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Neoproterozoic magmatic rocks in South China contain important information on evaluating crustal
reworking during the Yangtze-Cathaysia collision and post-collisional extension. We present here geo-
chemical, geochronological, and Lu-Hf isotopic data of a suite of granitoids and diorites from the
Jiuling and Meixian plutons of the central Jiangnan Orogen. The granitoids display intermediate geo-
chemical features between S-type and I-type granites. They exhibit arc-like patterns of REE and trace ele-
ment partition, reflecting inheritance of juvenile arc-derived crust. Igneous zircons from the Jiuling and
Meixian granitoids yield U-Pb ages of 822–819 Ma and 816–815 Ma, respectively. Inherited zircons from
the granitoids commonly yield a major age population of 980–860 Ma, consistent with the time of the
Shuangxiwu volcanic arc. The igneous and inherited zircons have highly variable eHf(t) values ranging
from �9 to +12.2. We interpret the granitoids to have been generated by remelting and binary mixing
of (1) juvenile arc-derived crustal material and (2) supracrustal material of the Shuangqiaoshan meta-
sedimentary rocks. The previous crustal thickening achieved by the Yangtze-Cathaysia collision is a pre-
requisite for their generation. The two granitoids, together with regional 825–815 Ma S-type granites,
indicate incipient post-collisional collapse of thickened crust, heralding tectonic switch from compres-
sion to extension. The Meixian diorites display arc-like geochemical characteristics, and yield zircon
U-Pb ages of 805–804 Ma and neutral to positive zircon eHf(t) values (�0.1–+7.5). The diorites were
generated by decompression melting of arc-derived lower crust, associated with asthenospheric mantle
upwelling during continental rifting. Such rifting may be part of global Neoproterozoic rifting events that
finally led to breakup of the Rodinia supercontinent.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

South China, as one of the most important terranes of Southeast
Asia, was formed through Neoproterozoic amalgamation of the
Yangtze and Cathaysia blocks (Fig. 1) (Li et al., 2002a, 2007,
2009; Zhao and Cawood, 1999, 2012). How the two blocks amalga-
mated is an important issue that has potential significance in
understanding the accretion of Southeast Asia, as well as on the
assembly and configuration of the supercontinent Rodinia. Focus-
ing on this issue, a series of studies have been conducted since
1990s, and they provide robust evidence that reveals the time
and petrogenesis of arc magmas, blueschists, ophiolites and grani-
toids, all important in understanding the oceanic subduction,
closure and arc-continent collision during the amalgamation
(e.g., Shu et al., 1993; Charvet et al., 1996; Shu and Charvet,
1996; Li et al., 2003a, 2008, 2009; Wu et al., 2006; Wang et al.,
2007a, 2008a,b, 2013a, 2014a, 2015; Zhou et al., 2009).

Mid-Neoproterozoic magmatic rocks, mostly formed at 830–
740 Ma, are widespread across South China (Li et al., 1999,
2003a; Zheng et al., 2008; Zhou et al., 2009; Zhao et al., 2008,
2011; Wang et al., 2012a, 2013b, 2014b; Yao et al., 2012, 2014a,
b). These rocks contain reliable information on evaluating crustal
reworking and growth during the Yangtze-Cathaysia collision
and post-collisional extension, as well as on the assembly and
breakup of the supercontinent Rodinia. To interpret the origin of
the magmatic rocks, three competing tectonic models have been
proposed, i.e., the plume-rift, slab-arc, and plate-rift models (Li
et al., 1999, 2003a; Zhou et al., 2002a; Zheng et al., 2008). The
plume-rift model relates the mid-Neoproterozoic magmatism to
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Fig. 1. (a) Sketch map showing the location of South China, modified after Li et al. (2016a). (b) Simplified geological map of South China showing the distributions of major
Precambrian basements and igneous rocks, modified after Zhao and Cawood (2012). SJPSZ, Shaoxing-Jiangshan-Pingxiang suture zone. NJXSZ, Northeastern Jiangxi suture
zone.
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mantle plume activity that led to the breakup of Rodinia (Li et al.,
1999, 2002b, 2003a,b, 2005). The slab-arc model interprets the
magmatism to have occurred at an active continental margin, asso-
ciated with eastward (present-day orientation) subduction of ocea-
nic lithosphere beneath the western margin of the Yangtze Block
(Zhou et al., 2002a,b; Zhou et al., 2006a,b; Zhao and Zhou, 2007a,b).
The plate-rift model attributes the magmatism to reworking of
the juvenile crust in response to post-collisional collapse and
lithospheric extension (Zheng et al., 2007, 2008). The three models
assume different locations of South China in Rodinia: the plume-
rift model locates South China at a central position in Rodinia,
sitting between Australia and Laurentia (Li et al., 1995, 1999),
whereas the slab-arc and plate-rift models interpret South China
to either be on the periphery of Rodinia (Zheng et al., 2008; Zhou
et al., 2006a), or be an isolated continent unrelated to the super-
continent (Zhou et al., 2002a).

The Jiuling and Meixian plutons, located in the central part of
the Jiangnan Orogen (Figs. 1 and 2a), hold the key to addressing
the above controversies. Previous U-Pb dating of igneous zircons
from the Jiuling granitoids yielded ages of 828–807 Ma (Li et al.,
2003a; Wang et al., 2013b; Zhao et al., 2013; Zhong et al., 2005).
The petrogenesis and tectonic implications of the granitoids con-
tinue to be hotly debated. Li et al. (2003a) interpreted the grani-
toids as resulting from crustal anatexis caused by conductive
heating above a mantle plume, whereasWang et al. (2004a) argued
that the granitoids were formed associated with post-collisional
crustal melting, induced by upwelling of hot asthenosphere follow-
ing slab breakoff. Yao et al. (2014b) interpreted the granitoids as
collision-related products formed in response to the Yangtze-
Cathaysia collision. Alternatively, Zhao (2015) related the grani-
toids to partial melting of accretionary-wedge strata induced by
underplating of mantle magmas, due to the oceanic lithospheric
delamination. In contrast to the extensively studied igneous zir-
cons within the Jiuling granitoids, few studies were conducted in
the inherited zircons therein. In general, inherited zircons are
interpreted as evidence that the host magma reached zircon satu-
ration during melting (Harrison et al., 2007), and they are efficient
at clarifying the magma source and petrogenesis of the granitoid.



Fig. 2. (a) Geological map of the central Jiangnan Orogen, showing the distributions of the Jiuling and Meixian plutons, modified after Li et al. (2016c). See Fig. 1b for location;
(b) Cross section A-B showing structural style of the central Jiangnan Orogen.
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Therefore, in this study, we will determine the ages of inherited
zircons from the Jiuling granitoids, and discuss their significance
in the context of regional tectonic evolution. The Meixian plutons
are located �50 km to the west of the Jiuling granitoids. Previous
study interpreted the Meixian plutons to have been emplaced in
the Jurassic (Shi et al., 2013), coevally with the 154–146 Ma inter-
mediate to felsic magmatism that generated the Mufushan com-
plex (Wang et al., 2014c). However, recent work by Zhao et al.
(2013) obtained one zircon U-Pb age of 813 ± 5 Ma for a granitoid
sample. Due to the lack of time and geochemical constraints, the
age, petrogenesis, and tectonic significance of the Meixian plutons
remain poorly understood.

This paper presents combined results of new zircon U-Pb,
whole-rock elements and Hf isotopes for the Jiuling and Meixian
plutons. The results, together with previous data, constrain the
emplacement time of the plutons to between 822 and 805 Ma,
and support interpretation of the plutons as post-collisional
extension-related magmatic rocks. These results shed new insights
into Neoproterozoic crustal reworking in response to post-
collisional extension in South China.
2. General geology of the Jiangnan Orogen

2.1. Proterozoic stratigraphic sequences

The Jiangnan Orogen, as an east-north-east trending orogenic
collage extending for >1000 km across central South China
(Fig. 1), was developed by Neoproterozoic oceanic subduction,
closure, and collision/amalgamation of a variety of terranes
between the Yangtze and Cathaysia Blocks (Wang et al., 2007a,
2013c, 2014a; Zhao, 2015). Much of the orogen is composed of
Meso- and Neo-Proterozoic volcano-sedimentary units that
record Neo-Proterozoic Yangtze-Cathaysia assembly (Wang
et al., 2007a, 2008a) and Phanerozoic polyphase deformation
(Chu and Li, 2014; Li et al., 2013, 2014, 2016a). The Mesoprotero-
zoic volcano-sedimentary unit, termed the Tieshajie group, is
mainly composed of greenschist facies gneisses, schists, slates
and siltstones, interbedded by �1.1 Ga bimodal assemblages of
alkaline basalts and rhyolites (Gao et al., 2013a; Li et al.,
2013a; Zhang et al., 2015a). This group was deposited in a Meso-
proterozoic continental rift setting at a passive continental mar-
gin (Li et al., 2013a; Zhang et al., 2015a). The Neoproterozoic
volcano-sedimentary units include the Shuangxiwu Group in
west Zhejiang, the Shuangqiaoshan and Luokedong Groups in
northwest Jiangxi, the Shangxi and Likou Groups in south Anhui,
the Sibao and Danzhou Groups in north Guangxi, the Fanjingshan
and Xiajiang Groups in northeast Guizhou, and the Lengjiaxi and
Banxi Groups in central Hunan (Fig. 1b). The Shuangxiwu Group
consists of typical arc rock assemblages with ages ranging from
970 to 850 Ma (Li et al., 2009; Gao et al., 2014a). The Shuang-
qiaoshan and Shangxi Groups were formed in the period 880–
820 Ma; they are composed of spilite, keratophyre, tuff, meta-
sandstone, phyllite and slate (Gao et al., 2008; Wang et al.,
2008a, 2013c; Zhou et al., 2012; Li et al., 2016b). The Sibao, Fan-
jingshan and Lengjiaxi Groups, formed in the period 860–820 Ma,
consist of greenschist-faces metamorphosed sandstone, siltstone
and shale with minor tuff (bentonite), spilite, keratophyre,
komatiitic rock and mafic–ultramafic sills (Wang et al., 2007a,
2010a, 2012b; Zhou et al., 2009; Li et al., 2011, 2013b; Yang
et al., 2015). The Banxi and Danzhou Groups comprise slate, con-
glomerate, sandstone, meta-pelite and volcano-clastic rocks, and
recent U-Pb zircon studies yield 820–750 Ma for the depositional
time of these groups (Zhang et al., 2008a,b; Gao et al., 2010,
2013b; Wang et al., 2010a; Wang and Zhou, 2012). Based on
contrasting structural styles, these volcano-sedimentary units
are clarified into two rock sequences that are separated by a
regional angular unconformity (Wang et al., 2007a; Zhao and
Cawood, 2012). Rock sequences (>820 Ma) below the unconfor-
mity exhibit tight, isoclinal folds with penetrative cleavages,
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whereas those (<820 Ma) above the unconformity are flat-lying
and display open folds with rare cleavage development (Wang
et al., 2007a, 2013c).

