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a  b  s  t  r  a  c  t

In order  to understand  how  Late Mesoproterozoic  to Early  Neoproterozoic  orogenic  belts  evolved  during
the  assembly  and  rifting  of  the  supercontinent  Rodinia,  we have  carried  out  detailed  studies  on  the geo-
chemical  compositions  of  Early  Neoproterozoic  crust  across  the  Jiangnan  orogen  (JO)  which  connects  the
Yangtze  and  Cathaysia  blocks  on  the  northwestern  margin  of  Rodinia.  A gradual  geochemical  variation
is  recognized  from  east  to west,  based  on  comparisons  of  whole-rock  Nd  isotopes,  U–Pb  age spectra  of
detrital  zircons,  and  Hf isotopes  in magmatic  zircons  and  detrital  zircons  from  the  Neoproterozoic  granit-
oids  and  metasedimentary  basement  sequences  in the  JO. LA-ICP-MS  U–Pb  dating  of  detrital  zircons  from
the  sediments  and  magmatic  zircons  from  interlayered  volcanic  rocks  suggests  that  the folded  basement
sequences  formed  within  the  span  860–825  Ma,  implying  the  final  amalgamation  of  the Yangtze  and
Cathaysia  blocks  occurred  no older  than  ca 825  Ma.  The  950–820  Ma  detrital  zircons  strongly  dominate
in  the  eastern  basement  sequences,  and most  of  them  show  moderately  to  highly  positive  εHf(t).  In con-
trast,  many  of the  Early  Neoproterozoic  detrital  zircons  in the  western  JO have  moderately  negative  εHf(t)
and  more  older  (>1.0  Ga)  detrital  zircons  were  found  in  this  area.  We  suggest  that  the  metasedimentary
basement  sequences  in  the  JO were  deposited  in  retro-arc  foreland  basins  which  originally  evolved  from
back-arc basins,  and  the change  of  provenance  controlled  the  variation  in  crustal  geochemistry  of  crust
across  the  JO. Sediments  in  the  eastern  basement  sequences  have  been  sourced  mainly  from  the  juve-

nile  subduction-related  igneous  rocks  to the east,  with  a few  from  the central  Yangtze  Block,  whereas
those  in  the  western  JO may  have been  located  far  from  arc terranes  to the  east and  thus  received  more
older  recycled  detritus  from  the  southern  part of the  South  China  Block.  Moreover,  the  Hf  isotopes  of  the
detrital  zircons  imply  episodic  crustal  growth  in  the  provenance  of  the  JO metasedimentary  basement
sequences,  with  age  peaks  at 1.0–0.8  Ga,  1.75–1.50  Ga  and  2.60–2.45  Ga.  The  early  crust  in South  China
may  have  been  formed  mainly  at around  3.8 Ga ago,  and  contains  some  Hadean  components  (ca  4.1  Ga).
. Introduction

It is generally accepted that the supercontinent Rodinia was

ssembled during “Grenville-aged” (1.3–0.9 Ga; Li et al., 2008a) oro-
enic events. However, the extent of the possible Grenville-aged
rogenic belt between Laurentia and Australia–East Antarctic still
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remains uncertain. Li et al. (1995) considered South China (also
known as the “South China Block”) as the “missing link” between
the two  continents, which makes the Late Mesoproterozoic to
Neoproterozoic amalgamation of South China an intriguing issue.
However, the timing of the final amalgamation of the Yangtze and
Cathaysia blocks to form South China (Fig. 1A) is still debated, with
some authors arguing that it took place at 860–820 Ma  (e.g., Shu
et al., 1994; Zhao and Cawood, 1999; Wang et al., 2007a; Zhao et al.,

2011) and others thinking that it happened as early as 900–880 Ma
(e.g., Li et al., 2008b, 2009). The Precambrian crustal components
and evolution of South China are also open to discussion. For exam-
ple, it has been suggested that the Cathaysia Block is built up of at
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Fig. 1. Geological sketch map  of the Jiangnan orogen (JO). (A) Tectonic framework of the South China Block; (B) The JO is composed of the underlying sequences (diagonal
in  a gray color background), Neoproterozoic cover sequences (dotted area) and Neoproterozoic igneous rocks (the major granitic plutons are presented here with crosses).
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CC:  North China Craton, QL–DB Belt: Qinling–Dabie orogenic belt. Major geologic
op  right corner. The bold broken line represents the rough geochemical boundary b
epresents the geochemical transition zone between the two  segments. The black s

east two segments (e.g., Xu et al., 2007; Yu et al., 2010; Cawood
t al., 2013; Wang et al., 2013a).

The orogenic belt between the Yangtze and Cathaysia blocks,
ere named the Jiangnan orogen (JO), is composed mainly of Neo-
roterozoic massive, undeformed granitoids and low-greenschist
acies metamorphosed sedimentary rocks. While extensive inves-
igations have been carried out on the petrogenesis and tectonic
ettings of the granitoids (e.g., Wang et al., 2004, 2006, 2013b; Li
t al., 2003; Wu et al., 2006; Zheng et al., 2007; Xue et al., 2010;
hang et al., 2011; Zhao and Guo, 2012 and references wherein),
he metasedimentary sequences have received little attention. Pre-
ious studies have shown that the geochemical composition of the
rustal rocks varies from east to west across the JO (Shen et al., 1993;
hang et al., 2011), and this has been ascribed to the variation to
ncorporation of material derived from sources with different ages.
owever, the nature of these sources still remains unclear, which
bscures the evolution of this key part of the Rodinian “jigsaw
uzzle”.

In the last decade, the rapid development of in situ laser-ablation
ass spectrometry techniques has made the combined U–Pb and
f isotopic analysis of detrital zircons a routine tool for revealing
rovenance and related crustal evolution of basins in orogenic belts
e.g., Griffin et al., 2004; Kemp et al., 2006; Liu et al., 2008). This

ethod is especially useful in areas without fresh samples and good
utcrops, since detrital zircons are resistant and can preserve the
rimitive isotopic features of their sources (e.g., Hawkesworth and
emp, 2006).

In this study, we carried out detailed U–Pb dating and Hf
sotopic analysis of magmatic zircons from the Neoproterozoic

ranitoids and detrital zircons from the underlying metasedimen-
ary basement sequences of the JO, and integrated these data with
hole-rock Nd isotopic analyses. These data provide an unambigu-

us constraint on the generation of the gradual geochemical change
ents are marked with numbers and their descriptions and ages are shown in the
en the western and eastern segments of the JO, and the area to the thin broken line
present the sampling locations of the metasedimentary rocks used in this study.

in the crust from east to west across the JO and also shed light on
the episodic crustal growth of South China.

