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Abstract The West Qingling Orogen is endowed with
more than 1100t gold resources and with 50 gold deposits,
ranking it the third-largest gold province in China. The
Jianchaling giant gold deposit with 52 t gold reserve is a
typical orogenic gold deposit in West Qinling Orogen. The
deposit lacks accurate and direct metallogenic age. Five
pyrite samples collected from the quartz-polymetallic veins
yielded Re–Os isochron age of 206.3± 2.7 Ma and an
initial 187Os/188Os ratio of 0.1154± 0.0016 (MSWD =
0.54). The pyrites were analyzed by the electron micro-

probe (EMPA), and the results show that the iron content
ranges from 45.1 to 47.8 wt.%, the sulfur content ranges
from 52.0 to 53.5 wt.%, and the gold content varies from
0.022 to 0.035%. The higher gold content means that gold
is closely related to pyrite, which is a gold-bearing mineral.
Moreover, the age is very close to the previous fuchsite
40Ar/39Ar isotopic ages of 199–194 Ma, which indicates
that the gold mineralization at Jianchaling has begun in the
Late Triassic (206 Ma), and continued into the Early
Jurassic. Through summary and comparison, it is found
that the gold metallogenic age of the southern ore belt of
the Mian-Lue Suture belt in the West Qinling is younger

than that of the northern ore belt, suggesting that the gold
deposits in the southern ore belt such as Jianchaling were
formed in the transitional period from oceanic subduction
to continental collision.

Keywords Jianchaling� Pyrite Re–Os� West Qinling�
Orogenic gold deposit

1 Introduction

The orogenic gold deposit is the most important gold
source in the world (Goldfarb et al. 2019). The precise
geochronological data can help us to establish a temporal
framework of events, which can provide a geologic inter-
pretation of mineralization. Direct determination of the
ages of hydrothermal deposits is normally hampered by the
lack of minerals that are suitable for conventional radio-
metric methods (Yang and Zhou 2002). Several isotopic
dating methods, such as sulphides Rb–Sr (Wang et al.
2018b), calcite/dolomite Sm–Nd (Liu et al. 2014; Wang
et al. 2020), sericite/fuchsite40Ar39/Ar (Lin et al. 2017;
Yue et al. 2017; Wang et al. 2020; Yu et al. 2020a, b), and
hydrothermal rutile and monazite U–Pb (Doyle et al. 2015;
Deng et al. 2020; Feng et al. 2020; Qiu et al. 2020; Liu
et al. 2021) have been applied. However, these methods are
used to determine the age of gold mineralization indirectly.
In other words, the crystallization of these hydrothermal
minerals often has a time lag with gold precipitation. It is
obvious that these hydrothermal minerals may represent
hydrothermal activity but are not exactly coeval to gold
deposition. Yue et al. (2017) conducted40Ar/39Ar dating of
hydrothermal fuchsite that collected from the Jianchaling
gold deposit and obtained the mineralization age between
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199 and 194 Ma, which is far from the 144 Ma obtained by
the K–Ar method of fuchsite that collected from the same
deposit (Huang and Ran 1996).

The age of most carlin and carlin-like gold deposits in
the West Qinling Orogen concentrates at the end of the
Triassic to the beginning of the Jurassic (described later).
However, the ore-forming age of Jianchaling is more than
10 Ma later than that of the Huachanggou orogenic gold
deposit (212–209 Ma, Lin et al., 2017). Moreover, the
Jianchaling deposit and the Huachanggou deposit are very
close in location (Fig. 1c). The Jianchaling gold deposit is
located on the south side of the Mianlue Suture, and its
geotectonic location is very special. Determination of its
metallogenic age is not only indicative of the �ne
description of the metallogenic structure of the deposit but
also indicative of the gold metallogenesis in the West
Qinling Orogen.