2.2. Neoproterozoic magmatism

Two (Northeast Jiangxi and South Anhui) ophiolite suites crop
out at the eastern end of the Jiangnan Orogen (Fig. 1). The North-
east Jiangxi ophiolite suite is mainly composed of harzburgites,
wehrlites, gabbros, blueschists, spilites and adakitic granites; dat-
ing by Sm-Nd isochron and SHRIMP zircon U-Pb methods gave
ages of �1.0–0.9 Ga for the ophiolite suite (Chen et al., 1991; Shu
et al., 1993, 2006; Li et al., 1994, 2008; Li and Li, 2003; Gao et al.,
2009; Wang et al., 2015; Zhang et al., 2015). This ophiolite suite
represents remnants of ancient oceanic lithosphere, and assists in
tracing the Northeastern Jiangxi suture zone (NJXSZ) that separates
the oceanic Huaiyu terrane from the continental Jiuling terrane
(Fig. 1) (Charvet et al., 1996; Shu and Charvet, 1996; Yao et al.,
2014a). For the South Anhui ophiolite suite, U-Pb dating of zircons
from the gabbros yielded ages of �860–833 Ma that might date the
opening of a back-arc basin (Ding et al., 2008; Yin et al., 2013; Cui
et al., 2017). In the western Jiangnan Orogen, an imbricated forearc
ophiolitic mélange, composed of gabbros, diabases, cherts and
siliceous marbles, was recently recognized in the Longsheng area
(Yao et al., 2016a). Within the ophiolitic mélange, zircon U-Pb dat-
ing of gabbros and diabases gave ages of 863–869 Ma, which were
interpreted as dating northwestward subduction of an oceanic
plate (Yao et al., 2016a).

The Late Neoproterozoic (860–830 Ma) mafic–ultramafic rocks
are distributed in local areas of the Jiangnan Orogen; they are
interpreted as recording either opening of a back-arc basin in the
central Jiangnan Orogen (Zhang et al., 2012a, 2013; Li et al.,
2016b), or subduction of the oceanic lithosphere in the western
Jiangnan Orogen (Wang et al., 2004a, 2016; Zhou et al., 2004,
2009; Yao et al., 2014a,b; Yao et al., 2015; Zhang and Wang,
2016). Neoproterozoic granitic rocks range in age from 970 to
740 Ma and vary in composition from I-, S- to A- types. The I-
type granitoids, dated at 913–905 Ma, crop out in the eastern
Jiangnan Orogen; they exhibit a calc-alkaline affinity and represent
arc magmatism formed in response to the subduction of the ocea-
nic lithosphere (Ye et al., 2007). The S-type granitoids, with ages
ranging from 830 to 800 Ma, are mainly exposed in the Jiuling, San-
fang, Bendong and Yuanbaoshan areas (Li et al., 2003a; Zhong et al.,
2005; Wang et al., 2006a, 2013b, 2014b; Zhao et al., 2013; Yao
et al., 2014b). The A-type granitoids, mostly formed at 800–
770 Ma, are interpreted as extension-related magmas generated
in a rifting setting, associated with upwelling of deep astheno-
spheric mantle (Zheng et al., 2008; Wang et al., 2010b; Yao et al.,
2014a) and tectonic collapse of the collision-thickened orogen
(Wang et al., 2012a).

2.3. Neoproterozoic low-grade metamorphism and interpretations of
the Neoproterozoic orogeny

Sharply different from granulite to eclogite facies metamor-
phism in typical continent-continent collisional belts (e.g., the
Alpine, Himalayan and Dabie-Sulu belts; Hacker et al., 2000; Yin
and Harrison, 2000; Schmid et al., 2004), all lithologies in the Jiang-
nan Orogen were only metamorphosed in sub-greenschist to
greenschist facies (Shu et al., 1995; Shu and Charvet, 1996; Li
et al., 2007; Wang et al., 2007a). The absence of syn-orogenic
high-grade metamorphic rocks implies that there was either no
deep continental subduction or no significant erosion/exhumation
occurring during the orogeny (Zhao and Cawood, 2012).

To address the origin of the orogeny, Wang et al. (2007a, 2012a,
2014b) proposed a continent-arc-continent accretionary model
that assumed the orogeny as resulting from the collision of the
Shuangxiwu arc with the Yangtze and Cathaysia continents,
whereas Wang et al. (2013a, 2014a) attributed the orogeny to
sequential development and closure of the Wuyi-yunkai, Shuang-
xiwu, and Jiangnan arc-back-arc systems. Alternatively, Zhao
(2015) interpret the orogeny as being developed by divergent dou-
ble subduction along both sides of a single oceanic plate and soft
collision of the Yangtze and Cathaysia blocks, without involving
deep continental subduction as both continental blocks occupied
upper plate positions.
3. Petrology and sampling

The Jiuling granitoids occur as a batholith that covers an out-
crop area of �2500 km2 in the central Jiangnan Orogen. The gran-
itoids are mainly composed of cordierite-bearing granodiorites and
contain numerous mafic enclaves (Fig. 3a). In thin sections, the gra-
nodiorite comprises �30% quartz, �10–40% feldspars, �20–40%
plagioclase, �10% biotite, �5% cordierite, �2% hornblende, and
variable amounts of secondary muscovite (Fig. 3b). The country
rocks are Neoproterozoic (�880–820 Ma) flysch turbidites of the
Shuangqiaoshan Group (Charvet et al., 1996; Shu and Charvet,
1996). The contact between the Jiuling granitoids and the Shuang-
qiaoshan Group is characterized by heterogeneous rheology and
ductile deformation, and forms arrays of E-trending high-strain
ductile shear zones (Fig. 2a). Within the shear zones, the granodi-
orites are attenuated (Fig. 3c), forming an �E-trending mylonitic
foliation defined by the alignment of mica and quartz bands, and
a gently plunging stretching lineation defined by stretched quartz
grains and aligned mica clusters. Kinematic criteria, including r-
type plagioclase porphyroclasts flanked by elongated quartz wings
(Fig. 3c), mica fishes and S-C fabrics (Fig. 3d), attest to a dextral
shear motion. Recent studies indicate that the dextral shear
occurred at ca. 460–420 Ma under greenschist-facies conditions,
related to the intra-continental Yangtze-Cathaysia convergence
(Chu and Lin, 2014; Li et al., 2016c). In this study, total 15 granodi-
orite and granite samples were collected from the Jiuling grani-
toids, for geochemical, zircon U-Pb and in-situ Hf isotopic
analysis. The sample localities are shown in Fig. 2a.

The Meixian plutons, with an outcrop area of �40 km2, are
located in the southernmost part of the Mufushan complex
(Fig. 2a). The plutons consist predominantly of biotite plagioclase
granite, granodiorite, and diorite. The biotite plagioclase granite
is composed of �55–73% plagioclase, �18–30% quartz, �3–11%
biotite, and �0–11% hornblende (Fig. 3e). The diorite is composed
of �60–70% plagioclase, �20–25% hornblende, <5% quartz, <5%
biotite, secondary chlorite and muscovite, and minor Fe-Ti oxides
(Fig. 3f). Total 10 plagioclase granite, granodiorite, and diorite sam-
ples are collected for geochemical, zircon U-Pb and in-situ Hf iso-
topic analysis. See Fig. 2a for sample localities.
4. Analytical methods

Rock samples were cut into small chips, soaked in 4N
hydrochloric acid for one hour to remove secondary carbonate
minerals, and then powdered. Major and trace elements were ana-
lyzed at the National Research Center for Geoanalysis of Beijing.
Major elements were determined by X-ray fluorescence (XRF)
(Rigaku-3080) with analytical errors less than 0.5%. Trace elements
Zr, Nb, V, Cr, Sr, Ba, Zn, Ni, Rb and Y were analyzed using the
Rigaku-2100 with analytical errors <3–5%. Other trace elements
and rare earth elements (REE) were analyzed by an inductively
coupled plasma mass spectrometry (ICP-MS) using a TJA PQ-
ExCell system. About 25 mg bulk-rock powder was dissolved in a
high pressure Teflon bomb using a HF+HNO3 mixture, and heated



Fig. 3. Representative field photographs and photomicrographs of the Jiuling and Meixian plutons. (a) Field photograph of biotite granodiorite and mafic enclaves of the
Jiuling granitoids (sample Yy240-1). (b) Micrograph photo of biotite granodiorite (sample Yy240-1) from the Jiuling plutons. It consists of quartz, plagioclase, biotite,
hornblende and minor muscovite. (c) Field photograph of mylonitic granodiorite (sample Yy199-1). Asymmetrically elongated quartz tails around plagioclase porphyroclasts
indicate dextral shear. (d) Asymmetric mica fishes and S-C fabrics consistently suggest a dextral shear sense (sample Yy196-13). (e) Mineral assemblages of plagioclase
granite from the Meixian plutons: plagioclase + quartz + biotite (sample Mx160-1). (f) The diorite from the Meixian plutons consists of plagioclase, hornblende, and minor
quartz, biotite, and chlorite (sample Mx154-1). Qtz, quartz; Pl, plagioclase; Bt, biotite; Mus, muscovite; Hbl, hornblende; Chl, chlorite.
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to 190 �C for 48 h. Two international standards (GSR-1 and GSD-9)
were chosen for calibration. The analytical discrepancy is <5% rel-
ative for elements with abundance >10 ppm, and 5–10% for those
<10 ppm. Detailed analytical procedures are similar to those
described by He et al. (2002).

