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The genesis of adakites and associated Mo–Cu mineralization in non–arc settings in China is poorly constrained.
Here, we present geochronology, geochemistry and Sr–Nd–Pb isotopes for the Tongcun intrusive complex, and
report Pb isotopes and 40Ar–39Ar age for the Tongcun Mo–Cu deposit. The Tongcun intrusive complex is com-
posed mainly by granodiorite and monzogranite (phase 1 and phase 2), with emplacement age of 160 Ma to
148 Ma. The Tongcun complex can be classified as typical high–K calc–alkaline I–type granitoid and also shows
adakitic geochemical features. Moreover, the negative Nb, Ta, Ti, and P anomalies and enriched initial 87Sr/86Sr
ratios of 0.7083–0.7092 of the Tongcun intrusive complex are consistent with those of the subduction–related
magmatism. The 40Ar–39Ar dating of sericite, which is intergrown with chalcopyrite, indicates that the late Cu
mineralization event occurred at ~155.5 Ma. The early Mo (Cu) and the late Cu mineralization events in this de-
posit were temporally, spatially and genetically associated with the emplacement of monzogranite (phase 1).
There are no obvious linear correlation between SiO2 andmost of themajor and trace elements, and all rock sam-
ples fall within the fields of unfractional crystallization felsic granites in Zr +Nb+ Ce+ Y versus FeOT/MgO and
(K2O + Na2O)/CaO diagrams, indicating that partial melting rather than fractional crystallization has played an
important role for the formation of the Tongcun intrusive complex.Magmatic inherited zircons from the Tongcun
granitoids with the age peaked at 780–812 Ma, imply that the Neoproterozoic igneous rocks in the lower crust
have been incorporated into the magma source. The uniform εNd(t) (−6.3 to −7.3), initial 87Sr/86Sr,
207Pb/204Pb (15.596–15.621), and 208Pb/204Pb (38.374–38.650), as well as high K2O contents (3.36–4.10 wt.%)
and relatively highMg# values (35.40 to 40.30) suggest the Tongcun intrusive complex was derived from partial
melting of the thickened lower continental crust triggered by basaltic magma underplating plus additional input
from the EM II mantle-derived basaltic melts. The Tongcun area was controlled by a compression setting related
to the subduction of the Paleo–Pacific Plate in Mesozoic period.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The close relationship between the adakites or adakitic rocks and
porphyry Cu–Au deposits in arc settings (Thiéblemont et al., 1997),
may indicate a genetic relationship between the slab–melting and
Cu–Au mineralization. However, an increasing number of adakites
and associated Cu–Au–Mo deposits were found in non–arc settings,
e.g., the collisional orogenic zones or intracontinental tectonic settings,
such as the Gangdese and Yulong copper deposit belts in Tibelt (Hou et
al., 2011), the Dexing copper deposit in south China (Hou et al., 2013),
, Chinese Academy of Sciences,
and the Shakhtama porphyry Mo–Cu system in Eastern Transbaikalia,
Russia (Berzina et al., 2014). Several hypotheses have been proposed
for the origins of those adakites or adakitic rocks, e.g., partial melting
of delaminated mafic lower crust (Wang et al., 2006), partial melting
of thickened or normal lower crust with injection of mantle–derived
mafic magmas (Hou et al., 2013; Ma et al., 2013; Berzina et al., 2014;
Wang et al., 2015), partial melting of newly formed mafic lower crust
(Atherton and Petford, 1993), crustal assimilation and fractional crys-
tallization (AFC) processes from parental basaltic magmas (Richards
and Kerrich, 2007). However, the genesis of those adakites or adakitic
rocks as well as the associated deposits is still poorly understood. For
example, so far two or more mechanisms above have been used to ex-
plain the generation of adakites in the Dexing deposit (Wang et al.,
2006; Hou et al., 2011, 2013; Zhou et al., 2012). Meanwhile, compared
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with the typical adakites as defined by Defant and Drummond (1990),
even though the adakites referred above were derived from different
sources or generated by different petrogenetic processes, their related
magmatic-hydrothermal system can still generate the epithermal and
porphyry deposits. Therefore, as confirmed by Wang et al. (2006), the
genesis of adakites or adakitic rocks as well as their genetic relationship
with porphyry Cu–Au–Mo mineralization needs to be further re–
examined or clarified.

The history and characteristics of the intense tectono–magmatic ac-
tivities during the Yanshanian (~200–80 Ma) in Southeast China have
been deliberated in various studies (Jiang et al., 2011; Yang et al.,
2012; S.H. Jiang et al., 2013; Li et al., 2013a, 2013b; Liu et al., 2013,
2014; Song et al., 2014; Li and Jiang, 2014). The geology of this region
is characterized by the widespread occurrence of Mesozoic granitoids,
which are associated with similarly widespread, economically impor-
tant mineralization, e.g., W, Sn, U, Nb–Ta, Cu, Pb, Zn and Au (Mao et
al., 2008, 2009, 2011a, 2011b, 2011c; J.W.Mao et al. 2013). TheseMeso-
zoic rocks and associated mineralization are different in their ages and
mainly occur in three episodes, e.g., the first in the Late Triassic, the sec-
ond in the Jurassic (Early Yanshanian), and the third in the Cretaceous
(Late Yanshanian) (Mao et al., 2008, 2009, 2011a, 2011b, 2011c; J.W.
Mao et al. 2013). As the most important metallogenic belt in SE China,
The Qinzhou–Hangzhou metallogenic belt (QHMB) has been studied
during recent years (Mao et al., 2011a, 2011b; Z.H. Mao et al., 2013;
Zhou et al., 2015). Several large or super–large deposits (large deposit
is defined as having no less than 500 thousand tons of Cu, Pb or Zn, 50
thousand tons of WO3 and 20 tons of Au, and super–large deposits are
at least five times larger upon the large deposits; Pei, 1995), most of
which are associated with intrusive rocks, have been found in the east-
ern QHMB, including the famous Dexing porphyry Cu–Mo–Au, Jinshan
Au and Yinshan Pb–Zn–Cu polymetallic deposits (Mao et al., 2011a,
2011b; Wang et al., 2011, 2012, 2013; Li et al., 2011, 2012; Guo et al.,
2012), Xianglushan skarnW (Chen and Zhou, 2012), Dahutang porphy-
ry W (Z.H. Mao et al., 2013), Yongping porphyry Cu–Mo (X.F. Li et al.,
Fig. 1. Spatial–temporal distribution of Mesozoic ore deposits in the east of QHMB, Southeast
2013), and Zhangshiba Pb–Zn deposits (Lu et al., 2005). Besides the
Linghou Cu–Pb–Zn polymetallic deposit (Tang et al., 2015b), several
promising occurrences have been found in east QHMB in Zhejiang prov-
ince since 2008, such as Tongcun porphyry Mo–Cu (Qiu et al., 2013;
Zeng et al., 2013), Yinshan Pb–Zn–Ag polymetallic (He et al., 2011),
and Anji skarn–porphyry Fe–Pb–Zn polymetallic deposits (Xie et al.,
2012).

The Tongcun Mo–Cu deposit is located in the northwest Zhejiang
province, and is about 60 km away from the Dexing porphyry deposit
(Fig. 1). The origins of the Tongcun intrusive rocks and porphyry Mo–
Cu deposit have long been discussed (Wang, 2010; Qiu et al., 2011,
2013; Zeng et al., 2013; Zhang et al., 2013; Zhu et al., 2012; Zhu, 2014;
Tang et al., 2015a). However, several problems still remained as follows:

1) The ore–forming metals of this deposit are not well constrained for
lack of Pb isotopic data from the different intrusions and the main
ore minerals, e.g. molybdenite and chalcopyrite.

2) The petrogenesis of the Tongcun intrusive complex is only reported
in Chinese with the geochemistry, and whole-rock Sr–Nd–Pb isoto-
pic data (only 3 lead isotopic data), and actually quite a few of the
data are not of good quality due to the unusual loss on ignition
value of more than 3% (Zhu, 2014). Moreover, the adakitic features
of those intrusions have not beenwell understood, and theDayutang
intrusion has not been studied before.

3) The recognition of lithologies of the Tongcun intrusive complex are
confusing (Qiu et al., 2011, 2013; Zeng et al., 2013; Zhang et al.,
2013; Zhu et al., 2012; Zhu, 2014). Additionally, previous zircon U-
Pb dating has offered awide range in emplacement ages for those in-
trusive units, varying from ~155.6 Ma to ~170 Ma (Qiu et al., 2013;
Zeng et al., 2013; Zhu et al., 2014; Zhu, 2014).

Therefore, in this paper, we present a detailed account of zircon
U–Pb geochronology using LA–ICP–MS and SHRIMP, petrology and
geochemistry of the Tongcun late Jurassic adakitic intrusive rocks,
combined with the Pb isotopes of sulfides and 40Ar–39Ar age of
ern China. (Modified after Yang and Mei, 1997; Mao et al., 2011a; J.W. Mao et al., 2013.)

