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The Jiapigou gold belt is located on the northern margin of the North China Craton, and is one of the
most important gold-mining and production regions in the circum-Paciﬁc metallogenic zone. Research
has been conducted in this area since the 1960s, however, the timing of the gold mineralisation is still
unresolved, and an ideal metallogenic model has not been well established. To address these questions, a
systematic geological, geochemical and geochronological investigation was conducted. The study revealed
that (i) the gold-bearing quartz veins can be divided into two groups, earlier and later gold-bearing
quartz veins according to their occurrence and the geochemical characteristics, (ii) the geochemical
characteristics of the ore bodies, while similar to granite, are clearly diﬀerent from the altered rock, and
(iii) the geochemical characteristics of the later gold-bearing quartz veins have more similarity to the
altered rock than the earlier gold-bearing quartz veins do. Therefore, we conclude that two independent
stages of metallogenesis within the Jiapigou gold deposit area are related to magmatic activity in the
Palaeoproterozoic and the Yanshanian stage of the Mesozoic, that the ore-forming ﬂuids are mainly
of magmatic origin, and that magma contamination by the altered rock was stronger in the Mesozoic.
Zircon LA–ICP–MS U–Pb data show that the age of the Palaeoproterozoic granite is ∼2426.0 Ma and
that of the Mesozoic granite is ∼166.2 Ma; these ages can be interpreted as the maximum ages of the
two periods of gold mineralisation. In addition to investigating the geotectonic and regional structure
of the Jiapigou gold belt, this study also proposes that the WNW-trending zone of gold mineralisation
is a result of a magmatic event within the basement in the early Palaeoproterozoic, and that largescale sinistral strike-slip displacements of the Huifahe and Liangjiang Faults in the late Middle Triassic
(Yanshanian epoch) controlled the later tectono-magmatic event and the NNE–ENE-trending zone of
gold mineralisation.
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1. Introduction

Rare earth elements (REE) are important geochemical indicators that can be used to reveal the
origin of ore-forming materials and ﬂuids, determine the age of rocks and ores (Schwinn and Markl
2005; Jackson et al. 2007), trace the evolution of
hydrothermal systems, constrain the conditions of
wall-rock alteration and ore formation, and evaluate the genesis of ore deposits (Henderson 1984;
Kessel et al. 2005; Suayip 2010). Because REE concentrations and patterns are directly linked to the
source of the metal, the physico-chemical character of the hydrothermal ﬂuid that carries the REE
and the geochemical ambience of metal traps, also
might indirectly indicate diﬀerent epochs of the
mineralisation (Deng et al. 2008; Reezaee et al.
2009; Ma et al. 2010; Anand and Balakrishnan
2011).
The Jiapigou gold belt in Jilin Province, northeast China, has been an important area of gold
mining and production for more than 190 years.
The region produces about 1500 kg of gold per
year and currently has more than 100 ton of gold
reserves. A large volume of geological research
has been conducted in this area since the 1960s,
but little has been published in the international
literature, and most of the studies have focused
on the mineralogy, petrology, geochemistry, orecontrolling structures, and geochronology of gold
mineralisation and ﬂuid evolution (Sun et al. 1996;
Shen et al. 1999; Miao et al. 2005; Deng et al.
2009). However, the timing and genetic model
of the gold mineralisation are still controversial,
due to disputes about the origin and age of the
ore-forming ﬂuids. The proposed timing of the
gold mineralisation ranges from late Archaean to
Jurassic depending upon diﬀerent rock types and
radiogenic isotopic dating methods used (Wang
1994; Sun 1995; Cheng et al. 1996; Sun and Feng
1997; Dong et al. 1999; Shen et al. 1999; Luo et al.
2002). Several geochronological methods have been
adopted and several rock types have been analyzed
including: Rb–Sr dating of igneous rocks (granite,
granodiorite, and granite porphyry), K–Ar dating
and SHRIMP U–Pb dating of metamorphic rocks
(amphibolites and gneiss), and Ar–Ar dating of
early and late phase quartz veins. Regarding the
genetic model for the gold deposits, Shen et al.
(1999) and Cheng et al. (1996) considered the gold
deposits to be a typical late-Archaean greenstone
lode-gold type deposit, while Sun and Feng (1997)
considered the deposits to be related to Yanshannian magmatism. Sun (2003), Zhao et al. (2006)
and Xie et al. (2008) proposed a multistage evolutionary model based on geochronological data,
and Goldfarb et al. (1998) interpreted the Jiapigou
gold deposits as orogenic gold deposits related to

North China craton-marginal Phanerozoic orogenic
events.
To conﬁrm the metallogenic epoch of the
Jiapigou gold deposits, we attempt to reveal the
origin of the ore-forming materials and ﬂuids by
analysing the characteristics of the REE of the ore
body, granite and amphibolite that are most relevant to the mineralisation and by investigating the
characteristics of ﬂuid inclusions. We then attempt
to determine the stage and epoch of mineralisation
using LA–ICP–MS U–Pb dating of zircons in the
granite, to develop a genetic model of the Jiapigou
gold belt.

2. Geological setting
2.1 Regional geology
The Jiapigou gold belt is situated in the Jiapigou
shear zone (fault) in the northeastern wedge of the
North China Craton (NCC). The tectonic evolution of the region is closely related to the Siberian
Plate to the north, the Yangtze Craton to the south
and the Paciﬁc Plate to the east. In this region,
the NCC is also known as the Longgang high-grade
terrane, which is separated from the central Asian
orogenic belt (CAOB) by the Huifahe and Jiapigou
Faults to the north and the east, respectively
(ﬁgure 1a, b). The Huifahe fault represents a
branch of the deep-seated Tan-Lu Fault, which is
mostly covered by Cenozoic sediments and basalts
and is locally intruded by Mesozoic granites.
The WNW-trending Jiapigou Fault is intruded
by Phanaerozoic and Mesozoic granites and is
truncated by the Huifahe Fault to the northwest
and the Liangjiang Fault to the southeast.
This fault has experienced at least two stages
of deformation, including early ductile shearing and late brittle deformation (Sun 1995).
Rocks in the Longgang high-grade terrane comprise grey gneisses that are mainly composed
of NeoArchaean–Palaeoproterozoic trondhjemitetonalite-granodiorite (TTG) rocks that have been
subjected to granulite-facies and amphibolitefacies metamorphism. These gneisses have a wholerock Rb–Sr isochron age of 2971 Ma (Cheng et al.
1996) and zircon U–Pb ages of 2491 Ma (Shen
et al. 1999). The eastern part of the Jiapigou gold
belt is the Jiapigou granite-greenstone belt. After
cratonisation of the Archaean terrain, these rocks
have been subjected to multiple periods of tectonomagmatism, including the Variscan, Indo-Chinese
and Yanshan epochs. These events strongly inﬂuenced the greenstone belt and formed a large
amount of crust-derived anatectic granites and
intermediate to acidic dikes in the study areas. The
granitoids cover more than 65% of the entire gold
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Figure 1. Geologic map of the Jiapigou gold ore belt, northeastern China. (a) Simpliﬁed map showing the location of the
Jiapigou gold belt within the regional tectonic framework of northeast China. (b) Simpliﬁed map showing the major regional
faults and location of the Jiapigou gold belt. (c) General geologic map of the Jiapigou gold belt, showing the distribution of
the stratigraphic units and the major gold deposits (IMOB, NCC and QDSO represent the Inner Mongolian–Daxinganling
orogenic belt, North China Craton and Qinling–Dabie–Sulu orogen respectively. The numbers represent samples 1: JP18,
2: JP46, 3: JP68-1, 4: JP87, 5: JP16, 6: JP20, 7: JP4-1, 8: 3DC03, 9: BG21, 10: JL6D, 11: JP42, 12: JP85-1, 13: SDC5D,
14: 4DC11D, 15: EDG01, 16: JP44-1, 17: HG01, 18: XXT01, 19: BJZ06, 20: XXT05, 21: JP71).

belt, while the greenstone cover less than 35% of
the region.