2. Regional geology

South China is an important geological element in Eastern Asia,
comprising the Yangtze Block to the northwest and the Cathaysia
Block to the southeast (Fig. 1A). It is separated from the North China
Craton by the Qinling–Dabie belt to the north and from Tibet to
the west by the Songpan–Ganzi belt and Panxi belt (Fig. 1A). The
Yangtze Block consists of small areas of Archean–Paleoproterozoic
crystalline basement surrounded by Late Mesoproterozoic to Early
Neoproterozoic strata, which are locally unconformably overlain
by weakly metamorphosed Neoproterozoic strata (e.g., the Banxi
Group) and unmetamorphosed Sinian cover (Wu et al., 2012; Zhao
and Cawood, 2012). Voluminous Neoproterozoic (860–750 Ma)
magmatic rocks formed in a subduction-related tectonic regime
(e.g., Zhou et al., 2002; Zhao and Zhou, 2009; Zhang et al., 2012a,
2012b, 2013a) occur continuously along the southwestern (as seen
in Fig. 1A), western and northwestern margins of the Yangtze Block
(Dong et al., 2012). Neoproterozoic igneous rocks and sedimentary
sequences (e.g., the Haizhou Group) on the northeastern margin
experienced ultra-high pressure metamorphism during the Trias-
sic collision between the South China Block and the North China
Craton (e.g., Zheng et al., 2004, 2013; Li et al., 2010, 2011; Zhou
et al., 2012). The Jiangnan orogen (Fig. 1A), located along the south-
eastern margin of the Yangtze Block, is composed of arc terranes
(970–860 Ma;  Wang et al., 2013c) to the east and an ENE-trending,
ca 1500 km long, belt of Neoproterozoic (860–750 Ma) igneous and

metasedimentary rocks (Fig. 1B). The metasediments are composed
of two  sets of sequences metamorphosed to low-greenschist facies,
and separated by a prominent angular unconformity (Wang et al.,
2012a). The underlying sequences have been called “basement
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Fig. 2. Stratigraphic columns for the metasedimentary basement sequences in the JO. Data source: Xikou Group of Southern Anhui Province – after Wu et al. (2005);
Shuangqiaoshan Group of Northeastern Jiangxi – after Wu (2007); Shuangqiaoshan Group of Northwestern Jiangxi Province – after Zhang et al. (1998); Lengjiaxi Group of
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ortheastern Hunan Province – Tang (1989); Fanjingshan Group of Northeastern G
1991).

equences” (Wang et al., 2007a and references therein) because
o significant areas of older basement rocks have been found

n the JO. The metasedimentary basement sequences are tightly
olded (Wang et al., 2007a), while the overlying cover sequences
how open folds with rifting-facies depositional features (Wang
nd Li, 2003). Therefore, the unconformity between the two  sets
f sequences has been considered to mark the Neoproterozoic oro-
enic event that jointed the Yangtze and Cathaysia blocks, and the
ate-stage orogenesis has been constrained at 860–800 Ma  (Wang
t al., 2007a), although Li et al. (2009) suggested that post-orogenic
xtension (rifting?) took place as early as 850 Ma  (e.g., Wang et al.,
012b).

According to the distribution of Neoproterozoic igneous rocks
nd the contrasting crustal compositions (see below), the Jiangnan
rogen is commonly divided into the eastern and western segments
argely along a nearly N–S boundary stretching across northern and
entral Hunan Province (Fig. 1B). Variations in crustal characteris-
ics from east to west are not sharp, leaving a transition zone as
ndicated in Fig. 1B. Two localities of ophiolite suites (i.e., the South
nhui and Northeast Jiangxi ophiolites) have been found within

he basement sequences in the eastern JO (Fig. 1B). The ophiolites
ave been previously dated at 1.05–0.96 Ga by the Sm–Nd isochron
ethod (e.g., Chen et al., 1991; Zhou and Zhu, 1993; Li et al., 1997).
owever, new SHRIMP U–Pb zircon ages have shown that the South
nhui ophiolites may  have formed at ca 830 Ma  (Ding et al., 2008;

hang et al., 2012c). Early Neoproterozoic subduction-related mag-
atism (970–860 Ma;  Li et al., 2009; Wang et al., 2013c) occurs to

he east of these sequences, closer to the Cathaysia Block. Micas
rom a very small outcrop of the Tianli schists in the eastern JO
u Province – BGMRGZ (1987); Sibao Group of Northern Guangxi Province – Dong

were dated at ca 1000 Ma  by in situ laser-ablation Ar–Ar method
(Li et al., 2007); no other old (>970 Ma)  igneous or metamorphic
ages have been reported in the JO.

The basement sequences are dominated by sandstone, siltstone,
slate, and phyllite and show flysch-like sedimentary characteris-
tics (Fig. 2). They have been given different names in different
areas, such as the Xikou Group in southern Anhui Province and
northeastern Jiangxi Province, the Shuangqiaoshan Group in north-
ern and northwestern Jiangxi Province, the Lengjiaxi Group in
northern Hunan Province, the Fanjingshan Group in northeast-
ern Guizhou Province and the Sibao Group in northern Guangxi
Province (Fig. 2). Interlayered mafic volcanic rocks and associ-
ated intrusive mafic–ultramafic rocks are very rare in the eastern
JO, but a few have been found in the western JO (Fig. 2; Zhou
et al., 2004, 2009; Wang et al., 2006). In addition, two  unique
amphibolites-facies metamorphosed sequences were also stud-
ied in this work: the Xingzi Group in northwestern Jiangxi
Province and the Zhoutan Group in central Jiangxi Province. They
show similarities to the aforementioned basement sequences in
their sources and the apparent tectonic settings of their pro-
toliths despite giving metamorphic ages of ca 440 Ma  (Wang
et al., 2013d). A very small (a few square meters) outcrop of
866 ± 14 Ma  (Shu et al., 1994) high-pressure glaucophane schists
has been found within the NE Jiangxi ophiolites in the eastern
JO (Fig. 1B). Similar ophiolites, high-pressure glaucophane schist

and 970–860 Ma  subduction-related rocks have not been found
in the western JO, which has left an open question regarding
the evolution of the western JO and its relationships with the
eastern JO.
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Table 1
A compilation of ages, whole-rock Nd isotopes and zircon Hf isotopes for the Neoproterozoic granitoids in the JO.

Location/GPS position Pluton Sample Rock type Age (Ma) 2� Ref. εNd(t) 2� TDM2Nd Ref. εHf(t) 2� TDMHf (Ma) 2� TDM2Hf (Ma) 2� Ref.

Southern Anhui eastern JO
N 30◦01′41′′ , E 118◦19′29′′ Xucun 07XC-1-5 Granitic porphyry 807 4 1 −0.55 0.16 1524 1 3.6 0.9 1231 34 1470 43 1
N  29◦59′34′′ , E 118◦19′23′′ Xucun 07XC-4-2 Granodiorite 826 5 This work 4.4 1.5 1214 59 1449 93 This work
N  29◦47′56′′ , E 117◦39′51′′ Xikou 07XK-07 Tuff 828 4 This work 5.9 1.1 1156 43 1351 70 This work
N  30◦00′58′′ , E 118◦20′47′′ Xucun 03WN29 Granodiorite 827 7 2 5.4 2.6 1197 58 1419 99 2
N  29◦50′07′′ , E 118◦09′21′′ Xiuning 03HN49 Granodiorite 824 7 2 −0.76 0.24 1552 Mean value 3.5 0.9 1228 11 1475 19 2
N  29◦52′53′′ , E 118◦28′59′′ Shexian 03WN05 Granodiorite 823 9 2 −1.4 1.1 1603 Mean value 3.4 1.6 1248 51 1499 88 2
N  29◦29′26′′ , E 118◦14′27′′ Jingtan Fm.  03WN71 Dacite 820 16 3 4.6 1.6 1198 53 1424 89 3

