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Abstract

According to the temporal-spatial distribution of Neoproterozoic igneous rocks and relative
rocks in South China, including ophiolites, arc volcanic and intrusive rocks and subsequent
bimodal magmatism, we identified the presence of a Neoproterozoic intra-oceanic arc,
continent-arc-continent collision and three tectono-magmatic zones between the Yangtze Block
and Cathaysia Block. We have also unraveled the amalgamation and tectono-magmatic histories
between the Yangtze and Cathaysia blocks: At ~ 1000-860 Ma, northwestward ocean-ocean
subduction and southeastward ocean-continent subduction resulted in the intra-oceanic arc
magmatism and active continental margin magmatism in the Cathaysia Block respectively. At ~
860-825 Ma, the steepening subdution caused development of back-arc basin in the intra-oceanic
arc zone and the slab rollback induced the arc and back-arc magmitism in the Cathaysia Block.
Meanwhile, a shallow dip northwestward ocean-continent subduction formed active continental

margin magmatism in the Yangtze Block. At ~ 825-805 Ma, the continent-arc-continent collision
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and final amalgamation between the Yangtze and Cathaysia blocks yielded the Jiangnan Orogen.

At ~ 805-750 Ma, the Jiangnan Orogen collapsed, and the Nanhua rift basin formed. Our study

also rules out any Grenvillian Orogenic event and mantle plume activity in South China and

indicates a marginal position of South China in the Rodinia supercontinent.

Key Words: Neoproterozoic igneous rocks; arc-trench-basin system; amalgamation of South

China; Jiangnan Orogeny; Zircon U-Pb-Hf isotopes; Nd isotopes.

1. Introduction

South China, or the greater South China Block, is an important geological region in Eastern

Asia, and comprising the Yangtze Block to the northwest and the Cathaysia Block to the southeast

(Fig. 1a). These two blocks have been considered to have amalgamated in the early

Neoproterozoic. Meanwhile, various igneous rocks in distinct tectonic setting (such as ~ 1000-860

Ma ophiolites and arc volcanic and intrusive rocks, ~ 850-805 Ma peraluminous S-type granites,

and ~ 820-750 Ma bimodal volcanic rocks and mafic dyke swarms; Fig. 1b; Table 1) have been

formed. The accepted geodynamic scheme can be summarized as follows: the closing of an ocean

that existed in the Neoproterozoic through northward seafloor subduction beneath an active

continental margin of the Yangtze Block and the subsequent continent-continent collision between

the Yangtze and Cathaysia blocks, giving rise to the Jiangnan Orogeny (e.g., Charvet, 2013; Chen

et al., 2014; Li et al., 2009, 2013; Wang et al., 2012a, 2013c; Yao et al., 2014b, 2014c; Zhang et

al., 2012b, 2013a). However, the timing of this assembly has not yet been precisely constrained.

Some studies propose the amalgamation at ~ 1000-900 Ma (e.g., Greentree et al., 2006; Li et al.,

1995, 2002, 2007, 2008¢, 2009; Ye et al., 2007), correlating the Neoproterozoic Jiangnan Orogeny
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in South China as part of the global Grenvillian-aged orogenic events (Li et al., 2002, 2008b).

However, based on Precambrian stratigraphic sequences and magmatic records, others suggest that

the Jiangnan Orogeny lasted until 830 Ma, or even to 800 Ma, and is unrelated to the main

Grenvillian Orogeny (e.g., Shu, 2012; Wang et al., 2006, 2007, 2010, 2012b, 2012c; Yao et al.,

2013; Zhao and Cawood, 1999, 2012; Zhao et al., 2011; Zhou et al., 2002). The existence of ~

860—-820 Ma magmatic arcs in both west and east segments of the Jiangnan Orogen has also been

proposed in some recent work (Chen et al., 2014; Wang et al., 2012a, 2014a; Yao et al., 2013,

2014a; Zhao, 2015).

On the basis of our studies on the stratigraphic sequences and magmatic records of the

Yangtze and Cathaysia blocks, the boundary between these two blocks is marked by the

Pingxiang-Jiangshan-Shaoxing Fault in the northeast with ophiolite exposed in places (e.g.

Charvet et al., 1996; Guo et al., 1985; Shu et al., 1994; Shu, 2006, 2012; Shu and Charvet, 1996),

but the boundary in the southwestis unclear because of poor outcrops and complex tectonic

overprints. The southwestern margin of the Jiangnan Orogen (or Anhua-Luocheng Fault) or the

Chenzhou-Linwu Fault has been suggested to be the possible location of the boundary in the

southwest (Fig. 1b, e.g., Cawood et al., 2013; Charvet, 2013; Chen and Jahn, 1998; Wang et al.,

2008c; Zhang and Zheng, 2013; Zhao and Cawood, 2012; Zheng et al., 2013). Still others insist on

the Qinhang belt (also called the “Shihang belt”) as the boundary between the Yangtze and

Cathaysia blocks basded on their regional research on the Mesozoic mineralization (e.g., Mao et

al., 2011, 2013; Pan et al., 2009; Shui, 1987; Yang et al., 2009). According to Mesozoic mafic

rocks with distinct Sr-Nd-Pb isotopes on either side of the Chenzhou-Linwu Fault, Wang et al.

(2008d) suggested Chenzhou-Linwu Fault as the early Mesozoic boundary of the lithospheric
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mantle between the Yangtze and Cathaysia blocks. However, recent studies concluded that most

of the early Paleozoic granites south of the Anhua-Luocheng Fault belong to crust-derived

peraluminous S-type genesis and sharing the same Nd-Hf isotopes, implying the Anhua-Luocheng

Fault as the crustal boundary between the Yangtze and Cathaysia blocks (e.g., Charvet, 2013;

Wang et al., 2012c¢; Xia et al., 2014; Zhao et al., 2013).

Prior to the Neoproterozoic, the Yangtze Block and Cathaysia Block experienced

independent histories (e.g., Gao et al., 1999; Qiu et al., 2000; Zheng et al., 2004, 2006; Xia et al.,

2012; Yuet al., 2009, 2012). Since the Neoproterozoic, the Yangtze Block and Cathaysia Block as

a unified South China entity underwent multiple tectono-magmatic activities such as in the early

Paleozoic, early Mesozoic and late Mesozoic (e.g., Charvet, 2013; Xia et al., 2014; Xu et al., 2007;

Zhou et al., 2006). The Mesozoic magmatism also produced a variety of large scale mineralization

of economic significance (Sun et al., 2012). Thus, to sort out the Neoproterozoic tectonic

evolution of both the Yangtze and Cathaysia blocks in terms of seafloor subduction and

continental amalgamation is of fundamental importantce towards a better understanding of the

continental crustal evolution, crust-mantle interaction and mineralization in South China, which

may also contribute to an objective assessment on whether supercontinent Rodinia may have any

influenced on South China geology. Furthermore, previous studies are mostly parochial with

limited coverage in space and time, and thus there has been no generally preferred model of

Neoproterozoic tectono-magmatic evolution in South China (e.g., Charvet, 2013; Chen et al., 2014;

Greentree et al., 2006; Li et al., 1995, 2002, 2007, 2008c, 2009; Shu, 2006, 2012; Wang et al.,

2012a, 2013a, 2013b, 20144a, 2014b; Yao et al., 2014a, 2014c; Ye et al., 2007). Therefore, an

integrated study on regional scale with a comprehensive coverage in space and time is needed to
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decode the unsolved mysteries, e.g., (1) the timing and processes of the amalgamation between the

Yangtze and Cathaysia blocks; (2) the formation and evolution of Neoproterozoic subduction- and

collision-related magmatism; (3) the southwestern extension of the boundary between the Yangtze

and Cathaysia blocks; and (4) the possible relationship between the South China Block and

supercontinent Rodinia.

2. Three tectono-magamatic belts in South China

South China separated from the North China Craton by the Qinling-Dabie belt to the north,

from Tibet to the west by the Songpan-Ganzi belt and Panxi-Hannan belt, and from the Indochina

Block by the Ailaoshan-Song Ma suture zone in the southwest. The Yangtze Block consists of

minor Archean-Paleoproterozoic crystalline basement (e.g., TTG rocks, felsic gneisses and

amphibolites) in northern Hubei Province and widespread Neoproterozoic igneous and

sedimentary rocks (e.g., Gao et al., 1999, 2011; Qiu et al., 2000; Zheng et al., 2004, 2006; Jiao et

al.,2009). However, in the Cathaysia Block, the Neoarchean basement is rarely found and the

Paleoproterozoic migmatite, granitoid gneisses and amphibolite only outcrop in NW Zhejiang and

NE Fujian Provinces (e.g., Fujian BGMR, 1985; Zhejiang BGMR, 1989; Xia et al., 2012; Yuet al.,

2009, 2012; Zheng et al., 2011).

The collision between Yangtze and Cathaysia blocks gave rise to the Jiangnan Orogeny (also

called the “Sibao” or “Jinning” Orogeny) (Fig. 1a). The Jiangnan Orogen (Fig. 1a), with a width

of ~ 120 km and ENE-WSW extend of ~ 1500 km (Guo et al., 1980), located along the suture

zone between the Yangtze and Cathaysia blocks. The orogen is composed of preexisting arc

terranes (1000—-860 Ma) and Neoproterozoic (860—750 Ma) igneous and metasedimentary rocks

(Fig. 1b; Table 1) (e.g., Gao et al., 2009; Li and Li, 2003; Li et al., 2003, 2009; Wang et al., 2013a,
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2013b, 2014a, 2014b; Zhang and Zheng, 2013; Zhao and Cawood, 2012; Zheng et al., 2013). The

metasedimentary rocks include two sets of lower greenschist facies sequences separated by a

prominent angular unconformity (Wang et al., 2012a, 2014a). The underlying basement sequences

are tightly folded and are dominated by sandstone, siltstone, slate, and phyllite and show

flysch-like sedimentary characteristics, including the Sibao Group in north Guangxi, the

Fanjingshan Group in northeast Guizhou, the Lengjiaxi Group in central Hunan, the

Shuanggiaoshan/Jiuling Group in northwest Jiangxi, and the Xikou/Shangxi Group in south Anhui

and northeast Jiangxi. All these rocks are locally unconformably overlain by slightly

metamorphosed cover sequences which show open folds with rifting-environment depositional

features (e.g., the Danzhou, Xiajiang, Banxi, Luokedong and Likou groups, respectively) and

unmetamorphosed Sinian cover (Wang and Li, 2003; Wang et al., 2007a, 2014a; Zhang and Zheng,

2013; Zhao and Cawood, 2012; Zheng et al., 2013).

However, the volcanic rocks of Pingshui Formation and Shuangxiwu Group (~970-890 Ma)

show very high epr(f) and eny(f) and geochemical characteristics of island arc magmatic rocks

(Fig. 2a; Table 1; Chen et al., 2009b; Chen and Jahn, 1998; Li et al., 2009), implying an

intra-oceanic arc regime. The ~ 860-840 Ma mafic rocks in N Zhejiang, NE Hunan and W

Jiangxi-are mainly tholeiitic in compositions and show both geochemical signatures of volcanic

arc (e.g., mafic rocks from the Daolinshan and Liuyang-Wenjiashi area; Fig. 2g; Li et al.,2008b;

Yao et al., 2014c) and N-MORB (e.g., mafic rocks from Fangxi and Nanqgiao-Liuyang area; Fig.

2b, g; Yao et al., 2014c; Zhang et al., 2013b). Especially in the Nanqiao-Wenjiashi area (NE

Hunan), both volcanic arc- and N-MORB-like mafic rocks exposed (Fig. 2g; Yao et al., 2014c),

resembling those of modern back-arc basin basalts from intra-oceanic arc terranes. Thus, we
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propose a new scheme to disassemble the Jiangnan Orogen of the southeastern margin of the

Yangtze Block into two belts along the Jingdezhen-Yifeng-Wanzai Fault: the intra-oceanic arc

zone to the southeast closer to the Cathaysia Block and the active continental margin of the

Yangtze Block to the northwest inner land (Fig. 1b).

In the Cathaysia Block, the Neoproterozoic sequences are defined as the Mamianshan Group

in Fujian, Longquan Group in Zhejiang and Taoxi Group in NE Guangdong (Fig. 1b; e.g., Fujian

BGMR, 1985; Zhejiang BGMR, 1989). However, in the previously defined Cathaysia basement

(including the previously defined Badu, Chencai, Mayuan, Hezi/Xunwu and Yunkai Groups along

the Wuyi, Nanling and Yunkai domains), abundant schist, granitoid gneiss, migmatite and

pyroclastic rocks were recently dated to be of Neoproterozoic and even early Paleozoic age (e.g.,

Gao et al., 2014; Wan et al., 2007, 2010; Li et al., 2010b; Zeng et al., 2008; Charvet et al., 2010;

Yuetal., 2009, 2010, 2012; Wang et al.; 2013b, 2014b and references therein). In addition,

relatively minor amphibolite, metagabbro, metadiabase, bimodal volcanic rocks and even

ophiolitic mélange expose sporadically or occur as lens, pods and fragments, which might be

relics of Neoproterozoic subduction assemblages in the Cathaysia block (e.g., Shu, 2012; Shu et

al., 2006, 2008a, 2008b, 2011; Wang et al., 2011a, 2013b, 2014b; Yao et al., 2014b; Zhang et al.,

2012a; This work). The recent studies of Miaohou and Shanhou complexes (Fig. 2d; Table 1; Xia

et al., 2015) togther with Zhuji and Chencai mafic rocks (Table 1; Shu et al., 2011; Wang et al.,

2012b) near the Jiangshao Fault also imply a tectonic setting of active continental margin in the

Cathaysia Block.

Thus, we here divide the amalgamation domain between the Yangtze and Cathaysia blocks

into three zones from northwest to southeast: the Yangtze active continental margin, the
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intra-oceanic arc zone, and the Cathaysia active continental margin and inland (Fig. 1b). Based on

synthesis of the previous studies, we also propose to divide the Neoproterozoic amalgamation and

magmatism between the Yangtze Block and Cathaysia Block into four stages: stage I (~1000-860

Ma), development of oceanic arc and Cathaysia continental arc; stage II (~ 860-825 Ma),

development of bidirectional subduction and continental arc on the Yangtze Block; stage III (~

825-805 Ma), Yangtze-island arc-Cathaysia continent-arc-continent collision and the Jiangnan

Orogenesis; stage IV (ca. 805-750 Ma), development of continental rift between the Yangtze

Block and Cathaysia Block (also see Table 1).

3. Intra-oceanic arc zone

3.1. Stage I (ca. 1000-860 Ma) oceanic arc development

Wang et al. (2014a) divided the Jiangnan Orogen into the eastern and western segments

largely along a nearly N-S boundary stretching across northern and central Hunan Province (Fig.

1b). Ophiolite suites have been found in two localities within the basement sequences in the

eastern Jiangnan Orogen (i.e., the South Anhui and Northeast Jiangxi ophiolites; Fig. 1b, 2e, f and

Table 1). The ophiolites have been previously dated at 1.05-0.96 Ga by the Sm-Nd isochron

method (e.g., Chen et al., 1991; Li et al., 1997; Zhang et al., 1990; Zhou and Zhu, 1993; also see

Table 1) However, new SHRIMP and LA-ICP-MS U-Pb zircon ages of gabbros in the South

Anhui have shown that the ophiolites (Fig. 2f) may have formed at ca. 830 Ma (Ding et al., 2008;

Zhang et al., 2012b, 2013a). The NE Jiangxi ophiolite are a suite of ophiolitic mélange that occurs

scattered along the NE Jiangxi Fault System, extending for ~ 100 km (Fig. 1b). It is well exposed

in a few localities including Zhangshudun, Xiwan (Fig. 2e), Maogiao, Rao’er and Zhangcun,

where a large number of ophiolitic blocks were structurally enclosed in a volcanic-sedimentary
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sequence of Shuangqiaoshan Group (Li and Li, 2003). Two types of basalts were observed within
the NE Jiangxi ophiolites (Li et al., 1997). Island arc-type basalt is predominant and displays
varying enrichment in LILEs (Sr, K and Rb), Th and LREEs and depletion in HFSEs (Zr, Hf, Nb,
Ta and Ti). Minor N-MORB-type basalt was also observed in the ophiolites, and shows
LREE-depletion with no negative Nb-Ta anomaly. Combined with their consistently high initial
Nd isotopic ratios and the geochemical characteristics (Table 1), the NE Jiangxi ophiolites are best
interpreted as reflecting a “supra-subduction zone” (SSZ) setting (Pearce et al., 1984; Li et al.,
1997). The plagiogranite of NE Jiangxi ophiolitic rocks (Fig. 2e) yielded a SHRIMP zircon U-Pb
age of 968 23 Ma (Li et al., 1994) and 970+21 Ma (Gao et al., 2009). The age range among
subduction-related ophiolitic subunits can be longer than 20-30 m.y, but the age range of the
SSZ-type ophiolite is commonly less than 10 m.y. (Dilek and Furnes, 2011). Therefore, althought
both considered as the SSZ-type ophiolite suite (Ding et al., 2008; Li and Li, 2003; Zhang et al.,
2012b, 2013a), the South Anhui and Northeast Jiangxi ophiolites might be two different ophiolite
suites formed at different time during the Neoproterozoic amalgamation in South China.