2.2 Deposit geology
More than 20 gold deposits and 100 occurrences have been delineated in the Jiapigou area
(ﬁgure 1c). Of these, the Lishan, Erdaogou
(ﬁgure 2), Bajiazi, Sidaocha, Sandaocha, Beigou
and Banmiaozi ore deposits are the largest. The
ore deposits can be divided into gold-bearing
quartz vein types (ﬁgure 3a) and disseminated ore
types (ores with gold-bearing disseminated quartz)
(ﬁgure 3b) (Liu et al. 2003), as well as altered rock
types (ﬁgure 3c) that were recently discovered during our ﬁeld work. Quartz veins are the dominant
ore type, accounting more than 85% of the total
gold reserve and production of the region. Nearly
all the gold deposits and prospects are conﬁned
to a 40 km long, 4–10 km wide, WNW-trending
belt called the Jiapigou ductile shear zone, which is

located between the TTG terrane and the granitic
province. These deposits are controlled by the
shear zone and its related structural features. Additional gold mineralisation has also been detected
in intensely foliated rocks. Ore deposits near the
WNW-trending main Jiapigou shear zone, such as
the Banmiaozi, Laoniugou, Xiaobeigou, Miaoling
and Erdaogou deposits, are WNW-trending, while
the ore deposits far from the main shear zone, such
as the Sandaocha, Sidaocha, Lishan and Bajiazi
deposits, trend NNE or NE–ENE.
Most of the quartz veins in all the deposits
dip from 40◦ to 80◦ WNW or NNE–ENE, and
individual veins are generally 100–300 m (max.
730 m) long, 0.5–1.5 m (max. 17 m) wide
(ﬁgure 2a) and 500–1200 m deep (ﬁgure 2b). Most
of them are not exposed at the surface but are
extensive underground. The gold belt is characterised by a large variety and complex distribution of magmatic dikes and rock types, such as
quartz diorite, granodiorite, granite, granodioriteporphyry, granite-aplite, granite porphyry, felsite,
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diabase, and lamprophyre, in addition to a large
occurrence of gold bearing and barren quartz veins.
Most of the dikes have similar attitudes and are
associated with, or have a symbiotic relationship
with the quartz veins (ﬁgure 4). Field observations conﬁrm that the quartz veins are cut by the
granodiorite dikes (ﬁgures 2b, 4), and these dikes
formed later than or coeval with the gold mineralisation. The wall rock is dominated by the regional
metamorphic rocks that are mainly composed
of amphibolite and hornblende gneiss, which are
the result of Archaean granulite to amphibolitesfacies metamorphism of the trondhjemite-tonalitegranodiorite (TTG) rocks.
Alteration in the Jiapigou gold deposits is generally restricted to the mylonitised zones and mainly
includes K-feldspathisation, siliciﬁcation, phyllic
alteration, pyritisation, chloritisation, epidotisation, carbonisation and tourmalinisation. Both
horizontal and vertical alteration zonations can
clearly be observed (ﬁgure 3d). The mineralisation
type and intensity, however, may vary based on the
location and lithology of the host rocks.
According to the paragenetic sequences and
the crosscutting relationships of the lodes, four
stages of gold mineralisation occurred in this area,
including stage I (pyrite-quartz veins), stage II

(quartz-pyrite), stage III (polymetallic), and stage
IV (quartz-calcite). Stage I formed the main body
of quartz veins, while stages II and III were the
main stages of gold enrichment.

2.3 Petrology and mineralogy
2.3.1 Gold-bearing quartz veins
The gold-bearing quartz veins in the mineralised
areas are white to greyish-white and have similar metallic and gangue mineral compositions as
the disseminated ores. Metallic minerals, accounting for <10 vol.% of the ores, include pyrite, chalcopyrite, galena, sphalerite (ﬁgure 3e), pyrrhotite
magnetite, haematite, native gold, electrum and
calaverite. The gangue minerals are dominated by
quartz and feldspar, with minor sericite, chlorite,
calcite, epidote (ﬁgure 3f), apatite, ankerite, and
barite. Pyrite is the major carrier of gold minerals and occurs as automorphic–hypautomorphic
granular textures (ﬁgure 3g) in the deposits
near the Jiapigou shear zone; occurrences in the
deposits away from the shear zone are mainly
hypautomorphic–xenomorphic (ﬁgure 3h) with few
automorphic granular textures.

Figure 2. (a) Geologic map of a representative gold deposit (Erdaogou deposit) and (b) cross section along line A–B in (a)
(after Miao et al. 2005).
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Figure 3. Photographs showing mineralisation characteristics of the Jiapigou gold belt, China (e, f, g and h are orthogonal
polarisation photomicrographs). (a) Mineralised type of quartz vein; (b) mineralised type of disseminated ore (gold-bearing
disseminated quartz); (c) mineralised type of alteration; (d) contact relationship of diﬀerent alteration zones; (e) metallic
minerals; (f) gangue minerals; (g) pyrite with euhedral-granular texture; (h) pyrite with xenomorphic and cataclastic
structure; Py – pyrite, Sp – sphalerite, Cc – calcite, Ch – chlorite, Q – quartz.
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Figure 4. Sketch map showing the relationship among dikes, quartz veins and alteration zones in the Jiapigou gold belt
(not to scale) ((a) Lishan deposit, (b) Sandaocha deposit, (c) Bajiazi deposit, and (d) Laoniugou deposit).

2.3.2 Granite
Samples of the Palaeoproterozoic granite are
greyish-white to dark grey. Potassium feldspar
(45%), plagioclase (20%), quartz (30%) and biotite
(5%) are the major mineral components observed
under the microscope; titanite, apatite, and magnetite are the minor minerals, and epidote and zircon are accessory minerals. In general, the granites
are characterised by granoblastic textures.
Greyish-white to ﬂesh red Mesozoic granite
occurs as plutons along the northern portion of
the WNW-trending Jiapigou Fault. Microscopic
analyses revealed that plagioclase (45%), potassium feldspar (25%), quartz (20%) and biotite (5%)
are the major mineral components and that the
granites have porphyritic or gneissic textures.