Image of Fig. 1
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sericite associated with Cu mineralization, with aims to reveal the
petrogenesis and tectonic significances of these adakitic intrusions,
and provide new constraints on the genesis of the associated Mo–
Cu mineralization.
2. Geological background

2.1. Regional geology

The QHMB, which connects the Yangtze and Cathaysian Blocks, ex-
tends from Qinzhou Bay of Guangxi Province to Hangzhou Bay of Zhe-
jiang province, and is about 2000 km long and 100~150 km wide
(Yang and Mei, 1997). The east QHMB is bounded by the Liuyang–
Jingdezhen–Shexian–Huzhou fault in the north and the Pingxiang–
Shaoxing fault in the south (Fig. 1). As a suture zone, the QHMB was
interpreted to have resulted from the collision and extension between
the Yangtze and Cathaysian Blocks, and two blocks were connected
firstly during the Neoproterozoic period (about 825 Ma) (Hong et al.,
2002; Shu, 2006; Yang et al., 2009). This period is characterized by vol-
canic arc igneous rocks (e.g., spilite– and quartz–keratophyre) in the
basement rocks, which were termed as Shuanxiwu group in NW Zhe-
jiang province, and coeval SEDEX Cu, Pb–Zn deposits, such as Pingshui
and Luocheng copper deposits (Xu et al., 2015; Zhou et al., 2015).
There is no evidence to support that the QHMB had reactivated during
the Silurian and Triassic period (Mao et al., 2011a). Correspondingly,
the clastic and carbonate rocks of neritic facies occurred in Devonian–
middle Triassic Period, and the coal and few strata–bound polymetallic
deposits of deep–water phases occurred along the ancient faults in
Permian period (Yang and Mei, 1997; Li, 2000). And then, due to the
conversion of tectonic regime from the Tethys to Paleo–Pacific, this
belt had been reactivated several times during Yanshanian deformation
(about from 135Ma to 205Ma) (Yang andMei, 1997; Li, 2000; He et al.,
2005; Mao et al., 2011a; He et al., 2015). Unfortunately, the accurate
time when the Paleo–Pacific plates subducted beneath the Eurasian
continent is still unclear. Dong et al. (2008) believed the time should
be 165Ma,whereasMao et al. (2011c) constrained it to 175Ma. Recent-
ly, Sun et al. (2015) confirmed that the Paleo-Pacific subduction oc-
curred in 205 Ma. In summary, QHMB was controlled by compression
associated with the subduction and collision from the paleo–Pacific
plate (Yang et al., 2009; Mao et al., 2009; Li et al., 2013a). Furthermore,
the east QHMB also experienced local extension events which were in-
dicated by adakitic porphyries inDexing deposit (Wang et al., 2006) and
A-type granitoid complex in Lizhu andNanling area (Hua et al., 2005; Jia
et al., 2014). Till now,most of theMesozoic tectono–magmatism events
in the QHMB were related to the interaction between the Eurasian and
Paleo–Pacific plates (Shu and Zhou, 2002; Wu et al., 2003; Zhou et al.,
2006; Yang et al., 2009; Mao et al., 2009; Zheng et al., 2013; He et al.,
2015). The formation mechanism and process for magmatism andmin-
eralization are still debated, for example, 1) the tear-off and remelting of
the subducted Izanagi Plate (170–160 Ma) and upwelling of astheno-
spheric magma and extensive mantle–crust interaction possibly in-
duced by the plate window (160–150 Ma) (Mao et al., 2011a, 2011b;
J.W. Mao et al., 2013); 2) lithosphere extension, thinning and under-
plating of mantle–derived magmas (Hua et al., 2005; Li et al., 2007a;
Yang et al., 2009); 3) lithosphere extension and partial melting of
delaminated lower crust (Wang et al., 2004). Those process were be-
lieved to give rise to intensive intracontinental tectonic–magmatic ac-
tivities and metallogenesis in eastern China (Wang et al., 2004; Hua et
al., 2005; Seton and Müller, 2008; Mao et al., 2009; J.W. Mao et al.,
2013; Xiao et al., 2010; Zhang et al., 2013; He et al., 2015). Generally,
the NNE and NE trending faults in eastern QHMB controlled the
Yanshanian magmatic activities and the mineralization events (Yang
and Mei, 1997; Yang et al., 2009). Most of the typical deposits in the
QHMB (e.g., Dexing porphyry Cu and Yongpin porphyry-skarn Cu de-
posits) were formed in this period.
2.2. Deposit geology

The lithologic units in the Tongcun area are made up of Cambrian
and Ordovician sedimentary rocks (Regional geological of Zhejiang
Province, 1989), with nearly 90% of them being of the late Ordovician
age (Fig. 2). TheUpper Cambrian Xiyangshan Formation is only exposed
in the southeast of Dayutang village, and has a thickness of about 40 m
and consists mainly of argillaceous limestone and limestone. The Lower
Ordovician sequences are composed of the Yinzhubu Formation and the
Ningguo Formation. The former accounts for nearly 70% of all the rocks
(Fig. 2), with a thickness of more than 600 m, and consists mainly of
calcilutite and mudstone, and the latter has a thickness of 229 m, and
consists mainly of shale and siliceous shale. The Middle Ordovician se-
quences are composed of the Hule Formation and the Yanwashan For-
mation. The former is 37 m in thickness and consists mainly of
siliceous shale, and the latter has a thickness of 378 m, and consists
mainly of argillaceous limestone and limestone. The Upper Ordovician
Huangnigang Formation has a thickness of about 93 m and consists
mainly of calcilutite and mudstone. These sedimentary sequences are
all in conformable contact with the underlying and overlying rocks.

The prominent faults in the Tongcun deposit strike an NE-SW (F1),
NS (F2) and NW-SE (F3, F4 and F5) (Fig. 2). F1 is a left lateral–thrust
fault, dipping toward 100°–110°with a dip angle of 48°–55°. F5 is a nor-
mal fault dipping toward 60° with a dip angle of 47°. The attitudes and
characteristics of the other faults have not been well documented. All
the faults cut the NE striking syncline which was divided into three
parts: 1) the SW part stretching from Longli to Dukengge village, strik-
ing 43° and plunging SW; 2) themiddle part stretching from Dukengge
to Xiangluling village, with the Upper Yinzhubu Formation occurring
along the axis and the Middle or Lower Yinzhubu Formation along
both limbs; and 3) the NE part stretching from Dayutang village to the
Xishawu area.

The main intrusive rocks are composed by the Middle–Late Jurassic
granitic complex, which is NE–SWstriking and includes the Xiatongcun,
Jiangjunwu, Huangbaikeng and Dayutang intrusions (Fig. 2). Due to in-
tensive alteration, the lithologies of those intrusions are difficult to de-
termine. The previous studies indicated that the former two and the
latter two are mainly composed by monzogranite and granodiorite, re-
spectively (Chen, 2011; Zhu et al., 2012; Jin et al., 2012). There are no
clear boundaries to be found between different intrusive rocks. Previous
zircon U–Pb dating data indicated that those intrusions were emplaced
from ~155.6 Ma to ~170 Ma (Qiu et al., 2013; Zhu et al., 2014).

WidespreadMo–Cumineralization is distributed in theHuangbaikeng,
Jiangjunwu and Xiatongcun intrusive rocks, skarns and siltstone of the
Ordovician Changwu Group. However, the economically viable ore
bodies are mainly distributed around the latter two intrusions. Based
on previous studies (Wang, 2010; Zeng et al., 2013; Jin et al., 2012),
the Tongcun Mo–Cu deposit comprises two large orebodies (namely:
No. I and No. II, Fig. 2) and seven smaller orebodies. These orebodies,
have average thickness ranging from 4 to 25 m, along-strike length
from 76 to 516 m, the dip length from 312 to 1065 m, and average
grades of 0.069%–0.089% Mo. In addition to the Mo mineralization,
Wang (2010) reported that there are two layers of Cu ores in No. I
orebody and three layers of Cu ores in No. II orebody, with the total
thickness of 9 and 8mand the average grade of 0.47% and 0.27%, respec-
tively. The early Mo (Cu) and late Cu mineralization events are charac-
terized by the mineralogical assemblages of quartz + molybdenite +
chalcopyrite and sericite + chalcopyrite + pyrite (Fig. 3), respectively.
Wallrock alteration, ore mineralogy and mineral assemblages of this
deposit have been given in Tang et al. (2015b).

3. Sample descriptions

The samples were collected mainly from the drill cores (numbered
ZK408, ZK307, ZK004 and ZK007, respectively) of four intrusions in
the Tongcun area. Their locations have been indicated in Fig. 2 and



Fig. 2. Geological map of the Tongcun porphyry Mo–Cu deposit (Modified after the 2010 edition geologic map of Zhejiang No. 3 Geological Team).
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described below. In summary, four samples were chosen for U–Pb dat-
ing, eight samples for geochemical analysis, five samples for Sr–Nd iso-
topes analysis, 14 samples (including the sulfides) for Pb isotope
analysis and one sample for Ar–Ar dating. For lack of the suitable Cu
ores, no sulfides from the late Cu mineralization were analyzed for Pb
isotopic composition.
3.1. Monzogranite

Samples of KHB060–KHB61 (phase 1) were collected at 486 m and
499 m of ZK408 in the Xiatongcun village for geochemical analysis.
KHB036 (phase 2) was collected at 160 m of ZK307 in the Jiangjunwu
village for U–Pb dating. Those rocks show massive structure and fine–
grained porphyritic–like texture (Fig. 4a), and are dominantly com-
posed of plagioclase (~35 vol.%), quartz (20–25 vol.%), K–feldspar
(~35 vol.%), biotite and hornblende (3–5 vol.%). The phenocrysts
(~80 vol.%) show grain size ranging from 0.5 to 2.0 mm, whereas the
matrix (~20 vol.%) has the general grain size of 0.1–0.2 mm.
3.2. Granodiorite

Samples of KHB065, KHB065–1 and KHB065–2 were collected at
~305 m of ZK004 from the Huangbaikeng village for geochemical
analysis and U-Pb dating. KHB009 was collected from an outcrop in
the Huangbaikeng village only for U–Pb dating. Additionally, five
samples of KHB040–KHB44 were collected at 294 m, 335 m, 341 m,
354.2 m and 296 m of ZK007 in the Dayutang village, respectively.
The former four were for geochemical analysis and the latter for U–
Pb dating. The rocks of the Huangbaikeng and Dayutang intrusions
also show massive structure and fine–grained porphyritic–like tex-
ture (Fig. 4c), and dominantly consist of plagioclase (40–45 vol.%),
quartz (~20 vol.%), K–feldspar (~20 vol.%), biotite (~10 vol.%), and
hornblende (b5 vol.%). The phenocrysts (75–80%) show grain size
varying from 0.5 to 2.0 mm. The matrix (20–25 vol.%) has the grain
size of 0.1–0.2 mm. Compared with the samples of KHB040–
KHB44, KHB065, KHB065–1 and KHB065–2, the KHB009 is charac-
terized by less phenocrysts (~35 vol.%) and more matrixes
(~65 vol.%) (Fig. 4b).

