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The Miaoershan-Yuechengling complex pluton is the largest granitoid complex in the western Nanling metallogenic belt with a 
surface exposure of >3000 km2. The complex pluton is composed of an early stage granitoid batholith and late stage small intru-
sions. The early stage batholith contains mainly medium-grained porphyritic mica granite and porphyritic monzonite granite, 
whereas the late stage intrusions are composed of muscovite granite porphyry and muscovite monzonitic granite. There are many 
W-Sn-Mo-Pb-Zn-Cu ores in the contact zone between the batholith and strata, forming an ore-rich belt around the batholith. 
Based on zircon LA-ICP-MS U-Pb ages, the southwestern part of the early stage batholith formed at 228.7 ± 4.1 Ma (MSWD = 

2.49), with slightly earlier magmatic activity at 243.0 ± 5.8 Ma (MSWD = 2.62). The Yuntoujie muscovite granite was associated 
with W-Mo mineralization and has a zircon LA-ICP-MS U-Pb age of 216.8 ± 4.9 Ma (MSWD = 1.44). The Re-Os isochron age of 
molybdenite from the Yuntoujie W-Mo ore was 216.8 ± 7.5 Ma (MSWD = 11.3). Our new isotope data suggest that the late stage 
intrusive stocks from the southwestern Miaoershan-Yuechengling batholith were closely associated with W-Mo mineralization 
from the Indosinian period. These new results together with previous isotope data, suggest that South China underwent not only 
the well-known Yanshanian mineralization event, but also a widespread Indosinian metallogenic event during the Mesozoic peri-
od. Therefore, South China has a greater potential for Indosinian mineralization than previously thought such that more attention 
should be given to the Indosinian ore prospecting in South China. 
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The Nanling metallogenic ore belt is well known for its W- 
Sn-Be-Nb-Ta-REE mineralization and has attracted much 
attention from geoscientists worldwide. A large amount of 
the work from South China has examined the temporal and 
spatial distributions of the granitoids and their associated 
mineralizations [1–26]. Most of that work focuses on the 

granitoids and related deposits in the middle and the eastern 
parts of the Nanling ore belt, whereas there is less research 
from the western part of Nanling ore belt. South China un-
derwent both Indosinian and Yanshanian structural-magmatic 
events with more focus on the Yanshanian stage mineraliza-
tion. The Miaoershan-Yuechengling complex pluton is the 
largest granitoid pluton outcrop in the western Nanling 
metallogenic belt. Many W-Sn (Mo) and Pb-Zn-Cu deposits 
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occurred in the contact zone between the complex pluton 
and the adjacent strata, forming an ore rich belt around the 
complex pluton. However, little work has been done on the 
complex pluton and its adjacent deposits. For example, the 
ages of the complex pluton are not well constrained. Most 
researchers proposed that it was formed during the Galedo-
nian period [10] whereas others argue it was emplaced dur-
ing the Indosinian or Yanshanian periods [27,28]. The ages 
of these deposits from around the contact zone between the 
complex pluton and adjacent strata have not yet been re-
ported. Precise dating of the complex pluton and adjacent 
deposits is very important for understanding the relationship 
between the evolution of the melts and the formation of the 
deposits and also for examining the formation processes of 
the whole Nanling ore belt. This study presents a new zir-
con laser ablation plasma mass spectrometry (LA-ICP-MS) 
U-Pb ages and molybdenite Re-Os ages of the batholith and 
adjacent W-Mo deposit, respectively. We also discuss the 
Indosinian mineralization associated with granite from 
South China.  

1  Geological setting 

The Miaoershan-Yuechengling complex pluton has a surface 
area of more than 3000 km2 and is the largest scale granit-
oid pluton in the western Nanling metallogenic belt. The 
granitoid pluton is characterized by an elliptical shape on 
the surface and is located in the axial plane of an anticline. 
The long axis of the pluton is concordant with the trend of 
the anticline in the region (Figure 1). The Miaoershan- 
Yuechengling complex pluton comprises of multiphase in-
trusions dominated by an early stage batholith and late stage 
intrusions. Late stage intrusions occurred mainly as smaller 
intrusions, dikes, or stocks, which are located mainly in the 
batholith and its adjacent contact zone. Many deposits of 
W-Sn-Mo-Pb-Zn-Cu have been found surrounding the con-
tact zone between the complex pluton and strata, forming an 
ore rich belt around the complex pluton (Figure 1).  