2.3.3 Amphibolite
Wall-rock-amphibolites make up the subordinate
rocks in the study area. The amphibolites are distributed in irregular shapes, such as islands or

bands, due to the inﬂuence of dynamic compression. Samples are fulvous, and the major minerals include hornblende (65%), plagioclase (25%),
quartz (<10%) and chlorite (secondary mineral of
hornblende), while minor minerals include apatite,
titanite and magnetite. Crystalloblastic textures
and massive structures are the main petrologic
features of the amphibolites.
3. Sample collection and analytical methods
3.1 Sampling
Granite and metamorphic rocks occur widely
within the Jiapigou gold belt. Fracture networks
are generally observed near the contact between
the granite and the metamorphic rock, and are
preferentially intruded by ore-forming ﬂuid, forming high grade gold-bearing quartz veins. The ores,
granites and amphibolite are parallel or interweave with each other. A total of 21 samples were
collected from diﬀerent ore bodies, granite plutons and metamorphic wall rocks (amphibolite) in
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several of the largest ore deposits along the
Jiapigou gold belt. To ensure that the rocks were
not subject to weathering, all samples were collected from underground tunnels. The detailed
sample surface locations are shown in ﬁgure 1.
All 21 samples were analysed for REE concentrations using ICP-MS. Two granite samples
were analysed for U–Pb dating by LA–ICP–MS,
and all quartz vein samples were studied for ﬂuid
inclusion characteristics. The names and classiﬁcations of the samples are as follows: four Palaeoproterozoic granite samples (JP18, JP46, JP68-1 and
JP87), three Mesozoic granite samples (JP16, JP20
and JP4-1), seven wall-rock-amphibolite samples
(3DC03, BG21, JL6D, JP42, JP85-1, SDC5D and
4DC11D), and seven gold-bearing quartz vein
samples (EDG01, JP44-1, HG01, XXT01, BJZ06,
XXT05 and JP71).

3.2 Rare earth element analysis
REE geochemical analyses were conducted at the
Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences.
Whole rock samples were crushed in a corundum
jaw crusher (to 60 mesh). About 60 g was powdered in an agate ring mill to less than 200 mesh.
The samples were then digested by HF + HNO3
in Teﬂon bombs and analysed with an Agilent 7500a ICP-MS. The detailed sample-digesting
procedure for the ICP-MS analyses of REEs was
the same as described by Liu et al. (2008), and the
analytical precision and accuracy was 0.1 mg/kg.
The 15 REEs comprise La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y.
Chondritic values by Herrmann et al. (1971) were
used for normalisation and modiﬁed for REE
analysis.

3.3 Geochronological analysis
Zircons for LA–ICP–MS U–Pb dating were separated from samples JP20 and JP87. The zircon
separation was carried out ﬁrst by conventional
magnetic and density techniques for the concentration of non-magnetic heavy fractions. Representative zircon grains were then picked out under a
binocular microscope. The zircons were mounted
on an epoxy mount and polished down to half
section. The morphology and internal structures
were recorded in transmitted and reﬂected light
and in cathodoluminescence (CL) images to guide
the LA–ICP–MS analysis. The CL imaging was
carried out using a scanning electron microscope
at the Chinese Academy of Geological Sciences,
Beijing, China. The zircon LA–ICP–MS U–Pb
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analyses were performed on an Agilent 7500a ICPMS with a Geolas 2005 laser ablation sampler at
the State Key Laboratory of Geological Processes
and Mineral Resources, China University of Geosciences, Wuhan. Helium was applied as a carrier gas. Argon was used as the make-up gas and
was mixed with the carrier gas via a T-connector
before entering the ICP. Nitrogen was added to the
central gas ﬂow (Ar + He) of the Ar plasma to
decrease the detection limit and improve precision.
Each analysis incorporated a background acquisition of approximately 20–30 s (gas blank) followed
by 50 s of data acquisition from the sample. Oﬀ-line
selection and integration of background and analyte signals, and time-drift correction and quantitative calibration for the U–Pb dating were performed using ICPMSDataCal (Liu et al. 2010).
Zircon 91500 was used as the external standard for
the U–Pb dating and was analysed twice every ﬁve
analyses. Time-dependent drifts of the U–Th–Pb
isotopic ratios were corrected using a linear interpolation (with time) for every ﬁve analyses according to the variations of 91500 (i.e., 2 zircon 91500 +
5 samples + 2 zircon 91500) (Liu et al. 2010). The
preferred U–Th–Pb isotopic ratios used for zircon
91500 are from Wiedenbeck et al. (1995). Concordia diagrams and weighted mean calculations were
made using Isoplot/Ex-ver3 (Ludwig 2003).
3.4 Fluid inclusion analysis
The microthermometric study was carried out in
the State Key Laboratory of Geological Processes
and Mineral Resources, China University of Geosciences. Microthermometric determinations were
made on doubly polished thin sections (about
100 μm thick) using a LINKAM THMSG600
heating–freezing stage. The heating/freezing rate
was generally 0.2–5◦ C/min, but was reduced to
less than 0.2◦ C/min near the phase transformation. The heating–freezing stage was calibrated
using the standard of synthetic ﬂuid inclusions
produced by America FLUIDINC. Temperature
errors are estimated at ±0.5◦ C between −120◦ C
and −70◦ C and ±0.2◦ C between −70◦ C and 500◦ C.
The salinities were expressed as wt.% NaCl equivalent, and were calculated according to the freezing
temperature and the equation provided by Bodnar
(1993).
4. Results
4.1 REE characteristics
The measured REE concentrations are listed in
table 1 and the chondrite-normalised curves are
shown in ﬁgure 5.
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0.44
1.11
0.21
1.07
0.18
0.5
0.07
0.46
0.07
5.8
27.79
24.11
3.68
6.55
9.73
1.22
0.78

32.78
62.7
7.75
27.7
4.97
1.07
3.77
0.56
2.53
0.48
1.4
0.22
1.41
0.23
13.58
147.6
137
10.6
12.92
16.71
0.72
0.93

29.11
53.25
6.75
25.2
4.79
0.86
3.43
0.41
1.37
0.2
0.55
0.07
0.45
0.07
5.96
126.5
120
6.55
18.32
46.71
0.61
0.9

11.44
18.73
2.41
8.66
1.57
0.4
1.33
0.2
0.9
0.16
0.45
0.07
0.4
0.07
4.79
46.78
43.21
3.56
12.12
20.72
0.82
0.83
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0.15
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36.94
67.36
7.73
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1.24
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0.48
1.41
0.22
1.45
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30.49
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2.56
0.34
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0.24
0.63
0.09
0.54
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90.95
84.96
6
14.16
24.32
0.96
0.95

13.86
29.37
3.86
14.96
2.54
0.77
1.91
0.26
1.1
0.18
0.46
0.06
0.4
0.05
5.53
69.78
65.36
4.42
14.78
24.85
1.02
0.97

34.56
84.11
11.34
49.48
10.67
3.34
10.26
1.72
9.08
1.69
4.28
0.64
3.74
0.51
40.5
225.4
193.5
31.92
6.06
6.63
0.96
1.04

21.61
48.32
6.49
27.86
5.66
1.34
5.03
0.79
4.13
0.78
2.04
0.3
1.87
0.28
19.3
126.5
111.3
15.23
7.3
8.29
0.75
0.99

33.7
70.58
7.79
30
5.24
1.34
4.57
0.69
3.53
0.68
1.93
0.3
1.98
0.29
18.71
162.6
148.7
13.98
10.64
12.21
0.82
1.03