Image of Fig. 2


Fig. 3. Sericitization associatedwith the late Cumineralization. (a) and (b) chalcopyrite (Ccp) coexists with sericite (Ser); (c) and (d) chalcopyrite coexistswith sericite as a vein across the
early quartz (Qz) + molybdenite (not showing in this picture) + chalcopyrite vein and calcite (Cal) vein.
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4. Analytical methods

Fresh rock samples were divided in three groups: thin sections for
petrography; 200 mesh powder for major, trace element, and Sr–Nd–
Pb isotope analyses; 40–60 mesh crushing for selecting zircon grains.
4.1. Major and trace element analysis

Major and trace element compositions were analyzed in the Major
and Trace Elements Laboratories of the Analytical Laboratory, Beijing
Research Institute of Uranium Geology, China. For major element anal-
yses, Philips AB-104L.PW2404 X–ray fluorescence spectroscopy (XRF)
was used. The analytical uncertainties, based on the US Geological Sur-
vey rock standards BCR-1 and AVG-2, and the Chinese national rock
standard GSR-3, are generally better than 1% for most of the oxides
with the exception of TiO2 (~1.5%) and P2O5 (~2.0%). Trace elements
were analyzed using a Thermo Scientific Element XR inductively
coupled plasma mass spectrometry (ICP-MS). The data quality was
monitored by analyses of two US Geological Survey rock reference ma-
terials BCR-1 and BHVO-1. The analytical precision for most trace ele-
ments is better than 5%.
Fig. 4.Micrographs of monzogranite (phase 1) and granodiorites in the Tongcun ore deposit. (a
4.2. Sr-Nd-Pb isotopes analysis

Rb, Sr, Sm, Nd, and Pb isotopic analyses were performed on
IsoProbe–T Thermal Ionization Mass Spectrometer (TIMS) at the Ana-
lytical Laboratory, Beijing Research Institute of Uranium Geology,
China. Procedural blanks are b50 pg for Sm and Nd, 2 × 10–10 pg for
Rb and Sr, and b100 pg for Pb. The isotopic ratios were corrected for
mass fractionation by normalizing to 86Sr/88Sr = 0.1194 and
146Nd/144Nd = 0.7219, respectively. The measured values for the JMC
Nd standard and NBS987 Sr standard were 143Nd/144Nd =
0.512109±3 (2σ) and 87Sr/86Sr=0.710250±7 (2σ), respectively. Re-
peated analyses of Pb isotope standard NBS981 yielded 208Pb/206Pb =
2.164940 ± 15, 207Pb/206Pb = 0.914338 ± 7 and 204Pb/206Pb =
0.0591107 ± 2. The detailed analytical procedures were described in
Chen et al. (2000).

4.3. Cathodoluminescence (CL) images of zircon

In order to identify zircon internal textures and select target spots for
U–Pb dating, the SEMcathodoluminescence (CL) images of zircons from
KHB044, KHB065–1 and KHB009 were photographed by using a JSM–
6510 electron microprobe coupled with a Gatan CL Detector at Beijing
) Fine–grained monzogranite; (b–c) Porphyritic-like texture of fine–grained granodiorite.

Image of Fig. 3
Image of Fig. 4
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Geoanalysis Co., Ltd., and zircons from KHB036 were conducted by
using a HITACHI S3000–N Scanning Electron Microscope (SEM)
equipped with GATAN Chroma CL probe at the Beijing SHRIMP Centre,
Institute of Geology, Chinese Academy of Geological Sciences, Beijing,
China.

4.4. LA–ICP–MS zircon U–Pb dating

In–situ zircon U–Pb dating were performed on an Agilent 7500cs
quadrupole ICPMS with a 193 nm Coherent Ar–F gas laser and the
Resonetics S155 ablation cell at the University of Tasmania in Hobart.
The downhole fractionation, instrument drift and mass bias correction
factors for Pb/U ratios on zircons were calculated using 2 analyses on
the primary (91500 standard ofWiedenbeck et al., 1995) and 1 analysis
on each of the secondary standard zircons (Temora or GJ–1, Black et al.,
2004; Jackson et al., 2004) analyzed at the beginning of the session and
every 15 unknown zircons (roughly every half an hour) using the same
spot size and conditions as used on the samples. The correction factor
for the 207Pb/206Pb ratio was calculated using large spots of NIST610 an-
alyzed every 30 unknowns and corrected using the values recommend-
ed by Baker et al. (2004). Each analysis on the zircons began with a 30-
second blank gas measurement followed by a further 30 s of analysis
time when the laser was switched on. Zircons were sampled on 32 μm
spots using the laser at 5 Hz and a density of approximately 2 J/cm2. A
flow of He carrier gas at a rate of 0.35 L/min carried particles ablated
by the laser out of the chamber to be mixed with Ar gas and carried to
the plasma torch. Isotopes measured were 49Ti, 56Fe, 90Zr, 178Hf, 202Hg,
204Pb, 206Pb, 207Pb, 208Pb, 232Th and 238U with each element beingmea-
sured every 0.16 s with longer counting time on the Pb isotopes com-
pared to the other elements. The data reduction used was based on
the method outlined in detail in Black et al. (2004), Meffre et al.
(2008), Paton et al. (2010) and Sack et al. (2011).

4.5. SHRIMP zircon U–Pb dating

The SHRIMP zircon U–Pb analyseswere performed on the SHRIMP II
at the Beijing SHRIMP Centre, Institute of Geology, Chinese Academy of
Geological Sciences, Beijing, China. The analysis procedures were de-
scribed in detail by Compston et al. (1992), Williams (1998) and Song
et al. (2002). Elemental abundances of U, Th and Pb were calibrated
by analyses of M257 reference zircon, with U concentration of
840 ppm (Nasdala et al., 2008). The 206Pb/238U age was calibrated
using the standard zircon of TEMORA 1 with age of 416.8 ± 0.3 Ma.
Mass resolution is over 5000 (1% peak height). A primary O2

− ion
beam of 4–5 nA and 10 kV, focused to a 20–25 μm spot diameter on
the target were used. A TEMORA 1 analysis was undertaken after
every 3–4 analyses of the unknowns. The common Pb correction was
based on the measured 204Pb (Composton et al., 1984). Uncertainties
given for individual analyses (ratios and ages) are at 1σ level whereas
the uncertainties in calculated weighted mean ages are reported as
the 95% confidence level. Concordia plots andweightedmean age calcu-
lations were carried out using ISOPLOT/Ex 3.23 (Ludwig, 2003).

4.6. Sericite Ar–Ar dating method

Sericite of KHB039, which formed during the sericite +
chalcopyrite + pyrite stage, mainly selected from a sericite–chalcopyrite
vein (Fig. 3) in the granodiorite at the ZK307 drilling (at 184–215 m
underground) in the Jiangjunwu orefield. Most of them occur as
euhedral aggregates with a diameter of about 1 to 2 mm. Sericite
separates were carefully handpicked under a binocular microscope,
with purity over 99%. The sample separates, togetherwith themonitoring
standard samples were irradiated within a quartz vial in anuclear reactor
at the Chinese Institute of Atomic Energy, Beijing. Step–heating 40Ar/39Ar
analyses were performed on noble gas mass spectrometry Helix SFT
at the Analytical Laboratory, Beijing Research Institute of Uranium
Geology, China. Procedural blanks are b1 × 10−15 mol at room
temperature and b1 × 10−14 mol for 40Ar. The monitor used in this
work is the internal Fangshan biotite (ZBH–25) standard with an
age of 132.7 ± 1.2 Ma and amphibole (GBW04418) standard with an
age of 2060 ± 8 Ma, which were also irradiated. The decay constant
for 40K used in the calculation is 5.543 × 10−10 year−1 (Steiger and
Jäger, 1977).

5. Results

5.1. Geochronology

5.1.1. Zircon LA–ICP–MS U–Pb dating
Zircon U–Pb isotope data for the granitic samples from the Tongcun

complex are presented in Table 1. The zircon grains are euhedral, and
their elongation ratios are mostly between 2:1 and 4:1. Most of them
are transparent and colorless under the optical microscope. Oscillatory
zonings of typical magmatic zircons are common and some inherited
cores can also be observed under CL images. Zircons from those grano-
diorites have consistent U and Th contents with Th/U ratios of 0.12–
0.24, 0.16–0.62 and 0.10–0.71, respectively (Table 1). Those characteris-
tics show that all zircon grains are magmatic origin.

A total of 48 zircon spots were analyzed, of which 29 yield a concor-
dant age. Zircon U–Pb concordia diagrams for the Dayutang granodio-
rite (KHB044) and the Huangbaikeng granodiorite (KHB065 and
KHB009) are shown in Fig. 5. The measured 206Pb/238U ratios give a
weighted mean age of 160.1 ± 1.5 Ma (MSWD = 1.6, n = 11) for
KHB044 (Fig. 5a), 159.2 ± 1.2 Ma (MSWD = 0.46, n = 9) for KHB065
(Fig. 5b), and 158.6 ± 4.1 Ma (MSWD = 2.4, n = 5) for KHB009 (Fig.
5c).

