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Abstract Neoproterozoic magmatic rocks and detrital zircons with low-8'%0 values were frequently
identified in the Yangtze Block, Madagascar, and India. Here we first report Neoproterozoic low-8%0
zircons from the central part of the Cathaysia Block in South China. These zircons include detrital grains
from the Early Paleozoic metamorphic rocks, inherited domains from the Early Paleozoic granitic rocks, and
igneous ones from the Neoproterozoic volcanic rocks. In combination with the available data for
Neoproterozoic **0-depleted magma and zircons worldwide, we conclude that, globally, 180-depleted
magmatic activities generally began after 800 Ma and reached the peak at 780-760 Ma, corresponding to the
rifting of Rodinia supercontinent. The occurrence of low-8'0 magmatism after approximately 730 Ma in the
northern Yangtze Block possibly indicates extended rifting that was associated with Neoproterozoic
glaciations. The similarity in low-3'%0 magmatism between northwest India, Madagascar, and South China
suggests close connections in the Rodinia supercontinent during the middle Neoproterozoic.

Plain Language Summary Low-8"®0 magma has received great attention and it has profound
implications on geological and climate evolution. Neoproterozoic era is a unique period to breed low-8"*0
magmas and snowball Earth. This manuscript first report Neoproterozoic moderately 180-depleted
zircons from the central part of the Cathaysia Block in South China, and it builds a four end-member Hf-O
isotopic mixing model to explain the global low-5'®0 magmas at Neoproterozoic era. Our compilation of
low-8'20 zircon data and our new data confirms that globally Neoproterozoic 180-depleted magmatic
activities generally began after 800 Ma and reached a peak at 780-760 Ma. This provides new information on
the rifting of Rodinia supercontinent and suggests close connections between northwest India, Madagascar,
and South China in the Rodinia supercontinent. This manuscript deals with the hot-debated topics on
oxygen isotopes and supercontinent cycle. We believe that this manuscript will attract international readers
from a wide scope of geosciences.

1. Introduction

Zircon is a ubiquitous and refractory mineral and serves as a perfect tool for geochronology and source
tracing in the geosciences. Combined with precise U-Pb dating, in situ Hf-O isotopic analysis in zircon has
been widely used to explore granite petrogenesis and related crustal evolution (e.g., Hawkesworth &
Kemp, 2006; Kemp et al., 2006, 2007; X. L. Wang et al., 2013). Relative to hafnium isotopes, oxygen isotopes
can reach homogenization more easily in magma due to high concentration, low mass number, and thus high
diffusion rate. However, once formed in magma, zircon crystal is robust when the surrounding condition is
free of significant fluid activity and can generally preserve its primary oxygen isotopes (commonly expressed
as 6180) even at high-grade metamorphism (Bindeman & Valley, 2002; Valley, 2003). Magmatic zircon
crystallized in crustally derived magmas commonly shows 5'%0 values varying from mantle value of
5.3 +£0.6%o (2 standard deviation; Valley et al., 2005) to 14-16%. with increasing incorporation of supracrustal
material (Bindeman & Valley, 2002; Valley, 2003; Valley et al., 2005), or even up to 28%. (Cavosie et al., 2017).
In contrast, magmatic zircon grains with 8'30 lower than the mantle value are rare and are mostly attributed
to high-temperature water-rock interaction. Generally, an extensional environment, such as a hot spot
and/or rift, is proposed as an ideal setting to facilitate high-temperature water-rock interaction and to pro-
duce low-8'%0 magmas (e.g., Bindeman, 2008; Eiler, 2001; Garcia et al., 1998; Harris & Ashwal, 2002;
Tucker et al., 2001; X. C. Wang et al., 2011; Watts et al., 2010; C. Yang et al., 2015; Zhang & Zheng, 2011).
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Low-3"%0 igneous rocks were sporadically reported, such as the Pleistocene high-temperature rhyolites at
Yellowstone (Bindeman, 2008; Watts et al., 2010), Paleocene granites in western Scotland (Monani &
Valley, 2001), and Mesozoic A-type granites in eastern China (Wei et al., 2008).