The study area is located at the southwestern part of the 
complex pluton (Figure 1). Early stage batholith samples 
were collected at the gate of an underground derivation  

 

Figure 1  Simplified geological map showing the location of the Miaoershan-Yuechenling complex plution (a), geology (b) and Yuntoujie W-Mo deposit 
(c). 1, Mesozoic strata; 2, Paleozoic strata; 3, Proterozoic strata; 4, early stage batholiths; 5, late stage intrusion; 6, W deposit (occurrence); 7, W-Mo deposit 
(occurrence); 8, Cu deposit (occurrence); 9, Pb-Zn deposit (occurrence); 10, poly-metal deposit (occurrence); 11, Sn deposit (occurrence); 12, Pb deposit 
(occurrence); 13, W-Sn deposit (occurrence); 14, number of the constrained or suggested ore bodies; 15, fault; 16, sample locality. 
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tunnel located at 26°04′11.5″N, 110°24′20.2″E in the south-
western rim of the Miaoershan-Yuechenling complex pluton. 
Based on observations within the 2 km long derivation tun-
nel and along the 2 km long surface profile, the early stage 
batholith is composed mainly of middle-grained porphyritic 
biotite granite and some middle-grained porphyritic biotite 
monzonite granite. The early stage batholith displays mas-
sive structure and a porphyritic texture. The phenocrysts 
have grain sizes of >2 mm and matrices with grain sizes <2 
mm are similar in mineralogy. For example, plagioclase = 

22%–27%, K-feldspar = 32%–34%, quartz = 33%–39%, bio-
tite = 8%–11% with accessory minerals such as zircon, apa-
tite and monazite. 

Late stage samples were collected from the Yuntoujie 
late stage (26°03′48″N, 110°23′01″E). This consisted of an 
ore bearing intrusion that occurred in the southwestern part 
of the Miaoershan-Yuechenling complex batholith. The 
Yuntoujie late stage W-Mo ore bearing intrusion occurred 
in the early stage batholith and the contact zone between the 
batholith and strata. A chilled contact was observed be-
tween the early stage batholith and the late stage intrusion 
(Figure 2), suggesting that late stage magma was emplaced 
after the crystallization and cooling of the early stage batho-
lith. The late stage intrusion is composed mainly of fine- 
grained muscovite monzonite granite porphyry, fine-grained 
tourmaline muscovite granite porphyry, and medium-grained 
muscovite granite. The late stage intrusion is a white color, 
massive structure, porphyritic and of granular texture. The 
porphyritic granite has muscovite, plagioclase and quartz 
phenocrysts with grain sizes of >2.5 mm set in a medium- 
grained phanerocrystalline matrix of similar mineralogy. 
The late stage muscovite granite is composed of perthite 
(19%–27%), plagioclase (19%–27%), quartz (32%–50%), 
muscovite (4%–8%) with minor biotite, and accessory min-
erals such as zircon.  

The Yuntoujie W-Mo ore is a middle size deposit, with  

 

Figure 2  Photos showing the chilled contact line between the early stage 
batholith and late stage intrusion. 1, Early stage batholith; 2, chilled zone 
between the early stage batholith and late stage intrusion; 3, late stage 
intrusion. 

an estimated W metal reserve of approximately 10000 t. 
The Yuntoujie W-Mo deposit has vein and veinlet mineral-
ization that occurs in the late stage granite. Five ore bodies 
have been found in the Yuntoujie ore field [29]. These 
ore-bodies were 200 to 1000 m in length, with widths vary-
ing from 20 to 30 cm [29]. The Yuntoujie W-Mo deposit is 
characterized by zoning of mineralization, with wolframite, 
scheelite, and molybdenite occurring mainly at the top, the 
middle and the lower parts, respectively. The main metallif-
erous mineral of the Yuntoujie W-Mo deposit is wolframite, 
scheelite, molybdenite with minor amounts of chalcopyrite, 
sphalerite, and pyrite and gangue minerals including mainly 
quartz, muscovite, albite and tourmaline. The Yuntoujie ore 
bearing intrusion underwent greisenization and tourmalini-
zation.  

