sn and associated metal deposits. In some cases, 
disseminated styles of mineralization with extensive 
alteration of wall rocks occurred in the top of the 
intrusions, which finally formed the porphyry deposits 
with obvious mineralization and alteration zoning 
characteristics. When the magmatic differentiation 
hydrothermal fluids migrated to carbonate strata, strong 
fluid metasomatism occurred at this time, and finally the 
skarn type deposit formed. Where clastic and/or 
metamorphic rocks are the country rocks, hydrothermal 
vein type deposits preferentially formed (Fig. 14). 
Correspondingly, the spatial distribution of the deposits 
shows an obvious regularity, that is, from the internal to 
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outer zone of the intrusion, porphyry → skarn → vein 
deposits distribute in order.  

 
6 Conclusions 

 
(1) The Early Cretaceous Sn and associated metal 

deposits of SGXR can be divided into three principal types 
according to their geological characteristics: skarn type 
deposits, porphyry type deposits and hydrothermal vein 
type deposits.  

(2) Fluid inclusion assemblages of different types of 
deposits are quite different, which represent the 
complexities of metallogenic process and formation 
mechanism. And CH4 and CO2 have been detected in fluid 
inclusions of late stage from some of the deposits, 
indicating that the ore-forming fluids are affected by 
materials of Permian strata.  

(3) Stable isotope data from ore minerals and associated 
gangue minerals indicate that the initial ore fluids were 
dominated by magmatic waters, some of which had clearly 
exchanged oxygen with wall rocks during their passage 
through the strata. The narrow range for the δ34S values 
presumably reflects the corresponding uniformity of the 
ore forming fluids, and these δ34S values have been 
interpreted to reflect a magmatic source for the sulfur. The 
comparison of lead isotope ratios between ores and 
different geological units also reveal that deeply seated 
magma has been a significant source of lead in the ores. 

(4) Several mineralization related Early Cretaceous 
granitiods have been identified, and geochemical 
characteristics of these granites reveal that they were 

generated in an intra plate tectonic-magmatic setting. We 
considered that the porphyry, skarn and vein type deposits 
formed in the same metallogenic province and developed a 
metallogenic model for Early Cretaceous Sn and 
associated metal deposits in the SGXR.  
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