A globally extensional event is commonly related to supercontinent breakup and is expected to be associated
with large-scale low-6'%0 magmatism (Zhang & Zheng, 2011). Therefore, it is necessary to study rocks
and/or zircons closely related to the breakup of supercontinents when assessing the formation of
low-3'%0 magmatism. According to available geochronological and geochemical data, rifting of the super-
continent Rodinia during the middle Neoproterozoic is widespread (e.g., Cawood et al., 2012, 2016; Li
et al., 2002; Wen et al., 2017; Zhang et al., 2008) and was followed by the Neoproterozoic snowball Earth
event (e.g., Bowring et al., 2007; Hoffman & Li, 2009; Hoffman & Schrag, 2002; Lan et al., 2014; Z. X. Li
et al., 2013; Macdonald et al., 2010; Rooney et al., 2014), which may further have facilitated large-scale,
high-temperature water-rock interaction. Late Neoproterozoic low-5'20 rocks and/or zircons were indeed
reported around the periphery of the Yangtze Block, including Neoproterozoic zircon cores in the Triassic
ultrahigh-pressure metamorphic rocks in the Dabie-Sulu orogenic belt (e.g., Chen et al., 2011; Fu et al,,
2013; He et al., 2016), Neoproterozoic magmatic rocks in the Dabie-Sulu orogen (e.g., Fu et al., 2013; Li &
Zhao, 2016; Liu et al., 2013; Liu & Zhang, 2013), Neoproterozoic detrital zircons from sedimentary rocks
on the northern margin of the Yangtze Block (e.g., Lan et al., 2015; Y. N. Yang et al., 2016), the
Neoproterozoic Baoxing Complex and the Yanjing Group metarhyolites (Fu et al., 2013) on the western
margin of the Yangtze Block, and the Neoproterozoic detrital zircons in the southwestern segment of the
Neoproterozoic Jiangnan orogen (e.g., X. C. Wang et al., 2011; C. Yang et al., 2015).

After the early- to middle-Neoproterozoic arc-related magmatism and orogenesis, the unified South China
Block was initially welded together along the nearly W-E trending Jiangnan Orogen between the Yangtze
and Cathaysia blocks (Wang, Zhou, et al., 2014). Nevertheless, compared with the Yangtze Block, no
low-5'80 magma or zircon has so far been reported from the Cathaysia Block. Furthermore, the timing of
initiation of the large-scale '®*0O-depleted magmas in the South China Block still remains controversial.
According to the published data, the initiation of '®*0-depleted magmatism was suggested to have occurred
in the southeastern Yangtze at approximately 870 Ma (X. C. Wang et al., 2011; C. Yang et al., 2015). In con-
trast, low-8"%0 magmatic rocks in the northern and northwestern Yangtze were considered not to have been
emplaced until approximately 840 and 800 Ma, respectively (Chen et al., 2011; Fu et al., 2013; He et al., 2016;
Y. N. Yang et al., 2016; Zheng et al., 2007).

In this paper, we carry out a survey on the low-8'%0 zircons in the Cathaysia Block and explore the global
tectonic implications by combing the temporal and spatial distribution of Neoproterozoic *O-depleted
magmas worldwide, especially those from South China, northwest India, and Madagascar (e.g., Archibald
et al., 2016; Chen et al., 2011; Fu et al., 2013; He et al., 2016; X. C. Wang et al., 2011; W. Wang et al., 2017;
C.Yangetal,, 2015; Y. N. Yang et al., 2016; Zhao et al., 2013). This study will shed light on the Rodinia con-
figuration during the middle Neoproterozoic.

2. Geological Background and Sample Description

The South China Block is a major crustal element in East Asia and is composed of the Yangtze Block to the
northwest and the Cathaysia Block to the southeast, which amalgamated along the Neoproterozoic Jiangnan
Orogen (Wang, Zhou, et al., 2014; Figure 1). The Yangtze Block comprises a Paleoarchean to
Paleoproterozoic crystalline basement, which is sporadically exposed on the northern and southwestern
margins of the Yangtze Block and the Kongling continental nucleus in its northern-central part (Chen
et al., 2013; Gao et al,, 2011; Guo et al., 2014; Li et al., 2002; W. Wang et al., 2016; Zhou et al., 2002).
Neoproterozoic igneous and metasedimentary rocks, dominantly with ages of 950-750 Ma, are widely dis-
tributed in the Yangtze Block and are especially preserved around its periphery (e.g., X. L. Wang et al.,,
2006; Zheng et al., 2007; Zhou et al., 2002). Following the 720-635 Ma glacial and interglacial-facies sedi-
mentation (Lan et al., 2014, 2015; Liu et al., 2015; Zhang et al., 2008), the Yangtze Block was in a stable set-
ting with shallow marine sedimentation until the middle Triassic (Gao et al., 2011; Liu et al., 2006; Yan et al.,
2004; Zhang et al., 2006a, 2006b; Zheng & Zhang, 2007). In contrast to the Yangtze Block, the Cathaysia
Block is mainly covered by Phanerozoic metamorphic, sedimentary, and magmatic rocks, with only sporadic
occurrences of Paleoproterozoic basement rocks (Z. X. Li et al., 2010; Li et al., 2011; Yu et al., 2012) and some
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Figure 1. Major tectonic framework of the South China block (compiled from Sun, 2006). The rectangles mark the areas of Figure S1. Superscript ampersand refers to
the results of this study, and superscript number sign refers to literatures (Fu et al., 2013; Chen et al., 2011; Lan et al., 2015; Li & Zhao, 2016; Ling et al., 2008; Liu et al.,
2013; Liu & Zhang, 2013; X. C. Wang et al., 2011; X. L. Wang et al., 2013; M. X. Wang et al., 2016; C. Yang et al., 2015; Y. N. Yang et al., 2016; Zhao et al., 2013).