2  Samples and analytical methods 

We collected six molybdenite samples from small ore 
specimens (~1 kg) from the ore body “number one” in the 
Yuntoujie ore field (Figure 1(c)). The molybdenite were 
then magnetically separated and handpicked under a binoc-
ular microscope to ensure the purity was more than 99%. 
Re-Os isotope analyses were carried out in the Re-Os La-
boratory, Guangzhou Institute of Geochemistry, Chinese 
Academy of Sciences. Each weighed sample was loaded in 
a Carius tube through a thin neck long funnel. This analyti-
cal procedure is described in detail by Sun et al. [30]. The 
Os-Re isotope ratios were determined using an X7 induc-
tively coupled plasma mass spectrometer. The Re-Os 
isochron age was calculated with the program ISOPLOT. 
The decay constant used in the age calculation is 187Re = 

1.666  1011 a1.  
Zircon separates were collected from relatively small 

rock specimens (1 kg) with the least alteration. Standard 
separation techniques were applied, including jaw splitting, 
crushing in a swing mill, desliming in water, density separa-
tion in tetrabromoethane and methylene iodide, magnetic 
separation by isodynamic separator and finally with hand-
picking. Zircon grains were then mounted in epoxy and 
polished. Cathodoluminescent (CL) images and optical mi-
croscopy were used to select least fractured and inclusion- 
free zircons for analysis. Zircon analyses were performed in 
an inductively coupled plasma mass spectrometry (ICP-MS) 
laboratory at the Guangzhou Institute of Geochemistry, 
Chinese Academy of Sciences.  

Laser ablation (LA) was conducted with a RESOlution 
M-50 Excimer laser operated at a constant energy of 80 mJ, 
with repetition rate of 8 Hz and a spot size of 31 m diame-
ter [31]. A mixed Ar-He carrier gas transported the ablated 
material from the sample cell into a flow homogenizer to an 
Agilent 7500a ICP-MS. Data were acquired for 20 s with 
the laser turned off and for a further 40 s with the laser 
turned on. Data exclusion is on the basis of three criteria. 
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Firstly, data that were more than 10% discordant were not 
used in age determinations. Secondly, spectra were exam-
ined for inclusions. Analyses with anomalously high La 
and/or high P values suggest that an apatite inclusion might 
have been intersected. These data were therefore discarded 
[32,33]. Thirdly, probability plots were used to examine the 
data. Cumulative probability plots have a nonlinear scale on 
the x-axis that was calibrated to represent a normal distribu-
tion as a straight line of a positive slope. Old U-Pb outliers 
(lying above the projection of the straight line) were inter-
preted to be inherited grains and young U-Pb outliers (lying 
below the line) were attributed to lead loss [32,33]. The 
U-Pb ages of the main population are obtained by removing 
grains from both ends of the main population until the tails 
had a gradient equal to or lower than the main population at 
both ends of the spectrum. The U-Pb age determined in this 
way was interpreted to be the cooling or crystallization age 
of the intrusion. Generally, this reduces the population 
MSWD 2.0.  

3  Results and discussion    

Zircon LA-ICP-MS data of rock samples from the early 
stage complex batholith and late stage ore bearing intrusion 
are listed in Tables 1 and 2. Concordia and probability plots 
are shown in Figure 3 and Re-Os isotope compositions are 
listed in Table 3.    

3.1  Zircon LA-ICP-MS U-Pb age of the southwestern 
Miaoershan-Yuchengling complex batholith  

Figure 4 shows that the analyzed zircons have well-devel-      
oped oscillatory zoning and our analyses revealed relatively 
high Th/U ratios (0.10–0.24) (Tables 1 and 2). This indi-
cates that the zircon grains are magmatic in origin. The 
main population zircon U-Pb age was interpreted as the 
crystallization age of the magmatic rocks. 