Zircons for U-Pb dating were separated using conventional
heavy liquid and magnetic techniques. The zircons were extracted,
mounted in epoxy resin, and polished to about half thickness.
Cathodoluminescence (CL) images were obtained using a JEOL
scanning electron microscope, to reveal internal structures of the
zircons. For samples from the Meixian pluton, in situ zircon U-Pb
dating was conducted on the LA–ICP-MS at the State Key Labora-
tory of Geological Processes and Mineral Resources, China Univer-
sity of Geosciences, Wuhan. A pulsed 193-nm ArF Excimer laser, at
a repetition rate of 10 Hz and an energy density of �4 J/cm2, was
coupled to an Agilent 7500a ICP-MS instrument and used for abla-
tion. The spot diameter and depth were 33 and 20 lm,
respectively. Zircon 91,500 was used as an external standard to cal-
ibrate isotope fractionation. NIST SRM 612 was analyzed every 10
analyses to normalize U, Th and Pb concentrations of unknowns.
Each analysis incorporated a background acquisition of �20–30 s
(gas blank), followed by 50 s data acquisition utilizing an Agilent
Chemstation. Off-line selection and integration of background
and analytical signals, time-drift correction, and quantitative cali-
bration were performed using ICPMSDataCal (Liu et al., 2008,
2010a). More detailed operating conditions were described by
Liu et al. (2008, 2010). For samples from the Jiuling granitoids,
in situ zircon U–Pb dating was performed using a laser ablation
(LA)-MC-ICP-MS, attached to a New Wave UP193FX ArF Excimer
laser ablation system, at the Tianjin Institute of Geology and Min-
eral Resources. Laser sampling was conducted using a spot size of
35 lm, at a repetition rate of 8–10 Hz and an energy density of 7–
8 J/cm2. Two standard zircons (GJ-1 and 91500) were used to cali-
brate the U-Th-Pb ratios and absolute U abundance. The detailed
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analytical techniques and operating conditions have been
described by Li et al. (2010). For all analyses, common Pb correc-
tions were calculated using the method described by Andersen
(2002). Age calculations and plotting of concordia diagrams were
made using ISOPLOT (ver 3.0) (Ludwig, 2003). Uncertainties on
the weighted mean ages were calculated at 1r error.

In situ zircon Lu–Hf isotopic analysis was carried out at the
Tianjin Institute of Geology and Mineral Resources for the Jiuling
granitoids, and at the Nanjing FocuMS Technology Co. Ltd for the
Meixian plutons. The two laboratories adopt the same instrument
system, i.e., the Neptune MC-ICP-MS system equipped with a
Geolas-193 laser-ablation system. Therefore, their operating condi-
tions and analytical procedures are broadly consistent and briefly
described as follows. The Hf analyses were made on the same zir-
con spots that were previously analyzed for U–Pb isotopes, with
ablation pits of 50 lm in diameter and a repetition rate of 8 Hz.
Standard zircons, including GJ-1, 91500, Mud Tank and Penglai,
were analyzed to evaluate the accuracy of the laser-ablation
results. The He and Ar carrier gases were used to transport the
ablated sample from the laser ablation cell to the ICP-MS torch
via a mixing chamber. The isobaric interference of 176Lu and
176Yb on 176Hf is corrected using the ratios of 176Lu/175Lu = 0.02655
and 176Yb/172Yb = 0.5887 (Vervoort et al., 2004). Detailed analytical
procedures have been described by Griffin et al. (2000, 2002). Dur-
ing our analyses, the measured 176Hf/177Hf ratios are
0.282007 ± 000009 (2r, n = 11) and 0.282513 ± 000012 (2r,
n = 5) for standard GJ-1 and Mud Tank, respectively. To calculate
eHf(t) values, we adopted the present-day chondritic values of 176-
Hf/177Hf = 0.282772 and 176Lu/177Hf = 0.0332 (Blichert-Toft and
Albarède, 1997). A decay constant for 176Lu of 1�865 � 10�11 a�1

was used during the eHf(t) calculation (Scherer et al., 2001). Two-
stage model age (TDM2), generally used for rocks that are melted
from the crustal protoliths (Wu et al., 2007; Zheng et al., 2007),
was calculated by projecting the initial zircon 176Hf/177Hf ratios
to the depleted mantle model growth curve, assuming a 176Lu/177-
Hf ratio of 0.015 for the average continent crust (Griffin et al.,
2002).
Fig. 4. (a) TAS diagram (after Middemost, 1994), (b) A/CNK vs. A/NK diagram (after
Miniar and Piccoli, 1989) and (c) CaO-FeOt + MgO-Al2O3-(Na2O + K2O) diagram
(after White and Chappell, 1977) for the Jiuling and Meixian plutons. Published data
for the Jiuling granitoids are from Li et al. (2003a) and Wang et al. (2004b). Symbols
in Fig. 4b and c are the same as those in Fig. 4a.
5. Results

5.1. Major and trace elements

5.1.1. The Jiuling granitoids
Fifteen samples from the Jiuling granitoids were analyzed for

whole-rock major and trace element compositions (Fig. 2a). A com-
bination of results from this study and previous work (Li et al.,
2003a; Wang et al., 2004b) has been shown in Figs. 4–7. Our ana-
lytical results are listed in Appendix Table S1.The granitoid sam-
ples exhibit SiO2 = 65.61–69.54 wt%, Al2O3 = 14.76–16.25 wt%,
FeOt = 3.52–4.95 wt%, MgO = 1.12–1.98 wt%, CaO = 1.11–2.11 wt%,
P2O5 = 0.11–0.16 wt%, TiO2 + FeOt + MgO = 5.22–7.60 wt%, and
K2O + Na2O = 5.8–6.63 wt%, plotting predominantly in the subalka-
line granodiorite field (Fig. 4a). In the Hacker diagrams (Fig. 5a–i),
these samples exhibit negative correlations of Al2O3, MgO, CaO,
FeOt, P2O5 and TiO2 with respect to SiO2, but insignificant correla-
tions between SiO2 and K2O, Na2O and MnO; they are rich in K2O,
all falling into the domain of high-K calc-alkaline (Fig. 5b). All sam-
ples are strongly peraluminous and have A/CNK ratios of 1.3–1.45
(Fig. 4b, Table S1), consistent with the occurrence of Al-rich miner-
als (e.g., cordierite and garnet) in the granitoids (Li et al., 2003a;
Wang et al., 2013b). Most of the above-stated signatures indicate
a typical S-type affinity (Chappell and White, 1974, 1992), similar
to those of the S-type granodiorites from the Lachlan Fold Belt
(Maas et al., 1997; Sylvester, 1998; Clemens, 2003; Villaros et al.,
2009). In addition to the S-type affinity, the samples also share
some geochemical characteristics of I-type granites (Chappell and
White, 1974, 1992), as expressed by negative correlation between
P2O5 and SiO2 (Fig. 5h) and extensive occurrence of hornblende
(Fig. 3b). Chondrite-normalized REE patterns of the Jiuling grani-
toids are shown in Fig. 6a. Our samples have total REE contents
of 119–189 ppm, and display variable enrichment in LREE with
(La/Yb)N = 4.74–9.09 and minor HREE fractionation with (Gd/



Fig. 5. SiO2 versus (a) Al2O3; (b) K2O; (c) Na2O; (d) CaO; (e) FeOt; (f) MgO; (g) MnO; (h) P2O5; (i) TiO2 for the Jiuling and Meixian plutons. Published data for the Jiuling
granitoids (Li et al., 2003a; Wang et al., 2004b) are also indicated. Symbols in Fig. 5b–i are the same as those in Fig. 5a.
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Yb)N = 1.33–1.96 (Table S1), consistent with previous results from
Li et al. (2003a). They show prominently negative Eu anomalies
with Eu/Eu⁄ = 0.47–0.62, indicating plagioclase fractionation
(Fig. 6a, Table S1). The fractionation of plagioclase is also supported
by decreasing Sr with changeless Ba and negative correlation
between Sr and Rb on the logarithmic plots of Sr versus Ba and
Rb (Fig. 7a, b). On the primitive mantle-normalized spidergram,
the samples exhibit enrichment in Rb, Th and U and significantly
negative Ba, Nb, Sr, P and Ti anomalies (Fig. 6b), coinciding well
with the character of crustally derived S-type magmas. The
above-stated REE and trace element patterns are similar to those
of Neoproterozoic (�820 Ma) and early Paleozoic (�460–420 Ma)
peraluminous granites in the eastern Jiangnan Orogen and the
Cathaysia block (Wu et al., 2006; Wang et al., 2007b, 2012c; Wan
et al., 2010; Zhao et al., 2013). The zircon saturation temperature
(TZr) of the granitoids is estimated at 790–839 �C from the mea-
sured major element composition and Zr contents (Table S1). Given
that the occurrence of inherited zircon cores (Fig. 8a–e) implies a
crystallization temperature lower than that required for complete
dissolution of zircons (Miller et al., 2003), the estimated TZr value
of 790–839 �C represents an upper limit of recrystallization tem-
perature for the Jiuling granitoids.