The Shuangxiwu Group (Fig. 2a-b), composed mainly of basaltic, andesitic and rhyolitic
volcanic rock and flysch formation (Zhejiang BGMR; 1989) were previously suggested to be
formed in an active continental margin setting (Li et al., 2008b, 2009). Li et al. (2009) suggested
that the basaltic, andesitic and rhyolitic volcanic rocks from the lower, middle and upper
Shuangxiwu Group (i.e., Pingshui, Beiwu and Zhangcun Formation) have formed at ~ 970 Ma,
926 Ma and 891 Ma, respectively. In fact, well-preserved in the Shuangxiwu area of NE Zhejiang
and the Zhangshudun area of NE Jiangxi (Fig. 2a, b, e) are the SSZ-type ophiolite suite (including

Xiwan “adakitic” plagiogranite lenses exposed as separate blocks scattered within the
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serpentinized matrix), arc-like volcanic rocks (e.g., seafloor basalt, andesite, dacite and rhyolite
from Shuangxiwu Group), subduction-related granitoids (e.g., Taohong and Xiqiu
tonalite—granodiorite which intruded into the Pingshui Formation), plagiogranites (e.g., Pingshui
plagiogranite), adakitic rocks (eg., Pingshui high-Mg andesites) and Nb-enriched basalts, which
were dated at 970-860 Ma (e.g., Chen et al., 1991, 2009a, 2009b; Gao et al., 2009; Li et al.; 1994,
2009; Li and Li, 2003; Wang et al., 2013c; Ye et al., 2007; also see Fig. 1b and Table 1). The
associated plagiogranite, andesite, amphibolite-bearing tonalite and I-type granodiorite have
zircon U-Pb ages of 970-890 Ma and show an arc-like geochemical affinity with positive eud(f)
and eng(?) (e.g., Chen et al., 2009a, 2009b; Gao et al., 2009; Li et al., 1994, 2009; Li and Li, 2003;
Ye et al., 2007; also see Fig. 1b, 3a-d and Table 1). Considering that there are no existence of
pre-Neoproterozoic basement rocks in this area, we propose that study proves that these arc-like
magmatic rocks were likely to have formed in an intra-oceanic arc regime. Micas from a very
small outcrop of the Tianli schists:in the eastern Jiangnan Orogen were dated at ~ 1000 Ma by in
situ laser-ablation Ar-Ar method (Li et al., 2007), and the glaucophane-bearing schist gave the
metamorphic age of 86610 Ma (K-Ar method; Shu et al., 1994; Charvet et al., 1996). The
Xiwan leucogranites in the NE Jiangxi ophiolitic suite, interpreted as anatexis product of
arc-derived sedimentary materials, were dated at 88019 Ma (e.g., Li et al., 2008a). It is obvious
that the magmatism along the Zhangshudun-Shuangxiwu areas in the eastern segment of the
Jiangnan Orogen (closer to the Jiangshan-Shaoxing Fault) is significantly older than that along the
western segment of the Jiangnan Orogen and Fuchuan area in South Anhui (Fig. 2f) (e.g., Chen et
al., 2009a, 2009b; Ding et al., 2008; Gao et al., 2009; Li et al., 2008a, 2009a; Wang et al., 2013a,

2014a; Ye et al., 2007; Zhang et al., 2013a; also see Table 1).
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In the Yunkai Group, there occur abundant ultramafic-mafic rocks as interlayers, lenses and
pods. These rocks have commonly experienced strong deformation and greenschist- to
amphibolite-facies metamorphism (Zhang et al., 2012a; Fig. 2c). Li et al. (1993) gave a Sm-Nd
isochron age of 971+ 69 Ma for plagioclase amphibolite in the Yunkai Group. Nan (1994)
reported the zircon U-Pb ages of ~ 1035-900 Ma and ~ 940-910 Ma for the amphibolite and
dacite-porphyry in the Yunkai Group, respectively. Qin et al. (2006) and Zhang et-al. (1998) also
considered that the plagioclase amphibolite and dacite-porphyry in the Yunkai Group most likely
formed at ~ 1000-910 Ma (Lao and Hu, 1997). Recently, a small amount of ~ 1000-980 Ma
amphibolite, metagabbro and metadiabase lens or pods are found in the Yunkai Domain and were
considered to be the relics of the earliest Neoproterozoic arc and back-arc system in the Cathaysia
block (e.g., Peng et al., 2006; Qin et al., 2006; Wang et al., 2013b; Zhang et al., 2012a; also see
Fig. 1b, 2¢c and Table 1). Nevertheless; our study shows that those meta-mafic rocks exhibit
different geochemical characteristics on either side of the possible boundary along Xinyi and
Luoding (or Lianjiang-Xinyi Fault) (Fig. 2c). The meta-mafic rocks located on the northwest side
of the Xinyi-Luoding Fault are mainly tholeiitic and show intra-oceanic arc-like affinity whereas
those on the southeast of the Fault are mainly calc-alkaline and show continental arc-like affinity
(Fig. 4b-c, 6, 7a-d; Wang et al., 2013b; Zhang et al., 2012a). Beside the mafic rocks, there are also
felsic rocks on the northwest of the Xinyi-Luoding fault which intruded the Yunkai Group such as
dacite-porphyry with the zircon evaporate age of ~ 940-920 Ma (Zhang et al., 1998) and
Tiantangshan granitic gneiss with SHRIMP U-Pb zircon age of 906 =24 Ma (Qin et al., 2006).
The 1000-900 Ma arc-related magmatic rocks northwest of the Xinyi-Luoding Fault resemble

those in the Zhangshudun-Shuangxiwu area, implying that the line along Xinyi and Luoding (or
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Lianjiang-Xinyi Fault, Fig. 2c) might be the southwestern boundary between the Yangtze Block

and Cathaysia Block in the Neoproterozoic. Accordingly, we can distinguish the Yangtze Block

and Cathaysia Block along Jiangshan-Shaoxing-Pingxiang-Shuangpai-Xinyi structure zone (Yao

et al., 2014c and this work).

The stage I ultramafic rocks (e.g, peridotite, pyroxenite and some gabbro; Table 1) from the

NE Jiangxi ophiolite suite exhibit typical cumulate textures with high MgO and low Fe, 03, K,O

and Na,O (Fig. 4a-c; Li et al., 1997; Xu and Qiao, 1989; Zhou, 1989; Zou, 1993). Their

chondrite-normalized REE patterns (REE patterns) and primitive mantle-normalized incompatible

element spidergrams (spidergram patterns) resemble those of typical cumulate rocks highly

depleted in these incompatible elements (Fig. 6a;). Here we declare that geochemistry of cumulate

rocks may not be suitable for discriminating petrogenesis and tectonic setting when using some

diagrams.

The mafic rocks include altered arc tholeiite, Nb-enriched basalt, dolerite and gabbro with

some being metamorphosed (Table 1). The majority of these rocks are sub-alkaline, straddling the

boundary of tholeiite and calc-alkaline series (Fig. 4a-c). In the K,O vs. SiO, diagram (Fig. 5a),

they dominantly fall into the low-K tholeiite and calc-alkaline fields although a few plot in the

high-K calc-alkaline and shoshonitic fields. Most of these rocks have oceanic arc basalt- or

continental arc basalt-like REE and spidergram patterns characterized by enrichments of Rb, Ba,

Th, U and LREEs but depletion of high field strength elements (HFSEs) with pronounced negative

Nb-Ta and weak negative P, Ti anomalies relative to the neighboring elements (Fig. 6a;), whereas

some rocks show N-MORB or E-MORB like REE and spidergram patterns (Fig. 6a;). The

apparent positive Pb anomaly may be due to crustal assimilation or subducted oceanic sediment
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contribution (Fig. 6a;). Although minor mafic rocks fall into the alkaline within-plate basalt field
in the Hf/3-Th-Ta diagram, the majority of these rocks plot into the fields of island arc tholeiites,
back-arc basalts and N-type or E-type MORB in both Hf/3-Th-Ta and Y/15-La/10-Nb/8 diagrams
(Fig. 7a-b). Although some intraplate basalts show depletion in Nb, Ta and Ti probably due to
crustal contamination (Ellam and Cox, 1991; Hawkesworth et al., 1995), their high Ti/Zr and low
Zr/Y, Th/Yb and Ta/YDb also indicate the oceanic arc basalts and MORB affinities (Fig. 7c-d). It is
worth to note that the Nb-enriched arc basalts (Defant et al., 1992; Kepezhinskas et al., 1996) are
found in both Pingshui and Yunkai areas with high Nb/La and TiO, (Fig. 5c, 10b).

The andesite, high-Mg diorite and tonalite constitute the assembly of intermediate rocks in
stage I. Although these rocks staddle the boundray between volcanic arc and within-plate fields in
the Rb/30-Hf-Ta*3 diagram, they all plot in the volcanic arc field in the Y+Nb vs. Rb diagram
(Fig. 8c-d). Most of these intermediate rocks show steep REE patterns with enrichment of LREEs
and remarkably negative Nb-Ta, P, Sr and Ti anomalies in spidergram patterns, corresponding to
oceanic arc or continental arc andesites (Fig. 6b;). However, their low Th, La/Yb and Th/Yb
character is similar to that of oceanic arc andesites (Fig. 8a-b). In the Pingshui area, the high-Mg
andesites display high St/Y and low Y, which are characteristic of adakites (Fig. 10a), and their
high Na,O/K,0 (7.93-10.6), Mg" (>60) and MgO (5.84-6.91 wt.%) (Chen et al., 2009a) are
consistent with the definition of normal adakites (O-type adakites) and differ from other
adakite-like rocks (e.g., “C-type” adakites or “K”-adakites; Moyen, 2009). Their incompatible
element patterns are also similar to those of adakites with relatively weak Ta depletion (Castillo,
2012; Fig. 6by).

The felsic rocks of stage I mainly consist of amphibole-bearing granodiorite,
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amphibole-bearing plagiogranite, leucogranite, dacite and rhyolite. it is noteworthy that the Xiwan

leucogranites, the peraluminous (A/CNK=1.0-1.24) S-type granites show low total REEs and flat

REE patterns with a significant positive Eu anomaly and relative enrichments in Th, Sr, P, Zr, Hf

and Ti, probably due to small degrees of partial melting of metasedimentary rocks (Li et al, 2008a).

Considering the distinct genesis between the leucogranites and other felsic rocks of stage 1

magmatism, we will not consider the leucogranites when discussing the stage I magmatism.

Except for the Xiwan leucogranites, the majority of these feisic rocks are analogous to island arc

granitoid or oceanic plagiogranite. These feisic rocks are metaluminous to weakly peraluminous,

mostly Na,O rich, , and plot in the field of I-type granites (Fig. 9a, e). Compositionally

intermediate, these felsic rocks also straddle the boundary between volcanic arc and within-plate

fields in the Rb/30-Hf-Ta*3 diagram and plotin the volcanic arc field of the Th/Yb vs. Nb/Yb

diagram (Fig. 8c-d). The majority of these rocks exhibit right-leaning REE patterns with depletion

of HREEs and enrichment in LILEs with strong negative Nb-Ta, P and Ti anomalies in

spidergrams, consistent with being of oceanic arc or continental arc affinity (Fig. 6¢y). It is

noteworthy that the Xiwan plagiogranite show positive or no Eu anomalies, high Sr/Y and low Y,

resembling adakites (Fig. 10a). Li and Li (2003) and Gao et al. (2009) thus suggest thses

plagiogranites as adakitic granites. Nevertheless, plagioclase holds such high Sr/Y and low Y itself,

hence the plagioclase rich plagiogranites commonly display adakite signatures. Thus, it remains

unclear if we should call the Xiwan plagiogranite as adakites or adakitic granites and ascribed

them to products of low degree partial melting of subducted, hydrous oceanic crust at pressures

high enough to stabilize garnet and amphibole (Li and Li, 2003). Although Li and Li (2003) and

Chen et al. (2009a) interpreted that Xiwan and Pingshui plagiogranites, which might not be
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regarded as adakitic granites, were generated by partial melting of subducted slab. Gao et al. (2009)

argued that the plagiogranite more likely resulted from fractional crystallization of hornblende and

accessory minerals such as apatite and ilmenite from basaltic parent magmas derived from melting

of the mantle wedge beneath an island arc.

All the geochemical features of stage I magmatic rocks, in combination with their extremely

depleted Nd and Hf isotopic compositions (Fig. 3a-d; Table 1), are most consistent with their

formation from parental magmas derived from partial melting of metasomatized mantle wedge

similar to the petrogenesis of the present-day Izu-Bonin and Tonga-Kermadec arc magmatism

(Tamura and Tasumi, 2002; Leat et al., 2007). In Fig. 4c, they also yield along the differentiation

trend or fractional crystallization trend of mantle-derived melt. All the stage I magmatic rocks

from intra-oceanic arc zone, especially those felsic rocks with high Na,O/K,0 and Low K,O

content (Fig. 5a), implying a low-K tholeiitic source. In this regard, the geochemical and Nd-Hf

isotopic compositions of the stage I magmatic rocks indicate an ocean-ocean subduction and

island arc setting without the involvement of K-rich continental crustal materials. Otherwise, the

association of adakitic rocks (eg., Pingshui high-Mg andesites) and Nb-enriched arc basalts points

to the possibility of slab melting where the subducting ocean crust is warm and yound (<25 Ma)

(Castillo, 2012; Defant and Drummond, 1990; Defant and Kepezhinskas, 2001; Kepezhinskas et

al., 1996). Thus, the subduction-related melt in stage I were derived from mantle wedge

metasomatized by both melting and dehydration of subducting slab, which is also supported by its

high Hf, Cr and Ni contents and high Th/Yb, Nb/Yb and Nb/Th (Fig. 11a-d). In addition,

according to our eng(#) and SiO, modelling (Fig. 12), the stage I magmatism could also be

explained by fractionation crystallization of primary arc magmas or the mixing of mantle-derived
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and slab-derived melt.

3.2. Stage II (ca. 860-825 Ma) back-arc basin development

The stage II magmatism produced mainly mafic rocks with minor rocks of intermediate

composition (Table 1). The ~ 860-840 Ma N-type MORB and within-plate mafic rocks include

gabbro or diabase dykes parallelly intruding the Shuangxiwu Group strongly deformed and

metamorphosed to greenschist facies and basalts or dolerites interlayered and stratoid in the

greenschist-facies sedimentary sequences of the Lengjiaxi and Shuangqiaoshan Groups (Li et al.,

2008b; Yao et al., 2014c; Zhang et al., 2013b). These mafic rocks with variably high Hf, Cr and

Ni and Nb/Th (Fig. 11a, c, d) straddle the tholeiitic-calc-alkaline compositional boundary (Fig.

4b-c, 5a) and can be divided into two groups. The first group is characterized by LREE depletion,

mostly with a weak Eu anomaly and without a negative Nb, Ta, Zr, Hf anomaly, resembling the

present-day N-type MORB. The second group exhibits LREE enrichment with a weak Eu

anomaly, and shows variable depletion in high field strength elements (HFSE), like Nb, Ta, Zr

and Hf indicating an arc signature (Fig. 6ar.mr). In both Hf/3-Th-Ta and Y/15-La/10-Nb/8

diagrams, the majority of these mafic rocks fall into the fields of island arc tholeiites and N-type

MORB (Fig. 7a-b). However, their generally low Ta/Yb and higher Th/Yb at a given Ta/Yb are

consistent with being island arc basalts although some are like MORB (Fig. 7c-d). Such

“bimodal” features are typical for back-arc basin basalts (BABB) (e.g., Lawton and McMillan,

1999; Taylor and Martinez, 2003; Pearce and Stern, 2006), where the early stage basalts exhibit

arc-like signature due to more crustal contributions during mantle melting, whereas the later

stage basalts exhibit MORB-like patterns due to subdued crustal influence. Therefore, the

back-arc basin is a probable tectonic setting for the stage II magmatism. However, some of these
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mafic rocks show high Nb/La and TiO,, fall into the Nb-enriched basalt field (Figs. Sc, 10b).

The intermediate rocks in stage II are rare and closely associated with mafic rocks. In

Rb/30-Hf-Ta*3 and Y+Nb vs. Rb diagrams, all these intermediate rocks plot in the volcanic arc

field (Fig. 8c-d). Their REE and incompatible element patterns resemble those of island arc

andesites or continental arc andesites with enrichment of LREE and negative Nb-Ta and Ti

anomalies (Fig. 6by ). But their low Th, La/Yb and Th/Yb characteristics resemble those of

island arc andesites (Fig. 8a-b).