The 25 zircon grains from the sample (YSD-1) collected 
from the Miaoershan-Yuechenling complex batholith were 
analyzed using LA-ICP-MS. Three data with more than 
10% discordant values were discarded. Two zircon grains 
had LA-ICP-MS U-Pb ages of 450.7±15.6 Ma and 1378.8± 
34.7 Ma respectively, and the remaining 20 zircon grains 
had U-Pb ages varying from 211 to 245 Ma. The two zircon 
grains with much older U-Pb ages were interpreted to be 
inherited zircon grains and therefore were not used for age 
determination. The other 20 zircon grains gave U-Pb ages of 
225.0 ± 4.8 Ma with MSWD = 5.5. The population MSWD 
is greater than 2, suggesting that it may contain indiscerni-
ble subtle inheritance or Pb loss [32]. Based on the shape of 
the probability plot in Figure 3(a) (inset), one older outlier 
and four younger outliers were attributed to inheritance and 
Pb loss, respectively. The other 14 zircon grains gave a 
main population U-Pb age of 228.7 ± 4.1 Ma, with MSWD = 

2.49. The zircon main population U-Pb age is taken as the 
crystallization age of the batholith. Our new zircon U-Pb 
age indicates that the southwestern domain of the Miaoer-
shan-Yuechenling complex batholith was emplaced during 
the Indosinian period, other than the previous suggested 
Caledonian period [10]. This conclusion is very important 
for understanding the formation processes and evolution of 
the granitoids and related mineralization in the western 
Nanling ore belt. 

3.2  Zircon LA-ICP-MS U-Pb age of the Yuntoujie ore- 
bearing granite  

We analyzed 25 zircon grains for the Yuetoujie ore bearing 
granite and 3 data points with more than 10% discordant 
values were discarded. Four analyses with ages varying 
from 318 to 430 Ma were interpreted as inherited zircon 
grains. The other 18 zircon grains with ages ranging from 
202 to 251 Ma have a main population age of 232.5 ± 8.7 
Ma, with MSWD = 11.5 (Figure 3(b)) processed using 
ISOPLOT. As the main population MSWD value was much 
greater than 2, we processed that data using our probability 
plot. Based on the shape of the plot (Figure 3(b), inset) the 
analyzed zircon data can be divided into two groups. Group 
1 contained 8 analyzed points and has a main population 
U-Pb age of 216.8 ± 4.9 Ma, with MSWD = 1.44. Group 2 
contained 9 analyzed points and had a main population age 
of 243.0 ± 5.8 Ma, with MSWD = 2.62 (Figure 3(b) inset). 

The well-developed oscillatory zonings of the group 1 
zircon grains (Nos. 2, 3, 5, 8, 14, 19, 21 and 23, also in Fig-
ure 4, sample Y-21) indicate that the zircons were magmatic 
in origin. The Yuntoujie ore bearing intrusive rock had a 
chilled contact with the Miaoershan-Yuechenling batholith 
(Figure 2), suggesting that the ore bearing granite was em-
placed after crystallization and cooling of the Miaoershan- 
Yuechenling batholith. The group 1 zircon age (216.8 ± 4.9 
Ma, MSWD = 1.44), was less than the age of the batholiths 
and is interpreted to represent the emplaced age of the 
Yuntoujie intrusive rock associated with W-Mo mineraliza-
tion. Our new zircon U-Pb age suggests that the Yuntoujie 
intrusive rock was also formed in the Indosinian period ra-
ther than the previously suggested Yanshanian period [34]. 

The group 2 zircons from the Yuntoujie intrusive rocks 
had an U-Pb age of 243.0 ± 5.8 Ma, with MSWD = 2.62. 
The well-developed oscillatory zoning and complete crystal 
forms of the group 2 zircon grains (Nos. 1, 9, 13, 16, 17, 20, 
22, 24 and 25, also in Figure 4, sample Y-21), together with 
their relatively high Th/U (0.1–1.5) also indicate they are 
magmatic rather than metamorphic in origin [35–37]. The 
group 2 zircon grains also lack overgrowth rims which are 
often observed around residual zircon grains that have suf-
fered from magmatism. For the group 2 zircons we interpret 
them to have been captured from the deep part of the Mi-
aoershan-Yuechenling batholith during the ascension of the 
Yuntoujie magma. This group’s zircon U-Pb age (243.0 ±  
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Figure 3  The concordia plots showing the U-Pb analyses of the Miaoer-
shan-Yuechenling complex pluton (a) and the Yuntoujie ore bearing intru-
sion (b). The data in these plots have been culled of excessively scattered 
and discordant analyses following the criteria described in the text. Insets 
show the probability plots. 