5.1.2. The Meixian plutons
Ten samples from the Meixian plutons were analyzed for

whole-rock major and trace element compositions (Fig. 2a). Their
results are listed in Table S1. Two groups (Groups 1 and 2) can
be classified on the basis of their distinct geochemical features.
Group 1 samples are granitoids, and show SiO2 = 65.47–72.4 wt%,
Al2O3 = 13.93–15.87 wt%, K2O = 1.99–4.48 wt%, FeOt = 1.46–3.27 wt%,
MgO = 0.64–3.39 wt%, CaO = 0.63–3.3 wt%, P2O5 = 0.12–0.17 wt%,
TiO2+FeOt+MgO = 2.30–6.87 wt%, K2O+Na2O = 5.5–7.67 wt%, and
K2O/Na2O ratios = 0.57–1.58 (Table S1); they plot in the subalka-
line granodiorite and granite fields in the TAS diagram (Fig. 4a).
These granitoids have intermediate geochemical features between
S-type and I-type granites. They are strongly peraluminous
with A/CNK ratios of 1.14–1.36, and fall into the S-type granite
field in the triangle diagram of Al2O3–(K2O + Na2O)–CaO–
(FeOt + MgO) (Fig. 4b, c). The high Na2O contents (2.83–3.88 wt
%), together with low K2O/Na2O ratios (mostly <1, except for sam-
ple Mx159-2), are consistent with geochemical characteristics of
I-type granite (Chappell and White, 1974, 1992). In the K2O–SiO2

diagram, they plot in the calc-alkaline to high-K calc-alkaline fields
(Fig. 5b); they show decreases in Al2O3, MgO, FeOt, CaO, and TiO2

with increasing SiO2 in Harker diagrams (Fig. 5a, d–f, i). These
granitoids have total REE contents of 81–131 ppm, and show steep
REE chondrite-normalized patterns with (La/Yb)N = 7.31–17.34 and
(Gd/Yb)N = 1.60–2.81 (Fig. 6c, Table S1). They are characterized by
markedly negative Eu anomalies with Eu/Eu⁄ = 0.69–0.81 (Fig. 6c,
Table S1). Such anomalies, together with the plot patterns of Sr
versus Ba and Rb (Fig. 7a, b), indicate the fractionation of plagio-
clase. On the primitive mantle-normalized spidergram (Fig. 6d),
they are enriched in Rb, Th and U, and depleted in Ba, Nb, Sr, and
Ti, coinciding well with the characters of S-type magmas. The
scarce occurrence of inherited zircons (Fig. 8f, g) and extremely
low Zr contents (25.78–59.89 ppm, Table S1) indicate that the
granitoids did not attain zircon saturation. Therefore, the zircon
saturation temperature (TZr) is not calculated.



Fig. 6. Chondrite-normalized REE patterns and Primitive mantle-normalized multiple trace element diagrams of the Jiuling and Meixian plutons. Chondrite and primitive
mantle normalizing values are from Taylor and McLennan (1985) and Sun and McDonough (1989), respectively. Published data for the Jiuling granitoids (Li et al., 2003a;
Wang et al., 2004b) are also indicated.

Fig. 7. Sr versus Ba (a) and Sr versus Rb (b) diagrams for the Jiuling and Meixian plutons. Symbols in Fig. 7b are the same as those in Fig. 7a. Published data for the Jiuling
granitoids are from Li et al. (2003a) andWang et al. (2004b). Arrows indicate the influence of fractionation of plagioclase (Pl), K-feldspar (Kfs), hornblende (Hb) and biotite (Bi)
on the composition of the residual liquids.
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Fig. 8. CL images of representative zircons from the Jiuling and Meixian plutons. Small solid circles are spots for U-Pb isotope analysis, and big white dashed circles are spots
for Hf isotope analysis.
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Group 2 samples are diorites, and have SiO2 = 54.28–62.43 wt%,
Al2O3 = 17.14–19.05 wt%, FeOt = 4.15–5.96 wt%, MgO = 3.00–4.38 wt%,
CaO = 4.94–7.6 wt%, P2O5 = 0.16–0.19 wt%, TiO2+FeOt+MgO =
7.81–11.16 wt%, and K2O+Na2O = 4.01–4.92 wt% (Table S1); they
plot in the subalkaline gabbroic diorite and diorite fields in the
TAS diagram (Fig. 4a). These diorites are metaluminous to peralu-
minous with the A/CNK ratios = 0.93–1.06 (Fig. 4b, Table S1). They
have K2O = 0.25–1.14 wt%, low K2O/Na2O ratios (0.07–0.31), and
plot in the tholeiitic to calc-alkaline fields in the K2O–SiO2 diagram
(Fig. 5b). In Harker diagrams, the diorites show decreases in Al2O3,
MgO, FeOt, and CaO with increasing SiO2 (Fig. 5a, d–f), whereas
P2O5 and TiO2 increase until SiO2 reaches �57% and then decrease
at higher SiO2 contents (Fig. 5h–i). These diorites have total REE
contents of 56–70 ppm, and show fractionated REE patterns
expressed by LREE enrichment and HREE depletion with
(La/Yb)N = 3.62–6.15 (Fig. 6e, Table S1). They show weakly positive
Eu anomalies with Eu/Eu⁄ = 1.01–1.17 (Fig. 6e, Table S1). On the
primitive mantle- normalized spidergram (Fig. 6f), they are
enriched in Rb, Th, U and Sr, and depleted in Ba, Nb, Zr, Hf and
Ti, consistent with geochemical characters of arc magmas, which
might have reflected inheritance of juvenile arc-derived crust
(see below).

5.2. Zircon U-Pb ages

Zircons from ten samples from the Jiuling and Meixian plutons
are subhedral, euhedral and long prismatic. They range from 50 to
200 lm in length, and have length/width ratios of �1.5:1 to 3:1.
For the Jiuling plutons, CL imaging shows that (1) most zircon
grains exhibit oscillatory zoning, indicative of igneous origin
(Fig. 8a–e); and (2) some zircons display a core-rim structure:
the highly luminescent cores represent inherited/xenocrystic
grains that have been modified by recrystallization; the weakly
luminescent rims display oscillatory zoning with euhedral shape,
and have resulted from the magmatic overgrowth (Fig. 8a–e). For
the Meixian plutons, magmatic oscillatory zonings are common
in most zircon grains, with a few grains exhibiting core-rim struc-
ture (Fig. 8f–j). All zircon U-Th-Pb isotopic data are shown on con-
cordia diagrams in Fig. 9 and listed in Appendix Table S2.

5.2.1. The Jiuling granitoids
Sample Yy199-1 is a mylonitic granodiorite collected from the

southern part of the Jiuling granitoids (Fig. 2a). Thirty-eight analy-
ses were conducted on 38 zircon grains. These zircons have Th con-
tents of 25–640 ppm and U contents of 145–938 ppm,
corresponding to Th/U ratios of 0.07–1.46 (Table S2). Among these,
twenty-eight analyses are concordant and yield a weighted mean
206Pb/238U age of 820 ± 3 Ma (MSWD = 0.03) (Fig. 9a), herein inter-
preted as the crystallization age of the granodiorite. Spots #29–38
are inherited zircons as identified by their relatively dark CL
images (Fig. 8a). Except for three spots (#32, #33 and #35) that
yield 207Pb/206Pb ages of 1.59–1.87 Ga, the other spots yield
206Pb/238U ages of 854–1008 Ma (Fig. 9a, Table S2).

Sample Yy213-3 is a granodiorite collected from the central part
of the Jiuling granitoids (Fig. 2a). Zircons from this sample have
variable concentrations of U (149–2315 ppm) and Th (23–
2337 ppm), with Th/U ratios ranging from 0.08 to 1.05 (Table S2).
Thirty concordant analyses yield a weighted mean 206Pb/238U age
of 820 ± 4 Ma (MSWD = 0.01) (Fig. 9b), which we interpreted as
the crystallization age of the granodiorite. In addition, eight inher-
ited/xenocrystic zircon cores surrounded by magmatic rims are
identified (Fig. 8b). Among these, six cores (Spots #31–32, #34
and #36–38) yield 206Pb/238U ages in the range of 863–927 Ma
(Fig. 9b, Table S2), and two cores (Spots #33 and #35) yield older
207Pb/206Pb ages of 1750 ± 24 Ma and 1195 ± 37 Ma, respectively
(Table S2).