Those N-type MORB rocks were previously suggested to represent remnants of

Neoproterozoic oceanic crust (Yao et al., 2014c). Nevertheless, their high Ba/Th and U/Th indicate

that they are likely derived from subduction-zone metasomatized mantle wedge (Fig. 11e-f). Their

high Nb/La and TiO, resembling Nb-enriched basalts suggest contributions of mantle wedge

metasomatized by slab melt (Fig. 5c, 13b), while their high ege(f) and eng(?) is consistent with

mantle wedge melting with the source dominated by the depleted mantle (Fig. 3a, b, d, 15; Table

1). Thus, the stage Il magmatism was largely formed as a result of regional asthenospheric

upwelling and decompression melting of the former subduction-zone metasomatized mantle

wedge in a back-arc basin setting. Their low Th/Yb and Nb/Yb ruled out extensive crustal

assimilation during the formation of mafic rocks in the stage II magmatism (Fig. 11b).

3.3. Stage 1V (ca. 805-750 Ma) continental rift development

The literature data show the ~ 800-790 Ma bimodal volcanic rocks from the Shangshu

Formation (basalt and rhyolite; Li et al., 2003b, 2008b; Wang et al., 2012a) and the ~ 790-780 Ma

Daolinshan riebeckite and arfvedsonite bearing peralkaline granites which intruded the

Shuangxiwu Group (Fig. 2b; Li et al., 2008b; Wang et al., 2010). There are distinct “Daly gap”
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between mafic rocks (SiO, ranging from 46.98 to 56.16 wt.%) and felsic rocks (SiO, ranging from
68.09 to 76.83 wt.%) (Li et al., 2008b; Wang et al., 2010, 2012a; Yao et al., 2014c). The mafic
rocks include basaltic to basaltic andesitic rocks dominated by tholeiite (Fig. 4b-c, 5a) with steep
REE patterns enriched in LREEs and weakly depleted in Nb-Ta and Ti in spidergrams, indicating
more likely an arc signature (Fig. 6a;y). In both Fig. 7 and 8, most of these mafic rocks fall into
the field of island arc magmatism. However, they also exhibit some MORB affinity of relatively
low Th/Zr, Th/Yb and Nb/Yb, implying the possible inheritance of stage II back-arc basin
magmatic source region (Fig. 11b, d). Their eur(?) and eng(?) characteristics are also consistent with
the stage I subduction-related magmatic rocks (Fig. 3a, b, d, 15; Table 1). Therefore, partial
melting of former subduction metasomatized mantle wedge in a continental rift setting may have
formed these mafic rocks.

The felsic rocks are calc-alkaline to high-K calc-alkaline (Fig. 5a) and metaluminous to
weakly peraluminous and show high FeOT/(FeOT+MgO), belonging to ferron granitoids or
rhyolites (Frost et al.,2001; Fig. 9a-b). Also, their high Ga/Al and HESE (Zr, Nb) and high Zr
saturation temperature (831-1031 °C, >830 °C; Watson and Harrison, 1983) are characteristic of
A-type granitoids or rhyolites (Fig. 9c-d). High Rb, Rb/Nb and Y/Nb of these granitoids and
rhyolites further suggest that they belong to subgroup A, granites or rhyolites (Eby, 1992, Fig. 9f).
They mostly plot in the volcanic arc filed of the Rb/30-Hf-Ta*3 diagram (Fig. 8c) and show
spidergram patterns similar to island arc or continental arc with weak negative Nb-Ta and
pronounced negative Sr, P and Ti anomalies (Fig. 6¢y). In this scenario, a tonalitic to granodioritic
meta-igneous source (Anderson, 1983; Whalen et al., 1987; Creaser et al., 1991) or previously

dehydrated metasedimentary source rocks (Anderson and Thomas, 1985; Whalen et al., 1987) may
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be the more appropriate source for these A-type granitoids and rhyolites of the stage IV

magmatism. Their arc-related geochemical features may be inherited from their source rocks.

Considering their high eng(#) and ena(?) (Fig. 3a, b, d, 15; Table 1), they might have formed by

partial melting of juvenile island arc crust. Regularly, the “Daly gap” between mafic and felsic

rocks (Fig. 4a) is considered due to inadequate mixing of mantle derived basaltic magma and crust

derived felsic magma (Chayes, 1963; Cann, 1968; Clague, 1978; Bonnefoi et al., 1995). However,

Niu et al. (2013) pointed out that evolution of basaltic magma could also produce the “Daly gap”,

because Ti-Fe oxides crystallization leads to rapid increase of SiO, in the residual melt. Thus,

these A-type granitoids with high ey(#) and exa(#) also might resulting from protracted fractional

crystallization of synchronous mafic magmas.

4. Active continental margin and inland of Cathaysia

4.1. Stage I (ca. 1000-860 Ma) Cathaysia continental arc development

The magmatic evidence comes firstly from mafic-ultramafic bodies, which occur mainly as

lenses, pods and fragments within the country rocks of quartz schist, gneiss and migmatite

distributed mainly along the Wuyi-Yunkai belt, in the area of Longquan, Qingyuan, Zhenghe,

Suichang, Jian’ ou, Jianyang and Xinyi (Wang et al., 2014b; Fig. 1b, 2c). Except for a few

ultramafic rocks (e.g, serpentinite, serpentinizated peridotite) which exhibit typical cumulate

textures with high MgO and low Fe,03, K,0O, Na,O and REEs (Fig. 4a-c, 6ay; Peng et al., 2006;

Wang et al., 2013b), the stage I mafic rocks include: gabbro, diabase, basalt, andesite, and also

serpentinite and pyroxenite (Table 1). As mentioned above, Wang et al. (2013b) and Zhang et al.

(2012a) proposed that the meta-mafic rocks from the Cathaysia Block side are mainly

calc-alkaline and have geochemical affinities to MORB, Nb-enriched basalt and continent-arc
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basalt, implying a continental arc-back-arc system developed at ~ 984-969 Ma (also see Table 1).
Zhang et al. (1998) also proposed that the 972 Ma rhyolitic rocks in the Nanling domain and the
synchronous dacite porphyry in the Yunkai domain formed in a volcanic arc setting. At Jingnan
(NE Guangdong) and Hezi (S Jiangxi) of the Nanling domain, rhyolite and granodiorite with arc
geochemical signatures gave the SHRIMP zircon U-Pb age of 972 18 Ma and the Pb-Pb age of
996 £29 Ma, respectively (Liu et al., 2001; Shu et al., 2008a, 2011; Fig. 1b; also see Table 1).
Recently, Wang et al. (2014b) published a set of SIMS and LA-ICP-MS zircon U-Pb ages of
S-type granites from Masha and Shibei (North Wuyi), Dawei (Xunwu in Nanling), Longtang
(Dingnan), Shuanglong (Luoding) and Huaixiang (Xinyi) in the Wuyi-Yunkai belt of the
Cathaysia Block at ~ 982-909 Ma (also see Table 1).

The detrital zircons in the late Neoproterozoic and Paleozoic sedimentary rocks from the
Jianyang, Zengcheng, Nanxiong and Xinyi areas of the Cathaysia Block commonly show an
igneous origin and give U-Pb.ages of ~ 1.0-0.9 Ga (peak age being ca. 940 Ma) along the
Wuyi-Yunkai belt (e.g:; Yu et al., 2007, 2010; Wan et al., 2007, 2010; Wang et al., 2007c, 2008a,
2008b, 2010). The inherited grains with the U-Pb ages of ca. 1.0-0.9 Ga were also observed in the
early Paleozoic granitoids in the Cathaysia Block (e.g., Ding et al., 2005; Wang et al., 2011b;
Zhang et al., 2012d). These data indicate an earliest Neoproterozoic (begin no later than ~ 970 Ma)
active continental margin rather than intraplate tectonic regime along the Wuyi-Yunkai belt of the
Cathaysia Block, and the development of the earliest Neoproterozoic (~ 1.0-0.9 Ga) magmatism
along the Wuyi- Yunkai domain in the interior of the Cathaysia Block (e.g., Shu et al., 2008a, 2011,
Zhao, 2015).

The mafic rocks including diabase, basalt and gabbro, although some of them are
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metamorphosed (Table 1). They are mainly subalkaline and straddle the tholeiitic-calc-alkaline
compositional boundary (Fig. 4a-c), but mostly fall into the calc-alkaline and high-K calc-alkaline
fields in the KO vs. SiO, diagram with relatively high K,O (Fig. 5a). These mafic rocks show
diverse REE patterns with both enrichment and depletion in LREEsS relative to HREEs,
corresponding to island arc basalts or MORB (Fig. 6a;). On primitive-mantle normalized
incompatible element spidergrams, however, they more closely resemble island arc or continental
arc basalts with enriched LILEs and negative Nb-Ta, P and Ti anomalies (Fig. 6a;). Their positive
K and Pb anomalies may be due to crustal assimilation (Fig. 6ay). In the Hf/3-Th-Ta diagram (Fig.
7a), most of these mafic rocks fall into the field of island arc calc-alkaline basalts and E-type
MORSB, and their relatively high Zr/Y, Th/Yb and Ta/Yb also show the affinities of continental arc
basalts and MORB (Fig. 7c-d). However, the majority of these mafic rocks plot in the region
between back-arc basin basalts and continental basalts in the Y/15-La/10-Nb/8 diagram (Fig. 7b).
Most of the stage I mafic rocks exhibit various (Ta/La)y and (Hf/Sm)x and define the trends
related to both melt- and fluid-related metasomatism (Fig. 11a; La Fleche et al., 1998). Meanwhile,
There are also some Nb-enriched arc basalts (Defant et al., 1992; Kepezhinskas et al., 1996) in
both Wuyi and Yunkai areas with high Nb/La and TiO, (Fig. 5c, 10b). The occurrence of Nb-rich
basalts implicitly used as supporting evidence for slab melting (e.g., Aguillén-Robles et al., 2001;
Sajona et al., 1996). The increasing FeOT/MgO, Si0,, Th/Yb and Nb/Yb together with decreasing
Cr and Ni from mafic to felsic rocks indicate an assimilation fractional crystallization (AFC)
process of wedge-derived melt or the mixing between mantle-derived melt and slab melt (Fig. 4c,
11b-c). Our eng(?) and SiO, modelling also support the scenario that the wedge-derived melt may

be assimilated with continental or oceanic sediments (Fig. 12). However, the high Nb/Th imply
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that mafic rocks have closer relationship to melt-related enrichment while intermediate and felsic
rocks are closer to fuild-related enrichment (Fig. 11d).

The stage I intermediate rocks are only exposed in the Chencai area. They straddle the
subalkaline-alkaline compositional boundary and plot in the calc-alkaline or high-K calc-alkaline
fields (Fig. 4a-c, 5a). These intermediate rocks show steep REE patterns with enriched LREEs and
markedly negative Nb-Ta, P and Ti anomalies in spidergram patterns, similar to island arc or
continental arc andesites (Fig. 6b;). In Rb/30-Hf-Ta*3 and Y+Nb vs. Rb diagrams, all these
intermediate rocks plot in the volcanic arc field (Fig. 8c-d). Although their low Th concentrations
are consistent with their being island arc andesites, the high La/Yb and Th/Yb of these
intermediate rocks indicate that they belong more likely to continental arc andesites (Fig. 8a-b).

The stage I felsic rocks are mainly peraluminous (Fig.12a), located inland and far from the
Jiangshao Fault (Fig.1b). Most of these felsic rocks fall in the S-type granite field of the AFC
diagram (Fig.12e). The Zr saturation temperatures (794-884°C, mostly higher than 830°C;
Watson and Harrison, 1983; data from Shu et al., 2008a, 2011; Wang et al., 2014b) indicate that
these felsic rocks have high initial temperatures, corresponding to the estimated temperatures
using the P,Os and TiO, saturation thermometry (Harris and Watson, 1984; Green and Pearson,
1986) (Fig. 5b-c). However, some of these felsic rocks with high FeO'/(FeO"+MgO) plot in the
ferron granitoid field (Fig. 9b), and their high Ga/Al and HFSE (Zr, Nb, Ce, Y) indicate an A-type
affinity (Fig. 9c-d). In the Nb-Y-Ce diagram (Fig. 9f), these rocks may be A, subgroup granite
(Eby, 1992). They exhibit island arc- or continental arc-like REE and incompatible element
patterns enriched in LEEEs and LILEs relative to HREEs and HFSEs with pronounced negative

Eu, Nb-Ta, Sr, P and Ti anomalies (Fig. 6¢y). The S- and A-type association of felsic rocks with
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relativley high A/CNK (Fig. 9a), LREEs/MREEs, Th and low Ba/Th and U/Th (Fig. 11e-f) imply a
sediment source, as supported by the low epe(?) and eng(?) (Fig. 3a-d, 15; Table 1). Their high
CaO/Na,O and low Al,03/TiO,, Rb/Ba, Rb/Sr and A1203/(MgO+FeOT) indicate that they are
probably derived from metagreywacke sources with the involvement of a meta-igneous
component (Shu et al., 2008a, 2011; Wang et al., 2014b).
4.2. Stage II (ca. 860-825 Ma) continental arc and back-arc development

Recently, we found associated gabbro, diorite and I-type granodiorite (Fig. 2d) which are
bound by the Jiangshan-Shaoxing Fault with zircon U-Pb ages of ~ 830 Ma to show a
geochemical affinity of active continental margin magmatism with positive eu(f) and exy(?) (see
below and Table 1). In addition, previous studies showed a series of mafic rocks (basalt, gabbro
and plagioclase amphibolite) with geochemical characteristics of OIB-type basalts and zircon
SHRIMP U-Pb ages of 857-836 Ma in the Zhuji, Chencai and Mamiamshan areas near the
Jiang-Shao Fault. These mafic rocks are deformed in accord with the regional metamorphic
foliation of Chencai and Mayuan Groups country rocks and in contact with migmatitic gneisses of
the Mamianshan Group by a ductile shearing fault (Shu et al., 2011; also see Table 1). These age
data are in agreement with some previous data (Table 1): the SHRIMP zircon U-Pb age of 858 &
11 Ma for the Huaquan gabbro block included in the ophiolitic mélange (Shu et al., 2006; Fig. 1b),
the zircon SHRIMP U-Pb age of 841 +6 Ma on the Lipu diorite, which is in fault contact with the
Chencai Group (Li et al., 2010), the SHRIMP U-Pb zircon ages of 857 2-0.2 Ma and 853 +4 Ma
on Jian’ ou metabasalt and tuff from Mayuan and Mamianshan Groups (Shu et al., 2008b),
implying the existence of a Cathaysia Block arc and back-arc system that may last until ~ 830 Ma.

The Miaohou gabbros show low Ti/Zr and Zr/Y and high Th/Yb and Ta/Yb, and fall into the
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calc-alkaline fields in Hf/3-Th-Ta and Y/15-La/10-Nb/8 diagrams (Fig. 7a-d), indicating a
continental arc. However, other mafic rocks are mainly tholeiitic basalts with low FeO'/MgO (Fig.
4b-c) and mostly plot in the fields of alkaline within-plate basalts in Fig. 7a, b, d, which is also
consistent with their OIB-like REE and spidergram patterns without significant Nb-Ta anomalies
(Fig. 6ai.m). These basalts also show high Nb/La and TiO, (Fig. Sc, 10b), resembling Nb-rich arc
basalts (Defant et al., 1992; Kepezhinskas et al., 1996).

All the intermediate rocks, including the Miaohou and Shanhou diorites, are mainly
calc-alkaline (Fig. 4b-c, 5a). Their REE and spidergram patterns are characterized by enriched
LREEs and LILEs with a significant positive Pb anomaly, a weak positive Zr-Hf anomaly and
negative Nb-Ta, P, Ti and Eu anomalies (Fig. 6byryy), resembling island arc or continental arc
andesites. Their high La/Yb and Th/YDb indicate that these rocks are more consistent with being
continental arc andesites (Fig. 8b). InRb/30-Hf-Ta*3 and Y+Nb vs. Rb diagrams, the majority of
these intermediate rocks plot in the volcanic arc field (Fig. 8c-d).

The stage II felsic rocks, represented by the Miaohou and Shanhou granites, are
metaluminous to weakly peraluminous and fall into both I- and S-type granite categories. Their
negative P,Os-Si0; and TiO,-Si0O, correlations might reflect apatite and titanomagnetite
fractionation, and the negative P,Os-SiO, correlation is often interpreted to be characteristic of
I-type granites (Fig. 5b). The P,Os and TiO; saturation thermometers indicates that these two
granites have relatively high initial temperatures (Fig. 5b, c; Harris and Watson, 1984; Green and
Pearson, 1986), which is in accordance with their Zr saturation temperatures (725-812°C, Watson
and Harrison, 1983) and Ti-in-zircon temperatures (average of 745-805°C). They all show REE

and spidergram patterns similar to those of island arc or continental arc granitoids with

Page 25 of 106



pronounced negative Nb-Ta, Sr, P and Ti anomalies (Fig. 6¢yp).

The Miaohou and Shanhou complexes together with other intermediate rocks show a

continental arc-like REE and spidergram patterns (Fig. 6a-ci.in), and yield an AFC trend or

magma mixing trend according to the increasing Th/Yb and Nb/Yb and the decreasing Cr and Ni

and ep(f) and eng(f) with a negative eng(7)-SiO; relationship from mafic to felsic rocks (Fig. 3a-d,

14b-c, 15; Table 1). In Fig. 4c, they also yield a fractional crystallization trend of mantle-derived

melt. Their high U/Th and Ba/Th and low Nb/Th also resemble those of normal arc rocks (Fig.