Northeastern Jiangxi eastern JO
N 29◦30′57′′ , E 116◦00′33′′ Guanyinqiao 07GYQ-2 Granitic gneiss 820 5 This work 5.5 0.8 1166 33 1374 53 This work

Western  Jiangxi eastern JO
N 28◦35′28′′ , E 115◦05′11′′ Jiuling H-1 Monzonitic granite 813 4 4 2.3 1.7 1290 73 1576 120 4
N  28◦30′02′′ , E 114◦32′54′′ Jiuling 06-S-116 Monzonitic granite 823 2 4 2.2 1.1 1303 44 1585 66 4
N  28◦41′41′′ , E 114◦59′15′′ Jiuling 07JL-10-2 Granodiorite 814 8 5 −1.8 1.1 1636 Mean value 5.6 1.8 1159 73 1512 71 5
N  28◦39′24′′ , E 115◦17′37′′ Jiuling 07JL-12 Granodiorite 820 4 This work 2.7 0.6 1281 23 1552 36 This work

Northeastern Hunan eastern JO
N 28◦26′40′′ , E 113◦57′40′′ Changsanbei CS-31 Granodiorite 837 6 This work −2.54 0.59 1695 6 3.1 0.4 1269 15 1533 22 This work
N  28◦25′15′′ , E 114◦06′20′′ Daweishan DW-33 Granodiorite 805 4 This work −2.69 0.39 1707 6 2.9 0.4 1286 17 1543 26 This work

Northern Hunan transition zone
N 28◦25′10′′ , E 112◦23′35′′ Yiyang YY-16-1 Dacite 797 4 This work −1.0 0.4 1398 18 1769 28 This work
N  28◦06′33′′ , E 113◦56′54′′ Xiyuankeng 06HG-1 Monzonitic granite 804 3 4 0.7 0.7 1348 31 1680 52 4

Northern Guangxi western JO
N 25◦08′39′′ , E 108◦49′37′′ Dongma 04DM-20 Granodiorite 837 7 This work −5.90 0.30 1969 Mean value −0.8 0.6 1431 29 1777 36 This work
N  24◦45′20′′ , E 109◦04′10′′ Longyou LY-21 Granodiorite 832 5 This work −5.42 0.20 1929 7 −3.3 1.0 1531 62 1933 61 This work
N  25◦03′50′′ , E 108◦49′16′′ Mengdong MD-3 Granodiorite 833 5 This work −3.27 0.20 1759 7 −1.1 0.5 1449 20 1801 28 This work
N  25◦02′35′′ , E 108◦42′26′′ Pingxing PX-12 Granite 835 5 This work −4.19 0.39 1813 7 −2.3 0.7 1506 40 1869 46 This work
N  25◦17′17′′ , E 109◦11′55′′ Yuanbaoshan 04YBS-36 Granite 838 5 This work −5.28 0.51 1917 8 −1.7 1.0 1478 33 1840 60 This work
–  Yuanbaoshan 98GX6-5 Granite 824 4 8 −2.2 0.8 1491 8 1866 15 9
N  25◦01′25′′ , E 108◦42′05′′ Dazhai DZ-23 Granodiorite 834 8 This work −3.1 0.7 1538 30 1928 47 9
N  25◦10′03′′ , E 108◦49′22′′ Bendong 04BD-26 Granodiorite 823 4 7 −5.70 0.80 1952 Mean value −3.7 0.7 1523 30 1939 49 7
–  Bendong 92LPC-24 Granodiorite 820 18 8 −1.8 0.9 1469 22 1834 24 9
N  25◦15′24′′ , E 109◦03′20′′ Sanfang SF-35 Granite 804 5 7 −5.3 0.7 1548 24 1979 41 7
–  Sanfang 90113 Leucogranite 826 13 8 −6.80 0.50 2028 Mean value −1.6 0.8 1461 17 1813 74 9
–  Sanfang 97GX-1 Leucogranite 826 13 8 −3.3 1.0 1550 23 1923 102 9
–  Sanfang 98GX9-1 Granite 826 13 8 −3.4 0.8 1547 32 1918 86 9
N  25◦03′10′′ , E 108◦40′06′′ Tianpeng TB-28 Granite 794 8 7 −2.96 0.35 1709 8 −4.4 1.1 1543 43 1980 69 7

Ref.: 1 – Wang et al. (2012d); 2 – Wu  et al. (2006); 3 – Zheng et al. (2008); 4 – Zhang et al. (2011); 5 – our unpublished data; 6 – Wang et al. (2004); 7 – Wang et al. (2006); 8 – Li et al. (2003); 9 – Zheng et al. (2007).
–,  no GPS location reported.
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Neoproterozoic granitoids are the dominant igneous rock type
n the JO (Fig. 1B), and they are mainly distributed in southern Anhui
rovince (i.e., the Xiuning, Xucun and Shexian plutons) and north-
estern Jiangxi Province (i.e., the Jiuling and Guanyinqiao plutons)

n the eastern JO and northern Guangxi Province (i.e.,  the San-
ang, Yuanbaoshan, Bendong, Dongma, Longyou, Dazhai, Zhaigun,
ingying and Mengdong plutons, etc.) in the western JO (Fig. 1B
nd Table 1). According to a compilation of published geochemical
ata (e.g., Li et al., 2003; Wu  et al., 2006; Wang et al., 2004, 2006),
hese 835–800 Ma  granitoids are all strongly peraluminous. They
ntrude the basement sequences and some of them are overlain by
he Neoproterozoic sedimentary cover. In this study, representa-
ive samples from the granitic plutons (n = 13) and the underlying
asement sequences (n = 20) were collected from both the western
nd eastern segments of the JO (Fig. 1B).

. Analytical methods

Whole-rock Nd-isotope analyses were carried out at the State
ey Laboratory of Lithospheric Evolution, Institute of Geology
nd Geophysics, Chinese Academy of Sciences (IGG–CAS), using

 VG354 thermal ionization mass-spectrometer and at the State
ey Laboratory for Mineral Deposits Research, Nanjing University

MiDeR-NJU), using the ID-TIMS (Finnigan MAT  Triton TI). The ana-
ytical procedures are similar to those described by Wang et al.
2004, 2010a). Mass fractionation of Nd isotopes was  corrected with
46Nd/144Nd = 0.7219. For the IGG–CAS analyses, whole-rock sam-
les weighing about 100 mg  were spiked with a mixture of 149Sm
nd 146Nd for isotope dilution measurements. The εNd(t) values
ere calculated based on the chondrite Nd isotopic compositions of

43Nd/144Nd = 0.512638 and 147Sm/144Nd = 0.1967 (DePaolo, 1981).
Zircon grains were separated using conventional heavy liquid

nd magnetic techniques, and spots for in situ isotopic analysis were
elected according to their transmitted-light and reflected-light
icro-images and cathodoluminescence (CL) images (Fig. DR-1 in
ppendix). U–Pb isotopes in zircon were analyzed by LA-ICP-MS

n four periods since 2006. Zircon standards 91500, GEMOC GJ-
, Mud  Tank and glass standard NIST 610 were used as external
tandards for isotopic mass fraction correction, age calculation, and
race element analyses. Detailed analytical procedures, the analyz-
ng instruments and dating results of zircon standards are shown
n the online supplementary appendix. All of the analyses were
arried out using a beam 20–30 �m in diameter and a repetition
ate of 4–8 Hz. U–Pb ages were calculated from the raw signal data
sing the on-line software package GLITTER (Griffin et al., 2008).
he U–Th–Pb isotopic analyses are given in the online appendix.
ncertainties on individual analyses in the data tables and Concor-
ia plots are presented as 1SD.