12.11
17.71
1.57
4.85
0.62
0.83
0.54
0.06
0.33
0.07
0.2
0.03
0.22
0.04
2.48
39.18
37.69
1.49
25.27
39.49
4.28
0.86

3.51
7.19
1
4.33
1.11
0.77
1.25
0.25
1.39
0.26
0.64
0.09
0.54
0.07
7.62
22.4
17.9
4.49
3.99
4.66
1.99
0.93

47.09
105.3
14.47
64.53
12.56
5.87
10.79
1.54
7.06
1.19
2.82
0.36
2.01
0.27
29.96
275.9
249.8
26.04
9.59
16.8
1.5
0.98

7.64
13.1
1.32
4.16
0.59
1.04
0.47
0.06
0.29
0.05
0.16
0.03
0.19
0.04
2.33
29.15
27.85
1.3
21.45
28.86
5.79
0.93

34.43
60.29
7.25
25.45
4.85
1.5
4.35
0.74
3.68
0.66
1.79
0.27
1.62
0.26
18.72
147.2
133.8
13.38
10
15.26
0.98
0.89

Amphibolite

La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Y
ΣREE
LREE
HREE
LREE/HREE
LaN /YbN
δEu
δCe

Granite

EDG01 XXT01 BJZ06 XXT05 JP44-1 HG01 JP71 JP18 JP46 JP68-1 JP87 JP16 JP20 JP4-1 3DC03 BG21 JL6D JP42 JP85-1 SDC5D 4DC11D

Ore

Samples

Code

Table 1. REE concentration of gold-bearing quartz vein, granite and amphibolite in the Jiapigou gold belt, China (ppm).
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Figure 5. Chondrite normalised REE distribution patterns
for (a) gold-bearing quartz veins, (b) granites and (c)
amphibolites from the Jiapigou gold belt.
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group-II, based on the attitude of the quartz
veins. Group-I veins are oriented WNW and represented by sample EDG01, JP44-1, and HG01,
while group-II veins are oriented NNE–ENE and
represented by samples XXT01, BJZ06, XXT05
and JP71. The ΣREE values of group-I are greater
than 100 ppm and range between 126.50 and
147.57 ppm, whereas group-II has ΣREE values
less than 100 ppm, ranging between 19.12 and
88.51 ppm. The REE concentrations of group-I
are thus 2–7 times higher than those of groupII. Accordingly, the ΣLREE (119.96–136.97 ppm)
and ΣHREE (6.55–13.38 ppm) concentrations of
group-I are generally higher than those of groupII (ΣLREE = 17.92–78.86 ppm, ΣHREE = 1.20–
9.65 ppm), though the two groups overlap slightly.
Furthermore, all samples in group-I show a distinctive negative Eu anomaly, while samples in groupII show a low negative or positive Eu anomaly; the
average δEu (The Eu anomaly is expressed in this
contribution as δEu = EuN /(SmN *GdN )1/2 and Ce
anomaly is expressed as δCe = CeN /(LaN *PrN )1/2 .)
values are 0.77 and 0.99 for group-I and groupII, respectively. These data show that the REE
characteristics of the two groups are diﬀerent to
some extent. The REE concentrations of the samples depend heavily on the mineral composition,
the temperature and pressure of mineralisation
(Curtis and Schmitt 1979; Srinivasan et al. 1997)
and the characteristics of the ore-forming ﬂuids.
As mentioned above, all the gold-bearing quartz
veins found in the mineralised areas have similar
mineralogical compositions. As shown in ﬁgure 6
and table 1, the chondrite-normalised REE distribution patterns of all the samples belong to the
LREE-enrichment type, and the two groups have
LREE/HREE ratios that vary between 10.00–18.32
and 6.55–14.93, respectively, showing no signiﬁcant
fractionation in variations. This indicates that the
two groups had a similar evolution process but
originated from diﬀerent sources.

4.1.2 Granite
4.1.1 Gold-bearing quartz veins
Samples EDG01, JP44-1, HG01, XXT01, BJZ06,
XXT05 and JP71 were collected from six diﬀerent
ore deposits in the Jiapigou gold belt. Although
table 1 and ﬁgure 5(a) show high variations of
ΣREE, the HREE concentrations diﬀer only in a
relatively narrow range for the ore body; ΣREE =
19.12–147.57 ppm, ΣLREE = 17.92–136.97 ppm,
ΣHREE = 1.20–13.38 ppm and LREE/HREE =
6.55–18.32. The ore-bearing quartz vein samples
could be divided into two groups, group-I and

Granite samples were collected from diﬀerent
plutons of the Jiapigou gold belt to ensure characteristic REE representations of the Palaeoproterozoic granite and Mesozoic granite. Samples
JP18, JP46, JP68-1 and JP87 were collected from
Palaeoproterozoic granite and samples JP16, JP20
and JP4-1 were collected from Mesozoic granite.
The ΣREE, ΣLREE and ΣHREE values of these
granites are 69.78–157.32, 65.36–146.70 and 4.42–
10.62 ppm, respectively (table 1 and ﬁgure 5b).
The LREE/HREE values range between 11.51 and
16.73. The δEu values are 0.87–1.09, with an average of 0.97, and do not have a pronounced negative
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Figure 6. Representative cathodoluminescence (CL) images showing the morphology and internal textures of zircons from
granite in the Jiapigou gold belt. CL images of zircons from (a) sample JP87 and (b) sample JP20. Descriptions of zircons
are included in the text.

Eu anomaly. The δCe ranges between 0.81 and 0.99
and averages 0.92 with a low negative Ce anomaly.
In comparison, the REE, LREE and HREE
concentrations of the Palaeoproterozoic granite
are higher than those of the Mesozoic granite.
The REE concentrations in the Palaeoproterozoic
granites range from 103.2 to 157.32 ppm (much
higher than 100 ppm), the LREE concentrations
are 94.96–146.70 ppm, and the HREE concentrations are 8.03–10.62 ppm. The REE concentrations in the Mesozoic granites are below 100 ppm
(ΣREE = 69.78–90.95 ppm), while the LREE concentrations range between 65.36 and 84.96 ppm,
and the HREE concentrations are between 4.42
and 6.00 ppm. These data clearly show that the
REE, LREE and HREE concentrations of the
Palaeoproterozoic granite and the Mesozoic granite diﬀer greatly. The samples from the Mesozoic
granite are characterised by higher LREE/HREE
values and the highest LaN /YbN values (24.32–
35.9), reﬂecting strong fractionation between the
LREE and HREE and depletion of the HREE. The
REE patterns of the samples from the Palaeoproterozoic granite plutons show that they are right
oblique types, rich in LREE while ﬂat in HREE
pattern, representing strong fractionation of LREE
but only slight fractionation of HREE.