11d), indicating that fluids from dehydration of subducted slab played a major role in slab-wedge

element transport and the presence of sediments or sediment-derived melts in slab-wedge element

transport is also important (Hawkesworth et al., 1997; Woodhead et al., 2001). But their relatively

high enq(#) values preclude the ancient basement assimilation and imply they may be assimilated

by subducted oceanic sediments from accretionary prism or fore-arc basin due to their closer

position to the Jiangshao Fault (Fig. 1b, 15; Table 1). Nevertheless, there are some other mafic

rocks a little far from the Jiangshao Fault with their OIB-like signature REE and spidergram

patterns with high Nb/La (Fig. 6aj.y;;, 10b, 11d), suggesting that they formed by regional

asthenospheric upwelling and partial melting of former subduction metasomatized wedge.

4.3. Stage stage I1I (ca. 825-805 Ma) continental rift development /Stage 1V (ca. 805-750 Ma)

within-plate magmatism development

A younger age limit on the closure of the Cathaysia Block arc and back-arc system is

constrained by the metavolcanic rocks, diabase and Mamianshan bimodal volcanic rocks in the

Wuyi domain dated at ~ 820-790 Ma, which are better interpreted to have formed in a continental

rift or within-plate setting (e.g., Li et al., 2005, 2010b; Shu et al., 2008b, 2011; Wang et al., 2012b;
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also see Table 1). These data, especially the formation age of 818+9 Ma (SHIMP zircon U-Pb age)

for Mamianshan bimodal volcanic rocks (dominantly transitional to mildly alkaline basalts and

subordinate alkaline rhyolite; Li et al., 2005), indicate that the arc and back-arc system might have

ended at ca. 820 Ma. Both stage IIT and IV magmatism in this area shares similar rock association,

geochemical composition and isotopic features, thus we put stage III and IV magmatism together

for further discussing.

The stage III and IV magmatisms are represented by Mamianshan bimodal volcanic rocks (Li

et al., 2005) and mafic to intermediate rocks sporadically exposed in Fujian (Table 1). The

Mamianshan mafic rocks, including ultramafic to intermediate rocks, are mainly alkaline with

variably high K,O (Fig. 4a, 5a), mostly have relatively high Nb/Y ratios of >0.5, transitional

between subalkaline and alkaline basalts (Li et al., 2005), and have uniform LREE-enriched REE

patterns and an insignificant Eu anomaly (Fig. 6a-by.p). In the spidergrams (Fig. 6a-by ), all

mafic rocks display OIB-like patterns without significant Nb-Ta depletion, which is characteristic

of intra-plate alkaline basaltic rocks (Sun and McDonough, 1989). Their position in geochemical

discrimination diagrams is also consistent with the within-plate setting (Fig. 7a, b, d). These mafic

rocks display OIB-like patterns (Fig. 6ay.y;1) and show the MORB-OIB array in Fig. 11b, similar to

alkali basalts derived from OIB-like mantle sources in continental rifts. Their various eny(f) and

high K,O and Nb/Th indicate that the AFC process of basaltic magma derived from OIB-like

mantle source can account for their genesis (Fig. 3c-d, 8a, 14d, 15; Table 1).However, other

intermediate rocks are characterized by enrichment of LREEs and LILEs with significant positive

Pb, Zr-Hf and negative Nb-Ta, P and Ti Eu anomalies (Fig. 6ary), consistent with their being island

arc or continental arc andesites. In addition, the high La/Yb and Th/Yb and low Rb, Y and Nb
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indicate that these intermediate rocks are likely continental arc andesites (Fig. 8b, d) despite the
within-plate signature in the Rb/30-Hf-Ta*3 diagram (Fig. 8c).

The felsic volcanic rocks are mainly calc-alkaline and high-K calc-alkaline variety (Fig. 5a)
highly enriched in LREEs with remarkable negative Eu anomalies (Fig. 6¢i.imr). However, their
highly silicic nature and high Nb/Y ratios of >1.7, these felsic volcanic rocks resemble peralkaline
rhyolites (Li et al., 2005; Shao et al., 2015). They are also strongly enriched in Th, Ta, Nb, Zr, Hf
and Y, and display similarly enriched spidergram patterns apart from strong depletion in Sr, P, Eu
and Ti due to extended fractional crystallization (Fig. 6¢cpim). These felsic rocks are characterized
by weak depletion or enrichment in Nb and Ta (Fig. 6¢i.ii). The Zr saturation temperatures
(925-970 °C; Watson and Harrison, 1983) indicate that these felsic rocks have high initial
temperatures. Although they are magnesian granitoids following Frost et al. (2001) due to
relatively low FeO"/(FeO'+MgO) (Fig: 9b), their high Ga/Al and HFSEs (e.g., Zr, Nb) qualify
them as equivalent to A-type granites (Fig. 9c-d). They can be further classified as A;-type
rhyolites (Fig. 9f) following Eby (1992). There are no continuously evolving trends in abundances
and ratios of incompatible trace elements for the associated felsic and basaltic rocks (Li et al.,
2005), ruling out that the felsic rocks are products of extended differentiation of mafic magmas.
Their relatively high eng(¢) (Fig. 3¢-d, 15; Table 1) imply a mixture source of juvenile arc material
and ancient basement.

5. Active continental margin of the Yangtze Block
5.1. Stage II (ca. 860-825 Ma) Yangtze continental arc development /Stage III (ca. 825-805 Ma)
collision between Yangtze and Cathaysia blocks and Jiangnan Orogen development

The active continental margin of the Yangtze Block spans much of the spatial coverage of the
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Jiangnan Orogen located northwest of the Jingdezhen-Yifeng-Wanzai Fault, which comprises

mainly Proterozoic metasedimentary and igneous rocks. The folded basement metasedimentary

sequences may have deposited in an arc foreland basin setting following arc-continent collision

between the Yangtze and Cathaysia blocks (Wang et al., 2007b) and subsequently experienced

deformation at low-green schist facies conditions. The U-Pb zircon ages in detrital grains from the

metasedimentary units and in magmatic grains from the interlayered volcanic units indicate that

the metamorphism occurred at 860-820 Ma (Wang et al., 2007b, 2013a, 2014a; Yao et al., 2013;

Zhou et al., 2009). During the later stage of the amalgamation between the Yangtze and Cathaysia

blocks, voluminous granitoids intruded the folded sequences. Therefore, the unconformity

between the folded basement sequences and overlying cover sequences has been considered to

mark the Neoproterozoic orogenic event thatjointed the Yangtze and Cathaysia blocks.

Considering the geological correlations and abundant newly published dating results for detrital

zircons from the folded basement sequences and the magmatic zircons from the interlayered

volcanic rocks and thedntrusive granitoids, the folded metasedimentary basement sequences in the

Jiangnan Orogen might have deposited within the time span of 860-825 Ma and the maximum

depositional ages of the underlying sequences constrain the timing of the final amalgamation to

later than ~ 825 Ma (e.g., Wang et al., 2007b, 2014a; Yao et al., 2013), although Li et al. (2009)

and Wang et al. (2012c) suggested that post-orogenic extension (rifting?) took place as early as

850 Ma.

The south Anhui ophiolites (e.g., Fuchuan ophiolite) occur as elongated bodies and are

tectonically intercalated within the folded Neoproterozoic Xikou Group. The pillow lavas and the

altered tholeiites of south Anhui ophiolites show typical calc-alkalic continental arc-signatures
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with enrichment in LREEs and LILEs, and depletion in HESEs. The chromium-spinels from the
serpentinized harzburgite show varrying Cr* of 40-67 and Mg" of 33-60 and straddle the boundary
between abyssal and forearc peridotites (Niu et al., 2003), but mostly comparable with the
composition of spinels from “supra-subduction zone” (SSZ) ophiolites (Zhang et al., 2013a). The
wide range of enq(#) from these mafic rocks also implies the effect of crustal assimilation (Table 1).
The Neoproterozoic granitoids that intruded the folded sequences are the dominant igneous rock
type in the Jiangnan Orogen (Fig. 1b), and they are mainly distributed in southern Anhui Province
(i.e., the Xiuning, Xucun and Shexian plutons; Fig. 2f) and northwestern Jiangxi Province (i.e., the
Jiuling and Guanyingiao plutons) in the eastern segment of the Jiangnan Orogen and northern
Guangxi Province (i.e., the Sanfang, Yuanbaoshan, Bendong, Dongma, Longyou, Dazhai, Zhaigun,
Pingying and Mengdong plutons, etc.) in the western segment of the Jiangnan Orogen (Fig. 1b and
Table 1). Recently published in situ SHRIMP and LA-ICP-MS zircon U-Pb ages suggested that
these granitoids were emplaced at ~ 850-805 Ma (Li et al., 2003a; Ma et al., 2009; Wu et al., 2006;
Wang et al., 2004, 2006a, 2013a, 2014a; Xue et al., 2010; Yao et al., 2014a; Zhang et al., 2011a;
also see Table 1), with the exception of the Shi’ershan pluton (~ 780 Ma; Li et al., 2003b), which
intruded the cover sequences and probably represents post-orogenic magmatism (Wang et al.,
2012a). According to the compilation of published geochemical data (e.g., Li et al., 2003a; Wu et
al., 2006; Wang et al., 2004, 2006a, 2013a, 2014a; Yao et al., 2014a), these 850-805 Ma

granitoids are all strongly peraluminous S-type granites with an age peak of ~ 820 Ma (Charvet,
2013; Li et al., 2003a; Wang et al., 2006a). We thus do not tend to further distinguish stage II and
IIT magmatism in the active continental margin of the Yangtze Block.

The high-Mg basalts from northern Hunan (e.g., Yiyang komatiitic basalt; also see Table 1),
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previously interpreted as evidence of plume-related high temperature magmatism (Wang et al.,

2007a; Zhou et al., 2004), are later considered to be generated in a subduction zon setting (Zhao

and Zhou, 2013; Zheng et al., 2008; Zhou et al., 2009). In fact, there are no report of reliable

plume-derived continental flood basalt (CFB) and ocean island basalt (OIB) in this region in the

Neoproterozoic. The ~ 830 Ma SSZ-type ophiolites in south Anhui (Ding et al., 2008; Zhang et al.,

2012b, 2013a; also see Fig. 2f and Table 1), the ~ 850-825 Ma arc-like geochemical features of

the mafic-ultramafic rocks in N Jiangxi, NE Hunan and N Guangxi (Li et al., 2004, 2010a, 2013;

Yao et al., 2014a; Zhou et al., 2004, 2009; also see Table 1) and the recognition of the 830 Ma

high-Mg diorites that intruded the Sibao Group (Chen et al., 2014), as well as the high-Mg

andesites and basalts (Komatiitic basalt) of the Lengjiaxi Group in the Yiyang area of northern

Hunan Province (Wang et al., 2004; Zhang etal., 2012c), altogether provide solid evidence for the

existence of a Neoproterozoic active continental margin of the Yangtze Block, indicating that

these 850-805 Ma igneous rocks are most consistent with subduction-related and post-collisional

magmatism (Wang et al., 2006a, 2006b, 2013a, 2014a; Zhou et al., 2004, 2009) rather than

products of initiation of the ascending (super-) plume that may have finally led to the breakup of

supercontinent Rodinia (Li et al., 1999, 2003a, 2003b; Wang et al., 2007a).

The Stage II ultramafic rocks including harzburgite, wehrlite, pyroxenite and gabbro from the

Fuchuan ophiolite suite (also see Table 1). Except for the harzburgite, all these rocks show

cumulate textures; compositionally (Fig. 4a-c) enriched in MgO, Cr and Ni and depleted in CaO,

Al O3 and REEs. Some (Zhang et al., 2012b; Ding et al., 2008) suggest that the harzburgite

represents melting residues after large extent of basaltic melt extraction in the mantle and

resembles the Archean subcontinental lithospheric mantle (SCLM) following Griffin et al. (1999).
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Such highly depleted residual harzburgite is rare in the normal oceanic lithospheric mantle but
common in the SSZ type ophiolite (Dilek and Furnes, 2011; Niu et al., 2003).

The Stage II mafic rocks (e.g., gabbro, basalt and some diabase; also see Table 1) are
mainly sub-alkaline in composition (Fig. 4a), mostly shift away from the mantle array in the
Ta/Yb vs. Th/Yb diagram and plot in the field of continental arc basalts (Fig. 7c-d). In both
Y/15-La/10-Nb/8 and Hf/3-Th-Ta diagrams (Fig. 7a), most of these mafic rocks fall into the fields
of continental arc and within-plate basalts (Fig. 7a-b). In AFM and FeO"/MgO vs.SiO, diagrams,
they straddle the boundary between tholeiite and calc-alkaline (Fig. 4b-c), but their relatively high
K>0 is more consistent with these rocks being high-K calc-alkaline rocks (Fig. 5a). They have
different incompatible trace element patterns. While most of them exhibit arc-like patterns with
significant LREE/HREE fractionation and both negative and positive Eu anomalies, the others
show N-type MORB patterns (Fig. 6aj.;). Generally, these mafic rocks are characterized by
pronounced HFSE depletion and negative Nb-Ta anomalies, consistent with being
slab-dehydration induced mantle wedge melting (Fig. 6ay.m). Their enrichment in Zr and Hf
implies that the‘mantle source may have been metasomatised by subducted seafloor sediment (Fig.
6ar.m). There are some high-Mg basalts classified as komatiitic series (e.g., Yiyang komatiitic
basalt; also see Table 1) in this area (Wang et al., 2004, 2007a), probably associated with a mantle
plume (Wang et al., 2007a). We note, however, that these rocks are of prominent arc magma
characteristics without any geochemical signature of plume-derived magmas such as continental
flood basalts (CFB) and ocean island basalts (OIB).

The andesite, diorite and tonalite constitute the assembly of intermediate rocks of the stage

II-IIT magmatism. Although these rocks straddle the boundary between volcanic arc and
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within-plate fields in the Rb/30-Hf-Ta*3 diagram, they all plot in the volcanic arc field in the
Y+Nb vs. Rb diagram (Fig. 8c-d). These intermediate rocks show steep REE patterns with
enriched LREEs and a negative Eu anomaly together with markedly negative Nb-Ta, P and Ti
anomalies in the spidergram, resembling island or continental arc andesites (Fig. 6by.nr). Their
relatively high Th, La/Yb and Th/YDb indicate they are more likely continental arc andesites (Fig.
8a-b). Recently recognized high-Mg diorites (Chen et al., 2014; Zhang et al., 2012¢) with strong
enrichment in Pb and depletion in Nb and Ti (Fig. 6by_ 1) are geochemically similar to the
Setouchi high-Mg andesites (HMA), but different from adakites and Bonin HMA. In addition, the
high-Mg diorites show low St/Y, which are significantly different from typical adakites and
boninites but similar to the more common volcanic arc rocks (Fig. 10a). In the FeOT/MgO vs.510,
diagram (Fig. 4c), all stage II-III magmatic rocks yield the fractional crystallization trend of
mantle-derived melt. The relatively high Cr and Ni and low Nb/Th imply that they represent
partial melt from mantle wedge metasomatized by dehydration of subducted oceanic slab (Fig.
11c-d), and the increasing Th/Yb and Nb/Yb from mafic to felsic rocks indicates an assimilation
fractional crystallization (AFC) process of wedge-derived melt (Fig. 11b). The low Ba/Th and
U/Th together with high LREE/MREE and Th imply more sediments contribution in stage II-III
magmatism (Fig. 11e-f). In addition, according to our enq(#) and SiO, modelling (Fig. 12), stage
H-I1IT magmatism is consistent with the assimilation fractionation crystallization (AFC) of primary
arc magma with input of ancient basement sediments.

The stage II-III felsic rocks are strongly peraluminous (Fig.12a). Biotite is the major mafic
mineral phase in all the granitoids without hornblende observed. Granitoids in the eastern and

western segments of the active continental margin of the Yangtze Block show different
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mineralogical and geochemical characteristics (Li et al., 2003a; Wang et al., 2006a, 2006b, 2013a;
Wau et al., 2006; Yao et al., 2014a). Garnet and cordierite are common in the granitoids from the
eastern segment, whereas tourmaline and garnet are the common aluminum-rich minerals in the
western segment. Most of these felsic rocks fall into the S-type granite field in the ACF diagram
without negative correlation between P,Os and SiO,, indicating an S-type affinity (Fig. 5b; 9e).
However, the P,Os and TiO, saturation thermometry calculations indicate a wide range of initial
temperatures (Fig. 5b, c; Harris and Watson, 1984; Green and Pearson, 1986), which is in accord
with their Zr saturation temperatures (651-944 °C, with an average of 778 °C; Watson and
Harrison, 1983). They also exhibit island or continental arc-like REE and spidergram patterns with
enrichment of LEEEs and LILEs relative to HREEs and HFSEs and pronounced negative Eu,
Nb-Ta, Sr, P and Ti anomalies (Fig. 6¢ii.ir). Recent O, Hf and Nd isotope studies (Wang et al.,
2013a, 2014a) indicate that some eastern segment granitoids show intermediate geochemical
features between S-type and I-type granites. Wang et al. (2013a) argued that oxygen isotope values
in zircons of granitoids vary from 8.5-10.5%o (8180) in the western segment to 6.0-8.5%o (8180) in
the eastern segment. Hf and Nd isotope composition (Fig. 3a-d, 15; Table 1) indicate that a larger
proportion of mature continental crust was incorporated into the magma sources of the western
segment granitoids, whereas more juvenile materials (could be juvenile arc crust or mantle-derived
mafic magma) were incorporated into the eastern segment magmas.