The dated zircons were further analyzed for Hf isotope ratios
t the SKLCD-NWU (Xi’an) using a Nu Plasma HR multi-collector
MC) ICP-MS, and at the State Key Laboratory of Lithospheric Evo-
ution, IGG–CAS using a Neptune MC-ICP-MS attached to a Geolas
Q 193 nm ArF excimer laser ablation system. Most spots for Hf

sotope analyses were placed on the same spots used for the laser
–Pb dating, and others are in the same zones as the U–Pb dat-

ng spots in CL images. All analyses were carried out using a beam
ith a 35–50 �m diameter and a 4–6 Hz repetition rate depending

n grain sizes. The analytical techniques and procedures of data
rocessing are described in the online appendix. Zircon standards
1500, FM0411, Monastery and GJ-1 were used as reference mate-
ials. The decay constant for 176Lu of 1.867 × 10−11 year−1 proposed

y Söderlund et al. (2004) was adopted in this work. εHf values were
alculated relative to the chondritic values of Bouvier et al. (2008)
176Lu/177Hf = 0.0336 and 176Hf/177Hf = 0.282785) at the time of zir-
on crystallized from the magma. “Crustal” model ages (TDM2) were
earch 242 (2014) 154– 171

calculated by assuming the parent magma  was generated from
average continental crust (176Lu/177Hf = 0.015; Griffin et al., 2002)
that was  originally derived from the depleted mantle.

4. Results

4.1. U–Pb dating results

Since some in situ U–Pb dating results have been published for
magmatic zircons from the Neoproterozoic granitoids in recent
years, we do not emphasize the U–Pb dating results on magmatic
zircons from these granitoids (Table DR1–DR2 in Appendix); they
are mainly used for calculating initial Hf isotopic ratios. A summary
of ages, whole-rock Nd isotopes and Hf isotopic ratios in zircons for
the Neoproterozoic granitoids is given in Table 1 and the U–Pb Con-
cordia plots are shown in Fig. 3. The mean ages mentioned below
are all weighted average 206Pb/238U ages.

Seven granitic samples were selected from the eastern JO. Dating
results for the Xucun (826 ± 5 Ma;  Fig. 3A) and Jiuling (820 ± 4 Ma;
Fig. 3D) plutons are consistent with those previously reported
(Table 1). Two granitic samples (CS-31 and DW-33) from granitic
plutons in the northeastern Hunan Province (i.e., the western exten-
sion of the Jiuling Pluton in the Jiangxi Province) give mean U–Pb
ages at 837 ± 6 Ma  (Fig. 3E) and 805 ± 4 Ma  (Fig. 3F) respectively
(Table 1). One sample (07XK-07) from a tuff layer (ca 100 m thick)
in the Xikou Group gives an age of 828 ± 4 Ma  (Fig. 3B), constrain-
ing the depositional age of the Xikou Group sequences. A gneissic
granite sample (07GYQ-2) collected from the Guanyinqiao granit-
oids, Lushan area, yields a mean age of 820 ± 5 Ma  (Fig. 3C). One
dacite sample (YY-16-1), collected from the Yiyang area, northern
Hunan Province, gives a mean age of 797 ± 4 Ma  (Fig. 3G), basically
consistent with the result (814 ± 12 Ma)  of Wang and Li (2003) and,
representing the upper age limit for the Lengjiaxi Group. One schist
sample (07WQ-21) from the Xingzi Group gives a strong concen-
tration of ages for 42 analyses (mean age of 816 ± 4 Ma;  Fig. 3H),
indicating that its protolith may  be a felsic igneous rock (probably
tuff).

Six granitic samples were collected from the northern Guangxi
area in the western JO. The dating results are: Dongma Pluton
(837 ± 7 Ma;  Fig. 3I), Longyou Pluton (832 ± 5 Ma;  Fig. 3J), Meng-
dong Pluton (833 ± 5 Ma;  Fig. 3K), Pingying Pluton (835 ± 5 Ma;
Fig. 3L), Yuanbaoshan Pluton (838 ± 5 Ma;  Fig. 3M)  and Dazhai Plu-
ton (834 ± 8 Ma;  Fig. 3N). These new ages are consistent with the
dating results from other plutons in this area (e.g., Wang et al.,
2006).

Detrital zircons from 20 metasedimentary samples were dated
in this study, including 18 samples from the eastern JO, and two
samples from the western JO. The youngest age populations from
individual samples define maximum depositional ages ranging
from 849 ± 9 Ma  to 816 ± 12 Ma (Fig. 4). One sample (07GZS-09-1)
from the Lushan area (Xingzi Group) has a maximum depositional
age of 768 ± 6 Ma  (Fig. 4K), which is consistent with the age of the
cover sequences (Wang et al., 2008). Most of the studied detri-
tal zircons have concordant U–Th–Pb isotopes and do not have
overgrowths in CL images (Fig. DR1), precluding the influence of
Phanerozoic tectonothermal events on their U–Th–Pb systems.
Early Neoproterozoic (950–820 Ma)  detrital zircons dominate the
samples from the eastern JO (Fig. 5A–E). Older (>1.0 Ga) detrital
zircons are very rare in the eastern JO (Fig. 5A–C), tend to be more
abundant in the transition zone (Fig. 5D–E; Lengjiaxi and Zhoutan

Groups), and finally dominate in the western JO (Fig. 5F–G). Age
peaks at 1.9–1.5 Ga and 2.6–2.4 Ga tend to become larger from east
to west along the JO. One discordant analysis (GZS09#15) of a detri-
tal zircon from the eastern JO gives the oldest 207Pb/206Pb age of
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Fig. 3. U–Pb Concordia plots for magmatic zircons from Neoproterozoic granitoids of the Jiangnan orogen.
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420 ± 26 Ma;  the oldest concordant analysis (SQS06#18, eastern
O) gives a 207Pb/206Pb age of 3185 ± 44 Ma  (Table DR-2).

.2. Hf isotope results

Magmatic zircons from Neoproterozoic granitoids of the east-
rn JO show positive εHf(t), except for one analysis (XC4-2#16,
Hf(t) = −22.3) from the Xucun Pluton (Table DR-3). Most impor-
antly, εHf(t) values increase gradually from west to east in the JO
Table 1). Magmatic zircons from the easternmost part of the JO
how significant variations in εHf(t), with peaks spanning from +4 to
8 (Fig. 6A, B and D). In contrast, magmatic zircons close to the tran-
ition zone (i.e., the Jiuling Pluton and its western extension) have

 restricted range of εHf(t), with peaks from +2.5 to +4.0 (Fig. 6C, E
nd F). Zircons from the Yiyang dacites in the transition zone also

ave a narrow distribution of εHf(t), with the main peak between
2.0 and 0 (Fig. 6G).