Fig. 9. Concordia diagrams of zircon U-Pb data for samples from the Jiuling and Meixian plutons.
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Sample Yy219-1 is a biotite granodiorite collected from the cen-
tral part of the Jiuling granitoids (Fig. 2a). Zircons from the sample
have Th contents from 26 to 449 ppm, U from 82 to 816 ppm, and
Th/U ratios from 0.07 to 1.15 (Table S2). Thirty concordant analyses
yield a weighted mean 206Pb/238U age of 819 ± 3 Ma
(MSWD = 0.02) (Fig. 9c), representing the crystallization age of
the granodiorite. Spots #31–41 are inherited/xenocrystic cores
and zircons (Fig. 8c). Among these, ten spots (Spots #31–40) yield
206Pb/238U ages of 861–1085 Ma, and the remaining one spot (Spot
#41) yields a 207Pb/206Pb age of 1684 ± 25 Ma (Fig. 9c, Table S2).

Sample Yy228-1 is a mylonitic granite collected from the east-
ern part of the Jiuling granitoids (Fig. 2a). Zircons from this sample
have Th contents from 17 to 228 ppm, U contents from 64 to
829 ppm, and Th/U ratios of 0.04–1.42 (Table S2). Among a total
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of forty analyses, twenty-nine analyses are concordant and define a
weighted mean 206Pb/238U age of 820 ± 4 Ma (MSWD = 0.08)
(Fig. 9d), which is interpreted as the crystallization age of the gra-
nodiorite. The remaining eleven spots are inherited/xenocrystic
zircon cores, surrounded by narrow rims (Fig. 8d). Five zircon cores
(Spots #31–34 and #37) yield 206Pb/238U ages of 866–980 Ma, and
the other six cores (Spots #11, #35–36, and #38–40) give older 207-
Pb/206Pb ages of 1.15–2.37 Ga (Table S2).

Sample Yy240-1 is a mylonitic granodiorite collected from the
eastern part of the Jiuling granitoids (Fig. 2a). Thirty-nine analyses
were conducted on 39 zircon grains. Their zircons have Th contents
of 28–327 ppm and U contents of 131–954 ppm, with Th/U ratios
ranging from 0.15 to 1.01 (Table S2). Thirty concordant analyses
define a weighted mean 206Pb/238U age of 822 ± 3 Ma
(MSWD = 0.11) (Fig. 9e), which we interpreted as the crystalliza-
tion age of the granodiorite. The other nine analyses (Spots #31–
39) are conducted on inherited zircons characterized by relatively
dark CL images (Fig. 8e). Except for two spots (#34 and #36) that
yield 207Pb/206Pb ages of 2350 ± 25 Ma and 1573 ± 26 Ma, respec-
tively, the other spots (#31–33, #35, and #37–39) yield
206Pb/238U ages of 860–982 Ma (Table S2).

5.2.2. The Meixian plutons
Sample Mx160-1 is a plagioclase granite collected from the

northern part of the Meixian plutons (Fig. 2a). Zircons from this
sample have Th and U concentrations of 98–694 ppm and 216–
1134 ppm, respectively. Their Th/U ratios range from 0.34 to 1.00
(Table S2). Among a total of sixteen analyses, eleven concordant
analyses yield a weighted mean 206Pb/238U age of 815 ± 4 Ma
(MSWD = 0.27) (Fig. 9f), representing the crystallization age of
the plagioclase granite. The remaining five spots (#2, #5, #6,
#14, and #15) are inherited zircons (Fig. 8f), and yield 206Pb/238U
ages of 863–891 Ma (Table S2).

Sample Mx153-1 is a granodiorite collected from the north-
western part of the Meixian plutons (Fig. 2a). Twenty-nine analy-
ses were conducted on 29 zircon grains. These zircons have
relatively low concentrations of Th (25–119 ppm) and U (70–
231 ppm), with Th/U ratios ranging from 0.24 to 0.62 (Table S2).
All the analyses are concordant and define a weighted mean
206Pb/238U age of 816 ± 4 Ma (MSWD = 0.29) (Fig. 9g), which is
interpreted as the crystallization age of the granodiorite.

Sample Mx154-1 is a diorite collected from the northwestern
part of the Meixian plutons (Fig. 2a). Twenty-five analyses were
conducted on 25 zircon grains. These zircons have variable Th
(53–1524 ppm), U (106–1482 ppm) contents, and Th/U ratios of
0.35–1.03 (Table S2). Twenty-three concordant analyses yield a
weighted mean 206Pb/238U age of 805 ± 3 Ma (MSWD = 0.13)
(Fig. 9h), which we interpreted as the crystallization age of the
diorite. Two analyses (#18 and #20) are inherited zircons with
high Th (1524 and 438 ppm) and U (1482 and 612 ppm) contents
(Fig. 8h, Table S2). They yield a 206Pb/238U age of 861 ± 7 Ma and
a 207Pb/206Pb age of 1220 ± 40 Ma, respectively (Table S2).

Sample Mx155-1 is a diorite collected from the northwestern
part of the Meixian plutons (Fig. 2a). Zircons from this sample have
Th contents of 48–808 ppm, U contents of 96–923 ppm, and Th/U
ratios of 0.12–0.97 (Table S2). Among a total of twenty-two analy-
ses, nineteen analyses are concordant and yield a weighted mean
206Pb/238U age of 804 ± 4 Ma (MSWD = 0.10) (Fig. 9i), representing
the crystallization age of the diorite. Three analyses (#6, #9 and
#14) are inherited zircons, and yield older 206Pb/238U ages of
1083 ± 16 Ma, 945 ± 8 Ma and 861 ± 10 Ma, respectively (Table S2).

Sample Mx156-1 is a diorite collected from the northwestern
part of the Meixian plutons (Fig. 2a). Its zircons have Th concentra-
tions of 54–374 ppm and U concentrations of 106–456 ppm, corre-
sponding to Th/U ratios of 0.41–0.90 (Table S2). Among a total of
twenty-four analyses, twenty-one concordant analyses yield a
weighted mean 206Pb/238U age of 804 ± 4 Ma (MSWD = 0.09)
(Fig. 9j), representing the crystallization age of the diorite. The
other three analyses (#10, #12 and #19) are inherited zircons
(Fig. 8j), and yield older 206Pb/238U ages of 860 ± 10 Ma,
892 ± 16 Ma and 881 ± 14 Ma, respectively (Table S2).

5.3. Zircon Hf isotopes

In situ zircon Hf analyses have been measured on the same
grains used for U-Pb dating. Lu-Hf isotope data are shown in
Fig. 10a and Fig. 10b–d as plots of the zircon U-Pb ages with
respect to their eHf(t) values and histograms of eHf(t) values.
Detailed results are listed in Appendix Table S3.

5.3.1. The Jiuling granitoids
Total 116 spots were analysed for zircons from five rock sam-

ples from the Jiuling granitoids. Ninety-three analyses were con-
ducted on the magmatic zircons and rims. Among them, eighty-
two analyses show positive eHf(t) values, and vary from +0.2 to
+8.7 and cluster within the range of +1–+5 (Fig. 10a, b, Table S3).
These positive eHf(t) values record a predominant contribution of
juvenile crust to the granitoid sources. Their initial 176Hf/177Hf
ratios range from 0.282266 to 0.282505, corresponding to the
depleted mantle two-stage Hf model ages (TDM2) of 1.17–1.71 Ga
(Table S3). The other eleven analyses display negative eHf(t) values
of �4.2–�0.1 (Table S3), which record a predominant contribution
of melting of ancient crustal rocks to the granitoid sources. Their
initial 176Hf/177Hf ratios are heterogeneous and range from
0.282142 to 0.282257, corresponding to the Hf model ages
(TDM2) of 1.73–1.99 Ga (Table S3). Among these spots, the lowest
eHf(t) value (�4.2 ± 1.1) occurs in a young zircon with a
236Pb/238U age of 820 Ma (Spot #3 in sample Yy228-1), corre-
sponding to the lowest 176Hf/177Hf ratio of 0.282142 and the oldest
Hf model age (TDM2) of 1990 ± 45 Ma (Table S3).

Twenty-three analyses are conducted on inherited and
xenocrystic cores. Among these, fifteen cores with U-Pb ages of
854–982 Ma yield dominantly positive eHf(t) values of 0.1–8.5
(11 spots) and slightly negative eHf(t) values of �3.4–�0.3 (4
spots). Their initial 176Hf/177Hf ratios range from 0.282120 to
0.282473, corresponding to the Hf model ages (TDM2) of 1.22–
1.98 Ga (Table S3). The remaining eight cores that are dated at
1.0–2.37 Ga show variable eHf(t) values from �9.0 to +12.2
(Table S3). Their initial 176Hf/177Hf ratios range from 0.281465 to
0.282318, corresponding to the Hf model ages (TDM2) of 1.47–
2.91 Ga (Table S3). The Hf isotope compositions of inherited zir-
cons are comparable with those of detrital zircons within the
Shuangqiaoshan Group, in which most 860–980 Ma detrital zir-
cons were derived from the Shuangxiwu volcanic arc (Wang
et al., 2013c).

5.3.2. The Meixian plutons
5.3.2.1. The Meixian granitoids. A total of twenty-two spots were
analysed for zircon Lu-Hf isotopes of samples Mx153-1 and
Mx160-1 from the Meixian granitoids. Except for three negative
eHf(t) values of �1.1, �0.2 and �1.6, all 815–816 Ma spots yield
positive eHf(t) values from +0.5 to +7.2 (Fig. 10a, c, Table S3), doc-
umenting the contribution of juvenile crust to the magma source.
Their initial 176Hf/177Hf ratios range from 0.282219 to 0.282466,
corresponding to the Hf model ages (TDM2) of 1.26–1.82 Ga
(Table S3). Among these spots, the lowest eHf(t) value
(�1.6 ± 0.4) is associated with the lowest 176Hf/177Hf ratio
(0.282219), corresponding to the oldest Hf model age (TDM2) of
1820 ± 16 Ma (Spot #16 in sample Mx160-1, Table S3). One inher-
ited zircon dated at 863 ± 10 Ma gives the eHf(t) value of 1.3 ± 0.4
and an initial 176Hf/177Hf ratio of 0.282270, corresponding to the
Hf model age (TDM2) of 1674 ± 15 Ma (Table S3).