However, a few of stage II-III felsic rocks with high FeOT/(FeOT+MgO) plot in the ferron
granitoid field (Fig. 9b), and their high Ga/Al and HFSE (Zr, Nb, Ce, Y) indicate an A-type
affinity (Fig. 9c-d). The Nb-Y-Ce diagram (Fig. 9f) implies that they are A, subgroup of Eby
(1992). They have major and trace element systematics similar to typical S-type granites in stage
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II-II (Fig. Sa-c, 6¢ig, 9a, €). Most of these A-type granitoids possess relatively high egg(f) and

ena(?), implying more contribution of juvenile materials as arc-related meta-igneous source

(Anderson, 1983; Whalen et al., 1987; Creaser et al., 1991).

5.2. Stage IV (ca. 805-750 Ma) continental rift development

The post-orogenic stage is characterized by bimodal alkaline rock suites with distinct Daly

gap (see Fig. 4a) and mafic dykes in the Jiangnan Orogen (Table 1). The extension may have

taken place earlier in the eastern segment of the Jiangnan Orogen, leading to the formation of the

~ 805-795 Ma Xucun composite dykes and the continental volcanic rocks of the Shangshu and

Hongchicun Formation (Li et al., 2003b; Wang et al., 2012a; also see Table 1). Then, there are a

series of bimodal alkaline rocks at ~ 780-750 Ma developed along the entire Jiangnan Orogen (i.e.,

Jingtan Formation dacite and tuff, Qianyang and Longsheng alkaline gabbro-diabase, Guzhang

alkaline diabase, Tongdao mafic rocks (e.g., Pyroxenite) and Puling bimodal volcanic rocks that

include basalt, rhyolite and tuff; Ge et al., 2001a; Wang et al., 2004, 2008b, 2012a; Zheng et al.,

2008; also see Table 1). The bimodal magmatism seems to have stopped at ~ 750 Ma (Wang and

Li, 2003; Li et al., 2005; Shu et al., 2008b; Shu, 2012).

The mafic rocks (with some intermediate rocks) straddle the alkaline-subalkaline boundary

(Fig. 4a), and there are still some alkaline rocks (e.g., gabbro, diabase and basalt in Qianyang,

Guzhang and Longsheng area; also see Table 1) with high Nb/Y ratios of >1.0 (Wang et al., 2004).

The mafic rocks exhibit steep REE patterns with enriched LREEs and weak negative Nb-Ta and Ti

anomalies in the spidergrams, which is a typical arc signature (Fig. 6a;y). In both Fig. 7 and 8§,

these mafic rocks fall into the fields of continental arc magmatism with only a few samples in the

within-plate basalt field. They share similar isotopic compositions with stage II-III rocks (Fig.
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3a-d; Table 1), indicating that they may have also come from subduction metasomatized mantle
wedge soutrce. In Fig. 11b, they all plot above the MORB-OIB array, implying crustal
assimilation. The low Ba/Th and U/Th together with high LREE/MREE and Th also emphasize
the importance of sediment contribution in their petrogenesis (Fig. 11e-f). Thus, these mafic rocks
show assimilation trend of the mantle-derived melt as modeled in eng(?) vs. SiO; space (Fig. 12).

The felsic rocks are metaluminous to peraluminous and mostly show relatively high
FeO'/(FeO"+MgO), indicating ferron granitoids or their eruptive equivalents (Fig. 9a-b). Their
high Ga/Al and HFSE (Zr, Nb) and high Zr saturation temperatures (739-919 °C, most >830 °C;
Watson and Harrison, 1983) indicate that they are mainly A-type granitoids or their eruptive
equivalents (Fig. 9c-d). High Rb, Rb/Nb and Y/ND of these granitoids further suggest that they
belong to the A, subgroup (Fig. 9f). They mostly show spidergram patterns similar to those of
island or continental arc rocks with pronounced negative Nb-Ta, Sr, P and Ti anomalies (Fig. 6¢;y).
However, their flat REE patterns with a significant negative Eu anomaly differ from arc granitoids
(Fig. 6¢c1v). The high LREE/MREE and Th (Fig. 9e, 11e-f) of these felsic rocks imply a dehydrated
meta-sedimentary source rocks (Anderson and Thomas, 1985; Whalen et al., 1987). Considering
their relatively high ep«(f) and eng(?) (Fig. 3a, b, d, 12), they might have resulted from partial
melting of a mixed source of juvenile island arc crust and ancient basement. The synchronous
underplating basaltic magma might provide the required heat for juvenile crust melting.
6. Implications for the Neoproterozoic amalgamation and complex arc-trench-basin system
between Yangtze and Cathaysia blocks

Based on the available data, diverse magmatic rock associations, which are widespread in the

intra-oceanic arc zone, active continental margin of the Yangtze Block and active continental
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margin and inland of the Cathaysia Block, share distinctive but closely relative petrogenesis,

indicating multiple subduction and collision processes until the final amalgamation of the two

blocks followed by subsequent within-plate tectonic evolution (Fig. 13a-d).

6.1. Stage I (ca. 1000—860 Ma) oceanic arc and Cathaysia continental arc development

Intergation of previous studies have demonstrated that the ~1.0-0.9 Ga intra-oceanic-arc

magmatic rock association with depleted mantle (DM)-like exe(f) and eng(?) isotopic signatures in

the Shuangxiwu area of NE Zhejiang, the Zhangshudun area of NE Jiangxi and the NW of

Xinyi-Luoding in the Yunkai domain (Fig. 3a-d; Table 1), manifests an earliest Neoproterozoic

ocean-ocean subduction. The Tianli schist, which strongly deformed and metamorphosed to high

greenschist facies, indicates that the beginning of the subduction was no later than ~ 1.0 Ga (Li et

al., 2007). There are also some N-type MORB-like mafic rocks found in this region (Fig. 6ay,

7a-d). All the above suggest the presence of oceanic arc-back-arc system, which led to the

formation of several intra-oceanic arc terranes such as in the Shuangxiwu area, in the

Zhangshudun area and the NW of Xinyi-Luoding in the Yunkai domain. The ~ 860 Ma

glaucophane-bearing schist and the ~ 880 Ma Xiwan obduction-type leucogranites (Li et al.,

2008a; Shu et al., 1994; Charvet et al., 1996) recorded the collision between the Shuangxiwu and

Zhangshudun arc terranes and anatexis of sedimentary rocks in back-arc basins beneath ophiolite

thrust sheets during the obduction of the ophiolite onto the arc crust (Pearce, 1989, Cox et al.,

1999).

Meanwhile, in the Cathaysia Block, the calc-alkaline and tholeiitic mafic rocks along the

Wuyi-Yunkai belt with relatively low eyg(¢) and eng(?) (Fig. 3a-d; Table 1), E-type MORB-like

mafic rocks (Fig. 6a;, 7a-d) and the S- and A-type association of granitoids from the inner
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Cathaysia Block with relatively high A/CNK (Fig. 9a) and low ep(f) and eng(?) (Fig. 3a-d; Table 1)

indicate an active continental margin developed in the Cathaysia Block. Thus, we infer the

presence of a back-arc extension regime where mantle melting must have occurred and the

underplating of such mantle-derived melts may have triggered crustal melting (e.g,

meta-sedimentary basement rocks and meta-igneous component of E-type MORB chemistry),

producing the S- and A-type granitoid association.

The most relevant question concerns the subduction polarity. Considering that the

subduction-related rocks in the intra-oceanic arc zone and luojiamen conglomerates deposited in a

foreland-basin are closer to the Jiangshao Fault (Fig. 1b; Wang et al., 2013c) while back-arc basin

basalts (BABB) are closer to the Yifeng-Wanzai Fault (Fig. 1b; Li et al., 2008b; Yao et al., 2014c;

Zhang et al., 2013b), the subduction polarityis expected to be northwestward. The association of

adakitic rocks and Nb-enriched arc basalts in the intra-oceanic arc zone (Chen et al., 2009a; Gao et

al., 2009; Li and Li, 2003; Wang et al., 2013b; Zhang et al., 2012a; also see Table 1) together with

Nb-enriched arc basalts in the Cathaysia Block (Wang et al., 2013b; Zhang et al., 2012a) points to

a young (<25 Ma) oceanic crust subducting and melting beneath the intra-oceanic arc and

Cathaysia Block. Niu (2014) emphasized that subduction initiation within the normal oceanic

lithosphere is physically unlikely for lacking significant compositional buoyancy contrast, thus

proposed that the intra-oceanic island arcs must have split off continental margins or off edges of

oceanic plateaus. Without any outcrops of pre-Neoproterozoic basement rocks in intra-oceanic arc

zone or other evidence that the basement of intra-oceanic arc show continental affinity, we favor

that the subduction initiated at the edge of oceanic plateau.

Thus, we can draw a conclusion that the earliest stage magmatisms were associated with both
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an intra-oceanic arc setting and an active continental margin setting on the edge of the Cathaysia

Block (Fig. 13a). At ~1000-860 Ma, the young seafloor subducted northwestward beneath a

potential oceanic plateau with subduction dehydration and mantle wedge melting. The mantle

wedge may have been metasomatized by prior subduction processes (e.g., slab dehydration and

melting). The island arc-like magamatic rocks formed in the intra-oceanic arc zone as a result of

mantle wedge melting and varying degree of differentiation or mixing of mantle-wedge and slab

melt. Meanwhile, the southeastward subduction to the Cathaysia Block also caused dehydration

and melting of the subducted oceanic lithosphere. The continental arc-like mafic rocks in the

Cathaysia Block must have formed this way through partial melting of mantle wedge

metasomatized by subduction-related fluids and slab melt with varying degrees of assimilation

with continental basement or oceanic sediments from accretionary prism or fore-arc basin. The

underplating of the mantle-derived magmas provided the heat source to cause crustal melting for

the felsic magmatism. The slab rollback and trench retreating (Niu, 2014) triggered the stretch of

both back-arc basins in the intra-oceanic arc zone and in the Cathaysia Block. The collision

between the Shuangxiwu and the Zhangshudun arc terranes at ~ 860 Ma led to the obduction of

the Shuangxiwu arc assemblage over the Zhangshudun arc and the exhumation of the Xiwan

glaucophane-bearing schist and obduction-type leucogranites.

6.2. Stage II (ca. 860-825 Ma) bidirectional subduction and continental arc development

In the intra-oceanic arc zone, the ~ 860-840 Ma mafic rocks show both arc and N-type

MORSB affinities, indicating a mature back-arc basin (Fig. 13b). This is because basalts produced

in an early stage of back-arc spreading are compositionally similar to volcanic arc rocks but

become indistinguishable from N-type MORB with continued opening and growth of the bach-arc
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basin (Gribble et al., 1998). Yao et al. (2013) obtained an age of ~ 860 Ma for the flysch from the

Shuangxiwu Group and proposed a fore-arc setting for the flysch. However, our synthesis and

analysis show that the flysch formation is more consistent with a back-arc regime. The 860-840

Ma mafic rocks are mainly back-arc basin basalts (BABB), implying that slab rollback and trench

retreating wre ultimate driving force of Stage II magmtism in the intra-oceanic arc zone (Fig. 13b).

Convecting and upwelling of asthenosphere heated and induced the melting of former

metasomatized mantle wedge to form magmas parental to those mafic rocks. According to the Nd

and Hf isotopes, both the enriched mantle wedge and the asthenospheric mantle have contributed

to the generation of mantle-derived magma in this stage (Fig. 3a-d).

In the Cathaysia Block, the Miaohou and Shanhou complexes are closer to the Jiangshao

Fault than the stage I magmatic rocks, implying the rollback of subducting slab under gravity (Niu,

2014; Fig. 13b). Melting experiments-on basaltic eclogites have revealed that U/Th ratios become

enhanced significantly at ~ 6 GP, corresponding to depths of ca. 150-180 km in the subducted

slab front underneath the arc (Kessel et al., 2005). The lack of high U/Th ratios in the Miaohou

and Shanhou complexes implies that the stage II arc magmas in the Cathaysia Block may have

derived from shallower mantle domains (Fig. 11f). The other OIB-like mafic rocks located a little

far from the Jiangshao Fault indicate that they may have formed by regional asthenospheric

upwelling and the decompression melting of prior metasomatized mantle wedge (Fig. 13b). After

that, this region may have become a typical within-plate regime. The south Anhui SSZ-type

ophiolites also suggest a regional extensional setting in arc and back-arc regime such as forearc

basins (Dilek and Furnes, 2011). The high-Mg basalts from northern Hunan (e.g., Yiyang

komatiitic basalt; also see Table 1) and some high-Mg diorites with similar geochemical
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charateristics to the Setouchi high-Mg andesites (HMA) are also considered to be generated in the

subduction zone. All the above reveals an active continental margin in the Yangtze Block (Fig.

13b), and the dehydration of subducting slab induced the mantle wedge metasomatism and

melting to form those rocks. The wide active continental margin in the Yangtze Block also

indicates the relatively shallow northwestward subduction (Fig. 13b).

Different from the intra-oceanic arc zone and the active continental margin of the Cathaysia

Block, the active continental margin in the Yangtze Block is characterized by massive

peraluminous granitic magmatism (Fig. 1b). Peraluminous S-type granitoids generally occur in

orogenic belts as a result of juvenile crust reworking and/or experience partial melting of

meta-sedimentary rocks in the lower to middle crust (Kamei, 2002). Peraluminous S-type granites

can also form in an arc or back-arc regime, such as those S-type granites along the Phanerozoic

circum-Pacific accretionary orogenic belts (e.g., Clemens, 2003; Collins and Richards, 2008;

Kemp et al., 2009; Cawood et-al., 2009, 2011). The stage II granitoids are always biotite rich,

cordierite (or tourmaline and garnet)-bearing granitoids (Wang et al., 2013a), characteristic of

CPGs (cordierite-bearing granitoids) subgroup, and can be linked to lower water fugacity and

higher magmatic temperatures as a result of mantle upwelling or basaltic underplating (Barbarin,

1996, 1999). The increasing Rb of these granitoids also indicates an arc-continent collision (Fig.

8c-d; Pearce, 2008). The uplift and exhumation of the arc-continent collisional belt provided a

significant sedimentary source for the syn-collisonal S-type granitoids. The amount of juvenile

detritus from the exhumed arc-continental belt decreases to the western segment, which led to the

decreasing exi(f) and eng(?) from eastern to western segments (Fig. 3a-d, 15; Wang et al., 2014a).

Thus, the stage II syncollisonal granitoids (Charvet, 2013; Wang et al., 2014a) in active
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continental margin of the Yangtze Block formed in a compressional setting due to the collision

between intra-oceanic arc and the Yangtze Block (Fig. 13b), and the underplating of synchronous

subduction-related mantle-derived melt provided the heat.

6.3. Stage III (ca. 825-805 Ma) collision between Yangtze and Cathaysia blocks and Jiangnan

Orogen development

The arc-like magmatic rocks in the active continental margin of the Yangtze Block cluster in

~ 850-825 Ma and the peak age of the formation of peraluminous granitic magmatism is ~ 825

Ma (Charvet, 2013; Wang et al., 2014a and this study; also see Table 1). There are abundant age

data in the recent literature on the folded meta-sedimentary basement sequences in the Jiangnan

Orogen, which place constraints on the timing of the final amalgamation of the intra-oceanic arc

zone and the Yangtze Block at ~ 825 Ma along the Jingdezhen-Yifeng-Wanzai Fault (Wang et al.,

2007b, 2014a; Yao et al., 2013; this work). The arc-continent collision led to the crustal shortening

and thickening, i.e., the Jiangnan orogenesis and the orogen. Generally, the processed following

further shortening of the thickened crust are exhumation, retrograde metamorphism and orogenic

collapse etc. as result from mantle-crust isostatic re-equilibration (e.g., Kay and Kay, 1993; Leech,

2001). Post-collisional orogenic collapse led to widespread extension in the prior active

continental margin of the Yangtze Block and intra-oceanic arc zone. Meanwhile, the sedimentary

sequences (e.g., Luojiamen, Baizhu and Hetong Formations, the bottom of the cover sequences)

are typically conglomeratic, indicating rapid uplift, erosion, short transport and deposition in

response to the orogenic collapse and resulting extension (Wang and Li, 2003). There are also

some peraluminous granitoids showing an A-type granite affinity, characteristic of A, subgroup,

which are often regarded as formation in post-collisional tectonic settings (Fig. 8c-d; 9b-d, f;
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Bonin et al., 1998; Eby, 1992). The absence of the arc-like mafic rocks in this stage indeed implies

the ending of the oceanic plate-continent subduction (Table 1). The final closure of

arc-trench-basin system due to the amalgamation of the intra-oceanic arc and the Yangtze Block

led to the folding of the meta-sedimentary basement sequences. Although there is no stage III

magmatism developed in the intra-oceanic arc zone, a fair amount of post-collisional granitoids

intruded the folded sedimentary sequences in the Yangtze Block at ~ 825-805 Ma due to

decompression melting of the basement sediments with varying amounts of juvenile arc-related

detritus (Fig. 13c¢).