LaN /YbN = 4.66–39.49, reﬂecting lower fractionation than the granite and the ore bearing quartz
veins (table 1 and ﬁgure 5c). The δEu = 0.75–
5.79 with an average value of 2.30, showing distinctive positive Eu anomalies in samples JP42, JP851, SDC5D and 4DC11D, while samples 3DC03,
BG21 and JL6D have slight negative Eu anomalies.
The chondrite-normalised curves also have diﬀerent ranges of ΣREE values, fractionation of LREE
and HREE, and Eu anomalies. REE is not aﬀected
and migrated in the process of metamorphism; the
REE characteristics mainly depend on the primary
rock (Cullers et al. 1974; Lewis et al. 1998). The
primary rock formations of the gold belt amphibolites composite are a combination of TTG rocks
and tholeiite (Sun et al. 1996). Thus, the diversiﬁcation of the REE characteristic in wall-rocks
is reasonable. However, all the REE models display a negative slope, indicating a typical LREEenrichment type and no visible fractionation of the
HREE.
4.2 Zircon U–Pb geochronology
The U–Pb isotope compositions of zircons from
sample JP87 and JP20 are presented in table 2,
and the CL images and concordant diagrams are
shown in ﬁgures 6–8.

4.1.3 Wall rock (amphibolite)
Samples 3DC03, BG21, JL6D, JP42, JP85-1,
SDC5D and 4DC11D were collected in or near
the contact zone of ore bearing quartz veins
and amphibolites. The REE concentrations are as
follows: ΣREE = 22.40–275.86 ppm, ΣLREE =
17.90–249.82 ppm, and ΣHREE = 1.30–31.92
ppm. The LREE/HREE ratio is 3.99–21.45 and

4.2.1 Sample JP87
This sample is composed of Palaeoproterozoic
granite collected from 400 m underground in the
Sandaocha deposit. The zircon grains used for
the LA–ICP–MS U–Pb analyses are mostly euhedral, transparent to semi-transparent, light brown
or colourless, generally 100–200 μm (some up to
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200 μm) in length, and having length/width ratio
close to 1. Most of the zircon grains are rounded
and fractured. The CL images indicate some inherited cores. In addition, some zircon grains have
recrystallisation or overgrowth rims. A total of 13
analyses were conducted on 11 grains. U–Pb isotope compositions for zircons from this sample are
presented in table 2 and in a Concordia diagram
(ﬁgure 7). Uranium concentration ranges from
92.73 to 248.72 ppm, and Th ranges from 98.66 to
182.63 ppm. The Th/U ratio is variable from 1.05
to 2.30, much greater than 0.1, and is consistent
with an igneous origin. As shown in ﬁgure 7, all
13 spots are concentrated in a small area on the
Concordia curve and the 206 Pb/238 U ages cluster in
the range of 2461–2418 Ma, yielding a weighted
average age of 2426.0 Ma (MSWD = 0.33). The
ages of these zircons can be interpreted to represent the crystallisation age of the Palaeoproterozoic
granite.
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4.2.2 Sample JP20

PbT
ppm
Sample
number

Table 2. U–Pb dating results for zircons from Palaeoproterozoic granite and Mesozoic granite in Jiapigou gold belt, China.

Metallogenic epoch of the Jiapigou gold belt, Jilin Province, China

Sample JP20 is comprised of Mesozoic granite collected from the Huangniling pluton (42◦ 52.211 N;
127◦ 33.342 E). The zircon grains from this sample are mostly euhedral, transparent to semitransparent, light brown or colourless, generally
50–300 μm in length, and have length/width ratio
ranging between 2:1 and 10:1. Most of the zircon grains have ﬁne prismatic shapes with abraded
pyramids. The CL images indicate some inherited
cores. Concentric oscillatory zoning is common in
most crystals. A total of 11 analyses were conducted on 11 grains. The results are listed in table 2
and illustrated on a Concordia diagram in ﬁgure 8.
The uranium concentrations of sample JP20 range
from 155.92 to 336.30 ppm, while Th ranges from
70.41 to 250.73 ppm. The Th/U ratios are variable
between 0.90 and 2.02. In contrast to the metamorphic zircons, whose Th/U ratios are generally
lower than 0.1 (Vavra et al. 1996, 1999; Ubatto
2002; Yuan et al. 2009; Deng et al. 2010a), the zircons of samples JP87 and JP20 are characteristic
of magmatic origin and have magmatogenic oscillatory zones. Therefore, the ages of these zircons can
be interpreted to represent the crystallisation age
of the Mesozoic granite. All data are distributed
along the concordant line and the adjacent areas on
the line and yielded a 206 Pb/238 U weighted average
age of 166.2 Ma (MSWD = 1.4).
4.3 Fluid inclusions
4.3.1 Fluid inclusion types and occurrence
All of the examined ﬂuid inclusions are hosted
by quartz crystals associated with oxides and
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Figure 7. (a) Concordia diagram and (b) range of dates of LA–ICP–MS U–Pb zircon analytical results for granite sample
JP87.

Figure 8. (a) Concordia diagram and (b) range of dates of LA–ICP–MS U–Pb zircon analytical results for granite sample
JP20.

sulphides. Most of the ﬂuid inclusions, occurring
randomly distributed through the quartz crystals, as isolated ﬂuid inclusions or grouped in
clusters, appear to be primary inclusions. Petrographic examinations reveal that two types of
ﬂuid inclusions, with diﬀerent composition and
phase-transformations, are present in the quartz.
Type-I: CO2 ﬂuid inclusions. Most of the ﬂuid
inclusions belonging to this type are two- or threephase at room temperature (LCO2 –LH2 O or VCO2 –
LCO2 –LH2 O ) and have round or oval shapes. Large
size (20–25 μm) ﬂuid inclusions can be observed,
although most are 3–15 μm. The carbonic phase
occupies 20–80 vol.% of the inclusion, and VCO2 /
(VCO2 + LCO2 ) range from 10 to 30 vol.%.
Type-II: Water-rich inclusions. These inclusions are two-phase aqueous inclusions that

consist of vapour and liquid water at room
temperature and can be divided into two subtypes,
i.e., IIa and IIb subtypes, according to their vapour
to liquid ratio. The IIa-subtype inclusions have
VH2 O = 100%, and the IIb-subtype inclusions have
VH2 O /(LH2 O + VH2 O ) < 30% by volume. The ﬂuid
inclusions have a variety of shapes (mainly oval,
elongate and irregular) and are typically 4–15 μm
in size.
Type-I and type-II ﬂuid inclusions are observed
in the quartz from the Jinling, Xiaxitai and Erdaogou deposits, whereas only type-II ﬂuid inclusions
could be found in the quartz from the Bajiazi,
Sidaocha and Beigou deposits, suggesting that the
ﬂuid system of the former deposits are NaCl–
H2 O–CO2 solutions, while the latter deposits are
NaCl–H2 O solutions.