In contrast, magmatic zircons from the western JO generally
ave neutral to weakly negative εHf(t) varying within 6 epsilon
inued ).

units (Fig. 6H–M). A few zircons have moderately positive εHf(t).
Zircons from the Dongma Pluton have εHf(t) concentrated around
−2.0 to +1.0 (Fig. 6H), while magmatic zircons from the other five
plutons yield εHf(t) ranging from −4.0 to 0 (Fig. 6I–M). The differ-
ence suggests that more juvenile crust has been incorporated into
the magma  source of the Dongma Pluton.

Neoproterozoic detrital zircons from the JO show a much larger
range of εHf(t), from −27 up to the evolution curve for the depleted
mantle (Table DR-4 and Fig. 7A and B). Similar large variations
occur in the age ranges 1.75–1.50 Ga and 2.6–2.4 Ga (Fig. 7A and
B), suggesting that the growth of juvenile crust was  accompanied
by significant crustal reworking and mixing. Detrital zircons with
ages of 1.5–1.0 Ga have moderately negative to moderately positive
εHf(t), implying the reworking of relatively young juvenile crust.
Similar “neutral” εHf(t) is seen in the 2.4–2.0 Ga detrital zircons

(Fig. 7A and B). Detrital zircons from the eastern JO have crustal
Hf model age (TDM2) peaks at 1.6–1.0 Ga and 3.2–2.8 Ga (Fig. 8A),
while those from the western JO show peaks between 3.0 and 2.0 Ga
(Fig. 8B).
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.3. Whole-rock Nd isotopes
The whole-rock Nd isotopes of granitoids (Table 1) and metased-
mentary basement rocks also reveal consistent variations from
ast to west across the JO. Twenty-four metasedimentary rocks
he basement sequences of the Jiangnan orogen.

from basement sequences of the eastern JO have εNd(t) varying from

+2.0 to −5.0 (Table DR-5), while samples from the transition zone
range from −2.8 to −7.6, and those from the western JO range from
−4.5 to −7.3. This systematic variation from east to west suggests
that more juvenile crust was  available for erosion in the eastern



162 X.-L. Wang et al. / Precambrian Research 242 (2014) 154– 171

Fig. 4. ( Continued ).
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O, while old recycled material played a more important role in the
estern JO.

. Discussion

.1. Variation in Hf–Nd isotopes

Integration of our new LA-ICP-MS age data with published dat-
ng results suggest a duration of about 40 Ma  (ca 835–795 Ma)
or the orogeny-related granitoids in the JO, with a dominant age
eak at ca 820 Ma  (Table 1). The felsic tuff layer (828 ± 4 Ma)  from
outhern Anhui Province implies that some felsic eruptive rocks
ere associated with the granitic magmatism. Interestingly, felsic

gneous rocks in the eastern JO generally have neutral whole-rock
Nd(t) (−3.0 to 0) and positive εHf(t) in zircons (mean of +2.5 to
3.5), whereas granitoids in the western segment show moder-
tely negative εNd(t) (−6.2 to −3.0) and εHf(t) in zircons (mean
alues from −5.0 to −1.0) (Fig. 9; Tables 1 and DR-2). The con-

rasting but roughly coupled Nd–Hf isotope variation for felsic rocks
long the JO defines an overall difference in the geochemical com-
osition of the unexposed crust between the eastern and western
egments of the JO. However, the Yiyang dacites in northern Hunan
earch 242 (2014) 154– 171 163

Province give εNd(t) and εHf(t) intermediate between the rocks in
the two segments (Fig. 9), suggesting that this area may  represent
an transition zone in the JO.

The contrasting geochemical features along the JO are also
recorded by the sedimentary basement sequences. As seen in
Fig. 10, the distributions of whole-rock Nd isotopic compositions for
the basement sequences (Table DR-5) coincide with those of the ca
820 Ma  granitoids, showing variations from east to west along the
JO. These peraluminous rocks are mainly cordierite-bearing gran-
itoids (CPG-type; Barbarin, 1996) and are probably derived from
the partial melting of psammitic and pelitic sediments at middle to
lower crustal levels (e.g., Chappell et al., 2000; Li et al., 2003; Wang
et al., 2006). The basement sequences represent supracrustal sedi-
ments mostly derived from the upper crust in the area. The overall
similarity in whole-rock Nd isotopes between the granitoids and
the basement sequences suggests that the isotopic features of the
middle to lower crust and the upper crust were similar. The positive
εHf(t) values for magmatic zircons from Neoproterozoic granitoids
in the eastern JO indicate that the lower and upper crust in the east-
ern JO are composed mainly of juvenile material, while recycled
older materials (psammitic and pelitic sediments) dominate the
crustal compositions in the western JO (Wang et al., 2013b).

It should be noted that the isotopic variations between the
eastern and western JO are gradual, without obviously sharp
boundaries. There is an obvious steadily decreasing tendency in
zircon εHf(t) and whole-rock εNd(t) from east to west (Table 1 and
Fig. 10). This means that the juvenile crustal materials were mainly
generated in the eastern JO, and they have provided progressively
less material for the basement sequences and the sources for the
Neoproterozoic granitoids from east to west in the JO.

5.2. Maximum depositional ages of the metasedimentary
basement sequences

Samples of the metasedimentary basement sequences used in
this study cover the whole JO (as seen in Fig. 1B). Previous studies
have shown that some of the basement sequences in the JO have
maximum depositional ages at ca 860 Ma  (Wang et al., 2007a; Zhou
et al., 2009; Zhao et al., 2011) and some at 835–820 Ma  (Gao et al.,
2008; Wang et al., 2012a, 2012c), but these studies focused on spe-
cific areas of the JO. New LA-ICP-MS U–Pb data on zircons from
two samples (06FJS-18 and 06FJS-19) confirm that the maximum
depositional ages of some metasedimentary rocks in northeastern
Guizhou Province (i.e., the Fanjingshan Group) may be as young as
ca 825 Ma (Fig. 4O and P), as found by Wang et al. (2010b).

It should be noted that the basement sequences were deposited
within an extended period, rather than simultaneously. For exam-
ple, if we accept ca 820 Ma  as the unified maximum depositional
age for all of the sequences of the Fanjingshan Group, it would
conflict with the field observations, and the ages of interlayered vol-
canic rocks (831–814 Ma;  Zhou et al., 2009) and intrusive granites
(827.5 ± 7.4 Ma;  Zhao et al., 2011). Therefore, the deposition of the
Fanjingshan Group should extend through the period 860–825 Ma.
Similarly, some rocks from the Shuangqiaoshan Group and the
Xikou Group give maximum depositional ages indistinguishable
from the ages of the intrusive granitoids in the eastern JO. In
order to check whether this phenomenon is prevalent in the
Shuangqiaoshan Group, one sample (10WN-3-1) from the wall
rocks of the 830–820 Ma  granitoids in southern Anhui Province was
dated for detrital zircons and gave a maximum depositional age
of 849 ± 9 Ma  (Fig. 4I), which is similar to the results previously

obtained for detrital zircons (ca 870–860 Ma;  Zhao et al., 2011)
and tuffs (831 ± 5 to 824 ± 5 Ma;  Gao et al., 2008, 2012) from this
group. Therefore, the Shuangqiaoshan and Xikou groups also were
deposited within the period from 860–825 Ma.
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Fig. 6. εHf(t) distributions of magmatic zircons from

Although we did not provide age data for detrital zircons from
he Sibao Group and the Lengjiaxi Group of the western JO in
his study, their maximum depositional ages (870–860 Ma;  Wang
t al., 2007a; Zhao et al., 2011) as constrained by detrital zircons

nd the ages of interlayered tuffs (842 ± 6 to 822 ± 10 Ma;  Gao
t al., 2010, 2011) and intrusive granitoids (peak age ca 820 Ma)
uggest that these sequences also were deposited in the period
60–825 Ma.
Neoproterozoic granitoids in the Jiangnan orogen.