In the Cathaysia Block, rocks of stage III magmatism only expose sporadically in the

Mamianshan area (Fig. 1b; Table 1). Lacking of available ages, it is hard to constrain precisely the

sequence of the arc-continent collision between the intra-oceanic arc and the Yangtze Block and

between the intra-oceanic arc and the Cathaysia Block. In addition, the Neoproterozoic folded

meta-sedimentary basement sequences are only exposed in the Jiangnan Orogen (Fig. 1a) but

hardly found in the Cathaysia Block, implying a soft collision between the intra-oceanic arc and

the Cathaysia Block. However, the presence of the ~ 830 Ma continental arc magmatism

represented by the Miaohou and Shanhou complexes and the ~820 Ma Mamianshan bimodal

volcanic rocks (Fig. 1b; Table 1) indicate that the final collision of the intra-oceanic arc and the

Cathaysia Block along the Jiangshan-Shaoxing-Pingxiang-Shuangpai-Xinyi might be almost

synchronous with the collision of the intra-oceanic arc and the Yangtze Block. The two

arc-continent collision event welded together the Yangtze and Cathaysia blocks and the

intra-oceanic arc became the binder between the two blocks (Fig. 13c). The Mamianshan

peralkaline bimodal volcanic rocks consist of OIB-like mafic rocks and A;-type felsic rocks (Fig.
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6, 9b-d, f). Whalen et al. (1987) and Bonin (2007) argued that A-type granite could be produced in

various tectonic environments, so long as such environments can produce favorable conditions

(high temperature and low-water) for A-type granite formation, including ocean islands,

continental rifts, attenuated crust, intra-continental ring complexes, post-orogenic environments

involving arc-arc or arc-continent collisions, transcurrent fault, or even subduction environments

(Eby, 1992; Whalen et al., 1987; Bonin, 2007). However, the peralkaline A;-type felsic rocks in

the Cathaysia Block preclude the post-collisional setting as in active continental margin of the

Yangtze Block and indicate an anorogenic environment (Fig. 8c-d). Furthermore, the mafic rocks

display geochemical and Nd isotopic features strikingly similar to those of typical within-plate

alkaline basalts developed in continental rifts (Fig. 7a-b, d, 12). Thus, the continental rift and

upwelling of asthenosphere due to lithosphere extension following the orogenic collapse may have

induced decompression melting of prior - metasomatized mantle wedge to form those mafic rocks

and the melting of juvenile crust and basement rocks to form those related felsic rocks in time and

space (Fig. 13c).

6.4. Stage IV (ca. 805-750 Ma) continental rift development

The South China Block also presrves record of continental rifting, with sedimentary

sequences deposited in two different basins: the N-E trending Nanhua rift basin and the N-S

trending Kangdian rift basin (Li et al., 2002; Wang and Li, 2003; Zhao and Cawood, 2012; Fig.

1a). In Kangdian rift basin, the late Mesoproterozoic Kunyang and Huili Groups were

unconformably overly by Neoproterozoic Liubatang and Yanbian Groups (Zhao and Cawood,

2012). The bimodal volcanic rocks and plutonic rocks indicated the age rang of ~ 805-750 Ma for

the Kangdian rifting (Li et al., 2002; Wang and Li, 2003). The Nanhua rift basin pulled open along
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the pre-existing fault zones, especially along the Jiangshao Fault (Shu, 2012), filled with a thick

Nanhuan-Sinian-Lower Paleozoic sequence and bimodal dyke swarms and involved the whole

intra-oceanic arc zone, active continental margin and inland of the Cathaysia Block and active

continental margin of the Yangtze Block (Wang and Li, 2003; Yao et al., 2014c, 2014d). Some

previous research suggested the initial opening of the Nanhua rift at ~ 850 Ma (e.g., Li et al.,

2008b; Wang and Li, 2003). However, recent studies of bimodal magmatism argued for the

transition from orogenesis to within-plate setting at ~ 805 Ma (Wang et al.; 2012a; Yao et al.,

2014c; also see Table 1).

Our study also reveals that after ~ 805 Ma, the intra-oceanic arc zone and the active

continental margin of the Yangtze Block turned to within-plate regime while active continental

margin and inland of the Cathaysia Block had already undergone intra-plate process since ~ 825

Ma. Felsic rocks of the widespread bimodal volcanism show an A-type affinity and A, subgroup

characteristics, which are derived from a mixed source of juvenile oceanic arc crust and ancient

basement. Although A; subgroup granitoids are thought to represent post-collisional setting, the

sedimentary facies associations in the Nanhua rife basin evolved from continental volcanic facies

(e.g., Hongchicun, Shangshu and Jingtan Formations), through submarine volcanic facies

association (e.g., Sanmenjie Formation), to littoral to shallow-marine facies associations (e.g.,

Dongmen and Xiuning Formations) during the time period of ~ 805-750 Ma, corresponding to the

marine transgression in open folds with rifting-facies depositional features in South China (Wang

and Li, 2003). The bimodal volcanic rocks from the Puling, Jingtan and Shangshu Formations are

mainly subalkaline, but there are still some alkaline rocks exposed (e.g., alkaline gabbro-diabase

from Qianyang, Guzhang and Longsheng; Daolinshan riebeckite and arfvedsonite bearing
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peralkaline granites; also see Table 1). Furthermore, these alkaline mafic rocks seem to form by

the interaction of metasomatized mantle-derived melt and crustal materials, indicating an

extensional intra-plate setting (Fig. 8c-d). Thus, at ~ 805 Ma, the continental rift and upwelling of

asthenosphere induced the melting of the lithosphere and interaction of such melt with crust

produced the bimodal magmas (Fig. 13d). The bimodal magmatism seems to have stopped at ~

750 Ma (Wang and Li, 2003; Li et al., 2005; Shu et al., 2008b; Shu, 2012 and this study).

During the Nanhua rift basin development, the east segment experienced a small-scale

breakup, whereas the west segment experienced an intensive breakup that split the intra-oceanic

arc zone and active continental margin of the Yangtze Block along the previous suture zone into

the two segments (Shu, 2012; Wang and Li, 2003; Yao et al., 2014d). The Nanhua basin was filled

with detritus from both arc and continent due to exhumation and strong erosion. For instance, the

sandstones of the Cambrian strata near Shaoguan was derived from dissected arc while the

sandstones of the Cambrian strata near Yangjiang was derived from continental block (Yao et al.,

2014d). The intensive activity of the Nanhua rift eroded Neoproterozoic magmatic rocks in both

intra-oceanic arc zone and active continental margin of the Cathaysia Block, and subsequent

deposition buried the evidence of Neoproterozoic subduction and collision and make it difficult to

indentify the boundary and amalgamation process between Yangtze and Cathaysia blocks.

7. Tracing the South China Block within Rodinia supercontinent

The location of the South China Block within the Rodinia supercontinent has been debated

(e.g. Cawood et al., 2013; Charvet, 2013; Greentree et al., 2006; Li et al., 1995, 1999, 2002, 2007,

2008c; Ling et al., 2003; Wang et al., 2003, 2007a, 2010, 2013b, 2014b; Xiang and Shu, 2010; Yao

et al., 2014c, Yang et al., 2004; Yu et al., 2010; Zhao and Cawood, 2012). Some researchers
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proposed that the Jiangnan Orogeny in South China occurred prior to ~ 850 Ma (ca. 1.2-0.9 Ga) ,

which was coincident with the Grenvillian-aged Orogeny (ca. 1.0-1.3 Ga) in association with a

global orogenic event, probably related to the assembly of the supercontinent Rodinia. In this

context, the 850-750 Ma igneous rocks in the Yangtze Block have been interpreted as products of

anorogenic magmatism in intra-continental rift basins related to mantle plume activity during the

breakup of Rodinia (Li et al., 1999, 2002, 2003a, 2003b, 2008b, 2008c, 2008d; Wang and Li, 2003;

Wang et al., 2010). These authors further suggested an internal position for the South China within

the Rodinia supercontinent in the latest Mesoproterozoic to earliest Neoproterozoic with Australia

on the western side (Li et al., 2009) and Siberia on the eastern side (e.g. Li, 1999; Li et al., 2008c).

However, our study reveals a complex arc-trench-basin system during the amalgamation of

the Yangtze and Cathaysia blocks with the final collision at ~ 825 Ma, significantly younger than

the global Grenvillian-aged Orogenic event (ca. 1.0-1.3 Ga) along Laurentia, Australia and east

Antarctica (e.g., Boger et al., 2000; Jayananda et al., 2000) when the central Rodinia

supercontinent have already amalgamated without any continent-continent collision event

developd within the central Rodinia supercontinent (Li et al., 2008c). Synchronous

subduction-related magmatism also developed along the western and northern margins of the

Yangtze Block, along the Panxi-Hannan fold belt that was active from 1000 to 750 Ma (Dong et

al., 2012), although Li et al. (2002, 2008c) proposed that the 850-750 Ma magmatism along these

margins resulted from a mantle plume that led to the breakup of Rodinia. Moreover, stratigraphic

studies yield a similar result that the Neoproterozoic strata in South China had no connection with

the Grenvillian-aged orogeny (Zhao et al., 2011). In fact, this study has substantiated that the

Neoproterozoic magmatic activities took place in a complex arc-trench-basin system of destructive
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plate margins and the syncollsional to post-collisional settings as the result of the amalgamation of

South China Block. In this context, it is worth to note that while mantle plumes may contribute to

supercontinent breakup, complete continental breakup requires subduction zones that drive

seafloor spreading and continental drift (Niu, 2014). That is, without seafloor spreading and

continental drift, continental breakup cannot be accomplished without broken continental masses

drifting apart. This is a physically straightforward concept to be considered in building global

tectonic models.

Yu et al. (2008, 2010) argued that the Cathaysia Block had a close relationship with the

eastern India-East Antarctic domain of eastern Gondwana at the time of the supercontinent

Rodinia and advocate a position of the South China Block between India to the west and Australia

to the east. Some others indicated that the early Neoproterozoic amalgamation event might be part

of a northwestward exterior accretionary orogen between Western Australia and East Antarctica

around the periphery of Rodinia (e.g., Cawood et al., 2013; Wang et al., 2010, 2013b, 2014b). The

paleomagnetic recordsin the Neoproterozoic to early Paleozoic strata from the South China Block

also suggest a location adjacent to the west coast of Australia (Macouin et al., 2004; Yang et al.,

2004). All these relations suggested that the South China Block was most likely located on the

margin of Rodinia until the closure of the arc systems at ~ 805 Ma, after which the continental rift

developed in response to the breakup of Rodinia (Johnson et al., 2005; Li et al., 1999, 2008c¢).

However, more reliable data are needed to further constrain the precise location of the South

China Block within the Rodinia supercontinent. Again, we must emphasize that without

subduction, without seafloor spreading and continental drift, supercontinent breakup is essentially

not possible.
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8. Conclusions

Integration of new and recently available geochronological, geochemical and isotopic data of

Neoproterozoic igneous rocks in the South China Block provides an insight into the amalgamation

and tectono-magmatic evolution between the Yangtze and Cathaysia blocks. The main conclusions

are as follows:

(1) According to the temporal-spatial distribution of Neoproterozoic igneous rocks and

related rocks in South China, it is reliable to  divide the amalgamation domain between the

Yangtze Block and Cathaysia Block into three zones: intra-oceanic arc zone, active continental

margin and inland of Cathaysia and active continental margin of Yangtze. We can also detail the

giant tectonomagmatic event into four stages: stage I (~ 1000-860 Ma) of oceanic arc and

Cathaysia continental arc development; stage I (~ 860-825 Ma) of bidirectional subduction and

continental arc development; stage I1I (= 8§25-805 Ma) of collision between the Yangtze Block

and Cathaysia Block that led to the Jiangnan Orogenisis; stage IV (~ 805-750 Ma) of continental

rift development between the Yangtze Block and Cathaysia Block.

(2) In stage 1, the young seafloor subducted both northwestward and southeastward beneath a

potential oceanic plateau and the Cathaysia Block respectively with slab dehydration and melting

formed the intra-oceanic arc and the active continental margin in Cathaysia Block. In stage II, slab

rollback and trench retreat caused back-arc basin development in the intra-oceanic arc zone and

the formation of arc and back-arc magmatism in the Cathaysia Block. A northwestward

subduction of oceanic plate beneath the Yangtze Block form the active continental margin in the

Yangtze Block. In stage III, the continent-arc-continent collision and final amalgamation between

the Yangtze and Cathaysia blocks led to the Jiangnan Orogenisis. The Yangtze Block was
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dominated by a post-collisional extensional environment while the Cathaysia Block turned to

within-plate regime. In stage IV, the Nanhua rift opened and split the west part of intra-oceanic arc

zone and active continental margin of the Yangtze into two segments, which eroded and

camouflaged the evidence of the boundary between the Yangtze and Cathaysia blocks.

(3) Our results do not support the argument for the role of Grenvillian-aged Orogenesis in

South China in association with the assembly of the Rodinian supercontinent and mantle plume

activities during the breakup of Rodinia. Considering all the evidence and arguments, we suggest

that the South China Block was most likely located on the margin of Rodinia rather than in an

interior position within the Rodinia supercontinent. More reliable data are needed to further

constrain the precise location of South China Block within the Rodinia supercontinent. We

emphasize, however, that supercontinent breakup cannot be accomplished without subduction,

which drives seafloor spreading and continental drift, but mantle plumes, if existed, do not.
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Figure Captions
Fig. 1. Schematic map showing the main distribution area of Neoproterozoic rocks and major deep

faults in South China (modified after Cawood et al., 2013; Xia et al., 2012; Yao et al., 2014a;
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Wang and Li, 2003; Wang et al., 2013b, 2014a, 2014b). Data sources are the same as in Table 1,

some typical Neoproterozoic igneous rocks in South China (i.e. No. 1,2, 3, 5, 8,9, 30 and 31) are

also shown in Fig. 2.

Fig. 2. Geological map of representative Neoproterozoic igneous rocks in South China: (a)

Taohong and Xiqgiu I-type tonalite-granodiorite together with Pingshui high-Mg diorites,

Nb-enriched basalts and plagiogranites (modified after Chen et al., 2009a; Li et al., 2009). (b)

Neoproterozoic sequences and intrusions in Shuangxiwu area showing the Baiwu, Yanshan and

Zhangcun Formations of the Shuangxiwu Group together with shangshu, Hongchicun and

Luojiamen Formations and Daolinshan granites (modified after Li et al., 2009; Yao et al., 2014c).

(c) Neoproterozoic metabasites and Tiantangshan granites of the Yunkai domain (modified after

Qin et al., 2007; Wang et al., 2014b).(d) Miaohou and Shanhou complexes (Xia et al., 2015). (e)

NE Jiangxi ophiolite melange showing the Xiwan ultramafic roccks with granitic and

plagiogranites lenses (modified after Li and Li., 2003; Li et al., 2008a). (f) Fuchuan ophiolite and

Shexian granites (modified after Zhang et al., 2012b, 2013a). (g) Neoproterozoic mafic rocks of

Nangiao and Wenjiashi (modified after Yao et al., 2014c).

Fig. 3. (a), (b) Hf-isotope compositions of representative Neoproterozoic igneous rocks in South

China. (c) ena(?) vs. ens(f) diagram for the Neoproterozoic igneous rocks in South China. The trend

of the terrestrial array and seawater array after Vervoort and Blichert-Toft (1999) and Albarede et

al. (1998). Bulk Silicate Earth (BSE) and Depleted Mantle (DM) from Blichert-Toft and Albarede

(1997). (d) Whole-rock Nd-isotope compositions of Neoproterozoic igneous rocks in South China
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(the area of Yangtze and Cathaysia basement is after Chen and Jahn, 1998). Data sources are the

same as in Table 1.