5.1.2. Zircon SHRIMP U–Pb dating
Zircons of Jiangjunwu monzogranite (KHB036) are 100–300 μm

long, mostly euhedral, prismatic and colorless with oscillatory zoning
(Fig. 6), which are all features indicative of a magmatic origin. Most of
them have inherited cores, which show different optical characteristics
with the edges in cathodoluminescence images (Fig. 6). Nonetheless,
both the overgrowths and the inherited cores of the zirconshave consis-
tent U and Th contents, and show Th/U ratios of 0.17–0.27 and 0.60–
0.1.36, respectively. The results of SHRIMP U–Pb zircon dating are sum-
marized and illustrated in Table 2 and Fig. 6, respectively. These analy-
ses of magmatic zircons yield concordant results with weighted mean
206Pb/238U ages of 148.1 ± 1.7 Ma (n = 14). Seven inherited cores
give the age of 820 ± 14 Ma, 789 ± 14 Ma, 879 ± 16 Ma, 783 ±
15 Ma, 796 ± 12 Ma, 753 ± 14 Ma and 749 ± 11 Ma, respectively. All
of them yield concordant results with weighted mean 206Pb/238U ages
of 780 ± 29 Ma (n = 6).

5.1.3. Ar–Ar age of sericite
The Ar–Ar isotopic data of sericite (KHB039) are given in Table 3 and

illustrated in Fig. 7. The results yield a well–defined plateau age of
155.55 ± 0.88 Ma (Fig. 7a), and a normal and inverse isochron age of
155.50 ± 0.9 Ma and 155.53 ± 0.9 Ma, respectively (Fig. 7b and c).
The initial 40Ar/36Ar values were 300.4 ± 15.5 and 300.2 ± 15.3 Ma,
respectively.

5.2. Major and trace elements geochemistry

Major and trace element analyses are presented in Table 4. The
Dayutang granodiorite, Huangbaikeng granodiorite and Xiatongcun
monzogranite have homogeneous major element compositions with
high SiO2 of 67.41–70.7 wt.%, Al2O3 of 14.82–15.94 wt.%, and
K2O + Na2O of 7.47–7.79 wt.%, and low MnO (0.02–0.05 wt.%), Fe2O3

T

(2.33–2.78 wt.%), MgO (0.73–0.90 wt.%), P2O5 (0.10–0.13 wt.%) and
TiO2 (0.31–0.37 wt.%). They also have homogeneous Mg# varying
from 35.40 to 40.30 (Table 4). All of the samples fall into the



Table 1
Zircon LA–ICP–MS U–Pb data for the Tongcun granitoids.

Spots U Th Th/U 206Pb/238U 208Pb/232U 207Pb/206Pb 206Pb/238U 207Pb cor
206Pb/238U

208Pb/232Th 208Pb/206Pb

ppm Ratio ±1σ(%) Ratio ±1σ (%) Ratio ±1σ(%) Age ±1σ Age ±1σ Age ±1σ Age ±1σ

KHB044 Dayutang granodiorite
OC11B468 833 187 0.22 0.0249 1.0 0.0093 2.0 0.0541 1.8 159 2 158 2 187 4 375 42
OC11B471 589 100 0.17 0.0248 1.1 0.0075 3.1 0.0498 2.2 158 2 158 2 151 5 186 52
OC11B466 572 88 0.15 0.0248 1.1 0.0079 2.7 0.0510 2.5 158 2 158 2 158 4 241 58
OC11B474 697 144 0.21 0.0248 1.7 0.0079 4.5 0.0478 4.1 158 3 158 3 159 7 91 96
OC11B470 603 133 0.22 0.0250 1.1 0.0076 2.6 0.0501 2.3 159 2 159 2 153 4 199 53
OC11B473 689 91 0.13 0.0250 1.0 0.0079 2.7 0.0480 2.3 159 2 159 2 159 4 100 55
OC11B472 907 217 0.24 0.0250 1.0 0.0079 1.9 0.0490 1.9 159 2 159 2 158 3 148 45
OC11B465 831 169 0.20 0.0254 1.0 0.0083 2.1 0.0491 2.2 161 2 161 2 167 4 151 52
OC11B463 684 137 0.20 0.0256 1.1 0.0083 2.4 0.0507 2.0 163 2 163 2 168 4 229 46
OC11B467 619 126 0.20 0.0256 1.0 0.0088 2.5 0.0512 2.3 163 2 163 2 177 4 251 53
OC11B464 573 69 0.12 0.0257 1.1 0.0080 2.9 0.0500 2.3 164 2 164 2 160 5 196 53

KHB065–1 Huangbaikeng granodiorite
OC11B490 493 92 0.19 0.0247 1.2 0.0077 2.8 0.0489 2.9 157 2 157 2 154 4 144 67
OC11B483 400 140 0.35 0.0249 1.2 0.0079 2.2 0.0511 2.7 159 2 158 2 159 4 247 61
OC11B485 552 106 0.19 0.0249 1.1 0.0082 2.6 0.0496 2.3 158 2 158 2 165 4 175 54
OC11B484 331 204 0.62 0.0249 1.3 0.0080 1.9 0.0496 3.2 159 2 158 2 161 3 178 75
OC11B486 808 168 0.21 0.0250 1.1 0.0086 2.0 0.0520 1.9 159 2 159 2 174 4 284 42
OC11B477 813 189 0.23 0.0251 1.0 0.0082 2.2 0.0513 2.6 160 2 159 2 164 4 255 60
OC11B487 459 84 0.18 0.0252 1.3 0.0084 2.6 0.0505 2.6 161 2 160 2 170 4 217 60
OC11B491 588 113 0.19 0.0253 1.0 0.0078 2.4 0.0510 2.3 161 2 160 2 157 4 242 54
OC11B478 444 69 0.16 0.0253 1.2 0.0081 3.0 0.0505 2.8 161 2 161 2 162 5 217 64

KHB009–1 Huangbaikeng granodiorite
NO07A095 675 62 0.10 0.0246 1.0 0.0075 3.2 0.0501 1.9 157 2 156 2 151 5 201 45
OC11B383 373 75 0.20 0.0250 1.3 0.0114 2.7 0.0620 2.9 159 2 157 2 230 6 675 61
OC11B388 68 46 0.67 0.0249 2.5 0.0087 4.0 0.0577 6.3 158 4 157 4 176 7 517 139
OC11B380 470 150 0.32 0.0253 1.7 0.0079 2.7 0.0514 3.6 161 3 160 3 159 4 258 84
OC11B382 822 261 0.32 0.0257 1.2 0.0080 2.7 0.0518 3.1 164 2 163 2 161 4 276 70
OC11B389 1652 828 0.50 0.0262 0.9 0.0085 1.4 0.0513 1.4 167 1 167 1 170 2 255 33
OC11B377 1914 1356 0.71 0.0266 0.9 0.0083 1.3 0.0506 1.3 169 1 169 1 166 2 222 29
OC11B386 1891 293 0.15 0.0269 0.9 0.0087 1.7 0.0518 1.3 171 2 170 2 175 3 275 29
OC11B387 1427 417 0.29 0.0281 0.9 0.0100 1.7 0.0525 1.5 179 2 178 2 200 3 305 33
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granodiorite to granite fields in the TAS classification diagram (Fig. 8a)
and belong to the high–K calc–alkaline series in the K2O versus SiO2 di-
agram (Fig. 8b). They are characterized by metaluminous to
peraluminous compositions with A/CNK near to 1.0 (ranging from
0.97 to 1.05) and A/NK ranging from 1.41 to 1.51 (Fig. 8c).

These intrusions have total REE (∑REE) and HREE (∑HREE) con-
tents of 121.94–150.95 ppm and 12.25–15.80 ppm, respectively. They
also show strong fractionation between the light REE and heavy REE
(LREE/HREE = 6.65–8.11 and LaN/YbN = 28–41) with weakly negative
Eu anomalies (δEu = 0.70–0.79) (Fig. 9a). They have high Sr (481–
584 ppm), low Y (6.11–8.68 ppm) and Yb (0.59–0.77 ppm) contents
with Sr/Y ratios of 56–80 and LaN/YbN ratios of 28.08–40.98.

They show relative enrichment in large ion lithophile elements
(LILEs) such as Rb, Th, U and Pb, and remarkable depletion in high
field strength elements (HFSEs) of Nb, Ta, P, Zr and Ti (Fig. 9b).