The beginning of sedimentation at ca 860 Ma  is reasonable
for these metasedimentary basement sequences because they are
intruded by 835–800 Ma  granitoids and this age is consistent with
the possible continental arc magmatism along the eastern JO (Wang

et al., 2013c). The depositional period 860–825 Ma  is consistent
with the ages of the interlayered tuffs and the intrusive granit-
oids mentioned above and the field evidence that they are overlain
by ca 800 Ma-old dacites in northern Hunan Province. Therefore,
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Fig. 7. εHf(t) versus U–Pb ages of detrital zircons from the underlying sequences of the Jiangnan orogen (JO). The areas for Neoproterozoic detrital zircons are enlarged and
shown to the left. (A) and (C), eastern JO; (B) and (D), western JO. LJX Gr. – Lengjiaxi Group; FJS Gr. – Fanjingshan Group, SQS Gr. – Shuangqiaoshan Group.
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ig. 8. Crustal Hf model ages (TDM2) versus U–Pb ages of detrital zircons from the un
o  the left. The relative probabilities are shown together.

onsidering the geological correlations and abundant new and pub-
ished dating results for detrital zircons of the basement sequences
nd the magmatic zircons from the interlayered volcanic rocks and
he intrusive granitoids, we conclude that the metasedimentary
asement sequences in the JO have been deposited within the time
pan 860–825 Ma.

The determination of maximum depositional ages for the base-
ent sequences is critical to understanding the Neoproterozoic

ectonic evolution of the JO. If the deformation of the 860–825 Ma
edimentary basement sequences indeed resulted from the colli-
ion between the Yangtze and Cathaysia blocks along the JO, as

idely accepted by geologists working in South China (e.g., Wang

t al., 2007a and references therein), the maximum depositional
ges of the underlying sequences must constrain the timing of the
nal amalgamation to later than ca 825 Ma.
ng sequences. The areas for Neoproterozoic detrital zircons are enlarged and shown

5.3. Provenance of the metasedimentary basement sequences

The key to understanding the different crustal evolution
between the eastern and western JO is a resolution of the
provenance differences between the metasedimentary base-
ment sequences. Since the subduction-related magmatism in
the eastern JO took place at 970–860 Ma  (Li et al., 2009;
Wang et al., 2013c), the Early Neoproterozoic detrital zircons
of both segments may  have been derived from the exhuma-
tion and erosion of subduction-related rocks. The 870–820 Ma
detrital zircons may  also have been sourced dominantly from

the arc terrane to the east, since many diorite–granite intru-
sions have been found along the Jiangshao Fault between
the Yangtze and Cathaysia blocks (Fig. 1B; our unpublished
data).
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Fig. 9. Variations of εHf(t) in magmatic zircons and whole-rock εNd(t) versus longi-
tude of sample location for Neoproterozoic felsic igneous rocks along the Jiangnan
orogen (JO). The Hf–Nd isotope differences between the western and eastern seg-
ments of the JO are significant.

Fig. 10. Whole-rock εNd(t) values for granitoids and underlying sequences from
western and eastern segments of the Jiangnan orogen (JO). The distributions of gran-
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Fig. 11. Distribution of detrital zircons from the underlying sequences of the Jiang-
nan orogen (JO). Fig. 11A shows the variation of patterns from the eastern JO (1),
via transition zone (2) to the western JO (3). The steady increase in the proportion
of  1.7–1.5 Ga detrital zircons is evident. Fig. 11B shows the distribution of detrital
zircons from the Yangtze and Cathaysia blocks. The Cathaysia Block is characterized
toids are consistent with those of the underlying sequences, although the values
or the underlying sequences in the two segments are partly overlapping.

Most of the Neoproterozoic detrital zircons in the eastern JO
how positive εHf(t) (Fig. 7C and Table DR-3), with TDM2 peaks at
.6–1.0 Ga (Fig. 8F), consistent with the values of magmatic zircons

n the Shuangxiwu arc terrane (e.g., Li et al., 2009). Neoprotero-
oic detrital zircons with negative εHf(t) in the eastern JO have
DM2 mostly within the range of 3.2–1.8 Ga (Fig. 8E). These zircons
ay  have been derived from the Yangtze Block, since the Neopro-

erozoic zircons in the central Yangtze Block mostly have negative
Hf(t) with TDM2 of 3.0–2.0 Ga (Liu et al., 2008). The Cathaysia Block
ould not have been the source of the metasedimentary basement
equences in the eastern JO for two main reasons: (1) the arc-
ontinent collisional belt between the basement sequences and
he Cathaysia Block would have prevented the spread of detritus
rom the Cathaysia Block; and (2) the prominent 1.8 Ga age peak
n the northern Cathaysia Block (i.e., the Wuyishan area) (Yu et al.,
010) is absent in the zircon populations from the sedimentary
asement sequences of the eastern JO (Fig. 5A–E). In addition, the
rustal growth event at 1.75–1.50 Ga seen in Fig. 7A is completely
bsent in the northern Cathaysia Block. Therefore, the basement
equences in the eastern JO probably were derived mainly from
he juvenile subduction-related rocks to the east, with a few from
he central part of the Yangtze Block.

In contrast to the eastern JO, over half of the Neoproterozoic

etrital zircons from the basement sequences in the western JO
how negative εHf(t) (Fig. 7D), with TDM2 ranging from 3.2 to 1.8 Ga
Fig. 8G). There are no TDM2 peaks within the span 1.6–1.0 Ga, but
by  ca 1.0 Ga and 1.7 Ga peaks and the abundance of Grenville-aged (1.40–0.95 Ga)
zircons.

there is a small peak at ca 2.0 Ga (Fig. 8H), which is consistent
with the TDM2 values of magmatic zircons in the Eshan Pluton in
central Yunnan Province in the central part of the Yangtze Block
(Zheng et al., 2007) and the Neoproterozoic granitic plutons in
northern Guangxi Province (western JO; Zheng et al., 2007; and
this work). The Neoproterozoic detrital zircons with positive εHf(t)
in the western JO probably have the same sources as those in the
eastern JO, with close affinities to the subduction-related rocks in
the Shuangxiwu area. From east to west along the JO, two age peaks
for detrital zircons at 2.6–2.4 Ga and 1.9–1.4 Ga tend to increase
in importance (Fig. 11A). The 2.6–2.4 Ga age peak is also found
in the central Yangtze Block and southern Cathaysia Block (i.e.,
the Nanling-Yunkai area) (Fig. 11B and C), while the 1.9–1.4 Ga
age peak is evident along the southwestern margin of the Yangtze
Block and northern Cathaysia Block (Fig. 11B and C). If the cen-
tral Yangtze Block provided significant material to the sedimentary
basement sequences in the western JO, the 2.0 Ga peak should be
stronger than the 1.9–1.4 Ga peak, which is absent in the western
JO (Fig. 11A).