5.8 Ma) is also relatively older than the zircon U-Pb age 
from the sample YSD-1 (228.7 ± 4.1 Ma, MSWD = 2.49). It 
is suggested that the some part of the Miaoereshan batholith 
in the deep position was emplaced at about 243.0 ± 5.8 Ma. 
Based on our new zircon U-Pb data, we conclude that the 
southwestern domain of the early stage Miaoershan- 

Yuechenling batholith underwent two pulses of magmatic 
events, one pulse at ~228.7 ± 4.1 Ma and the other pulse at 
~243.0 ± 5.8 Ma.  

3.3  The Re-Os isochron age of the Yuntoujie W-Mo 
deposit 

The Yuntoujie molybdenite samples have low concentra-
tions ranging from 0.76 to 2.96 g/g of Re (Table 3). This is 
much lower than those from the molybdenite in porphyry 
Cu-Mo deposits from other parts of the world, suggesting 
that the source of ore-forming material is crustal in origin. 
Six molybdenite samples have model ages ranging between 
218 to 220 Ma. Six samples define a Re-Os isochron, with 
an age of 216.8 ± 7.5 Ma, MSWD = 11.3 (Figure 5). The 
model ages and isochron age of molybdenite are concordant 
with each other and within error. 

The molybdenite Re-Os isochron age (216.8 ± 7.5 Ma) 
and the group 1 zircon U-Pb age (216.8 ± 4.9 Ma, MSWD = 

1.44) agrees well within error suggesting that the data is 
precise. The W-Mo mineralization is genetically related to 
Yuntoujie intrusive rocks. This suggests both the Yuntoujie 
granite and the closely associated W-Mo mineralization 
were formed during the Indosinian tectono-magmatic event. 

3.4  Formation of ore deposits around the Miaoershan- 
Yuechenling complex pluton and ore prospecting targets 

Many ore deposits occurred in the contact zone around the 
Miaoershan-Yuechenling complex pluton and adjacent are-
as, forming an ore rich belt around the complex pluton 
(Figure 1). The element association of deposits around the 
Miaoershan-Yuechenling show systematic variations. Most 
W-Mo-Sn deposits occurred in the inner contact zone with 
more Pb-Zn-Cu deposits in the outer contact zone or in the 
adjacent strata.  

The Miaoershan-Yuechenling complex pluton was formed 
by multi-magmatic events. Analysing which magmatic event 
that was genetic related to mineralization is essential for 
understanding the relationship between the Mesozoic mag-
matic evolution and the formation of the deposits. Thus, 
constraints on ore prospecting targets around the Miaoer-
shan-Yuechenling complex pluton can be made. 

Table 3  Re-Os compositions of molybdenite from the Yuntoujie W-Mo deposit  

Sample No. Weight (g) Re (g/g) ± 187Re (g/g) ± 187Os (ng/g) ± t (Ma) t (Ma) 

Y-09 0.4000 0.76564 0.00252 0.48123 0.00159 1.71451 0.00959 213.5 1.4 

Y-16 0.3382 1.57602 0.00338 0.99059 0.00213 3.61228 0.0025 218.5 0.5 

Y-16-1 0.4576 1.18588 0.00443 0.74537 0.00279 2.66141 0.00494 213.9 0.9 

Y-16-1R 0.4568 0.81967 0.00207 0.5152 0.0013 1.88217 0.00273 218.9 0.6 

Y-16-2 0.3012 1.89849 0.00517 1.19328 0.00325 4.37612 0.00707 219.7 0.7 

Y-22 0.1813 2.96345 0.00925 1.86265 0.00582 6.61547 0.00925 212.8 0.7 
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Figure 4  CL photos of zircon from the Miaoershan-Yuechenling com-
plex pluton. YSD-1, Early stage complex pluton; Y-21, the Yuntoujie ore 
bearing intrusion. The zircon number in Y-21 corresponds to its number in 
Table 1. 