Metallogenic epoch of the Jiapigou gold belt, Jilin Province, China
4.3.2 Microthermometry
The microthermometric characteristic of the diﬀerent types of primary ﬂuid inclusions are described
below and the main microthermometric data
obtained are summarised in table 3.
Type-I ﬂuid inclusions have CO2 eutectic temperatures of −58.9◦ to −56.4◦ C, which is lower
than the eutectic homogenisation temperature of
a pure CO2 inclusion (−56.6◦ C) and indicates
the presence of N2 or CH4 . CO2 clathrate compounds were observed in the process of heating
and the disappeared temperatures are 3.5◦ –9.2◦ C.
The CO2 homogenisation temperatures are 16◦ –
30.9◦ C and usually range from 26.3◦ to 30.3◦ C. The
homogenisation temperatures of this type of ﬂuid
inclusion are 310◦ –429.8◦ C. The ﬂuid densities are
estimated to be 0.61–0.96 g/cm3 , and the salinities
are between 1.63 and 11.15 wt.% NaCl equivalent.
Type-II ﬂuid inclusions have eutectic temperatures of −21.2◦ to −36.5◦ C. The freezing temperatures were measured between −1.3◦ and −20.7◦ C,
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and the homogenisation temperatures are 94.7◦ –
374.6◦ C. The corresponding ﬂuid densities and
salinities were estimated to be in the ranges of
3.23–22.03 g/cm3 and 2.24–22.85 wt.% NaCl equivalent, respectively.

5. Discussion
5.1 Epoch of gold mineralisation
Statistical data on the attitudes of the main orecontrolling shear zones and gold veins in the
Jiapigou gold belt show that the deposits can be
divided into two types according to the trends of the
gold-bearing quartz veins: (i) gold-bearing quartz
veins distributed within the WNW-trending main
ductile shear zone, and (ii) gold-bearing quartz
veins within the NNE–ENE trending shear plane.
The ﬁrst type includes the Banmiaozi, Xiaobeigou,
and Laoniugou deposits (ﬁgure 9). The second type

Table 3. Petrography and microthermometry for ﬂuid inclusions in the Jiapigou gold belt, China.
Deposit

Lithology

Jinling

Ore

Xiaxitai

Ore

Erdaogou

Ore

Sandaocha
Bajiazi
Sidaocha
Beigou
Xiaxitai

Host
minerals

Homogenization
temperatures(◦ C)

Ore
Ore
Ore
Ore
Ore

Quartz Type-I: 352.8–429.8
Type-II: 218.2–361.7
Quartz Type-I: 352.8–429.8
Type-II: 218.2–317.2
Quartz Type-I: 310–425.8
Type-II:153.2–338.8
Quartz Type-II: 104–323
Quartz Type-II: 94.7–323
Quartz Type-II: 143.5–272.2
Quartz Type-II: 117.5–374.6
Quartz Type-I: 218.2–429.8

Beigou

Ore

Quartz

Erdaogou

Amphibolites Quartz

Fluid system
NaCl–H2 O–CO2

Salinities
Fluid densities
(wt% NaCl eqv)
(g/cm3 )

NaCl–H2 O
NaCl–H2 O
NaCl–H2 O
NaCl–H2 O
NaCl–H2 O–CO2

4.2–10.7
4.2–10.8
1.63–11.15
3.1–10.3
1.8–9.8
4.6–11.6
2.74–22.85
3.3–9.6
3.23–18.96
4.18–22.03
4.2–10.8

0.61–0.65
0.80–0.87
0.61–0.85
0.73–0.89
0.74–0.96
0.54–0.81
0.80–1.11
0.75–1.02
0.78–1.02
0.67–1.04
0.54–0.96

143.5–272.2

NaCl–H2 O

3.3–9.6

0.85–0.95

260.0–480.0

NaCl–H2 O

36.5–54.8

1.06–1.17

NaCl–H2 O–CO2
NaCl–H2 O–CO2

Reference
Present research
Present research
Present research
Present research
Present research
Present research
Present research
Wang et al. (2004)
Cheng et al. (1996)
Wang et al. (2004)
Deng et al. (2003)
Dai et al. (2007)

Figure 9. Maps showing the regional tectonic stress ﬁelds and distribution of the ore deposits in the Jiapigou gold belt. (a)
Stress ﬁeld in the early Palaeoproterozoic Era and (b) stress ﬁeld in the Mesozoic Era.
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includes the Bajiazi, Lishan, Sidaocha and Sandaocha deposits (ﬁgure 9); these bodies are distributed as a string of needles and are controlled
by a set of NNE–ENE trending ductile shears.
The Erdaogou deposit occurs at the intersection of
ENE and WNW striking shear zones. Similarly, the
ﬂuid inclusion data can be divided into two types
obviously.
As mentioned in section 4, the REE characteristics of group-I are diﬀerent from those of
group-II. Moreover, it is clear that the Palaeoproterozoic granite and the Mesozoic granite have
signiﬁcantly diﬀerent magma evolution processes
and REE characteristics. The mobility and fractionation of REE in hydrothermal ﬂuids are controlled by the ﬂuid source, the availability of and
the degree of complexation with ligands, the pH of
the ﬂuids and redox conditions (Gammons et al.
1996; Mayanovic et al. 2007). Similarly, the REE
characteristics can reﬂect the rock’s environment
and conditions of formation, such as temperature,
pressure, etc. (Haas et al. 1995; Anand and
Balakrishnan 2011). The REE values of the
Palaeoproterozoic granite and the gold-bearing
quartz in group-I are ΣREE = 121.40–157.32
and 126.50–147.57 ppm, ΣLREE = 94.96–146.70
and 119.96–136.97 ppm, ΣHREE = 8.03–10.62
and 6.55–13.38 ppm, respectively. The REE values
of the Mesozoic granites and the gold-bearing
quartz in group-II are ΣREE = 19.12–88.51 and
69.78–90.95 ppm, ΣLREE = 65.36–84.96 and
17.92–78.86 ppm, HREE = 4.42–6.00 and 1.20–
9.65 ppm, respectively. These comparisons clearly
reﬂect the similar REE values of the Palaeoproterozoic granites and group-I gold-bearing quartz
veins, as well as the similar REE values of the
Mesozoic granites and group-II gold-bearing quartz
veins (ﬁgure 10). To emphasise their similar characteristics, granite-normalised REE patterns of
gold-bearing quartz of group-I and group-II were
employed. The average REE concentrations of

Figure 10. Chemical variation proﬁle in REE (ppm) of
amphibolites, granites and gold-bearing quartz veins.

Figure 11. Granite-normalised REE distribution patterns
for gold-bearing quartz veins. (a) Earlier gold-bearing quartz
veins (group-I). The average granite REE concentrations
of JP18, JP46, JP68-1 and JP87 are used as the standard values. (b) Later gold-bearing quartz veins (group-II).
The average granite REE concentrations of JP16, JP20 and
JP4-1 are used as the standard values.

the Palaeoproterozoic granite samples JP18, JP46,
JP68-1 and JP87 are used to normalise groupI, and the average REE concentration of samples
JP16, JP20 and JP4-1 are used to normalise groupII. On the whole, the quartz patterns of groupI have sample/granite ratios that are very close
to 1 (ﬁgure 11a). It is likely that (i) the orebearing hydrothermal solution of the earlier quartz
veins was closely related to (or mainly resulting
from) the Palaeoproterozoic granitic magma, and
(ii) the earlier gold-bearing quartz veins have not
been modiﬁed or superimposed by late magmatic
hydrothermal activity. Nevertheless, in detail, one
sample (HG01) shows distinct HREE depletion and
two samples (JP44-1 and HG01) show negative Eu
anomalies compared to the granite; this is caused
by the greater stability of LREE than HREE
(Mayanovic et al. 2009) because the elements of Eu
and HREE are inclined to undergo activation and
migration when the physico-chemical parameters