5.3. Sr–Nd–Pb isotopes

The initial 87Sr/86Sr (ISr) ratios and εNd(t) values of five rock samples
have been calculated corresponding to the zircon U–Pb ages (~160Ma).
Sr, Nd and Pb isotopic compositions of the Dayutang, Huangbaikeng
granodiorites and the Xiatongcun monzogranite are presented in
Tables 5 and 6, and shown in Figs. 10a and 11. They have uniform ISr
values of 0.7083–0.7092, εNd(t) of −6.3 to −7.3 and T2DM values of
1.46–1.54 Ga. Eight rock samples have similar Pb isotopic compositions
of (206Pb/204Pb)i = 18.114–18.263, (207Pb/204Pb)i = 15.596–15.621,
(208Pb/204Pb)i = 38.306–38.423). Six sulfides from Tongcun Mo\\Cu
deposit have Pb isotopic compositions of 206Pb/204Pb = 18.314–
18.427, 207Pb/204Pb = 15.589–15.651, 208Pb/204Pb = 38.374–38.650,
which are similar to those of eight rock samples from Tongcun intrusive
complex.
6. Discussions

6.1. Timing of magma emplacement

Previous studies suggested that the Tongcun complex is composed
by the Huangbaikeng, Jiangjunwu and Xiatongcun intrusions with a
wide formation ages varying from ~155.6 Ma to ~170 Ma (Qiu et al.,
2013; Zeng et al., 2013; Zhu et al., 2014; Zhu, 2014). The new LA–ICP–
MS zircon ages of 160.1 ± 1.5 Ma for Dayutang granodiorite and two
groups of 159.2 ± 1.2 and 158.6 ± 4.1 Ma for Huangbaikeng granodio-
rite are more consistent with each other as well as the associated min-
eralization ages, e.g., the molybdenite Re-Os age of 162 Ma (Zhang et
al., 2013) and the sericite Ar-Ar age of 155.53 ± 0.90 Ma (this paper)
within error limits. Therefore, three new ages are credible and this com-
plex should include the Dayutang intrusion. As the new SHRIMP zircon
age of 148.1 ± 1.7 Ma for the Jiangjunwu monzogranite, two explana-
tions can be given:

1) It is a coeval magmatic event with the other rock units in this com-
plex. Based on the previous studies from Qiu et al. (2013), this
monzogranite (granite porphyry) formed in 159.9 Ma. The differ-
ence (~12Ma) from two datingmethodsmay result from the uncer-
tainty (±4%, 2RSD) of LA-ICP-MS as X.H. Li et al. (2015) reported.

2) There were two stages of monzogranite in the Jiangjunwu intru-
sion, the first stage (phase 1) formed in 159.9 Ma (Qiu et al.,
2013). The late monzogranite (phase 2) formed in 148.1 ±
1.7 Ma, which is supported by considerable inherited cores in zir-
cons, comparing with the early monzogranite and other intrusive
rocks in our and the previous studies. Additionally, the ages of
these inherited cores were consistent with those in other intru-
sive rocks (Table 7, Fig. 6b). Moreover, the late Jurassic magmatic



Fig. 5. Concordia diagram showing 238U/206Pb vs. 207Pb/206Pb results and the weighted average 206Pb/238U age for single–grain zircon of granitoids from the Tongcun intrusive complex
(Analyses in red color used in age calculation mainly).
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event has been reported in several other deposit in NW Zhejiang
province, such as the Wushanguan complex (139.2–150.2 Ma) in
the Anji polymetallic deposit (Xie et al., 2012; Rehandling with the
91500 zircon standard), the Shanxi-Guanshan complex (147.2–
150.1 Ma) in the Lizhu Fe-Zn-Mo skarn deposit (Gu et al., 2011),
Mugua, Jiemeng and Datongkeng intrusions in Chun'an area (142.2–
148.6 Ma) (Li et al., 2013a, 2013b).

Therefore, the second interpretation should be more acceptable and
it indicates that the Tongcun intrusive complex formed mainly in late
Jurassic period from 160 Ma to 148 Ma.

6.2. Sericite Ar-Ar dating for late Cu mineralization

Molybdenite Re–Os dating by Zhang et al. (2013), Zeng et al.
(2013) and Tang et al. (2015a) demonstrated that the early Mo
(Cu) mineralization in the Tongcun deposit occurred at 162.2–
163.9 Ma. New geological evidence confirmed that there is a late Cu
mineralization event occurred slight later than Mo (Cu) mineraliza-
tion in this deposit (Tang et al., 2015a). As the typical Cu–bearing
sulfide of Cu mineralization in the Tongcun deposit, chalcopyrite is
typically intergrown with sericites (Fig. 3) in monzogranite (phase
1). The 40Ar–39Ar dating of those sericite shows excellent agreement
among the plateau age, isochron age and inverse isochron age, with-
in the applicable analytical uncertainty (Table 3, Fig. 7). Moreover,
the isochron and inverse isochron treatments of the data indicate
that initial 40Ar/36Ar ratios are well consistent with atmospheric
value of 298.56± 0.31Ma (Lee et al., 2006) within error uncertainty,
suggesting the absence of excess argon. Therefore, the plateau age of
155.53 ± 0.90 Ma is believed as a better estimate of the crystalliza-
tion age of the sericite, and also represents the age of the late Cumin-
eralization event in the Tongcun deposit.

Image of Fig. 5


Fig. 6. SHRIMP Zircon U–Pb weighted mean ages and concordia diagrams of the Jiangjunwu monzogranite (phase 1).
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6.3. Petrogenesis of the Tongcun granitoids

6.3.1. Petrogenetic type and adakitic affinities of the Tongcun granitoids
The Dayutang, Huangbaikeng granodiorites and the Xiatongcun

monzogranite (phase 1) show the chemical compositions of Na2O
more than 3.2%, the aluminum saturation index (ASI) A/CNK less than
1.1. Those characteristics are consistent with I–type granites and differ-
ent from S–type granites (Chappell and White, 2001). Those granitoids
have the medium differentiation indexes (DI) of 77.51– 81.36, which
are less than the typical highly fractionated I–type granite in China,
e.g., the Fogang granites (82–94) (Li et al., 2007b) and Chayu granite
(82–92) (Zhu et al., 2009), indicating that those intrusions are not high-
ly fractionated. Therefore, as concerned by F.Y.Wu et al. (2007), the alu-
minum saturation index was reliable in this discrimination. Different
with A–type granite (Whalen et al., 1987), all the Tongcun granitoids
are relatively low in Zr + Nb + Y + Ce (b180 ppm), FeOT/MgO and
(K2O+Na2O)/CaO, falling into the unfractionated granite field (Fig.
11c and d). Combined with SiO2 of 67.41–70.7 wt.% and high K2O of
3.36–4.10wt.% (Table 4), we classify them as the typical high–K calc–al-
kaline I–type granitoids.

Moreover, compared with the typical adakites of Defant and
Drummond (1990), the Tongcun granitoids have most of the adakitic
geological signatures, e.g., high SiO2 (≥56%) and Al2O3 (≥15%), low
MgO (b3%), low Y and heavy REE concentrations (Y b 20 ppm,
Yb b 2 ppm), high Sr (N400 ppm) and low high–field strength elements
(HFSEs). In Sr/Y vs. Y and (La/Yb)N vs. YbN diagrams, all the samples plot
in the adakite fields (Fig. 12a and b).

Therefore, the Tongcun complex can be classified as high–K calc–al-
kaline I–type and adatikitic granitoids.

6.3.2. Magma source of the Tongcun granitoids
The geological characteristics of the Tongcun intrusive rocks indicate

the mantle–derived component was involved in the parent magma.
Firstly, in εNd(t) vs. ISr diagram, the Tongcun granitoid samples plot

Image of Fig. 6


Table 2
Zircon SHRIMP U–Pb data for the Jiangjunwu monzogranite (KHB036, phase 2).

Spot 206Pbc(%)
U Th 206Pb*

232Th/238U 207Pb⁎/206Pb⁎ ±% 207Pb⁎/235U ±% 206Pb⁎/238U ±%
206Pb/238U 207Pb/206Pb 207Pb/206Pb

ppm (Ma) (Ma) (Ma)

KHB036–1.1 – 1059 174 21.7 0.17 0.05003 1.7 0.1646 2.2 0.02386 1.4 152.0 ± 2.2 196 ± 39 143 ± 4
KHB036–2.1 0.37 1618 308 33.9 0.20 0.0483 2.6 0.1621 3.0 0.02431 1.4 154.8 ± 2.2 116 ± 62 183 ± 8
KHB036–3.1 0.11 1674 364 32.5 0.22 0.0483 2.3 0.1503 2.7 0.02255 1.4 143.8 ± 2.0 115 ± 54 137 ± 5
KHB036–4.1 0.26 105 70 12.2 0.69 0.0656 4.2 1.228 4.6 0.1357 1.8 820 ± 14 795 ± 88 766 ± 30
KHB036–5.1 0.39 275 159 30.9 0.60 0.0613 3.3 1.102 3.8 0.1303 1.9 789 ± 14 651 ± 70 721 ± 26
KHB036–6.1 0.28 81 54 10.2 0.69 0.0685 3.9 1.381 4.3 0.1462 2.0 879 ± 16 885 ± 80 830 ± 34
KHB036–7.1 0.14 1299 216 26.2 0.17 0.0489 2.5 0.1577 3.0 0.02341 1.6 149.2 ± 2.3 141 ± 60 143 ± 7
KHB036–8.1 0.06 898 88 18.0 0.10 0.0494 3.9 0.1586 4.2 0.02327 1.7 148.3 ± 2.4 169 ± 90 148 ± 15
KHB036–9.1 1.77 71 93 7.98 1.36 0.0517 11 0.921 11 0.1292 2.0 783 ± 15 272 ± 243 718 ± 31
KHB036–10.1 – 1771 286 35.6 0.17 0.05047 1.5 0.1630 2.1 0.02343 1.4 149.3 ± 2.1 217 ± 35 163 ± 4
KHB036–11.1 0.25 999 111 20.0 0.12 0.0490 2.1 0.1569 2.6 0.02321 1.5 147.9 ± 2.1 150 ± 50 135 ± 5
KHB036–12.1 0.03 1324 153 26.8 0.12 0.0491 2.9 0.1595 3.3 0.02358 1.5 150.3 ± 2.2 151 ± 68 151 ± 13
KHB036–13.1 0.16 1334 232 26.5 0.18 0.04725 1.9 0.1506 2.4 0.02311 1.4 147.3 ± 2.1 62 ± 46 138 ± 6
KHB036–14.1 0.64 769 100 15.9 0.13 0.0468 4.7 0.1543 4.9 0.02389 1.5 152.2 ± 2.3 41 ± 112 131 ± 18
KHB036–15.1 – 1745 457 33.8 0.27 0.04990 1.8 0.1554 2.3 0.02258 1.4 144.0 ± 2.0 190 ± 41 145 ± 3
KHB036–16.1 0.19 1902 453 36.8 0.25 0.04727 2.0 0.1465 2.7 0.02248 1.8 143.3 ± 2.5 63 ± 48 131 ± 6
KHB036–17.1 0.18 1321 193 26.1 0.15 0.0465 2.7 0.1473 3.0 0.02299 1.4 146.5 ± 2.1 21 ± 64 139 ± 8
KHB036–18.1 0.31 1297 229 25.8 0.18 0.0469 3.1 0.1491 3.5 0.02306 1.5 146.9 ± 2.1 44 ± 75 126 ± 9
KHB036–19.1 0.21 339 219 38.4 0.67 0.0629 1.7 1.140 2.3 0.1315 1.5 796 ± 12 704 ± 31 745 ± 16
KHB036–20.1 0.79 88 96 9.46 1.13 0.0618 5.1 1.056 5.5 0.1239 2.0 753 ± 14 667 ± 110 688 ± 24
KHB036–21.1 0.11 253 175 26.9 0.71 0.0640 1.9 1.088 2.5 0.1233 1.5 749 ± 11 741 ± 40 72 1 ± 15

