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__________________________________________________________________________________________ 

Abstract: The Xiongcun district is located in the Gangdese porphyry copper belt (GPCB) in the 

southern margin of Lhasa terrane. To discuss the source of ore-forming material of No.3 

deposit in Xiongcun district, here we report its sulfur and lead isotopes. Studies show that the 

δ34S values of ore sulfides vary from -1.3‰ to 1.4‰ with an average value of -0.85‰, and 

exhibit a tower distribution, which suggests a magmatic source. The 206Pb/204Pb, 207Pb/204Pb 

and 208Pb/204Pb ratios for metal sulfides vary in ranges of 18.204–18.468, 15.549–15.593 and 

38.213–38.441, with the average value is 18.359, 15.567 and 38.351, respectively. The μ 

values of lead isotope vary in ranges of 9.37–9.45, averaging 9.40. In the discrimination 

diagrams of the tectonic setting, all of the lead isotopic data points fall within the area between 

the mantle line and orogeny line, which suggesting the Pb materials were mainly from the 

mantle, and with little subducted sediments mixed. 
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1. INTRODUCTION 

The Gangdese porphyry copper belt (GPCB), which is 400 km long and 50 km wide, is situated 
at the southern margin of the Lhasa terrane. A number of porphyry and related skarn Cu (Mo, 
Au and Pb-Zn) deposits have been discovered in the GPCB, including Qulong, Jiama, 
Xiongcun, Zhunuo, Chongjiang, Pusangguo, Bangpu [1, 2]. The Xiongcun district is located in 
the western segment of the GPCB, 53 km west of Xigaze, which is composed of three 
individual deposits, i.e., the No. 1 (Xietongmen), No. 2 (Newtongmen), and No. 3 deposits. 
Previous studies have mainly focused on the geological characteristics, geochronology, and 
genesis of the No. 1 and 2 deposits [3-5]. However, the No. 3 deposit is a newly discovered 
porphyry Cu-Au deposit, there is a lack of information concerning sources of metals. In this 
study, S and Pb isotopic data were obtained to constrain the sources of metals of No.3 deposit 
in Xiongcun district. 

2. GEOLOGICAL SETTING 

The Lhasa terrane, which can be divided into northern, central, and southern subterranes by the 
Shiquan River–Nam Tso Mélange Zone (SNMZ) and the Luobadui–Milashan Fault (LMF), is 
bounded to the north by the Banggong–Nujiang Suture Zone (BNSZ) and to the south by the 
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Yarlung–Zangbo Suture Zone (YZSZ, Fig. 1a). The Xiongcun district is located in the southern 
margin of the southern Lhasa subterrane. Three important deposits have been discovered in 
Xiongcun district, including No.1, No.2 and No.3 deposits. The Xiongcun district is 
structurally complex, containing Lower Jurassic to Eocene rock units (Fig. 1b). The Xiongcun 
Formation is exposed throughout the Xiongcun district, which consists of conglomerate, 
sandstone, siltstone, argillite, volcanic breccia, lava, and lesser limestone (165–195 Ma) [6]. 
Intrusive rocks include early Jurassic quartz diorite porphyry (171 Ma) [4], early–Middle 
Jurassic quartz diorite porphyry, Middle Jurassic quartz diorite (161–167 Ma) [4], late Jurassic 
granodiorite porphyry, diabase dykes (165 Ma), and Eocene biotite granodiorite, quartz diorite, 
granitic aplite dykes, and lamprophyre dykes. The F1 and F2 faults are the main structures in 
the Xiongcun district and they occur along the hangingwall and footwall of the No. 1 deposit. 
Other faults are post-mineralization structures and are distributed in bands, which are mainly 
NE-, N-, EW-, and NW-trending. The southern margin of the Xiongcun district has a developed 
EW-trending anticline (Fig. 1b). Constrained via Re–Os isotopic dating of molybdenite, the 
Xiongcun district includes two individual mineralization events, which are represented by the 
No. 1 (161.5 ± 2.7 Ma) and No. 2 deposit (172.6 ± 2.1 Ma). The No. 3 deposit is a newly 
discovered porphyry Cu–Au deposit. 
The spatial shape of the No. 3 deposit is entirely stratiform or stratoid. The No. 3 deposit is 
mainly hosted in the early Jurassic quartz diorite porphyry (Fig. 1b). Extensive hydrothermal 
alteration is observed in the No.3 deposit. Four types of alteration zones, which are the potassic, 
sodic-calcic, phyllic and prophylitic alteration zones were identified. The highest grade 
mineralization is associated with potassic alteration, rather than occurring in the transitional 
zone and outlying. The alteration comprises plentiful biotite and quartz, with variable 
concentrations of magnetite and minor K-feldspar. Sodic-calcic alteration is comprised of 
albite, actinolit, chlorite, epidote and quratz, with low to no sulfides, and overprints the 
mineralized potassic alteration. For phyllic alteration, quartz, sericite, and pyrite are the main 
alteration mineral assemblages with minor mineralization. This alteration event overprinted the 
potassic alteration. Propylitic alteration comprises chlorite, epidote, and quartz, calcite which 
mostly surrounds the deposit and is locally distributed within the deposit. The major types of 
the veins include quartz – sulfide veins, quartz – molybdenite – sulfide veins, magnetite – 
sulfide veins, biotite – sulfide veins, and chlorite – sulfide veins, pyrite veins, and chalcopyrite 
– pyrite veins, actinolite veins (Fig. 2). The quartz – sulfide veins and chlorite – sulfide veins 
are main mineralized vein types in the No.3 deposit. The ore minerals are mainly chalcopyrite 
and pyrite. The gangue minerals are mainly quartz, biotite, plagioclase, sericite, amphibole, 
chlorite and epidote. 