Fig. 4. (a) The total alkali vs. silica (TAS) diagram (after Middlemost, 1994) used for the
classification of the Neoproterozoic igneous rocks in South China. (b) The AFM diagram of
Neoproterozoic igneous rocks in South China; the boundary lines are after Kuno (1968) and Irvine
and Baragar (1971) and the field for cumulates is after Beard (1986). (c) FeOT/MgO vs. SiO,
variation diagram for the data shown in (a) and (b). The calc-alkaline and tholeiite dividing line of
Miyashiro (1974) is plotted for reference. Mantle melting, anhydrous fractional crystallization and
hydrous fractional crystallization trends are after Grove et al. (2012). Symbols are the same as in
Fig. 3. Data sources are: Chen et al., 2009a, 2009b, 2014; Ding et al., 2008; Fan et al., 2010; Gao
et al., 2009; Ge et al., 2000a, 2001a, 2001b, 2001c; Li and Li, 2003; Li et al., 1997, 2003a, 2005,
2007, 2008a, 2008b, 2009, 2010a, 2013; Ma et al., 2009; Peng et al., 2006; Qi et al., 1986; Qin et
al, 2005, 2007; Shu et al., 2008a, 2011; Xia et al., 2015; Xing et al., 1998; Xu and Qiao, 1989;
Xue et al., 20105 Yao et al., 2014a, 2014b, 2014c; Ye et al., 2007; Wang and Shu, 2007; Wang et
al., 2004, 2006a, 2007, 2008a, 2008b, 2012a, 2013b, 2014b; Wu et al., 2001, 2006; Zhang et al.,
2011b, 2012a, 2012b, 2012c, 2013a, 2013b; Zheng et al., 2008; Zhou, 1989; Zhou et al., 2003,

2004, 2009, 2012; Zou et al., 1993.

Fig. 5. Harker diagram of major-element compositions of the Neoproterozoic igneous rocks in
South China: (a) K;O vs. SiO, diagram (after Peccerillo and Taylor, 1976), where the dotted line

represents the division between potassic alkaline and shoshonitic suites (after Calanchi et al.,
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2002); (b) P,0Os vs. SiO, diagram (after Harris and Watson, 1984), where the I-type granite trend

follows Chappell (1999); (c) TiO, vs. SiO, diagram (after Green and Pearson, 1986). Symbols and

data sources are the same as in Fig. 4.

Fig. 6. Chondrite-normalized REE patterns and Primitive mantle-normalized multiple trace

element diagrams (spidergrams) of the Neoproterozoic igneous rocks in South China. (ay), (aym)

and (ary) ultramafic and mafic rocks of stage I, stage II-III and stage IV magmatism, respectively;

(by), (brm) and (bry) intermediate rocks of stage I, stage II-III and stage IV magmatism,

respectively; (cp), (cnm) and (cpv) felsic rocks of stage I, stage II-III and stage IV magmatism,

respectively. The chondrite and primitive mantle values are from Sun and McDonough (1989).

The present-day average E-type MORB, N-type MORB and OIB are from Sun and McDonough

(1989); Oceanic arc basalts, Continental arc basalts, Oceanic arc andesites and Continental arc

andesites are from Condie (1989) and Kelemen et al. (2003). Adakite, Plagiogranite, Oceanic arc

ADR (andesite, dacite-and rhyolite) and Continental arc ADR are from Drummond et al. (1996).

Symbols and data sources are the same as in Fig. 4.

Fig. 7. (a) Hf/3-Th-Ta diagram (after Wood, 1980); (b) Y/15-La/10-Nb/8 diagram (after Cabanis

and Lecolle, 1989); (¢) Ti/Zr vs. Zr/Y diagram (after Condie, 1989); (d) Th/Yb vs. Ta/Yb diagram

(after Condie, 1989 and Alabaster et al., 1982). Symbols and data sources are the same as in Fig.

Fig. 8. (a) La/Yb vs. Th diagram (after Bailey, 1981); (b) La/Yb vs. Th/Yb diagram (after Condie,
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1989); (c¢) Rb/30-Hf-Ta*3 discrimination diagram (after Harris et al, 1986); (d) Rb vs. (Y+Nb)

discrimination diagram (after Pearce, 1996). Symbols and data sources are the same as in Fig. 4.

Fig. 9. (a) Chemical compositions of the Neoproterozoic igneous rocks in South China in terms of
alumina saturation, where fields of granitoids from different tectonic environments are after
Maniar and Piccoli (1989); (b) FeOT/(FeOT+MgO) vs. SiO, diagram (after Frost etal., 2001; Frost
and Frost 2011); (c), (d) Various chemical discrimination diagrams for the Neoproterozoic igneous
rocks in South China (after Whalen et al., 1987). (e) ACF diagram for the Neoproterozoic
granitoids (after White and Chappell, 1977); (f) Subtype classification of A-type granitoids (after

Eby, 1992). Symbols and data sources are the same as in Fig. 4.

Fig. 10. (a) Sr/Y vs. Y diagram to distinguish adakite from normal arc andesite, dacite and rhyolite
(ADR) lavas (after Castillo, 2012). (b) Nb/La vs. MgO diagram. The fields of the island arc
basalts and Nb-enrich basalts are from Kepezhinskas et al. (1996). Symbols and data sources are

the same as in Fig. 4.

Fig. 11.(a) (Hf/Sm)y vs. (Ta/La)y diagram (after La Fleche et al., 1998); (b) Th/Yb vs. Nb/Yb
diagram (after Pearce, 2008); (c) Ni vs. Cr diagram (after Tsuchiya et al., 2005); (d) Nb/Zr vs.
Th/Zr diagram (after Kepezhinskas et al., 1997); (e) Ba/Th vs. (La/Sm)y diagram (after Tatsumi,
2006); (f) U/Th vs. Th diagram (after Hawkesworth et al., 1997). Chondrite values for
normalization are from Sun and McDonough (1989). Symbols and data sources are the same as in
Fig. 4.
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Fig. 12. ena(?) vs. SiO, diagrams at 830 Ma. The parameters of end-members are selected based on

the literature (e.g., Castillo, 2012; Chauvel et al., 2008. Chen et al., 2013; Class et al., 2000;

Drummond et al., 1996; Kelemen et al., 2003; Niu and O’Hara, 2003; Plank and Langmuir, 1998;

Wang et al., 2013b; Workman and Hart, 2005; Xia et al., 2012, 2014; Yuet al., 2012 and

reference therein). The depleted mantle (DM) is represented by SiO,=45 wt.%, Nd=11.3 ppm, and

end(t)=+7.3; MORB-derived melt by Si0,=48 wt.%, Nd=20 ppm and enqy(#)=+7.3; primary arc lava

by Si0,=47.4 wt.%, Nd=10.1 ppm and ena(¥)=+7.3; slab-derived melt by Si0,=67.9 wt. %,

Nd=18.5 ppm and ena(f)=+4.5; sediments-derived melt by SiO,=75 wt.%, Nd=183 ppm and

end(1)=-2.0; Subducted oceanic sediments by Si0,=75 wt.%, Nd=27 ppm and eny(f)=-1.8;

Paleoproterozoic sediments by Si0,=82.7 wt.%, Nd=59.6 ppm and eng(f)=-16.6; Archean

sediments by Si0,=76.4 wt.%, Nd=131 ppm and enq(f)=-23.1. Symbols and data sources are the

same as in Fig. 3 and Fig. 4.

Fig. 13. Schematic cartoons showing the tectono-magmatic evolution for Neoproterozoic igneous

rocks in South China.

Page 93 of 106



Table 1

List of reliable ages, ep(f) and eng(?) values of Neoproterozoic igneous rocks in South China

Batholith or
Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on eni(t) ck ena(?)
Formation

Intra-oceanic arc zone

Stage I (ca. 1000 ~ 860 Ma): Oceanic arc and Cathaysia continental arc development

Sm-Nd Zhang et al.
978 +44 Ma
isochron (1990)
Pingshui Seafloor basalt and 904 +8 ~906  LA-ICP-MS 8.6 ~ Chen et al.
6.4~179
Formation andesite + 10 Ma zircon 154 (2009b)
113 ~
52~73
15.3%
Beiwu Andesite, Dacite and SHRIMP 123 ~
926 + 15 Ma 5.8~8.7
Formation Rhyolite U-Pb zircon 15.3* Lietal.
Zhangcun SHRIMP 11.8 ~ (2009)
Felsic ignimbrite 891 + 12 Ma 5.6~74
Formation U-Pb zircon 13.1%
8.2~
Tonalite 6.9~ 8.6
12.8%*
Taohong
Tonalite—granodiorit SHRIMP
913 + 15 Ma
e U-Pb zircon Ye et al.
N Tonalite—granodiorit SHRIMP (2007)
905 + 14 Ma
Zhejia e U-Pb zircon
Xiqiu
ng 9.5~ Lietal.
Granodiorite 6.4~17.8
11.5% (2009)
LA-ICP-MS
Basaltic porphyry 916 £ 6 Ma 6.8 ~8.0
zircon
LA-ICP-MS 8.6 ~ Chen et al.
Pingshui Diorite 932 +7 Ma 7.0~7.17
zircon 132 (2009a)
LA-ICP-MS 11.0 ~
Plagiogranite 902 +£5 Ma 7.5~84
zircon 16.2
Shuangxiwu Chen and
Seafloor andesite 3.4~46
Group Jahn (1998)
Quote from
a secondary
Single-grain
Jiangshan Quartz diorite 924 +23 Ma 2.4~44 source
zircon TIMS
of Wang et
al. (2012b)
Sm-Nd Xu and
Pyroxenite, Gabbro 930 + 34 Ma 5.1~55
isochron Qiao (1989)
NE
Ophiolitic SHRIMP Li et al.
Jiangx 968 + 23 Ma
. mélange Xiwan Albite U-Pb zircon (1994)
i
granites Li and Li
49~6.7
(2003)
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on enr(t) ck ena(?)
Formation
SHRIMP -39~ Li et al.
Xiwan Leucogranites 880 +19 Ma,
U-Pb zircon 0.8 (2008a)
Peridotite,
Pyroxenite, Dolerite, Sm-Nd 4.5 ~ Lietal.
956 +48 Ma
Gabbro, Diorite, isochron 11.1 (1997)
Anorthosite
Enclave bearing SHRIMP
970 £21 Ma 6.6~74
plagiogranite U-Pb zircon
Gao et al.
Enclave-free -1.3~
(2009)
plagiogranite -1.2
Enclave 6.2
K-Ar Shu et al.
Dexing Blueschist 866 + 14 Ma
glaucophane (2006)
LA-ICP-MS 33~
N Quartz-keratophyre 878 £5 Ma
Shuanggiaoshan zircon 14.7 Wang et al.
Jiangx
Group LA-ICP-MS 7.3~ (2008a)
i Tuff 879 + 6 Ma
zircon 18.8
Mala village, Plagioclase
4.8~49
Xinyi amphibolite
Plagioclase
Jintong, Xinyi 3.1~49
amphibolite
bound Wang et al.
Plagioclase
ary Zhaimen, Xinyi 3.1~42 (2013b)
amphibolite
betwe
Plagioclase
enE
amphibolite, 23~44
Guang  Liuwan,
Metagabbro
xiand  Rongxian
Amphibolite,
W 53~54
Metabasalt
Guang
Licun,
dong Amphibolite 4.4 Zhang et al.
Rongxian
(Yunk (2012a)
LA-ICP-MS
ai Shiwo, Beiliu Amphibolite 997 +21 Ma 3.8~43
zircon
domai
Fenjie, Luoding ~ Metabasalt 4.1
n)
SHRIMP Qin et al.
Tiantangshan Granitic gneiss 906 + 24 Ma
U-Pb zircon (2006)
Luoyu 922 +£6~940  Single-grain Zhang et al.
Metadacite
formation +5Ma zircon TIMS (1998)
Stage IT (ca. 860 ~ 825 Ma): Bidirectional subduction and continental arc development
N SHRIMP Li et al.
Dolerite 849 +7 Ma 0.4~23
Zhejia ~ Shenwu U-Pb zircon (2008b)
ng Daolinshan Dolerite 863 +7 Ma LA-ICP-MS 4.5~17.5 Yao et al.
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on ) ck ena(?)
Formation
zircon (2014c¢)
W
LA-ICP-MS
Jiangx  Fangxi Dolerite 847 £ 18 Ma
. zircon
i
Zhang et al.
SHRIMP 1.3~9.6
Shuikou Basalt 860 + 20 Ma (2013b)
U-Pb zircon
SIMS U-Pb
838 + 12 Ma
NE zircon
Nangiao Basalt
Hunan Single-grain Zhou et al.
1271 +2 Ma 6.9 ~9.0
zircon TIMS (2003)
LA-ICP-MS Yao et al.
Wenjiashi Diabase 860 + 15 Ma
zircon (2014c¢)
Stage IV (ca. 805 ~ 750 Ma): Continental rift development
Hongchicun Intermediate to felsic SHRIMP Lietal.
797 £ 11 Ma
Formation volcanic rocks U-Pb zircon (2003b)
-1.8 ~ Li et al.
Diabase
7.0 (2008b)
LA-ICP-MS 7.0 ~ Yao et al.
790 £ 6 Ma
zircon 144 (2014c¢)
N
Daolinshan SHRIMP and
Zhejia 775 +13 ~ 6.7 ~ Wang et al.
Granite LA-ICP-MS 3.6~6.2
ng 780 +5 Ma 174 (2010)
U-Pb zircon
SHRIMP
794 +9 Ma 4.7~17.0
U-Pb zircon
Li et al.
Basalt 5.7~74
Shangshu (2008b)
SHRIMP
Formation Rhyolite 792 £5 Ma 45~59
U-Pb zircon
NE Basalt, Basaltic
LA-ICP-MS Wang et al.
Jiangx -~ Minjiawu andesite, Andesite, 802 + 8 Ma 3.7~4.8
zircon (2012a)
i Dacite
N
Shuanggiaoshan LA-ICP-MS Wang et al.
Jiangx Gabbro 801 £4 Ma 2.5~9.6
) Group zircon (2008a)
i
Active continental margin and inland of Cathaysia
Stage I (ca. 1000 ~ 860 Ma): Oceanic arc and Cathaysia continental arc development
E
LA-ICP-MS 34~ Yao et al.
Zhejia  Chencai Hornblende gneiss 879 £ 10 Ma
zircon 144 (2014b)
ng
SW Chatian, SHRIMP 6.3 ~ Wang et al.
Amphibolite 969 + 13 Ma 4.1~42
Zhejia  Songyang U-Pb zircon 153 (2013b)
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on enr(t) ck ena(?)
Formation
ng LA-ICP-MS
984 + 6 Ma
zircon

Yuyan-Shanlint ~ Plagioclase

2.8~38
uo, Songyang amphibolite
Huangtian,
4.2
Qinyuan Metagabbro
Zhuhuang,
Amphibolite 24~38
Qinyuan
Plagioclase
2.9
Zhuyuan amphibolite
Huangtian,
3.8
Qinyuan Metagabbro
SIMS U-Pb
978 £ 11 Ma
NW zircon 45 ~
Shitun Metadiabase 5.6
Fujian LA-ICP-MS 10.2
970 £ 10 Ma
zircon
SIMS and
SW 909 + 10 ~ -5.8 ~ 9.5~
Masha Granitic gneiss LA-ICP-MS
Fujian 916+ 6 Ma 1.3 -3.9
U-Pb zircon Wang et al.
SE (2014b)
963 £ 11 ~ LA-ICP-MS -9.6 ~ 9.2~
Jiangx ~ Xunwu Group Granitic gneiss
982 +27 Ma zircon 0.8 -4.8
i
SHRIMP Shu et al.
972 +8 Ma
Guang U-Pb zircon (2008a)
Jingnan Rhyolite
dong -7.9 ~ Shu et al.
10.0 (2011)
bound Plagioclase
Sm-Nd
ary Chashan, Xinyi amphibolite, 824 +77 Ma 1.4~1.8 Peng et al.
isochron
betwe Metagabbro (2006)
enE Guizi, Xinyi Metabasalt 2.4~5.0
Guang LA-ICP-MS Wang et al.
980 + 8 Ma 4.8
xi and zircon (2013b)
Tantu, Xinyi Metabasalt
w SHRIMP
978 £ 19 Ma 4.7 Zhang et al.
Guang U-Pb zircon
(2012a)
dong Fenjie, Luoding ~ Metabasalt 3.9
(Yunk Huaixiang, LA-ICP-MS 9.0~
Metagranite 954 + 14 Ma
ai Xinyi zircon -8.5 Wang et al.
domai  Shuanglong, LA-ICP-MS -7.3 ~ (2014b)
Granitoid gneiss 926 + 28 Ma -3.8
n) Luoding zircon -5.5
Stage IT (ca. 860 ~ 825 Ma): Bidirectional subduction and continental arc development
E Zhuji Plagioclase 845+10Ma  “Ar/*Ar Shui et al.