1) Errors are 1σ, Pbc and Pb* indicate the common and radiogenic portions, respectively; 2) Error in standard calibrationwas 0.40% (not included in above errors but requiredwhen com-
paring data from different mounts); 3) Common Pb corrected using measured 204Pb.
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near but out of the crust–derived granites field in NWZhejiang province
aswell as the crust–derived granites field in SE China (Fig. 10a), indicat-
ing that they cannot be formedonly by the crustmaterials. Secondly, the
Tongcun intrusive rocks have relatively high Mg# values from 35.40 to
40.30 and plot above the curve of pure crustal partial melt in Mg# vs.
SiO2 diagram (Fig. 10c), indicating they cannot be generated only by
the melts from the basaltic lower continental crust but support the in-
dispensable involvement of a mantle component (Rapp and Watson,
1995). Thirdly, the Pb isotopes of the Tongcun granitoids are distributed
near the orogenic Pb evolution curve and different from the Middle–
Late crust–derived intrusions (Fig. 11a and b), also suggesting that the
Tongcun granitoids were derived from themixing of mantle and crustal
materials. Their εNd(t) values also support the involvement of a mantle
component, e.g., their two–stage Ndmodel ages (1.46–1.54 Ga; Table 5)
are significantly younger than those of basement metamorphic rocks in
the Cathaysia Block (1.8–2.2 Ga; Chen et al., 1999) and close to themin-
imum boundary value of the east of Yangze Block (1.5–1.8 Ga Chen et
al., 1999).

In the Tongcun granitoids, the 662–879 Ma inherited zircons (Table
2; Fig. 6b and Table 7) have the Th/U ratios varying from 0.42 to 1.61,
which are higher than those of metamorphic zircons (the Th/U ratio is
often ~0.01 or lower) (Rubatto, 2002; Hoskin and Schaltegger, 2003)
and consistent with those of the magmatic origin (Belousova et al.,
Table 3
Results of 40Ar/39Ar stepwise heating analysis for sericite of the Tongcun porphyry Mo-Cu dep

T(°C) (40Ar/39Ar)m (36Ar/39Ar)m (37Ar/39Ar)m 40Ar(%)

Sample weight = 24.8 mg, J = 0.00439
600 17.9271 0.0013 0.2938 97.97
670 19.6368 0.0013 0.2473 98.18
730 20.3346 0.0009 0.0039 98.70
790 20.7365 0.0009 0.0047 98.67
850 20.8322 0.0009 0.0016 98.74
910 20.8236 0.0009 0.0013 98.71
970 20.9220 0.0013 0.0008 98.22
1030 20.8977 0.0010 0.0011 98.52
1150 20.8330 0.0011 0.0069 98.39
1250 22.9081 0.0093 0.0501 87.98
1450 42.4216 0.0727 0.8955 49.56

F = (40Ar⁎/39Ar); m: the measured isotopic ratios.
2002). Moreover, Neoproterozoic igneous rocks as well as the coeval
inherited zircons of magmatic origin with the ages of 700–1000 Ma
have been widely reported in or near the east QHMB (Zhong et al.,
2005; Wu et al., 2005a, 2005b, 2006; F.Y. Wu et al., 2007; R.X. Wu et
al., 2007; Zheng et al., 2008; Bai et al., 2010; Zhou et al., 2014). There-
fore, we propose that the Neoproterozoic igneous rocks (e.g., the base-
ment rocks from the Shuanxiwu group) in the lower crust were
mainly involved to form the parent magma of the Tongcun granitoids.

In εNd(t) vs. ISr diagram (Fig. 10a), the Tongcun granitoid samples
plot between the basement rocks (represented by splite– and quartz–
keratophyre in Pingshui Formation) and EM–II fields, and compared
with end–members of DM, EM–I and HIMU in 206Pb/204Pb vs. ISr dia-
gram (Fig. 10b), these samples are more close to the EM–II (Fig. 10b),
as supported by the previous studies that the subcontinental lithospher-
ic mantle of south China is EM–II type (Chung, 1999;Wang et al., 2008),
suggesting that the Tongcun complex may be formed mainly by two
end–members of the Shuangxiwu basement and the enriched litho-
spheric mantle.

6.3.3. Mechanism for generating the Tongcun intrusive complex
The Tongcun granitoids belongs to the high–K calc–alkaline I–type

granites. Generally, there are four main interpretations regarding the
origin of I–type granites, including: 1) advanced fractional crystallization
osit, northeast Zhejiang Province.

F 39Ar
(×10−14 mol)

39Ar
(%)

Age(Ma) ±1σ

17.5667 1.67 2.98 134.34 0.68
19.2825 3.19 5.70 146.94 0.72
20.0705 6.07 10.82 152.70 0.74
20.4607 7.12 12.70 155.54 0.75
20.5703 9.00 16.06 156.34 0.75
20.5553 10.69 19.07 156.23 0.75
20.5497 8.83 15.75 156.19 0.75
20.5885 7.58 13.53 156.47 0.75
20.4969 1.66 2.95 155.81 0.80
20.1564 0.16 0.28 153.32 1.85
21.0390 0.08 0.14 159.75 4.86



Fig. 7. Stepwise laser ablation analytical 39Ar/40Ar data for sericite. (a) Plateau age; (b) Normal isochron age; (c) Inverse isochron age.
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of mantle–derived parental magmas, with or without crustal assimila-
tion (DePaolo, 1981; Chiaradia, 2009; Li et al., 2004, 2009; El–Bialy
and Omar, 2015); 2) partial melting of the lithospheric mantle, with
or without being hybridized by the continental slab–derived melts
(Altherr et al., 2000; Jiang et al., 2013a); 3) partial melting of
infracrustal older igneous rocks ormetamorphosed (metasedimentary)
rocks (White and Chappell, 1977, 1983; Chappell and Stephens, 1988;
Chappell and White, 1992, 2001; Altherr et al., 2000; Chappell et al.,
2012; Huang et al., 2015; G.M. Li et al., 2015); 4) mixing of the melts
from partial melting of supracrustal sedimentary rocks or remelting of
pre–existing infracrustal igneous rocks and mantle–derived magmas
(Gray, 1984; Barbarin, 1999; Griffin et al., 2002; Wu et al., 2003; Yang
et al., 2004; Li et al., 2007b; Kemp et al., 2007; Li et al., 2009; Zhu et
al., 2009; Liu et al., 2013; Xu et al., 2014; Wang et al., 2014; Guan et
al., 2014). In this study, in the Harker diagrams (Fig. 13), most of the
major and trace elements have no obvious liner correlation with in-
creasing SiO2. Moreover, they show the features of unfractional crystal-
lization felsic granites in the Zr + Nb + Ce + Y versus FeOT/MgO and
(K2O + Na2O) / CaO diagrams (Fig. 11c and d). Those characteristics
may imply that fractional crystallization did not play a significant role
during the formation process of the Tongcun granitoids. Integrating
the features of magma sources discussed above, the Tongcun complex
should be generated by mixing of the melts from partial melting or
remelting of pre–existing Neoproterozoic igneous rocks and the melts
from the enriched lithospheric mantle.

The Tongcun granitoids also show geochemical features of adakitic
affinities. The characteristics, e.g., enrichment in LREE and depletion in
HREE, and showing positive Rb, Th, U, Pb, Sr and negative Nb, Ta, Ti
anomalies (Fig. 9), are consistentwith those of a subduction component
in the process of magma generation. However, their metaluminous na-
ture, relatively low εNd(t) values of −6.3 to −7.3, high initial 87Sr/86Sr
ratios of 0.70831–0.70904, enrichment in K2O (Na2O/K2O = 0.88–
1.25), positive Sr anomalies and no significant Eu anomalies, are obvi-
ously different from those of typical adakites, which formed by partial
melting of the subducted oceanic slab (Defant and Drummond, 1990).
Actually, those intracontinental adakites, especially in east China, were
considered to be derived from partial melting of mafic sections of the
thickened lower continental crust, which previously underwent inter-
action with mantle material or underplating of mantle–derived basaltic
melts at the base of the crust (Zhang et al., 2001; Hou et al., 2011, 2013;
Berzina et al., 2014; B. Li et al., 2015). As showing in SiO2 against Mg#
and Th/Ce diagrams (Fig. 10c and d), the Tongcun granitoids plot in
“Adakites related to lower crust melting with injecting of mantle mate-
rial” and “Thick lower crust–derived adakitic rocks” fields, ruling out the
derivation of partialmelting of subducted oceanic slabmelt (Defant and
Drummond, 1990), the pure crust and delaminated lower crust (Stern
and Hanson, 1991; Kay and Kay, 1993; Wang et al., 2006) as well as
crustal assimilation and fractional crystallization (AFC) processes from
parental basaltic magmas (Castillo et al., 1999). Considering that there
was a thickened crust in the east China during the Jurassic to Cretaceous
period due to the collision between the Eurasian and Paleo–Pacific
plates (Deng et al., 2000, 2004),we propose that the Tongcun granitoids
may be derived from partial melting of the thickened lower continental
crust triggered by basaltic magma underplating plus additional input
from the EM–II mantle derived basalticmelts. Thismechanism is consis-
tent with the fourth hypotheses above for the origin of I–type granites.