Re and Os belong to chalcophile and ferrophilic ele-
ments (Zhao and Zhang 1988; Li et al. 2018), which tend to
be concentrated in the Earth core and sulphide minerals.
Re–Os geochronometer is the most direct and effective

method to data the metallogenic age and trace the source of
ore-forming materials for metallic sulphide deposits
(Lawley et al. 2013; Zhao et al. 2013; Zhu and Sun 2013).
Re–Os isotope of molybdenite can be used for dating,
which has been widely used in porphyry deposits (Zhong
et al. 2014; Mi et al. 2015; Tessalina and Plotinskaya 2017;
Wang et al. 2018a; Pollard et al. 2021). With the increasing
accuracy of testing, the chalcopyrite or pyrite are also can
be used for Re–Os dating at a variety of hydrothermal
systems, e.g., VMS (Deng et al. 2016; Pirajno et al. 2016),
porphyry (Cardon et al. 2008; Liu et al. 2012; Zhang et al.
2016; Meng et al. 2018), skarn (Deng et al. 2017),
epithermal (Kirk et al. 2014), sediment-hosted Cu–Au
(Selby et al. 2009; Huang et al. 2013), IOCG (Zhao et al.
2013; Zhu and Sun 2013; Song and Song 2015; Barra et al.
2017) and orogenic Au deposits (Lawley et al. 2013; Ding
et al. 2016; Zhang et al. 2017). Thus, the Re-Os dating of
pyrite provides an opportunity to accurately constrain the
age of gold mineralization in the Jianchaling Au deposit.

The pyrite is a gold-bearing mineral in the Jianchaling
Au deposit, Western Qinling Orogen and thus formed

Fig. 1 Maps of the:a tectonic framework of China, showing the location of the Qinling Orogen;b tectonic subdivision of the Qinling Orogen,
showing the location of the Mianxian-Lueyang-Yangpingguan area (modi�ed after Chen 2010); andc regional geology and location of the Au
deposits in the Mianxian-Lueyang-Yangpingguan area, showing the location of the Jianchaling Au deposit (after Yue et al. 2013)
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and the authors concluded that Jianchaling is an orogenic
gold deposit. The formation characteristics of the

Jianchaling gold deposit are very similar to those of the
Lijiagou gold deposit in the MLY in terms of wall rock,

(a) (b)

(c) (d)

Fig. 4 Samples characteristics from the Jianchaling Au deposit.a sample hjy-19, dissiminated ores cut by comb-like quartz? calcite? fer-
ricalcite;b sample 780-50-8, dissiminated ores cut by comb-like quartz? calcite? realgar? orpiment veinlets;c the disseminated pyrite from
sample hjy18 andd sample 800-52-3

Table 1 Pyrites content
analyzed by EMPA from the
Jianchaling gold deposit (wt.%)

Element/point No 1 2 3 4 5 6 7

Fe 45.1 46.7 47. 5 47.8 47.6 47.5 47.1

Ni 1.54 – 0.06 – 0.034 0.21 0.59

S 52.7 53.5 52.4 52.0 53.0 52.1 52.8

Au 0.024 0.023 0.031 0.022 0.035 0.03 0.035

Se 0.006 – – – 0.007 – 0.022

As – 0.027 – – 0.013 0.087 0.019

Cu 0.017 0.018 – 0.015 0.031 – –

Co 0.077 0.033 0.037 0.100 0.098 0.101 0.061

Pb 0.032 0.095 0.128 0.186 0.07 0.102 0.176

Total 99.5 100.4 100.1 100.2 100.8 100.1 100.8

‘‘–’’ below the detection limit

Table 2 Re–Os isotope data for
pyrite from the Jianchaling gold
deposit

Sample No weight(g) Re (ppb) 2r Os (ppb) 2r 187Os/188Os 2r 187Re/188Os 2r

hjy-18 1.30 15.8 0.10 10.5 0.206 0.1413 0.0002 7.0 0

hjy-19 1.00 15.9 0.12 0.62 0.001 0.5645 0.0008 131 1

780-50-8 3.90 36.9 0.41 1.39 0.002 0.5849 0.0007 136 2

800-53-1 1.20 6.87 0.10 9.87 0.245 0.1262 0.0003 3.0 0

800-52-3 1.50 15.2 0.08 11.8 0.204 0.1370 0.0002 6.0 0
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