Therefore, the >1.0 Ga detrital zircons may  have been derived
from the southwestern margin of the Yangtze Block and the south-
ern part of the Cathaysia Block or adjacent areas. Moreover, the
proportion of 1.4–0.95 Ga detrital zircons increases markedly in
the western JO (Fig. 11A and Table 2), consistent with zircon U–Pb
age patterns on the southwestern margin of the Yangtze Block and
southern Cathaysia Block (Fig. 11A–C). Neoproterozoic detrital zir-
cons form a significant peak (68–92%) in sequences from the eastern
JO (Table 2), implying that they are very close to the Shuangxiwu
arc terrane. However, the proportion of Neoproterozoic zircons in

the basement sequences decreases gradually toward the west. In
the transition zone, it is close to the proportion in the eastern
JO (53–70%; Table 2), but at the western end of the JO, it makes
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Table 2
Proportions of different age populations for detrital zircons from basement sequences in the Jiangnan orogen.

Basement sequences Distribution area <0.95 Ga 0.95–1.40 Ga 1.40–1.70 Ga 1.70–1.90 Ga 1.90–2.35 Ga 2.35–2.65 Ga >2.65 Ga

Xikou Group Southern Anhui and northern
Jiangxi Provinces

67.93% 6.52% 3.26% 5.43% 5.43% 10.87% 0.54%

Xingzi  Group Northwestern Jiangxi Province 92.73% 0.91% 0 1.82% 0 3.64% 0.91%
Shuangqiaoshan Group Northern Jiangxi Province 80.88% 4.41% 2.21% 1.47% 5.88% 3.68% 1.47%
Lengjiaxi Group Northeastern Hunan Province 70.13% 6.48% 5.19% 10.39% 4.55% 3.25% 0

0% 12.00% 9.60% 5.60% 4.00% 2.40%
9% 17.86% 20.09% 15.63% 5.36% 0
7% 13.33% 19.44% 5.00% 17.78% 1.67%
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Fig. 12. A simplified cartoon model for the Neoproterozoic tectonic evolution of
the  JO. (A) Early Neoproterozoic (ca 970–860 Ma)  oceanic arcs are developed along
the southeastern margin of the Yangtze Block due to the northwestward subduc-
tion of oceanic crust, the earliest sedimentary rocks in the basement sequences
were formed in the back-arc setting. (B) The collision between the oceanic arcs and
the  Yangtze Block took place at ca 860 Ma,  resulting in the transition from back-arc
basins to retro-arc foreland basins between the arcs and Yangtze Block. Continental-
arc magmatism occurred at ca 860–825 Ma,  and at the same time the basement
sequences of the JO received rapid sedimentation. The uplift and exhumation of the
arc-continent collisional belt provided huge volumes of sedimentary detritus for the
retro-arc foreland basins in the eastern segment of the JO; the amount of juvenile
detritus from the exhumed arc-continental belt decreases to the west, but the sed-
Zhoutan  Group Central Jiangxi Province 52.80% 13.6
Fanjingshan Group Northeastern Guizhou Province 33.48% 7.5
Sibao  Group Northern Guangxi Province 30.00% 12.7

p only 34% of the total detrital zircons (Table 2). Moreover, the
elative abundance of 1.9–1.0 Ga zircons increases significantly in
he western JO, making up as much as 45% of all detrital zircons
Table 2). Therefore, the basement sequences in the western JO

ust have been derived mainly from a region that has crustal com-
ositions similar to the southwestern margin of the Yangtze Block
nd the southern Cathaysia Block. The Shuangxiwu subduction-
elated rocks to the east and the central Yangtze Block to the north
ay  also have provided some detritus. If the Cathaysia Block had

 close relationship with the eastern India–East Antarctic domain
f eastern Gondwana during the existence of the supercontinent
odinia (Yu et al., 2010), they could also be possible sources for the
asement sequences of the western JO.

.4. Tectonic settings: from back-arc basin to foreland basin

Provenance analyses can give important constraints for the tec-
onic settings of the sedimentary basement sequences in the JO.
he basement sequences, as well as the two ophiolite suites, are
ust located between the Yangtze Block and the Neoproterozoic arc
erranes (e.g., the Shuangxiwu terrane; Fig. 1B) along the suture
one between the Yangtze and Cathaysia blocks (Fig. 1B). Very
ew interlayered volcanic rocks have been found, despite the ca
0 km thickness of the basement sequences (Fig. 2; Zhou, 2003),
recluding an active margin setting. In particular, the occurrence
f coeval (ca 830 Ma)  ophiolites in southern Anhui Province (i.e.,
he South Anhui ophiolite suite; Zhang SB et al., 2012; Zhang et al.,
013b) indicates a back-arc basin setting. In addition, the mafic
olcanic rocks within the basement sequences show MORB-like
EE (rare earth element) patterns or arc-like geochemical fea-
ures (e.g., Wang et al., 2004, 2006; Zhou et al., 2009; Zhang et al.,
012c), and some of them are pillow lavas (Wang et al., 2004,
007b; Zhou et al., 2009), indicating an submarine environment

n a subduction-related setting. Therefore, it has been generally
ccepted that back-arc basins may  have existed between the arc
erranes and the Yangtze Block during the early Neoproterozoic
Fig. 12A) due to northwestward subduction of oceanic crust. How-
ver, the grain size of the sediments tends to be coarse in the
pper part of the basement sequences (Wang et al., 2007a) and
elsic volcanism (e.g., the 830 Ma  tuffs of this work) tends to be

ore active in the eastern JO. Moreover, the Luojiamen Forma-
ion in northern Zhejiang Province is contemporaneous with the
asement sequences and shows a foreland-basin sedimentation
etting (Wang et al., 2013c). Therefore, we propose that the sed-
mentary basement sequences in the JO were originally formed in

 back-arc basin setting, which developed into retro-arc foreland
asin settings during the later stages of their evolution (Fig. 12B).

n the eastern JO, the basement sequences received great amounts
f juvenile detritus from the uplifted arc-continent collisional belt
o the east and little older detritus from the interior of the Yangtze

lock. In the western JO, the basement sequences received volu-
inous detritus from the southern part of the Yangtze Block and

djacent areas and little from the juvenile terranes and the central
angtze Block, suggesting that they were far from the arc-continent

iments from the Cathaysia Block and its adjacent continents (India and Antarctic?)
tend to be more abundant. During the period, a divergent double subduction may
have existed. (C) The retro-arc foreland basins finally closed due to the amalgam-
ation of the Yangtze and Cathaysia blocks, leading to folding of the strata in the
basins; the granitoids intruded into the sedimentary sequences at ca 825–805 Ma.
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ig. 13. εHf(t) versus U–Pb ages of all detrital zircons from the underlying sequence
engjiaxi Group; FJS Gr. – Fanjingshan Group, SQS Gr. – Shuangqiaoshan Group.

ollision belt, and that the juvenile subduction-related materials
ere produced dominantly in the eastern JO but were rare in the
estern JO (Fig. 12B). The uplift of juvenile arc terranes in the

astern JO and the sedimentation in the foreland basins of the JO
s consistent with the collision process between the Yangtze and
athaysia blocks.