3. SAMPLING AND METHOD 

Selected samples in this study mainly originate from 3 diamond drill holes. Approximately 8 
sulfide samples in main mineralized veins and alteration zones were chosen for S and Pb 
isotope analyses. The sulfur and lead isotopic compositions of sulfide were measured at the 
Analytical Laboratory, Beijing Research Institute of Uranium Geology, using Finnigan MAT 
251 mass spectrometer and ISOPROBE-T Thermal Ionization Mass Spectrometer. The 
analytical precisions are higher than ± 0.2‰ for δS, and these values are reported relative to the 
PDB standard. The analytical precision for 208Pb/206Pb and 204Pb/206Pb are better than 
0.05‰. 
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Fig 1. Simplified geologic map of the Xiongcun district (modified after Tang et al [3]) 

4. RESULT 

The S and Pb isotopic compositions of the sulfides from the No.3 deposit measured are 
presented in Table 1. The δ34S values of pyrite range from -0.6‰ to 1.4‰, with an average 
value of -0.07‰. The δ34S values of chalcopyrite have a range from -1.3‰ to -0.4‰, with an 
average value of -0.85‰. The 206Pb/204Pb, 207Pb/204Pb, and 208Pb/204Pb ratios of the 
eight sulfides vary from 18.204 to 18.468, 15.549 to 15.593, and 38.213 to 38.441, averaging 
18.359, 15.567 and 38.351, respectively. The μ value varies from 9.37 to 9.45, with an average 
value of 9.40. 

 
Table 1. Sulfur and lead isotope compositions of ore sulfides from the No.3 deposit in 

Xiongcun district 

Sample No. Mineral δ34SV-CDT/‰ 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb μa
10346-222 Pyrite -0.6 18.468 15.578 38.352 9.41

10349-105.5 Pyrite -0.6 18.320 15.549 38.333 9.37
10346-240.2 Pyrite -0.2 18.374 15.568 38.404 9.40
10347-287.6 Pyrite -0.6 18.204 15.555 38.320 9.40
10346-402.4 Pyrite 1.4 18.367 15.593 38.213 9.45
10349-84.8 Pyrite 0.2 18.320 15.566 38.404 9.41

10349-105.5 Chalcopyrite -1.3 18.405 15.553 38.344 9.37
10346-240.2 Chalcopyritee -0.4 18.416 15.571 38.441 9.41

a μ= 238U/204Pb. 
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Fig 2. Photographs showing ore minerals, alteration and veins in the No.3 deposit in Xiongcun 

district: (a) strong potassic alteration in quartz diorite porphyry; (b-d) the major veins distribute 

in the potassic alteration; (e-f) pyrite and chalcopyrite in the veins and alteration zone. Pl = 

plagioclase, Cpy = chalcopyrite, Py = pyrite, QSV = quartz – sulfide veins, CPV = chlorite – 

sulfide veins, BSV = biotite – sulfide veins 

5. DISCUSSION 

Sulfur isotopes have been proven to be highly effective resources with which to establish the 
source of ore-forming metals [7]. The phenomenon that all of the δ34S values of pyrite are 
greater than those of chalcopyrite is consistent with the δ34S enrichment condition of 
δ34Spyrite>δ34Schalcopyrite at isotopic equilibrium, indicating that the S isotopes of pyrite 
and chalcopyrite had reached equilibrium [7]. The δ34S values of the eight sulfide samples 
vary from -1.3‰ to 1.4‰, with an average of -0.26‰. The δ34S histogram reveals a tower 
distribution and the δ34S values are close to 0‰ (Fig. 3), which suggests a magmatic source 
[8].  

 
Fig 3. Histogram of δ34S value from No.3 deposit in the Xiongcun district 
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Fig 4. Lead isotope diagrams of the ore sulfides from No.3 deposit in the Xiongcun district 

(modified after Zartman and Doe [7]). Indian ocean MORB are from Sun [9] and Indian ocean 

sediments from Edwards et al. [10]. 

 

The lead isotopic compositions of sulfides can provide constraints on the sources of 
ore-forming Pb and deposit genesis [11]. As shown in Fig. 4, all of the lead isotopic data points 
fall within the area between the mantle line and orogeny line, which may suggest that the lead 
was derived mainly from mantle mixed with a small component of subducted sediments. The 
results obtained are similar to those from No.1 and No.2 deposits in the Xiongcun district (Fig. 
4). Meanwhile, the high μ values (>9.58) reflect a crustal source for Pb sources [8]. The 
average μ value of the sulfides in the No.3 deposit is 9.40 (Table 1), showing that the lead was 
mainly derived from the mantle source. 

6. CONCLUSION 

The δ34S values of the ore sulfides indicate that sulfur originated from a magmatic source. The 
lead isotopic compositions of sulfide indicate that the ore-forming metals were mainly derived 
from the mantle, with little subducted sediments mixed. 
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