 

Figure 5  Re-Os isochron age of molybdenite from the Yuntoujie W-Mo 
deposit. 

There is less work examining the relationship between 
the deposits around the Miaoershan-Yuechenling complex 
pluton and magmatic activities. Most of the local mine 
companies argued that the deposits around the Miaoershan- 
Yuechenling complex pluton owe their origin to the early 
stage Miaoershan-Yuechenling batholith. Most of deposits 
around the Miaoershan-Yuechenling complex pluton have 
W-Sn (Mo) element association and high temperature alter-
ation such as greisenization, suggesting they are related to 
magmatic hydrothermal activities. Magmatic hydrothermal 
deposits are genetic related to an aqueous volatile phase 

exsolved from silicate melts [32,38–46] or fluids in equilib-
rium with silicate melts. If the silicate melts underwent 
mineralization processes during the ascending and crystal-
lization of the melts, the aqueous volatile phase resolved 
from the melts should have reacted with the adjacent country 
rocks. An ore-forming element anomaly would have devel-
oped in the contact zone between the intrusive rocks and 
country rocks. No alteration was observed in the contact 
zone between the southwestern Miaoershan-Yuechenling 
granitoid batholith and the country rocks in the region of the 
Ziyuan County. Furthermore, there are no ore-forming ele-
ment anomalies along the three geochemical exploration 
profiles that traverse the inner and outer contact zone of the 
Miaoershan-Yuechenling granitoid batholith (in submission). 
We therefore argue against the Miaoershan-Yuechenling 
granitoid batholith undergoing a mineralization processes 
during its formation. The deposits around the Miaoershan- 
Yuechenling complex pluton are closely associated with 
late stage magmatic activities, and the Re-Os isotope and 
zircon U-Pb ages reveal that the Yuntoujie W-Mo deposit in 
the southwestern domain of the Miaoershan-Yuechenling 
owes its origin to late stage intrusive activity, rather than 
early stage batholith. It is reasonable to conclude that the 
deposits around the Maioershan-Yuechenling complex plu-
ton are genetic related to the late stage magmatic activities, 
rather than the early stage batholith. 

Since the Maioershan-Yuechenling batholith is not ge-
netically related to the deposits in its inner and/or outer 
contact zone, why then are there many deposits occurring in 
the contact zone, forming an ore-rich zone around the bath-
olith? We have attributed this to the geological environment 
as follows: (1) the contact zone between the batholith and 
adjacent rocks provided favorable channels for the ascend-
ing of the late stage melts and volatile phase exsolved from 
late stage silicate melts and (2) the abrupt change in lithol-
ogy in the contact zone between the batholith and country 
rocks was easy for reaction of magmatic related fluids with 
the country rocks, which resulted in the precipitation of ore- 
forming elements.  

There are many Pb-Zn deposits (or occurrences) in the 
inner or outer contact zone of the Miaoershan-Yuechenling 
complex pluton. It is well known that the forming tempera-
ture of the Pb-Zn deposits is usually lower than those of 
W-Sn deposits associated closely with late stage intrusions. 
If Pb-Zn mineralization is not far from the W-Sn minerali-
zation, the Pb-Zn and W-Sn mineralization may have origi-
nated from the same magmatic ore-forming system. In this 
case, the Pb-Zn mineralization would be located in the outer 
zone of the magmatic ore-forming system. If only Pb-Zn 
mineralization occurred in the region of the contact zone or 
adjacent region, the Pb-Zn mineralization might occur in the 
upper portion of the magmatic ore-forming system. In this 
case, attention should be paid to the suggestion that felsic 
intrusions are related to W-Mo mineralization in the much 
deeper location of the Pb-Zn mining region.          
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3.5  Indosinian mineralization and ore prospecting 
targets in South China 