It is noted that no Neoproterozoic medium- to high-grade
egional metamorphism has been found in the JO thus far, which
akes extracting the Neoproterozoic assembly model very chal-

enging. However, the presence of ophiolites and arc volcanic
ocks, the regional unconformity between the basement and cover
equences in the Neoproterozoic, and the transition from orogeny-
elated to within-plate setting at ca 805 Ma  (Wang et al., 2012d)
equire the amalgamation of the Yangtze and Cathaysia blocks
n early to middle Neoproterozoic time. Probably, the absence of
egional metamorphism is because most of the rocks in the JO were
ormed in a retro-arc foreland basin where medium- to high-grade
egional metamorphism rarely occurs. The regional metamorphism
ay  occur to the east of the metasedimentary basement sequences

r in the older rocks beneath the basement sequences. More studies
n this issue are necessary in the future.

At the final stage of the orogenesis, the retro-arc foreland basins
losed and the sedimentary basement sequences were folded, fol-
owed by the emplacement of the widespread Neoproterozoic (ca
20 Ma)  granitoids along the JO (Fig. 12C). Therefore, the Neopro-
erozoic strongly peraluminous granitoids in the JO formed in the
ate stages of the orogenesis along the southeastern margin of the
angtze Block, as suggested by Wang et al. (2006) and Wu  et al.
2006).

.5. Implications for crustal growth

The growth of juvenile crust means extraction of new crust from
he depleted mantle. Therefore, zircons crystallized from juvenile

agmas will show depleted mantle-like Hf isotopic compositions,
ith εHf(t) approaching or exceeding the values expected for con-

emporaneous depleted mantle. The rapid reworking of juvenile
rust can also produce magmatic zircons with positive εHf(t). It

s possible that some zircons from the contaminated mafic mag-

as  that were originally generated from the depleted mantle may
lso have decreased the Hf isotopic ratios and produced lower
epleted εHf(t). However, these zircons are very rare and difficult to
dashed lines indicate the distribution of the main body of all the analyses. LJX Gr. –

evaluate. Therefore, only the major zircon populations with εHf(t)
approaching or slightly exceeding the evolution line of depleted
mantle in the εHf(t)-age diagram (Fig. 13) can be used to constrain
the timing of juvenile crustal growth. In the εHf(t)-age diagram for
detrital zircons from the sedimentary basement sequences in the
JO (Fig. 13), three significant periods of crustal growth can be iden-
tified: 2.60–2.45 Ga, 1.75–1.40 Ga and 1.0–0.8 Ga. The formation
of juvenile crust is commonly accompanied by the upwelling of
depleted mantle in subduction and mantle-plume regimes, which
in turn will lead to the widespread partial melting of any overlying
crust. Therefore, it is reasonable to see dramatic crustal rework-
ing accompanying the three main growth events (Fig. 13). Crustal
reworking may  be continuous throughout Earth’s history since the
formation of the earliest continental crust (Belousova et al., 2010;
Kemp et al., 2010). However, significant crustal reworking may
have also been episodic like crustal growth. As indicated in Fig. 13,
reworking of Paleo- to Eoarchean crust took place at 2.60–2.45 Ga,
2.0–1.6 Ga and 1.0–0.8 Ga, with a tangent yielding TDM2 at ca 3.8 Ga.
This implies that the earliest crust in South China may  have mainly
been formed at ca 3.8 Ga ago. One zircon (SQS7#09 with a con-
cordant U–Pb age at 2029 ± 19 Ma)  from the eastern JO gives a ca
4.1 Ga crustal model age (Table DR-4 and Fig. 13), suggesting the
reworking of Hadean crust.

The episodic crustal growth revealed in the JO has a rhythm:
major crustal growth events occurred every 800–700 Myr  and each
of them could last for about 350–200 Myr. If this rhythm is correct,
present-day South China should be experiencing a major crustal
growth stage. Between the main crustal growth events, the rework-
ing of old crust is not significant, and crustal materials involved
in the reworking are mainly the juvenile crust formed in previous
crustal growth event, as seen the periods 1.5–1.0 Ga and 2.4–1.9 Ga
in Fig. 13. This probably indicates that the reworking during the
“quiescent” periods between major crustal growth events mainly
took place in the areas (e.g., the subduction-collisional belts) where
previous crustal growth occurred (e.g., the subduction-collisional
belts).

Interestingly, the two  main crustal growth events seen in this
study (2.60–2.45 Ga and 1.0–0.8 Ga) are about 200 Myr  younger

than the episodic continental growth events (2.8–2.6 Ga and
1.2–1.0 Ga) recognized by Condie and Aster (2010). A possible inter-
pretation is that South China did not play an important role in the
construction of the supercontinents at 2.8–2.6 Ga and 1.2–1.0 Ga;
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t may  have been located at their margins. In addition, it should be
oted that the crustal reworking and growth during Paleoprotero-
oic time are not well coupled. The 2.0–1.6 Ga reworking period
s a bit older than the 1.75–1.40 Ga growth event, although partly
verlapping. Is this a regional or global phenomenon? Further stud-
es are needed on this decoupling and its relationships with the
ssembly and breakup of the supercontinent Columbia.

. Conclusions

There is no sharp geochemical discontinuity in the crust
etween the eastern and western segments of the Jiangnan orogen
JO). Instead, there is a gradual decrease in whole-rock Nd-isotope
atios of the metasedimentary basement rocks and granitoids,
nd the Hf-isotope ratios of magmatic zircons from the granit-
ids, from east to west across the JO. This systematic variation
esulted from the gradual change in the provenance of the base-
ent sequences and the sources of the granitoid melts along the

elt. All of the basement sequences in the JO formed within the
ime span 860–825 Ma,  in a tectonic setting that developed from
ack-arc basin to retro-arc foreland basin. The basement sedi-
ents in the eastern JO were mainly derived from the Shuangxiwu

ubduction-related rocks to the east, with some material from the
entral Yangtze Block to the west. In contrast, the basement sedi-
ents in the western JO received detritus mainly from the southern

art of the Yangtze Block, and/or the Nanling-Yunkai area of the
athaysia Block or adjacent areas, with little from the Shuangxiwu
ubduction-related rocks to the east. Episodic crustal growth is
evealed by the Hf isotopes of detrital zircons at 2.60–2.45 Ga,
.75–1.40 Ga and 1.0–0.8 Ga. Significant crustal reworking is also
pisodic, with three main periods: 2.60–2.45 Ga, 2.0–1.6 Ga and
.0–0.8 Ga. The early crust in South China may  have been formed
ainly by ca 3.8 Ga, with some Hadean contributions (ca 4.1 Ga).
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