Metallogenic epoch of the Jiapigou gold belt, Jilin Province, China
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Figure 12. Bivariate graphic of REE characteristics of the Jiapigou gold belt, China. : Earlier gold-bearing quartz vein;
: Later gold-bearing quartz vein; : Palaeoproterozoic granite; ×: Mesozoic granite.

are changed (Henderson 1984). The same observation and conclusion can be made for the quartz
in group-II (the later quartz veins) and the Mesozoic granites (ﬁgure 11b) even though the values
vary around 1. By using a correlating concentration of two or more trace elements in the mineralisation system to establish the trace elements
covariance diagram, we can interpret the formation process of the rock body and the genetic
relationship between the diﬀerent rock bodies
(Henderson 1984). In this study, σEu-La, LREE/
HREE-ΣREE, σEu-ΣREE and Sm/Nd-Nd were
chosen to plot the covariance diagram (ﬁgure 12),
which clearly shows that the ore-bearing quartz
veins of group-I plot nearly in the same region
as Palaeoproterozoic granites. A similar relationship exists for the group-II gold-bearing quartz
veins and the Mesozoic granites. Moreover, the two
groups have diﬀerent evolutionary trends. These
observations provide evidence that the Jiapigou
gold belt experienced multi-stage mineralisation
related to granitic magmatism in the Palaeoproterozoic and the Mesozoic, and that the two stages
of mineralisation are mutually independent.
According to the deposit geological and REE
geochemical analyses, we propose that there were
two periods of gold mineralisation in the Jiapigou
gold belt that occurred in response to magmatism
in the Palaeoproterozoic Era and the Mesozoic Era.
5.2 Origin of ore-forming ﬂuids
The chondrite-normalised REE patterns of the
gold-bearing quartz veins and granites have similar
characteristics. A main feature of all the REE

pattern curves is a negative slope with a slight
Eu anomaly, suggesting that plagioclase fractionation only played a minor role during magma evolution, and that the partial melting processes played
a dominant role in the rock formation. Because
of the characteristics of the source materials (Tan
et al. 2006; Deng et al. 2010b, 2011) or the existence of sulphide in the ore-forming ﬂuid and the
ore body (Pack et al. 2004; Xu et al. 2006), the
total amount of REE in the ore bearing quartz vein
and granite is low. Moreover, the ΣREE values of
the ore bearing quartz veins and granite samples
are in the same range and have the same peak
values, i.e., 19.12–147.57 and 69.78–157.32 ppm,
respectively. However, the lowest value for the ore
bearing quartz vein samples is far lower than that
for the granites and is similar to the lowest value
obtained for the wall rock (22.40 ppm). These data
suggest that the REE activation and migration
occurred mainly along the contact zone between
the ore bodies and the granite, and only somewhat between the ore bodies and the wall rocks. In
addition, the δEu values of the altered wall rocks
show a clear positive Eu anomaly, in contrast to
the ore bodies. This result also conﬁrms that there
was no strong activation and migration between
the ore bodies and the altered wall rock.
In comparing the δEu characteristics of the
gold-bearing quartz veins with the amphibolites,
the δEu values of the group-I gold-bearing quartz
veins (earlier gold-bearing quartz veins) are 0.61–
0.98with an average value of 0.78 and a clear negative anomaly, while group-II gold-bearing quartz
veins (later gold-bearing quartz veins) have δEu
values of 0.87–1.22, an average value of 1.04 and
a low positive Eu anomaly. The δEu values of
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the later gold-bearing quartz veins are similar to
those of the wall rock. Moreover, the granitenormalised REE diagrams show HREE depletion
in ﬁgure 11(a) but enrichment in ﬁgure 11(b)
and sample/granite ratios of both about 1 and
slightly less than 1. These data may indicate that
the later gold-bearing quartz veins have undergone stronger metamorphic hydrothermal contamination than the earlier gold-bearing quartz
veins.
Fluid inclusion petrography and microthermometry were conducted in this study, and some of the
data have been reported by Wang et al. (2004)
and Cheng et al. (1996) (table 3). The homogenisation temperatures of the gold-bearing quartz ﬂuid
inclusions were 94.7◦ –429.8◦ C. The ﬂuid densities
were estimated to be between 0.54 and 1.11 g/cm3 ,
with salinities between 1.63% and 22.85% NaCl
eqv. The Jinling, Xiaxitai and Erdaogou deposits
were NaCl–H2 O–CO2 system, while the Bajiazi,
Sidaocha and Beigou deposits were NaCl–H2 O system. Both of them are characterized by variable
temperatures, middle densities, and low salinities.
However, the homogenisation temperatures of the
altered rock quartz ﬂuid inclusions are 260◦ –480◦ C,
and the ﬂuid densities are estimated to be between
1.06 and 1.17 g/cm3 , with salinities between 36.5%
and 54.8% NaCl eqv., was middle to high temperatures, high densities and salinities NaCl–H2 O
solutions. Sun et al. (2000) determined bulk isotopic compositions of oxygen and hydrogen in the
Jiapigou gold belt. δD was measured directly from
inclusion waters, while δ18 O was determined in the
gold-bearing quartz. They observed δD values of
−92 to −70 and δ18 O values of 0.5–5.5,
diﬀer from typical compositions of juvenile (δD =
−50 to −80; δO = 6–10) and metamorphic (δD = −20 to −70; δO = 5–25) water
but are much closer to the composition of magmatic water. The volatile species identiﬁed in bulk
ﬂuid inclusion analyses are H2 O, CO2 , CH4 , N2
and H2 . H2 O, CO2 and N2 are relatively dominant, and H2 O and CO2 are the most important
volatile species. CO2 is considered to be favourable
for gold enrichment and transportation in ore ﬂuids (Heinrich 2007) and the CH4 indicates that the
ore ﬂuids are in a reduced state. However, CO2 and
CH4 were not generally detected in the altered rock
type, which also suggests that the ore-forming ﬂuids resemble magmatic rather than metamorphic
ﬂuid.
Based on the geochemical analyses above, we
conclude that the ore-forming hydrothermal solutions of the Jiapigou gold belt were mainly of
juvenile origin, namely, the granitic magmas, and
were partially inﬂuenced by metamorphic ﬂuids,
especially during the Mesozoic gold mineralisation.