The Nanling region is well known for its granite related W- 
Sn-Be-Nb-Ta-REE deposits. Most of the previous work has 
focused on the Yanshaninan granite and related deposits 
[3–7,12–15] but there is less work on the Indosinian granite 
and its related mineralization. South China underwent both 
Indosinian and Yanshanian tectono-magmatic events in the 
Mesozoic period and it is proposed that the regional defor-
mation was closely related to collisions and accretions of 
terrains in Southeast Asia during the Indosinian orogeny 
[47,48]. The Eastern Tethys Ocean closed at ~245 Ma when 
the Sibumasu block collided with Indochina-South China 
blocks during a period ranging from 258 ± 6 Ma to 243 ± 5 
Ma [47–50]. The South China block collided with the North 
China block during the Indosinian orogeny, which resulted 
in the formation of the East Asian plate [43,51–54]. The 
Indosinian orogeny had great impact on the crustal tectonic 

evolution in South China [53]. In addition to our Indosinian 
ages of the southwestern part of the Miaoershan-Yuechenling 
batholith and late stage muscovite granite, the flowing lines 
such as the sedimentary environment mutation observed 
between the Permian and Triassic period in South China 
[54], the Indosinian granite found in Fujian, Hunan, Jiangxi, 
Guangdong, Hainan provinces, Guangxi Zhuang Autono-
mous Region (Guangxi for short) in China and the Indosin-
ian metamorphism found in Zhejiang and Taiwan provinces 
(Table 4), indicate that South China underwent extensive 
Indosinian toctono-magmatic events.  

W-Sn-Be-Nb-Ta-REE mineralization associated with the 
Yanshanian granite is widely distributed in South China, 
which forms one of the most important rare metals and REE 
ore belts in the world. The extensive development of the 
rare metals and REE deposits related to the Yanshanian 
granite suggests that the South China base is rich in these 
elements. Felsic melts resulting from the melting of the 
South China base triggered by the Indosinian orogeny could  

Table 4  Indosinian isotope ages of rocks and mineralization in South China 

Rocks or deposits Isotope age Reference 

Luxi complex in southern Jingxi-northern Guangdong 239 ± 5 Ma (zircon LA-ICP-MS) [55] 

Xiazhuang complex in southern Jingxi-northern Guangdong  236 ± 8 Ma (zircon LA-ICP-MS) [55] 

Exiantang Sn-deposit in Jingxi 231.4 ± 2.4 Ma (muscovite 40Ar/39Ar plateau age) [56] 

Wuliting intrusion in Daji Mountain, Jingxi  238.9 ± 1.5 Ma (zircon SHRIMP U-Pb) [57] 

Baimianshi granite in Jingxi 249.9 ± 1.3 Ma (Rb-Sr isochron) [58] 

Darongshan intrusion in southeastern Guangxi 233 ± 5 Ma (zircon SHRIMP) [59] 

Jiuzhou intrusion in southeastern Guangxi 230 ± 4 Ma (zircon SHRIMP) [59] 

Taima intrusion in southeastern Guangxi 236 ± 4 Ma (zircon SHRIMP) [59] 

Limu deposit in northeast Guangxi 214.1 ± 1.9 Ma (muscovite 40Ar/39Ar) [60] 

Miaoershan-Yuechengling batholith in northeastern Guangxi 243.0 ± 5.8 Ma, 228.7 ± 4.1 Ma (zircon LA-ICP-MS) this work 

Yuntoujie W-Mo ore-bearing granite in the Miaoershan-Yuechengling  
batholith in northeast Guangxi 

216.8 ± 4.9 Ma (zircon LA-ICP-MS) this work 

Yuntoujie W-Mo deposit in northeast Guangxi 216.8 ± 7.5 Ma (molybdenite Re-Os) this work 

Hehuaping Sn deposit in southern Hunan  224 ± 1.9 Ma (molybdenite Re-Os isochron) [61] 

Weishan monzonitic granite in Hunan 244 ± 4 Ma (zircon SHRIMP) [62] 

Guandimiao intrusion in Hunan  239 ± 3 Ma (zircon SHRIMP) [62] 

Granite from the Baima Mountain in Hunan  243 ± 3 Ma (zircon SHRIMP) [62] 

Longyuaba intrusion in southern Jingxi-northern Guangdong  241.0 ± 5.9 Ma, 241.0 ± 1.3 Ma, 210.9 ± 3.8 Ma (zircon LA-ICP-MS) [63] 

Granite in the eastern Zhuguangshan  204 to 235 Ma (zircon SHRIMP) [58] 