Fig. 10. Hf isotopic compositions of zircons from the Jiuling and Meixian plutons. (a) Zircon eHf(t) values versus zircon U-Pb ages; (b-d) Histograms of zircon eHf(t) values;
DM: depleted mantle; CHUR: chondritic uniform reservoir. Published data for the Jiuling granitoids are from Wang et al. (2013b) and Zhao et al. (2013).
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5.3.2.2. The Meixian diorites. Total thirty-six analyses were made on
zircons from three samples Mx154-1, Mx155-1 and Mx156-1 from
the Meixian diorites. Given the nearly same 206Pb/238U ages, no sig-
nificant correlation between the 206Pb/238U age and the 176Lu/177Hf
ratio has been observed (Table S3). Except for one slightly negative
eHf(t) value of �0.1, all 804–805 Ma spots show positive eHf(t) val-
ues of 0.2–7.5 (Fig. 10a, d, Table S3), reflecting a major mantle con-
tribution from the magma sources. Their initial 176Hf/177Hf ratios
range from 0.282266 to 0.282483, corresponding to the Hf model
ages (TDM2) of 1.23–1.72 Ga (Table S3). Among these spots, the
lowest eHf(t) value (�0.1 ± 0.4) is associated with the lowest 176-
Hf/177Hf ratio (0.282266), corresponding to the oldest Hf model
age (TDM2) of 1721 ± 17 Ma (Spot #19 in sample Mx154,
Table S3). Three inherited zircons, with U-Pb ages of
1328 ± 38 Ma, 861 ± 10 Ma, and 892 ± 16 Ma, yield eHf(t) values
of 7.3 ± 0.5, 6.8 ± 0.9 and 5.4 ± 0.4, respectively (Table S3). Their
initial 176Hf/177Hf ratios range from 0.282145 to 0.282426, corre-
sponding to Hf model ages (TDM2) of 1.32–1.65 Ga (Table S3).
6. Discussion

6.1. Petrogenesis

6.1.1. The Jiuling granitoids
The Jiuling granitoids display intermediate geochemical fea-

tures between S-type and I-type granites. The S-type affinity is evi-
denced by high K2O/Na2O (1.16–1.50) and A/CNK ratios (1.3–1.45)
(Table S1), while the I-type affinity is expressed by extensive
occurrence of hornblende (Fig. 3b) and negative correlation
between P2O5 and SiO2 (Fig. 5h) (Chappell and White, 1974,
1992). Such features of both S- and I-type affinities indicate isotope
disequilibrium, possibly due to source heterogeneity and magma
mixing (Valley et al., 1994; Griffin et al., 2002; Valley, 2003;
Appleby et al., 2010; Wang et al., 2013b). A mixed origin is consis-
tent with the highly variable zircon eHf(t) values of �4.2–+8.7
(Fig. 10a, b, Table S3) and d18O values of 6.9–12‰ (Wang et al.,
2013b; Zhao et al., 2013), and can be further traced from the plot
of CaO/Na2O vs Al2O3/TiO2, in which the granitoids fall into the
jointed field of the meta-greywacke and meta-igneous sources
(Fig. 11a). The above-stated observations indicate that the Jiuling
granitoids were generated by melting and binary mixing of juve-
nile crustal and supracrustal material. Given the crust-mantle mix-
ing, the model Hf age represents an average age of the mixed
source, and does not date crustal growth or reworking.

The incorporation of juvenile crustal material in the magma
source is indicated by: (1) positive eHf(t) values of 3.8–4.4 for most
zircons (Fig. 10b, Table S3); (2) good correlations between TiO2 and
Al2O3 with SiO2 contents (Fig. 5a, i); and (3) high FeOt, MgO and
TiO2 contents and low Al2O3/(MgO + FeOt) ratios (Table S1). Nota-
bly, most inherited zircons from the granitoids have concordant
206Pb/238U ages ranging between 854 ± 9 Ma and 982 ± 7 Ma
(Table S2). These ages are consistent with the time (970–880 Ma)
of arc-related volcanic rocks in the Shuangxiwu arc (Li et al.,
2009), implying that the inherited zircons were likely derived from
the Shuangxiwu arc. The Jiuling granitoids exhibit arc-like patterns
of REE and trace element partition, expressed by enrichment in
LILE (e.g., Rb, Th, U) and LREE, and negative anomalies in P and
HFSE (e.g., Nb, Ta, Ti), which were genetically originated from
chemical differentiation of arc-derived magmas (Sun and
McDonough, 1989; Taylor and Mclennan, 1995). Compared with
arc-related volcanic rocks in the Shuangxiwu arc (Li et al., 2009;
Yao et al., 2015), the granitoids are more evolved and display more
enrichment in LILE (e.g. Rb, Th, U), stronger Nb-Ta negative anomalies



Fig. 11. Plots of (a) Al2O3/TiO2 versus CaO/Na2O and (b) Rb/Sr versusu Rb/Ba of the Jiuling and Meixian granitoids (after Sylvester, 1998). The mixing curve between the
basalt- and pelite-derived melts is from Patino-Douce and Harris (1998) and Sylvester (1998). Published data for the Jiuling granitoids (Li et al., 2003a; Wang et al., 2004b) are
also indicated. Symbols in Fig. 11b are the same as those in Fig. 11a.
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(Fig. 6a, b), and lower eHf(t) values (�3.4–+8.5) of 854–982 Ma
zircons, genetically resulting from potential incorporation of
sedimentary components into magma sources during reworking
of the juvenile crust (Sun and McDonough, 1989). Accordingly, the
arc-like patterns reflect inheritance of juvenile arc-derived crust,
with some modification by remelting during crustal reworking.

The Rb/Ba-Rb/Sr plotting illustrates the contributions from
melting of a clay-poor, plagioclase-rich, psammitic source
(Fig. 11b). The involvement and partial melting of supracrustal
material during magma generation have also been supported by
four following lines of evidence: (1) low Rb/Sr (1.75–3.13) and high
CaO/Na2O (>0.6) ratios (Table S1); (2) xenoliths of sedimentary
rocks within the granitoids (Zhao et al., 2013); (3) neutral to neg-
ative eNd(t) values (�0.2–�3.1) of the granitoids (Li et al., 2003a);
and (4) high d18O values (7.0–10.6‰) of zircons from the granitoids
(Wang et al., 2013b; Zhao et al., 2013). Our geochronological data
define four groups of inherited/xenocrystic zircons: a major group
at �860–970 Ma, and three minor groups at �1.1–1.2 Ga, �1.5–
1.8 Ga and �1.9–2.37 Ga, respectively (Table S2). Such an age pat-
tern is temporally consistent with detrital zircon records of the
granitoid country supracrustal rocks, i.e., the meta-sedimentary
rocks of the Shuangqiaoshan Group (Wang et al., 2013c). The
Shuangqiaoshan meta-sedimentary rocks contain numerous 850–
970 Ma detrital zircons, which display high positive eHf(t) values
close to that of the contemporary depleted mantle (Wang et al.,
2013c). Such zircons were illustrated to be derived from the
Shuangxiwu arc magmas (Wang et al., 2013c), implying that the
Shuangxiwu arc underwent significant erosion and shed detritus
to the basin where the Shuangqiaoshan Group was deposited
(Wang et al., 2008a; Wang and Zhou, 2013). The occurrence of
�1.1–1.2 Ga, �1.5–1.8 Ga and �1.9–2.37 Ga zircons within the
Jiuling granitoids reflects inheritance from detrital zircons within
the Shuangqiaoshan meta-sedimentary rocks (Wang et al.,
2013c). The �1.1–1.2 Ga zircons were possibly derived from the
�1160 Ma alkaline bimodal volcanic rocks of the Tieshajie Group
(Li et al., 2013), and the �1.5–1.8 Ga and �1.9–2.37 Ga zircons
were sourced from the recycled Mesoproterozoic to Paleoprotero-
zoic material within the Tianli schist (Li et al., 2007; Wang et al.,
2013c). In addition, the eNd(t) values for the Jiuling granitoids
(�0.2��3.1, Li et al., 2003a) are compatible with those (�0.4–�
2.5) of the Shuangqiaoshan Group (Chen and Jahn, 1998). The
age consistency and isotopic similarity indicate that the generation
of the Jiuling granitoids was closely associated with partial melting
of the meta-sedimentary rocks of the Shuangqiaoshan Group. The
time interval between the Jiuling granitoid emplacement (�825–
815 Ma) and the Shuangqiaoshan Group deposition (<850 Ma,
Wang et al., 2013c) is less than 20 Ma, similar to that in the Lachlan
Fold Belt of southeastern Australia, where the 430–410 Ma S-type
granites were melted from <443 Ma sediments that the granites
intrude (Keay et al., 1999).

On the basis of the above discussion, we interpret that the Jiul-
ing granitoids were produced by remelting and binary mixing of
(1) juvenile arc-derived crustal material and (2) supracrustal mate-
rial of the Shuangqiaoshan meta-sedimentary rocks. Coeval
remelting of the juvenile arc-derived crust has also been docu-
mented in the eastern Jiangnan Orogen (Wu et al., 2006; Zheng
et al., 2008; Wang et al., 2012a). Therefore, we infer that Neopro-
terozoic remelting of juvenile crust is a regional-scale event across
the Jiangnan orogen, which might have led to substantial increase
of continental component in the bulk crust composition (Wu et al.,
2006).