5.3 Age of gold mineralisation
The timing of the gold deposits in the Jiapigou area
is extremely controversial, with interpreted ages
ranging from the Neoarchaean–Palaeoproterozoic,
2475–2469 Ma (Sun 1995; Cheng et al. 1996), the
Indo-Chinese epoch of the Mesozoic, 204 Ma (Luo
et al. 2002), to the Yanshannian epoch of the Mesozoic, 170–160 Ma (Wang 1994; Sun and Feng 1997;
Dong et al. 1999; Shen et al. 1999). There are also
several interpretations of multi-phase mineralisation, 3000–2800 Ma, 2700–2500 Ga, 2000–1800 Ma,
500–300 Ma, 230–130 Ma (Sun 2003; Zhao et al.
2006; Xie et al. 2008). The primary reasons for
the diﬀering ages are the interpretation that the
ore-forming ﬂuids were either magmatic or metamorphic hydrothermal ﬂuids and the focus of the
studies on analysing diﬀerent rock types, including
igneous rocks (granite, granodiorite, granite porphyry), metamorphic rocks (amphibolite, gneiss),
or diﬀerent phase quartz veins. These diﬀerences
have led to the various conclusions about the metallogenic epoch, especially in deposits with compound origins, such as the deposit in Jiapigou gold
belt.
For example, the Jiapigou deposits were considered to be typical late-Archaean lode-gold deposits
by Sun (1995) and Cheng et al. (1996), primarily because they are hosted in late Archaean rocks
and are similar to those in Zimbabwe, central
Canada and Western Australia (Goldfarb et al.
2001; Groves et al. 2003). This appeared to be
conﬁrmed when dated zircons from gold-bearing
quartz veins gave an upper intercept U–Pb age
of 2475 Ma. However, Phanaerozoic dikes in the
region contain xenocrystic zircons or inherited
cores (Miao et al. 2005) from the late Archaean
host rocks; thus, the ages of these zircons are consistent with those from gold-bearing quartz veins
as reported by Sun (1995) and Cheng et al. (1996).
It is more likely that the zircons from the quartz
veins, which were considered to be hydrothermal
in origin by these authors, were trapped from the
host rocks.
Sun and Feng (1997) and Li et al. (2004)
proposed that the Jiapigou gold deposits were
formed during the Triassic period (161–167 Ma),
mainly based on the zircon LA–ICP–MS U–Pb
dates on quartz from the Bajiazi and Erdaogou
gold deposits and the sericite Ar–Ar dates on
mylonites within an alteration zone in the Bajiazi
gold deposit. However, as discussed earlier in this
paper, multiple mineralisation events occurred in
this area, while the Bajiazi gold deposit and the
partial Erdaogou gold deposit were formed in a
single ore-forming period. Therefore, these ages
do not fully represent the mineralisation age of
the Jiapigou gold belt. We suggest that special
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caution must be taken when dating gold deposits
with multiple mineralisation events and it is necessary to determine the stage of gold mineralisation and origin of the ore-forming ﬂuids before
performing the dating.
In this research, the results of zircon LA–ICP–
MS U–Pb dating show that the age of the Palaeoproterozoic granite is ∼2426.0 Ma, and the age
of the Mesozoic granite is ∼166.2 Ma. Because
the characteristics of the REE geochemistry of
these granites, as well as the spatial relationships
are consistent with those of gold-bearing quartz
veins, the 2426.0 Ma and 166.2 Ma ages can be
considered to be the maximum ages of two separate periods of gold mineralisation. These two
periods are close to the Rb–Sr isochron dates of
2475 Ma on water extracted from ﬂuid inclusions
in the quartz of gold-bearing quartz veins (Li et al.
1996) and the K–Ar dates of 161 Ma on potassium
feldspar extracted from gold-bearing quartz diorite
porphyrite (Li et al. 2004).
In summary, our new LA–ICP–MS data, combined with published data from the literature, indicate that the gold mineralisation of the Jiapigou
gold belt ﬁrst took place during the Palaeoproterozoic Era (maximum age ∼2426.0 Ma). The
Yanshanian gold mineralisation event (maximum
age ∼166.2 Ma) may also have had a major
eﬀect on the ore bodies of the Jiapigou gold
belt, and this led to new gold mineralisation as
well as redistribution of the Palaeoproterozoic ore
bodies.

5.4 Ore-forming model
By way of geotectonic and regional structure of
the Jiapigou gold belt, Deng et al. (2009) proposed
that the Jiapigou region, located on the northeastern edge of the NCC, experienced at least two
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major phases of tectonism. In our work, large numbers of conjugate joints, tensional joints, faults
and quartz veins were measured and analysed in
the eight largest deposit in the gold belt. These
data also support the conclusion that this area has
undergone two stress regimes (ﬁgure 9): in the earlier phase of tectonic stress, σ1 was oriented to the
northwest, while in the second phase, it was oriented northeast, with a minor area of northwest
orientation in the northwest section of the Jiapigou
shear zone. The change in tectonism can explain
why the quartz veins in deposits close to the main
shear zone (e.g., Beigou, Erdaogou and Miaoling
deposits) oriented WNW while those far from the
shear zone (e.g., Lishan, Bajiazi, Sandaocha and
Sidaocha deposits) have NNE–ENE orientations.
As a result of the considerable rotation of σ1 , early
pyrite grains show hypautomorphic–xenomorphic
granular textures (ﬁgure 3h), while the younger
formed pyrite grains show ﬁne automorphic granular textures (ﬁgure 3g).
Based on the REE, ﬂuid inclusions, geochronology, and ore geology analyses, we conclude that
the Jiapigou gold belt was formed in two stages
(ﬁgure 13):
In stage 1, in the early Palaeoproterozoic Era,
activity on an old basement fault led to the formation of the Jiapigou shear zone (Li et al. 2004)
and formed large numbers of WNW-trending foliations. The intrusion of the granitic magma later
(∼2426.0 Ma) resulted in the formation of the
Banmiaozi, Xiaobeigou, Laoniugou, Miaoling and
Erdaogou deposits.
In stage 2, in the Triassic, large-scale sinistral strike-slip displacements on the NE-trending
Huifahe and Liangjiang Faults resulted from the
collision and subduction of the Paciﬁc plate
beneath the Eurasian plate (Deng et al. 2009).
The Jiapigou Fault was folded and a series of
radial NNE and NE–ENE-trending joints and

Figure 13. Metallogenic model of the Jiapigou gold belt, China. (a) First ore-forming stage and (b) second ore-forming
stage.

1418

Zhixin Huang et al.

fractures were derived near the hinge zone. In
the late Middle Triassic (∼166.2 Ma), mantle ﬂuids derived from the intensive tectonic activity,
extracted the gold from the wall rocks (TTG,
greenstone) and remelted the wall rocks to form
gold-rich granitic magma and intruded into the
NNE–ENE trending fractures, leading to gold mineralisation. The main gold-bearing quartz veins
in the Sandaocha, Sidaocha, Lishan and Bajiazi
deposits were formed in this stage.

6. Conclusions
• The gold-bearing quartz veins in the Jiapigou
gold belt can be divided into two stages, similar
to the granites in this area. These stages indicate that the Jiapigou gold belt underwent two
independent stages of gold mineralisation.
• Ore-forming ﬂuids of the Jiapigou gold belt
were mainly derived from magmatic hydrothermal ﬂuids and were contaminated by metamorphic hydrothermal ﬂuids. The quantity of
metamorphic solution ﬂuids increased during
the Yanshannian epoch.
• The geochronology data of granites associated
with gold mineralisation show that the age of
Palaeoproterozoic granite is ∼2426.0 Ma, while
the age of the Mesozoic granite is ∼166.2 Ma.
These ages can be interpreted as the maximum
ages of the two periods of gold mineralisation.
• The WNW-trending ore bodies were formed in
the early Palaeoproterozoic as a result of geological deformation of the old basement, while
the NNE–ENE-trending ore bodies were formed
in the late Middle Triassic (Yanshanian stage
Mesozoic) due to the large-scale sinistral strikeslip displacements of the Huifahe and Liangjiang
Faults.
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