Page 97 of 106



Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on enr(t) ck ena(?)
Formation
Zhejia amphibolite hornblende (1986)
ng SHRIMP Shu et al.
Ophiolitic gabbro 858 £ 11 Ma
U-Pb zircon (2006)
DA/ Ar Kong et al.
Shijiao tebinite 832 +7Ma
hornblende (1995)
Shijiao amphibole LA-ICP-MS Wang et al.
844 +3 Ma
pyroxenite zircon (2012b)
SHRIMP 2.1 ~
Basalt 857 +7 Ma
U-Pb zircon 7.1 Shu et al.
Chencai
SHRIMP 8.1~ (2011)
Gabbro 841 +12 Ma
U-Pb zircon 12.5
SHRIMP
Zhangcun Metarhyolite 838 £5 Ma
U-Pb zircon Li et al.
SHRIMP (2010b)
Lipu Gabbro-diorite 841 +£6 Ma
U-Pb zircon
LA-ICP-MS 4.8 ~
Gabbro 828 + 11 Ma 3.9
zircon 9.6
832 +8~834 LA-ICP-MS -6.1 ~ 1.1~
Miaohou Diorite
+14 Ma zircon 12.3 3.6
w
830+9~3833 LA-ICP-MS -1.7 ~ Xia et al.
Zhejia Granite 0.3~32
+ 12 Ma zircon 8.1 (2015)
ng
LA-ICP-MS 4.1 ~
Diorite 830 + 12 Ma 5.5
zircon 10.9
Shanhou
LA-ICP-MS 3.8~ 2.7~
Granite 832 +9 Ma
zircon 113 2.6
SHRIMP 8.7~
Mamianshan Gabbro 836 + 7 Ma
NW U-Pb zircon 11.2 Shu et al.
Fujian SHRIMP 9.6 ~ (2011)
Jianou Gabbro 847 + 8 Ma
U-Pb zircon 115

Stage III (ca. 825 ~ 805 Ma):

E
Zhejia  Zhuji

ng

NW Mamianshan

Fujian ~ Group

Stage IV (ca. 805 ~ 750 Ma):

NW Wanquan Group

Fujian
Zhenghe

Collision between Yangtze and Cathaysia Blocks and Jiangnan Orogen development

Huangshan quartz

diorite

Felsic volcanic rocks

Mafic volcanic rocks

818 + 6 Ma

818 +£9 Ma

Continental rift development

Metavolcanics

Diabase

788 +27 ~
800 + 14 Ma
795 +7 Ma

LA-ICP-MS

zircon

SHRIMP
U-Pb zircon

SHRIMP
U-Pb zircon
SHRIMP

Wang et al.
(2012b)

0.2~0.9
Li et al.
44~ (2005)

3.3

Lietal.
(2010b)
Shu et al.
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on eur(t) ck ena()
Formation
U-Pb zircon (2008b)
Shu et al.
0.8~6.2
(2011)

Active continental margin of Yangtze

Stage IT (ca. 860 ~ 825 Ma): Bidirectional subduction and continental arc developing/ Stage III (ca. 825 ~ 805 Ma):

Collision between Yangtze and Cathaysia Blocks and Jiangnan Orogen development

Fuchuan
Ophiolitic

mélange

Anhui

Xikou

Jingtan

Formation

Xucun

Wehrlite

Pyroxenite

Gabbro

Seafloor basalt

Seafloor andesite

Tuff

Dacite

Granodiorite

Granite

Granodiorite

827 +9 Ma

824 +3 Ma

819 +3 ~ 827
+3 Ma

848 + 12 Ma

828 +4 Ma

820 + 16 Ma

826 =5 Ma

850 = 10 Ma

823 +7 ~ 827
+7 Ma

823 + 8 Ma

823 + 8 Ma

SHRIMP
U-Pb zircon

SHRIMP and
LA-ICP-MS
U-Pb zircon
LA-ICP-MS
zircon
SHRIMP
U-Pb zircon

LA-ICP-MS
zircon
SHRIMP
U-Pb zircon
LA-ICP-MS
zircon
LA-ICP-MS
zircon
LA-ICP-MS
zircon
SHRIMP
U-Pb zircon
SHRIMP and
LA-ICP-MS
U-Pb zircon

43
3.5
103 ~
33~57
134
5.8~
3.6
17.3
3.6
1.2~
0.4
2.6
-1.1
0.2 ~
4.3
1.9~
10.3
23~86 2.8
-22.5 ~
6.6
-0.8 ~ -1~
9.9 -0.0
1.7~
-0.8
-25.6 ~
-1.1
112

Ding et al.
(2008)

Zhang et al.
(2012b)

Zhang et al.
(2013a)
Ding et al.
(2008)
Zhang et al.
(2011b)
Zhang et al.
(2012b)
Zhang et al.
(2013a)
Zhang et al.
(2011b)
Wang et al.
(2014a)
Zheng et al.
(2008)
Wang et al.
(2014a)
Xue et al.
(2010)

Wu et al.
(2006)

Li et al.
(2003a)

Wang et al.
(2013a)
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on eur(t) ck ena()
Formation
-0.8 ~ Lietal.
-0.2 (2003a)
LA-ICP-MS Xue et al.
Xiuning Granodiorite 832 +8 Ma
zircon (2010)
824 +7~825 LA-ICP-MS 1.6 ~ -1.0 ~ Wu et al.
+7Ma zircon 5.1 -0.6 (2006)
Lietal.
-1.1
(2003a)
LA-ICP-MS Xue et al.
Shexian Granodiorite 838 + 11 Ma
zircon (2010)
823+9~824 LA-ICP-MS -28.4 ~ 2.1~ Wu et al.
+ 6 Ma zircon 7.1 -0.4 (2006)
bound LA-ICP-MS
Lingshan Granite 823 + 18 Ma
ary zircon
betwe
enS
Xue et al.
Anhui Shi'ershan
LA-ICP-MS (2010)
and Lianhuashan Granite 814 +26 Ma
zircon
SW
Zhejia
ng
bound LA-ICP-MS
Andesite 822 + 6 Ma 2.7
ary zircon
betwe LA-ICP-MS 0.3 ~
Shuangqiaoshan - Tuff 830 +5 Ma Zhou et al.
en N zircon 0.7
Group (2012)
Jiangx
LA-ICP-MS
iand S Rhyolite 821 +£5Ma
zircon
Anhui
SHRIMP 34~
Xingzi Group Amphibolite 811 £ 12 Ma
U-Pb zircon 4.0
0.0 ~ Lietal.
Basalt
Shaojiwa 0.7 (2013)
Formation SHRIMP -0.8 ~
Rhyolite 828 £ 6 Ma
N U-Pb zircon 0.8
Jiangx  Hanyangfeng SHRIMP Shi et al.
Rhyolite 838 £+4 Ma
i Formation U-Pb zircon (2014)
LA-ICP-MS 3.1~ Wang et al.
Guanyingiao Granitic gneiss 820 +£5 Ma
zircon 132 (2014a)
SIMS U-Pb -1.9 ~
Dacite 849 + 6 Ma Li et al.
Zhenzhushan zircon -0.3
(2010a)
Basalt 2.1~438
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on ) ck ena(?)
Formation
-1.0 ~ Zhang et al.
Zhangyuan Metabasalt
3.9 (2011b)
SHRIMP 3.0~ Li et al.
823 + 8 Ma
U-Pb zircon -0.6 (2003a)
814 +8 ~820 LA-ICP-MS 02~ Wang et al.
Granodiorite -1.8
+4 Ma zircon 4.9 (2014a)
-20.6 ~ Wang et al.
-3.2
8.9 (2013a)
LA-ICP-MS 24~
Monzogranite 813 +4 Ma
Jiuling zircon 7.1 Zhang et al.
Cordierite bearing LA-ICP-MS -14~ (2011a)
823 +2 Ma
monzogranite zircon 8.5
SHRIMP and
Granite 819 +9 Ma LA-ICP-MS 0.8 ~6.5 -1.3
Wang et al.
U-Pb zircon
(2013a)
SHRIMP -1.6 ~
Diorite enclave 831 +9 Ma 22
U-Pb zircon 12.8
LA-ICP-MS 2.8~ Zhang et al.
Xiyuankeng biotite monzogranite 804 +3 Ma
zircon 2.7 (2011a)
SHRIMP Wang et al.
Komatiitic basalt 823 +6 Ma
U-Pb zircon (2007a)
Yiyang Komatiitic basalt 1.6~ 1.8
Wang et al.
2.6~
Andesite (2004)
-1.9
SIMS U-Pb
824 +7 Ma
High-mg volcanic zircon -4.7 ~ Zhang et al.
Cangshuipu
rocks SHRIMP -1.7 (2012c)
822 +28 Ma
U-Pb zircon
NE
Two-mica granite -1.8 Wang et al.
Hunan
Plagiogranite 2.5 (2004)
Changsanbei
LA-ICP-MS
Granodiorite 837 +£6 Ma 1.6 ~5.5 2.5
zircon Wang et al.
LA-ICP-MS (2014a)
805 +4 Ma 14~52 27
zircon
Daweishan Granodiorite
Wang et al.
-2.7
(2004)
SHRIMP
Zhangbangyuan  Granodiorite 816 £5 Ma -3.6
U-Pb zircon Ma et al.
Luoli Granodiorite -1.2 (2009)
Weidong Granodiorite -1.5
N Bendong Biotite granodiorite -5.5~ Lietal.
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Batholith or

Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on eur(t) ck ena()
Formation
Guang -3.9 (2003a)
xi SHRIMP
820 + 18 Ma Li (1999)
U-Pb zircon
LA-ICP-MS Wang et al.
823 +4 Ma
zircon (2006a)
-5.9 ~ Wang et al.
2.4 (2006b)
-5.0 ~ Ge et al.
Granodiorite
3.8 (2001b)
LA-ICP-MS -6.9 ~ Wang et al.
823 +4 Ma -5.0
zircon -1.9 (2013a)
5.2~ Chen et al.
-4.2 (2014)
26~
-1.0 Zheng et al.
3.2~ (2007)
-1.3
ID-TIMS
824'+4 Ma Li (1999)
U-Pb zircon
Granite SHRIMP and
-10.9 ~ Wang et al.
824 +4 Ma LA-ICP-MS -5.6
-0.4 (2013a)
U-Pb zircon
LA-ICP-MS -4.0 ~ Wang et al.
838 +5 Ma 5.3
zircon 0.3 (2014a)
Yuanbaoshan 823 +5 ~ 831 LA-ICP-MS -14.9 ~
Two-mica granite
+5Ma zircon -0.4 Yao et al.
LA-ICP-MS 9.4 ~ (2014a)
Muscovite granite 833 £6 Ma
zircon -1.2
3.0~
Olivine pyroxenite Ge et al.
5.2
(2001c¢)
Diabase 3.4
LA-ICP-MS 52~ Yao et al.
Gabbro 855 +5 Ma
zircon 123 (2014a)
9.0 ~ Lietal.
leucogranite
-4.5 (2003a)
57~
Leucogranite -0.6 Zheng et al.
Sanfang 4.5~ (2007)
-1.5
Granite
LA-ICP-MS Wang et al.
804 +5 Ma
zircon (2006a)
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Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on ) ck ena(?)
Formation
-7.5 ~ Wang et al.
-1.6 (2006b)
-8.2 ~ Ge et al.
-5.4 (2001b)
SHRIMP
826 + 13 Ma Li (1999)
U-Pb zircon
LA-ICP-MS 9.5~ Wang et al.
804 + 5 Ma -5.9
zircon 2.6 (2013a)
-6.2 ~ 5.0~
High-Mg diorite
-2.0 -4.9 Chen et al.
-1~ =59~ (2014)
-0.1 -3.2
LA-ICP-MS Wang et al.
824 + 13 Ma
zircon (2006a)
Dongma
LA-ICP-MS -2.8 ~ Wang et al.
Granodiorite 824 + 13 Ma -5.4
zircon 0.8 (2013a)
LA-ICP-MS -3.6 ~ Wang et al.
837 +7.Ma -5.9
zircon 5.1 (2014a)
Ge et al.
-5.1
(2001b)
LA-ICP-MS Wang et al.
836 +3 Ma -4.9
zircon (2006a)
Zhaigun Granodiorite
29~
Ge et al.
-2.7
(2001b)
-4.4
Wang et al.
-5.4
(2006a)
Longyou Granodiorite LA-ICP-MS -5.5~ Wang et al.
832 +5Ma -5.3
zircon -0.6 (2013a)
LA-ICP-MS 54~
832 +5Ma -5.4
zircon 4.5 Wang et al.
LA-ICP-MS -3.0~ (2014a)
833 +5Ma -3.3
zircon -0.5
-5.5~ Ge et al.
Mengdong Granodiorite
-5.4 (2001b)
Wang et al.
-3.3
(2006a)
LA-ICP-MS S50~ Wang et al.
835 +5Ma -4.2
Pingxing Granite zircon 1.0 (2014a)
-4.2 Wang et al.
Hejiawan Diabase 812 +£5 Ma LA-ICP-MS (2006a)
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Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on eur(t) ck ena()
Formation
zircon
LA-ICP-MS 5.2~ Wang et al.
Dazhai Granodiorite 834 + 8 Ma
zircon -1.3 (2014a)
Pyroxene peridotite -1.9
Olivine pyroxenite -1.2 Ge et al.
Pyroxenite -0.5 (2001¢)
2.9
Gabbro-diabase Zhou et al.
Baotan -2.0
(2004)
7.0~
Diabase Ge et al.
4.2
(2001c¢)
-6.7
Diorite
5.1
Zhou et al.
0.8 ~
Longsheng Gabbro (2004)
2.4
SHRIMP Lietal.
Yangmeiao Diabase 828 +7 Ma
U-Pb zircon (1999)
SHRIMP
Basalt 814+ 15 Ma -1.9
U-Pb zircon
814 +6~3831 LA-ICP-MS -6.1 ~ -1.5 ~
Fanjingshan Diabase Zhou et al.
NE + 6 Ma zircon 6.0 -0.4
Group (2009)
Guizh -3.6 ~
Pillow lava
ou -1.9
Seafloor basalt -4.2
Muscovite-bearing LA-ICP-MS -11.5 ~ Wang et al
Taoshulin 839 +2 Ma
leucogranite zircon 5.7 (2011a)
SE
LA-ICP-MS Fan et al.
Guizh  Xiutang Granite 836 +£5 Ma
zircon (2010)
ou
Stage I'V (ca. 805 ~ 750 Ma): Continental rift development
LA-ICP-MS 3.7~ -6.6 ~
Diabase 804 +7 Ma
zircon 14.5 -1.4 Wang et al.
Xucun
LA-ICP-MS 4.1~ -8.4 ~ (2012a)
Granitic porphyry 805 £4 Ma
S zircon 6.7 -7.4
Anhui  Puling Rhyolite, Tuff, 751 £8 ~765  LA-ICP-MS 9.2~ Wang et al.
Formation Basalt +7Ma zircon 6.2 (2012a)
Jingtan LA-ICP-MS -1.9~ Zheng et al.
Tuff, Dacite 776 £ 10 Ma 0.7 ~6.8
Formation zircon -1.7 (2008)
bound Diabase, Gabbro,
Shangshu 794+7~797 LA-ICP-MS -1.9 ~ Wang et al.
ary Basalt, Andesite,
Formation +5Ma zircon 6.2 (2012a)
betwe Dacite, Rhyolite
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Locati Zircon Whole-ro
Pluton/Group or ~ Rock type Age (Ma) Method Reference
on ) ck ena(?)
Formation
enS SHRIMP Li et al.
leucogranite 779 £ 11 Ma
Anhui U-Pb zircon (2003b)
and Shi'ershan Granitic LA-ICP-MS Xue et al.
785 £ 11 Ma
SW porphyry zircon (2010)
Zhejia SHRIMP
771 £17 Ma
ng U-Pb zircon -1.1~
Shi'ershan Lianhuashan Granite 4.4 ~8.4
LA-ICP-MS 0.0 Zheng et al.
777 £7 Ma
U-Pb zircon (2008)
LA-ICP-MS
Qixitian Granite 775 +£5 Ma 0.9 ~8.5 0.4~0.7
U-Pb zircon
LA-ICP-MS Wang et al.
Granite 779 £ 11 Ma 29~6.6 -1.0
U-Pb zircon (2013a)
NE LA-ICP-MS -4.3 ~ Wang et al.
Yiyang Dacite 797 £4 Ma
Hunan zircon 1.0 (2014a)
Gabbro 0.2
Gabbro-diabase 0.2~04 Wang et al.
SHRIMP (2008b)
Qianyang 747 + 18 Ma 0.8
Diabase U-Pb zircon
0.2~0.8
w Basalt 2.7 Wang et al.
Hunan -0.5 ~ (2004)
1.1
Guzhang Diabase
204 ~
0.0 Wang et al.
SHRIMP (2008b)
Tongdao Pyroxenite 772 £ 11 Ma -2.9
U-Pb zircon
LA-ICP-MS Wang et al.
794 £ 8 Ma -2.9
zircon (2006a)
Tianpeng Granite
N -13.6 ~ Wang et al.
Guang -1.0 (2006b)
xi Single-grain -1.3~
Gabbro 761 +8 Ma Ge et al.
Longsheng zircon TIMS -0.1
(2001a)
Diabase 0.2~5.0

* The whole-rock Hf isotopic compositions of Pingshui Formation, Beiwu Formation, Zhangcun Formation, Taohong tonalite

and Xiqiu granodiorite.
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Highlights

¢ Three Neoproterozoic tectono-magmatic belts have been identified in South
China.

¢ Anintra-oceanic arc and two active continental margins formed successively.

¢ Their final collision welded the South China and yielded the Jiangnan Orogen.

¢ In the end, the Jiangnan Orogen collapsed and the Nanhua rift basin formed.
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