6.1.2. The Meixian granitoids
The Meixian granitoids share common features in element and

isotope geochemistry with the Jiuling granitoids, particularly in
geochemical characteristics of both S-type (Fig. 4b, c) and I-type
granites (e.g., high Na2O contents and low K2O/Na2O ratios of
0.57–0.98, Table S1), as well as arc-like patterns of REE and trace
element partition (Fig. 6c, d) and highly variable Hf isotope ratios
(Fig. 10a, c). The geochemical features of the Meixian granitoids
herald mixed meta-sedimentary and meta-igneous sources buried
in the deep crust before anatexis. The arc-like patterns are inter-
preted to be inherited from pre-existing arc-derived rocks. The
highly variable eHf(t) values of �1.6–+7.2 testify to isotope disequi-
librium associated with magma mixing (Fig 10a, c, Table S3). A
mixed trend can also be traced from the Rb/Ba-Rb/Sr and CaO/
Na2O-Al2O3/TiO2 plots (Fig. 11a, b), in which the involvement of
two end-members in magma sources is revealed. Given the
above-stated isotopic similarity with the Jiuling granitoids, we
argue for a consistent binary mixing origin for the Meixian grani-
toids, i.e., the remelting of supracrustal (i.e., the Shuangqiaoshan
meta-sedimentary rocks) and juvenile arc-derived crustal material.

6.1.3. The Meixian diorites
All zircons expect one from the Meixian diorites have positive

eHf(t) values of +0.2–+7.5 (Fig. 10d, Table S3), indicating that the
diorites might have been generated by differentiation of mantle-
derived mafic magmas or mafic crustal material (e.g., Zhao et al.,
2010, 2013). In general, the diorite related to mantle-derived mag-
matism is characterized by high MgO, Cr and Ni contents
(MgO > 6 wt%, Cr and Ni each >100 ppm; Smithies and Champion,
2000). By comparison, the Meixian diorites have much lower



Fig. 12. Tectonic setting discrimination diagrams: (a) Rb/10-Hf-3*Ta diagram is
after Harris et al. (1986); (b) (Y + Nb)-Rb diagram is after Pearce (1996) and Pearce
et al. (1984). VAG, volcanic arc granite; ORG, ocean ridge granite; WPG, within plate
granite; syn-COLG and post-COLG, syn- and post-collision granite; COLG, collision
granite. Published data for the Jiuling granitoids (Li et al., 2003a; Wang et al., 2004b)
are also indicated. Symbols in Fig. 12b are the same as those in Fig. 12a.
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MgO (3–4.38 wt%), Cr (60–92.84 ppm) and Ni (57.2–90.37 ppm)
contents (Table S1), indicating that they were likely derived from
mafic crustal material, rather than mantle-derived magmas. The
mafic crust-derived interpretation for the magma sources is also
favored by the close similarity between zircon eHf(t) values of the
diorites (0.2–7.5) and the arc-related mafic rocks (1.1–7.5 for the
Daolinshan dolerite, Yao et al., 2014a; 4.9–12.3 for the Yuan-
baoshan mafic rocks, Yao et al., 2014b; 3.4–9.8 for the Miaohou
gabbro, Xia et al., 2015).

Previous study has revealed a proportionally greater contribu-
tion of the 970–860 Ma arc magmatism to Neoproterozoic juvenile
crustal growth (Li et al., 2009). The Meixian diorites display geo-
chemical features similar to arc-related basalts in the Shuangxiwu
arc (Li et al., 2009), as expressed by high Al2O3 and Na2O, low MgO
and TiO2, enrichment in LREE and Th, and depletion in Nb, Zr-Hf,
and Ti (Fig. 6e, f and Table S1). Six inherited zircons from the dior-
ites yield 206Pb/238U ages of 860–945 Ma (Table S2) consistent with
the time of the Shuangxiwu arc (Li et al., 2009), indicating that
these zircons were derived from arc-related volcanic rocks. The
age similarity and arc-like trace element patterns indicate that
the Meixian diorites were likely produced by partial melting of
juvenile arc-derived mafic crust. Compared with the 815–816 Ma
Meixian granitoids, the Meixian diorites are slightly younger and
represent products of partial melting of juvenile arc-derived crust
at a later stage. The heat that induced partial melting might have
been supplied by asthenospheric mantle upwelling during crustal
extension.

6.2. Tectonic implications

Increasing evidence shows that the Neoproterozoic develop-
ment of South China involved oceanic subduction, trench-arc-
back-arc system generation, arc-continent collision and post-
collisional extension (Wang et al., 2007a, 2008a, 2013a, 2013c,
2014a; Zhou et al., 2009; Shu et al., 2011; Zhang et al., 2012b,
2013; Li et al., 2016b; Zhang and Wang, 2016). Previous studies
demonstrated that the Neoproterozoic tectonic evolution of South
China was manifested by the generation of three arc-related sys-
tems, i.e., the Panxi-Hannan arc-related system (e.g., Zhou et al.,
2002a,b; Zhou et al., 2006a,b), the Shuangxiwu arc and back-arc
basin system (Ye et al., 2007; Li et al., 2009; Wang et al., 2013c;
Yao et al., 2015, 2016b), and the Wuyi-Yunkai arc and back-arc
basin system (Zhang et al., 2012c; Wang et al., 2013a, 2014a).
We made a summary by synthesizing all published petrological,
geochronological and geochemical data of Neoproterozoic magam-
tic rocks in South China, which are shown in Fig. 14 and listed in
Appendix Table S5. In the Jiangnan and Cathaysia domains, the
early Neoproterozoic (980–860 Ma) tectonic development of the
Shuangxiwu and Wuyi-Yunkai arc-back-arc assemblages requires
the divergent double-sided subduction of their intervening oceanic
lithosphere, similar to the subduction processes that led to ocean
closure in the central Asian orogenic belt (e.g., Xiao et al., 2003,
2015). Detailed discussion on the 980–860 Ma tectonic evolution
is beyond the scope of this paper. The following discussion mainly
focuses on the mid-Neoproterozoic (830–740 Ma) tectonic evolu-
tion of South China.

6.2.1. The ca. 830–825 Ma oceanic basin closure associated with the
Yangtze-Cathaysia collision

The development of the Shuangxiwu oceanic basin was mani-
fested by two ophiolitic suites exposed in the Zhangshudun-
Xiwan and Fuchuan areas, respectively (Chen et al., 1991; Li
et al., 1994, 2008; Li and Li, 2003; Ding et al., 2008; Gao et al.,
2009; Zhang et al., 2012b; Yin et al., 2013; Wang et al., 2015). Gab-
bros from the Zhangshudun-Xiwan ophiolite yield a Sm-Nd min-
eral internal isochron age of 1034 ± 24 Ma (Chen et al., 1991)
that dates the oceanic basin development (Li et al., 2008). Adakitic
granites from the Zhangshudun-Xiwan ophiolite were formed by
partial melting of the subducted oceanic crust; their SHRIMP U-
Pb zircon ages of ca. 970 Ma are interpreted as the timing of sub-
duction of the oceanic crust in the basin (Li et al., 1994; Li and Li,
2003; Gao et al., 2009). High-pressure metamorphic blueschists,
formed at ca. 866 ± 14 Ma in the Zhangshudun-Xiwan ophiolite
zone (Shu et al., 1993), are considered as recording the subduction
of the oceanic crust (Zhao, 2015). The Fuchuan ophiolites, dated at
860–833 Ma Ma (Ding et al., 2008; Yin et al., 2013; Cui et al., 2017),
were formed by partial melting of the enriched mantle wedge in
the oceanic back-arc basin (Zhang et al., 2012b). In addition, the
ca. 860–838 Ma mafic lavas record melting of MORB-like sources
and slab-derived fluids in a back-arc basin setting (Zhang et al.,
2013). The Shuangxiwu oceanic basin accommodated sedimenta-
tion of thick turbidites, in which the Shuangqiaoshan Group that
consists of detritus derived from the Shuangxiwu arc, Tianli and
Tieshajie highlands was deposited (Wang et al., 2008a, 2013c;
Wang and Zhou, 2013; Xu et al., 2014).

During the late filling stage, the Shuangxiwu oceanic basin
underwent a dramatic facies transition, with deep-water turbidites



Fig. 13. Compilation of all published zircon eHf(t) versus U-Pb ages in the Jiangnan Orogen. See Table S4 for data sources. DM-depleted mantle; CHUR-chondritic uniform
reservoir. Note the highest negative eHf(t) values at 830–820 Ma, which imply the greatest crustal input into the magma sources, corresponding to extreme crustal thickening
before extensional collapse and hence heralding the tectonic switch scenario.