Based on these results above, we propose a simplified genetic model
for the Tongcun granitoids, which is summarized as follows (Fig. 14):
(1) during ~160 Ma, Tongcun area was controlled by an
intracontinental compression setting, whichwas caused by the subduc-
tion from the Izanagi Plate to the Eurasian Plate; (2) intercontinental
orogeny had occurred coevally, with the crust being thickened and the
deep faults being activated; 3) the asthenospheric upwelling then trig-
gered partial melting of the enriched lithospheric mantle which may
be resulted from metasomatism by fluids derived from dehydration of
a subducted slab; (4) larger amounts of basaltic magma derived from
the enriched lithospheric mantle ascended to the base of the lower
crust and triggered partial melting of crustal materials (mainly includ-
ing the Neoproterozoic arc volcanic rocks in Shuanxiwu basement
rocks). (5) crust–derived melts then mixed with the basaltic magmas,
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Table 4
Major oxides (wt.%) and trace elements (ppm) for the Dayutang, Huangbaikeng granodiorites and the Xiatongcun monzogranite.

KHB040 KHB041 KHB042 KHB043 KHB065–1 KHB065–2 KHB061 KHB060

Rock type Dayutang granodiorite Huangbaikeng granodiorite Xiatongcun monzogranite, phase 1

SiO2 69.70 70.18 70.28 67.41 69.30 69.32 69.02 67.98
TiO2 0.34 0.31 0.34 0.37 0.35 0.34 0.36 0.36
Al2O3 15.31 15.10 15.04 15.94 15.22 15.02 14.82 15.01
Fe2O3T 2.38 2.33 2.61 2.65 2.53 2.62 2.78 2.67
MnO 0.05 0.05 0.05 0.05 0.05 0.05 0.02 0.02
MgO 0.75 0.73 0.79 0.90 0.82 0.79 0.77 0.88
CaO 2.52 2.62 2.51 3.01 2.48 2.55 2.10 2.77
Na2O 4.03 4.09 4.05 4.19 4.00 3.91 3.59 3.53
K2O 3.43 3.69 3.53 3.36 3.56 3.67 4.10 4.03
P2O5 0.11 0.10 0.11 0.12 0.11 0.11 0.12 0.13
FeO 1.39 1.28 1.57 1.59 1.40 1.49 1.79 1.82
LOI 1.35 0.79 0.69 1.99 1.56 1.62 1.77 2.07
Total 99.96 99.99 99.99 99.99 99.97 99.99 99.45 99.45
Mg# 38.50 38.20 37.34 40.30 38.98 37.34 35.40 39.58
DI 80.59 81.41 80.66 77.51 80.48 80.33 81.36 78.61
Cr 4.90 4.65 5.33 5.90 8.45 7.09 7.14 6.48
Co 4.50 3.77 4.05 4.93 4.55 4.30 4.99 5.75
Ni 2.68 2.58 2.88 3.09 2.94 3.17 3.35 3.23
Rb 92.9 109 103 110 113 118 92.6 108
Sr 486 481 483 584 512 492 511 544
Ba 957 828 805 1018 1260 1096 1005 968
La 30.70 34.40 32.20 36.50 31.90 37.30 40.30 34.10
Ce 53.90 60.60 56.60 63.70 55.40 61.30 66.00 58.30
Pr 5.75 6.33 6.21 6.91 5.93 6.73 6.94 6.25
Nd 21.20 22.60 22.60 24.80 21.90 25.00 25.80 23.20
Sm 3.51 3.36 3.64 3.72 3.31 3.86 3.87 3.64
Eu 0.74 0.79 0.86 0.85 0.78 0.88 0.93 0.88
Gd 2.84 2.80 2.90 2.97 2.77 2.97 3.19 3.02
Tb 0.37 0.36 0.41 0.39 0.36 0.39 0.41 0.41
Dy 1.32 1.35 1.69 1.48 1.40 1.55 1.65 1.60
Ho 0.24 0.24 0.29 0.25 0.24 0.27 0.27 0.28
Er 0.60 0.69 0.82 0.73 0.68 0.71 0.74 0.75
Tm 0.10 0.10 0.13 0.11 0.11 0.11 0.10 0.11
Yb 0.59 0.63 0.77 0.66 0.60 0.64 0.66 0.65
Lu 0.08 0.09 0.10 0.09 0.09 0.09 0.09 0.09
Y 6.11 6.80 8.68 7.34 6.93 7.52 7.59 7.71
Zr 77.10 93.60 103.00 95.50 68.60 58.30 60.80 64.40
Hf 2.82 3.19 3.24 2.72 2.30 1.89 1.89 2.11
Nb 5.02 5.97 7.26 6.23 5.99 5.91 5.78 6.19
Ta 0.33 0.39 0.56 0.39 0.42 0.43 0.39 0.41
Th 11.20 13.20 14.00 11.20 11.80 13.70 13.20 11.60
U 3.33 3.96 5.03 3.40 2.74 3.28 2.87 2.55
Pb 25.60 26.40 25.60 18.40 24.20 25.90 18.90 17.60
δEu 0.70 0.76 0.78 0.75 0.77 0.77 0.78 0.79
ΣHREE 12.25 13.07 15.80 14.02 13.16 14.23 14.71 14.62
ΣREE 121.94 134.34 129.23 143.16 125.46 141.78 150.95 133.28
LREE/HREE 7.39 7.97 6.65 8.01 7.52 8.03 8.11 7.20
LaN/YbN 35.02 36.70 28.08 37.51 35.84 39.54 40.98 35.21

Fig. 8. (a) TAS classification diagram (Middlemost, 1994), (b) K2O vs. SiO2 diagram (solid lines from Peccerillo and Taylor, 1976; dashed lines fromMiddlemost, 1985) and (c) A/CNK vs. A/
NK diagram (dashed line is based on Chappell and White, 1974) for the Tongcun intrusive complex.
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Fig. 9.Chondrite–normalized REE patterns and PrimitiveMantle (PM) normalized trace element diagrams for three types of granitoids from the Tongcun intrusive complex. Chondrite and
PM values are from Sun and McDonough (1989).
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forming the Tongcun parental magmas; and (6) the parental magmas
intruded the Cambrian and Ordovician sedimentary rocks along the
NE trending faults and produced the Tongcun intrusive complex.

6.4. Implications for genesis of porphyry Mo–Cu deposits in collisional
orogens

The genetic relationship between adakites or adakitic rocks and the
porphyry Cu, Au deposits have been confirmed bymany scholars in dif-
ferent tectonic settings, e.g., in arc settings, including the Los Pelambres
giant porphyry copper deposit in the Andes (Reich et al., 2003) and
most of porphyry Cu and epithermal Au deposits in the Philippines
(Sajona andMaury, 1998) and in non–arc settings, including several sig-
nificant porphyry Cu deposits in the eastern Tethyan metallogenic do-
main (Hou et al., 2011). Meanwhile, several porphyry Mo (Cu)
deposits are also genetically associated with adakites or adakitic rocks,
such as Yili porphyry Mo (Wu et al., 2015), the Shakhtama porphyry
Mo–Cu (Berzina et al., 2013, 2014), the Aolunhua porphyry Mo–Cu
(Ma et al., 2013) and the Tongchanggou porphyry–skarn type Mo–Cu
deposits (Wang et al., 2014). Among them, the related adakites in
Shakhtama porphyry Mo–Cu deposit show similarly geochemical char-
acteristics with the Tongcun complex. Consequently, we believe that
the Tongcun complex have close relationship with Mo–Cu mineraliza-
tion, as also supported by following evidences.

1) Source of ore–forming materials and fluids
In this paper, molybdenite and chalcopyrite, which were collected
from the early mineralization stage, have more enriched lead isoto-
pic compositions than the Tongcun intrusive complex (Table 7; Fig.
11a and b). In the Pb evolution curve of Zartman and Doe (1981)
(Fig. 11a and b), all these samples plot between the upper crust
and orogenic Pb evolution curve, and are closer to the latter. Mean-
while, the sulfides plot between the Tongcun intrusive complex
and the Jurassic crus–derived intrusions, and one chalcopyrite over-
laps the Jurassic crus–derived intrusions. These indicate that ore–
forming metals of the Tongcun Mo–Cu deposit came from a mixed
Table 5
Sr–Nd isotopic compositions for the granitic samples from the Tongcun intrusive complex.

Sample Age
(Ma)

Rb
(ppm)

Sr
(ppm)

87Rb/86Sr 87Sr/86Sr (87Sr/86S

Dayutang granodiorite
KHB041 160 119 490 0.7010 0.71005 0.70846
KHB043 160 118 591 0.5757 0.70962 0.70831

Huangbaikeng granodiorite
KHB065–1 160 120 525 0.6623 0.71016 0.70865

Xiatongcun monzogranite, phase 1
KHB061 160 106 532 0.5746 0.71054 0.70924
KHB060 160 114 545 0.6079 0.71042 0.70904
source of mantle and crust. Therefore, we interpret that the
magma and wall rocks should provide the ore–forming metals for
the Tongcun Mo–Cu deposit. Moreover, S–H–O isotopes were also
analyzed and reported by Tang et al. (2015a). Sulfur isotopic compo-
sitions from threemolybdenite and chalcopyrite samples range from
+1.6‰ to +3.8‰, with an average value of +2.8‰, showing mag-
matic origins. Additionally, the δ18OSMOW and δDSMOW values of ore–
forming fluid vary from +5.6‰ to +8.6‰ and from −71.8‰ to
−88.9‰, respectively, indicating a primary magmatic fluid source.