Xiazhuang granitoid in northern Guangdong  228.0 ± 0.5 Ma (zircon SHRIMP) [58] 

Syenite in southwestern Fujian  252 to 242 Ma (zircon SHRIMP) [64] 

Topaz bearing granite in western Fujian  226 Ma (zircon SHRIMP) [65] 

Hexi group plagioclase amphibolites in Jingning, Zhejiang 252 ± 5 Ma (metamorphic zircon SHRIMP) [66] 

Basic-ultrabasic rock in southwestern Zhejiang Metamorphic event at 251 to 233 Ma [67] 

Nappe structure in Zhejiang  (P3-T1) [68] 

Taiwan Metamorphism at 260 to 240 Ma [69] 

Syenite in Hainan 244 ± 7 Ma (zircon SHRIMP ) [70] 
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have exsolved volatile phases during the ascending and 
crystallization of the melts such as those of the Yanshanian 
granite. Once these volatile phases exsolved from the felsic 
melts the rare metals and REE will participate into the vola-
tile phase, which favors the formation of the Indosinian 
granitoid related deposits. Our new set of zircon LA-ICP- 
MS U-Pb and Re-Os isochron data, together with previous 
isotope ages on the Exiantang Sn deposit in the southern 
Jiangxi province [56], Hehuaping Sn deposit in the south 
Hunan province [62] and Limu Sn-Nb deposit in eastern 
Guangxi [61] indicate that South China underwent an In-
dosinian ore-forming event. We conclude that South China 
had dynamic conditions for large-scale mineralization dur-
ing the Indosinian orogeny. 

Based on our results and discussion, we propose that 
South China underwent not only the well- known Yansha-
nian mineralization, but also the Indosinian mineralization 
in the Mesozoic period. Therefore, South China has great 
potential for the Indosinian mineralization than previously 
thought and more attention should be given to Indosinian 
ore prospecting in South China. 

Because of density differences between the melts and 
their exsolved volatile phases, felsic melt derived minerali-
zation occurred in the upper portion of the intrusions and 
their upper adjacent area. South China experienced a large 
denudation because of the large scale crust uplift caused by 
the collision of the Sibumasu block with Indochina-South 
China blocks during the Indosinian orogeny. The large scale 
outcrop of the Miaoershan-Yuechenling complex pluton 
also suggests that its upper portion had been denudated. 
Some part of mineralization associated with Indosinian 
complex pluton might have been completely denudated. The 
ore-prospecting targets of Indosinian mineralization there-
fore, should focus on late stage small Indosinian intrusions 
that occurred in the complex pluton such as the Yuntoujie 
muscovite granite or small intrusions that occurred in the 
strata in depression regions such as the Limu granite associ-
ated with Sn-Nb mineralization   

4  Conclusions 

(1) The southwestern part of the Miaoershan-Yuechenling 
complex pluton was composed mainly of stage granitoid 
batholith and late stage small intrusions. The early stage 
batholith has a zircon LA-ICP-MS U-Pb age of 228.7 ± 4.1 
Ma, with MSWD = 2.49 and may have some relatively older 
magmatic activity with a zircon U-Pb age of 243.0 ± 5.8 Ma, 
with MSWD = 2.62. The late stage Yuntoujie ore bearing 
intrusion has a zircon LA-ICP-MS U-Pb age of 216.8 ± 4.9 
Ma, with MSWD = 1.44. The Yuntoujie W-Mo deposit has 
a Re-Os isochron age of 216.8 ± 7.5 Ma, with MSWD = 11.3. 
The early stage batholith, late stage intrusions and the closely 
associated W-Mo mineralization were formed during the 
Indosinian orogeny. 

(2) The deposits that occurred in the Miaoershan- 
Yuechenling complex pluton or in its contact zone were 
derived from late stage magmatic activities rather than the 
early batholith. Indosinian ore prospecting targets should 
focus in the Indosinian late stage intrusions in complex plu-
ton or its contact zone. 

(3) South China underwent not only the well-known 
Yanshanian rare metal and REE mineralization, but also the 
Indosinian mineralization and South China has much great-
er potential for the Indosinian ore prospecting than previ-
ously thought. 
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