Fig.14. Sketch map showing the ages and distributions of Proterozoic igneous rocks in South China. The division of arc-related systems follows Wang et al. (2014a). The
corresponding ages, methods, locations and references are listed in Table S5.
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passing upward to fluvial conglomerates (Wang et al., 2013c). The
shallowing-up transition represents a flysch-molasse facies
change. Such a change records tectonic transition from an exten-
sional basin to a retro-arc foreland basin setting (Wang et al.,
2013c), corresponding to tectonic inversion of the basin. Sediment
infilling in the retro-arc foreland basin was accommodated by flex-
ural subsidence due to topographic loads of thrust structures.
Structural observations manifesting tectonic inversion of the
extensional basin are the ubiquitous tight folds and thrusts that
involve the Shuangqiaoshan Group and its equivalents (Wang
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et al., 2007a, 2016; Dong et al., 2015). The folds and thrusts are
unconformably overlain by flat-lying flysch turbidites of the Banxi
Group and its equivalents (Wang and Li, 2003; Wang et al., 2007a;
Gao et al., 2008, 2011). The unconformity is visible on a regional
scale, and corresponds to a crustal shortening event that led to
final closure of the oceanic basin. Below the unconformity, the
youngest bentonite interbedded within the Lengjiaxi Group has
been dated at ca. 829 Ma using SHRIMP and SIMS U-Pb zircon
methods (Gao et al., 2011; Zhang et al., 2012a, 2015b). Directly
above the unconformity, the tuff, bentonite and volcanic interlay-
ers yield U-Pb zircon ages of ca. 814–760 Ma (Wang, 2003;
Zhang et al., 2008a,b; Gao et al., 2010, 2011, 2015). These
geochronological data place the time of crustal thickening associ-
ated with the oceanic basin closure between ca. 829 and 814 Ma
(Fig. 15a). The closure of the oceanic basin led to final collision of
the Yangtze and Cathaysia blocks (Fig. 15a). Such a collision possi-
bly marks a terminal episode of amalgamating Rodinia in South
China (Zheng et al., 2008).
6.2.2. The ca. 825–815 Ma S-type granitoid emplacement that
heralded post-collisional extensional collapse of thickened crust

The closure of the oceanic basin was followed by ca. 825–
815 Ma emplacement of the Jiuling and Meixian S-type granitoids.
The Jiuling and Meixian granitoids plot exclusively within the
collision-related domain on the Rb/10-Hf-Ta�3 diagram (Fig. 12a)
and the post-collisional field on the Y+Nb versus Rb diagram
(Fig. 12b), supporting interpretation of granitoid emplacement in
a post-collisional tectonic setting. Similar post-collisional S-type
Fig. 15. A tectonic model for Neoproterozoic (830–740 Ma) development of South
China, involving the oceanic basin closure, the Yangtze-Cathaysia collision, post-
collisional collapse of the thickened crust and lithospheric extension. (a) The 830–
825 Ma closure of the oceanic basin and the Yangtze-Cathaysia collision/amalga-
mation; (b) The 825-815 Ma tectonic switch from compression to extension and S-
type granitoid emplacement marking initial collapse of thickened crust; (c) The
815–740 Ma continental rifting associated with lithospheric extension. See Sec-
tion 6.2 for detailed discussion on (a)–(c).
granitoids are widespread throughout the Jiangnan Orogen (e.g.,
Li et al., 2003a; Wu et al., 2006; Zheng et al., 2007; Yao et al.,
2014b). Zircon U-Pb dating on these granitoids yields ages of ca.
825–815 Ma, including: ca. 823 Ma for the Xucun granodiorite (Li
et al., 2003a; Xue et al., 2010), ca. 824–823 Ma for the Shexian gra-
nodiorite (Wu et al., 2006), ca. 825–824 Ma for the Xiuning gran-
odiorite (Xue et al., 2010), ca. 830–815 Ma for the Zhaigun,
Bendong, Dongma, Sanfang, and Yuanbaoshan granitoids in north-
ern Guangxi (Wang et al., 2006a; Zheng et al., 2007; Zhao et al.,
2011, 2013; Yao et al., 2014b). We emphasize that crustal thicken-
ing of the preexisting, sediment-dominated basin is a prerequisite
for the S-type granitoid generation, which might have been
achieved by the Yangtze-Cathaysia collision. Post-collisional
extensional collapse of the thickened crust would lead to delami-
nation of crustal roots and underplating of the asthenospheric
basalts (Vauchez et al., 1997; Dewey, 1988; Tommasi and
Vauchez, 2001; Zheng et al., 2007). Rising of hot asthenospheric
material might have supplied heat that caused melting of the
thickened, meta-sedimentary and juvenile arc-derived crust, pro-
ducing the abundant S-type granitoids.

The Jiuling and Meixian granitoids, together with regional 825–
815 Ma S-type granitoids, herald post-collisional collapse of thick-
ened crust and mark the onset of crustal extension in the Jiangnan
Orogen. In this regard, a significant tectonic switch from compres-
sion to extension occurring at ca. 825 Ma could be traced. Regional
tight folds and thrusts below the Banxi/Lengjiaxi unconformity,
together with molasse deposits in the upper Shuangqiaoshan
Group (Wang et al., 2013c), testify to the >825 Ma syn-collisional
crustal thickening (Wang et al., 2007a, 2008a). The <820 Ma sedi-
mentary sequences, mafic rocks and bimodal volcanic rocks show
evidence of post-collisional crustal rifting (e.g., Wang and Li,
2003; Wang et al., 2012a), reinforcing the tectonic switch.

In addition, the tectonic switch is registered by the marked shift
of the zircon Hf arrays at ca. 820 Ma in the eHf(t)-time histogram
(Fig. 13), whereby zircons with ages of �830–820 Ma display a
large spread and variable eHf(t) values from �28 to +12 (Appendix
Table S4), and can be clearly distinguished from the other zircons
by the highest negative eHf(t) values. The large eHf(t) variation
probably stems from a varying degree of hybridization and/or
assimilation between mantle-derived juvenile magmas and crust-
derived material during zircon crystallization (Han et al., 2016).
The highest negative eHf(t) values imply the greatest crustal input
into the magma sources, corresponding to extreme crustal thicken-
ing before extensional collapse and hence heralding the tectonic
switch scenario.

6.2.3. The ca. 815–740 Ma continental rifting associated with
lithospheric extension

Following tectonic emplacement of the ca. 825–815 Ma S-type
granitoids, the 805–804 Ma Meixian diorites represent an outcome
of post-collisional extension development at a later stage. Such
post-collisional extension might have lasted till at least 740 Ma,
during which large-scale taphrogenic and magmatic activities
occurred, generating the huge Nanhua basin (Wang and Li, 2003).
Within the basin, the depositional sequences of fluvial to lacustrine
documented four episodes of rifting at 815 Ma, 800 Ma, 780–
750 Ma, and <750 Ma, respectively (Wang and Li, 2003). Coeval
with crustal subsidence was voluminous magmatism that pro-
duced a large number of A-/I- and OIB-type igneous rocks. Exam-
ples include: the 794–771 Ma A-type granites and granodiorites
in the Daolingshan and Shiershan of the eastern Jiangnan Orogen
(Li et al., 2003b; Zheng et al., 2008; Wang et al., 2010b; Xue
et al., 2010; Yao et al., 2014a); the 819–748 Ma A- and I-type gran-
ites, granodiorites, monzogranites, and bimodal plutons in the
Kangdian rift of west Yangtze (Zheng et al., 2007; Huang et al.,
2008); and the 814–725 Ma bentonite, rhyolite, tuff, and bimodal
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volcanic rocks in the Jiangnan and Cathaysia domains (Li et al.,
2003b, 2008c; Zhang et al., 2008a,b; Gao et al., 2010, 2014b,
2015; Wang et al., 2012a).

The extensive occurrence of the above-stated magmatic rocks
testifies to remarkable mid-Neoproterozoic (ca. 815–740 Ma) con-
tinental rifting. The rifting had a profound influence on the evolu-
tion of South China, and led to continental lithospheric thinning, as
expressed by the melting of lithospheric mantle and significant
addition of mantle-derived materials into continental crust
(Zheng et al., 2007, 2008). The lithospheric thinning or removal
might create the accommodation space required for the rise of
asthenospheric material. The resultant decompression melting of
asthenospheric mantle and partial melting of lithospheric mantle
produced the mantle-derived magmas (McKenzie and Bickle,
1988). Underplating of these hot mantle-derived magmas would
result in partial melting of the low crust to form extensive interme-
diate and felsic magmas (Fig. 15c). Such rifting-related processes
explained the lithologically variable but genetically linked 815–
740 Ma magmatic rocks across the Jiangnan Orogen (Fig. 15c).
Given the time consistency, this rifting event may be part of global
Neoproterozoic rifting events that finally led to breakup of the
Rodinia supercontinent (Zheng et al., 2007, 2008).
7. Conclusions

New data from this study enable us to draw the following
conclusions:

(1) The Jiuling and Meixian granitoids display intermediate geo-
chemical features between S-type and I-type granites, and
arc-like patterns of REE and trace element partition. Igneous
zircons from the granitoids are dated at 822–815 Ma. Most
inherited zircons cluster around 980–860 Ma, consistent
with the time of the Shuangxiwu volcanic arc. The igneous
and inherited zircons exhibit highly variable eHf(t) values
of �9–+12.2. These observations support that the granitoids
were formed by remelting and binary mixing of (1) juvenile
arc-derived crustal material and (2) supracrustal material of
the Shuangqiaoshan meta-sedimentary rocks.

(2) The Meixian diorites are dated at 805–804 Ma. They display
arc-like geochemical characteristics and have 860–945 Ma
inherited zircons with eHf(t) values of �0.1–+7.5, probably
reflecting inheritance from the Shuangxiwu volcanic arc.
We interpret the Meixian diorites to have been formed by
partial melting of the arc-derived lower crust.

(3) The 822–815 Ma granitoids herald post-collisional collapse
of thickened crust and mark the onset of crustal extension.
The 804–805 Ma diorites, as an outcome of crustal extension
development at a later stage, formed in response to conti-
nental rifting associated with lithospheric extension.
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