2) Temporal and spatial relationship between the Tongcun intrusions
and Mo–Cu mineralization
The conomically viable Mo (Cu) and Cu ore bodies are mainly found
in or around the monzogranite in Jiangjunwu and Xiatongcun area
(Fig. 2), indicating that the early Mo (Cu) and late Cu mineralization
have a close spatial relationship with the monzogranite. Additional-
ly, two ages of 162.2–163.9 Ma and 155.5 Ma for Mo (Cu) and the
late Cu mineralization, respectively, are coincident with the zircon
U–Pb ages of 159.9 Ma (Qiu et al., 2013) for monzogranite (phase
1), also indicating that the early Mo (Cu) and late Cu mineralization
have a closely temporal relationship with this intrusion.

Therefore, we suggest that the Tongcun porphyry Mo–Cu
deposit is genetically associated with the emplacement of the
monzogranite (phase 1) among the several intrusions in the
Tongcun complex.

6.5. Tectonic implications from the Tongcun I–type and adakitic granitoids

Themain dynamic process of the Mesozoic strong tectonomagmatic
activities and mineralization in Southeastern China has been argued for
a long time. At least four tectonicmodelswere proposed for theMiddle–
Late Mesozoic periods, including: 1) inland compression or an active
continental–margin setting related to the subduction and collision of
the Paleo–Pacific Plate in Mesozoic time (Shu et al., 2011; J.W. Mao et
al., 2013; Li et al., 2013a, 2013b, 2014; Zheng et al., 2013; S.H. Jiang et
al., 2013; He et al., 2015); 2) an extensional setting (Wang et al., 2004;
r)i Sm
(ppm)

Nd
(ppm)

147Sm/144Nd 143Nd/144Nd εNd(t) T2DM
(Ga)

3.75 23.70 0.0954 0.512182 −6.8 1.51
3.58 21.90 0.0987 0.512161 −7.3 1.54

3.20 20.60 0.0938 0.512187 −6.7 1.49

3.49 24.10 0.0876 0.51220 −6.3 1.46
3.31 21.60 0.0927 0.512171 −7.0 1.52
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Table 6
Pb isotopic compositions for the sulfides and the granitic samples from the Tongcun intrusive complex.

Sample Age (Ma) Pb Th U 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb (206Pb/204Pb)160 (207Pb/204Pb)160 (208Pb/204Pb)160

ppm The measured value The correction value

Dayutang granodiorite
KHB040 160 25.60 11.20 3.33 18.422 15.618 38.679 18.183 15.606 38.423
KHB041 160 26.40 13.20 3.96 18.470 15.622 38.664 18.194 15.608 38.371
KHB042 160 25.60 14.00 5.03 18.476 15.614 38.682 18.114 15.596 38.361
KHB043 160 18.40 11.20 3.40 18.486 15.619 38.663 18.146 15.602 38.306

Huangbaikeng granodiorite
KHB065–1 160 24.20 11.80 2.74 18.440 15.623 38.671 18.232 15.613 38.385
KHB065–2 160 25.90 13.70 3.28 18.448 15.610 38.644 18.215 15.599 38.334

Xiatongcun monzogranite, phase 1
KHB061 160 18.90 13.20 2.87 18.543 15.635 38.775 18.263 15.621 38.365
KHB060 160 17.60 11.60 2.55 18.512 15.629 38.725 18.245 15.616 38.338

Sample Stage Mineral 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb

KHB038 Early Mo–Cu mineralization Molybdenite 18.342 15.589 38.374
KHB023 Early Mo–Cu mineralization Chalcopyrite 18.349 15.612 38.473
KHB051 Early Mo–Cu mineralization Molybdenite 18.358 15.594 38.396
KHB051 Early Mo–Cu mineralization Chalcopyrite 18.427 15.651 38.650
KHB052 Early Mo–Cu mineralization Molybdenite 18.314 15.598 38.404
KHB053 Early Mo–Cu mineralization Chalcopyrite 18.412 15.618 38.457
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Meng et al., 2012; Zhao et al., 2012; Huang et al., 2015; Deng et al.,
2015), which was attributed to delamination or foundering of the
lower crust induced by the flat–slab subduction of the Pacific plate (Li
et al., 2007b; Meng et al., 2012; Zhao et al., 2012; Huang et al., 2015;
Deng et al., 2015); 3) related to theMesozoic supermantle plume activ-
ity in East Asia (Zhang, 2013a, 2013b); and 4) related to lithosphere
thinning and upwelling of asthenospheric matter, which converged be-
neath the eastern China and adjacent areas by extrusion force from four
directions (including the subduction of Pacific plate) (Yang et al., 2009;
Fig. 10. Plots of ISr vs. εNd(t) (a), 206Pb/204Pb vs. ISr (b), SiO2 vs.Mg# (c), SiO2 vs. Th/Ce (d), and fo
weremodified from Li et al., 2013a;Wang et al., 2008, and the latter twoweremodified fromHo
et al. (1991), crust–derived intrusions of NW Zhejiang and SE China are from Li et al. (2013a, 2
Geng et al., 2012). In this study, the negative Nb, Ta, Ti, and P anomalies
and enriched initial 87Sr/86Sr ratios of 0.7083–0.7092 of the Tongcun in-
trusive complex are consistent with those of the subduction–related
magmatism (Wang et al., 2001; Spurlin et al., 2005; Zhu et al., 2015).
Meanwhile, no coeval A–type granites were found in the Tongcun de-
posit, though some place of southeastern Chinawas controlled by an ex-
tension setting during ~150 to ~165 Ma, as supported by A–type
granites in this region (Li et al., 2007b; Jiang et al., 2008; Zhu et al.,
2008; Shu et al., 2011; Zhao et al., 2012). Therefore, we believe that
r three types of granitoids from the Tongcun intrusive complex. (The former two diagrams
u et al., 2013; Jiang et al., 2013b). Data of spilite– and quartz– keratophyrewere from Shen
013b). DM: depleted mantle, EM I: enriched mantle I, EM II: enriched mantle II.

Image of Fig. 10


Fig. 11. Plots of 208Pb/204Pb vs. 206Pb/204Pb (a) and 207Pb/204Pb vs. 206Pb/204Pb (b) as well as Zr + Nb+ Ce+ Y vs. FeOT/MgO (c) and (K2O+Na2O)/Ca2O diagrams (d) for granitoids and
sulfides from the Tongcun deposit (the data of Middle–Late Jurassic crust–derived intrusions of SE China are from S.H. Jiang et al., 2013; Li et al., 2013b). FG= FractionatedM–, I– and S–
type felsic granites; OGT = unfractionated M–, I– and S–type granites.
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the Tongcun intrusive complex formed in a compression setting related
to the subduction of the Paleo–Pacific Plate in Mesozoic period.

7. Conclusions

1) The Tongcun intrusive complex mainly consists of granodiorite and
monzogranite (phase 1 and 2) in Huangbaikeng, Dayutang,
Jiangjunwu and Xiatongcun area, with the main emplacement ages
varying from 160 Ma to 148 Ma. Three representative rock units
from Tongcun intrusive complex are metaluminous to slightly
peraluminous, and could be classified to high–K calc–alkaline I–
type and adatikitic granitoids.

2) In the Tongcun Mo–Cu deposit, the late Cu mineralization event oc-
curred at ~155.5 Ma. The early Mo (Cu) and late Cu mineralization
Table 7
Zircons U–Pb dating from the previous studies of the Tongcun granitoids.

Location Rock type U–Pb Method Age (spots) Th/U

Xiatongcun Granite porphyry SIMS 812 ± 50 (5)
No CL photos

0.60–

Granite porphyry LA–ICP–MS 155.6 ± 2.5(13)
164.8 ± 1.6 (13)

Granite porphyry SHRIMP 662 ± 16(1)
797 ± 17(1)

0.56
0.64

Jiangjunwu Granite porphyry LA–ICP–MS 159.9 ± 3

Fine–grained
granodiorite

SHRIMP 756 ± 17(1)
773 ± 18(1)

0.62
0.73

Huangbai–keng Fine–grained
granodiorite

SHRIMP 844 ± 15(1) 0.42

Granodiorite SHRIMP 648 ± 14(1) 703 ±
16(1)

1.11
1.61

Fine–grained granite SHRIMP 780.1 ± 2.8(1) 0.58
events are temporally, spatially and genetically associated with the
emplacement of monzogranite (phase 1).

3) The Tongcun intrusive complex was mainly derived from partial
melting of the Neoproterozoic igneous rocks triggered by basaltic
magmaunderplating plus additional input from the EM IImantle de-
rived basalticmelts, andwas totally controlled by a compression set-
ting related to the subduction of the Paleo–Pacific plate in Mesozoic
period.
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Fig. 12. Sr/Y vs.Y (a) and (La/Yb)N vs. YbN (b) discrimination diagrams (after Defant and Drummond, 1990; Martin, 1986) for the Tongcun granitoids.

Fig. 13. Harker diagrams of SiO2 against major elements and trace elements for the Tongcun granitoids.
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Fig. 14. Schematic illustrations of the generation and emplacement of the Tongcun intrusive complex. (Modified after Mao et al., 2011c; Liu et al., 2014.)
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