middle- to late-Neoproterozoic metavolcanic and metasedimentary rocks (X. H. Li et al., 2008; W. X. Li et al.,
2010; Qin et al., 2007; Wan et al., 2007; Y. J. Wang et al., 2013; Yu et al., 2008; A. M. Zhang et al., 2012; Y. Z.
Zhang et al., 2012; Zhou et al., 2015).

Recent studies discovered numerous early to middle Neoproterozoic detrital zircon grains in middle- to late-
Neoproterozoic sedimentary sequences in the Cathaysia Block (e.g., Wan et al., 2010; Yao et al., 2011; Yu
et al., 2010). However, the provenance for these detrital zircons is still uncertain. It is rather possible that
the Yangtze Block has contributed detritus to the Neoproterozoic sediments, and thus, the investigated sam-
ples of this study were collected both from the Cathaysia and Yangtze Blocks. The Cathaysia Block samples
were collected from northern Wuyishan Mountain in the southeastern Jiangxi Province and the northwes-
tern Fujian Province (Figure 1 and Figure S1 and Table S1 in the supporting information), including the
Neoproterozoic volcano-sedimentary rocks and some early Paleozoic anatectic granitic rocks. The anatectic
granitic rocks are derived from partial melting of Neoproterozoic metasedimentary rocks and contained
many inherited Neoproterozoic zircon cores. Zircons from the volcano-sedimentary rocks in northwestern
Fujian Province yielded SHRIMP zircon U-Pb dates of approximately 800-730 Ma (Wan et al., 2007). The
Yangtze Block samples were collected from the 820-750 Ma lower greenschist-facies metasedimentary
sequences in the Neoproterozoic Jiangnan Orogen (Figure 1 and Figure S1 and Table S1 in the supporting
information), equivalent to the Banxi Group as investigated by X. L. Wang et al. (2007) and Wang, Zhou,
et al. (2014).

3. Analytical Methods

Zircon grains were separated using conventional heavy liquid and magnetic techniques, cast in epoxy, and
polished to their midsection. In situ U-Th-Pb isotope and Hf-O isotope analyses were carried out guided by
cathodoluminescence (CL) imaging (Figure S2 in the supporting information) and transmitted and reflected
photographs. Zircon oxygen isotopic analyses and some U-Pb ages were analyzed using the CAMECA 1280-
HR ion microprobe at Guangzhou Institute of Geochemistry, Chinese Academy of Sciences. Oxygen isotope
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ratios are expressed in the standard 5§'®0 notation, signifying deviation of the measured **0/*°0 value from
Vienna standard mean ocean water (180/ 160 = 0.0020052; Baertschi, 1976) in parts per thousand. The other
U-Pb ages and trace element concentrations were obtained using a GeoLas 193-nm laser system attached to
an Agilent 7500a ICP-MS at the State Key Laboratory for Mineral Deposits Research, Nanjing University.
Zircon Lu-Hf isotopic analyses were performed on the same or similar zircon domains using a GeoLas
laser-ablation system attached to a Neptune (Plus) MC-ICP-MS at Nanjing University. The detailed analytical
procedures and results are listed in the supporting information (Farina et al., 2014; Jackson et al., 2004; X. H.
Lietal., 2010, 2013; Slama et al., 2008; S6derlund et al., 2004; Woodhead & Hergt, 2005; W. Yang et al., 2015).

4. Results

In the Cathaysia Block, samples from the anatectic granitic rocks in the southeastern Jiangxi Province were
analyzed for in situ zircon U-Pb dating and Hf-O isotopes of inherited cores that are sharply bounded
against rims and overgrowths. The core domains mostly show oscillatory zoning, high Th/U ratios (>0.4),
and elevated heavy rare earth elements, suggesting a magmatic origin. These inherited cores show an age
spectrum ranging from 2,881 to 685 Ma, with ey(t) values ranging from —25.9 to +13.0 and corresponding
Hf crustal model ages (Tpyr2) from 3.9 to 1.0 Ga. In situ zircon oxygen isotopic analyses are also variable, ran-
ging from 2.07 to 13.7%.. Detrital zircons from metasedimentary rocks in the northwestern Fujian were ana-
lyzed for in situ zircon Hf-O isotopes on the same U-Th-Pb dating spots of Wan et al. (2007). These detrital
zircons show 880 values from 2.77 to 9.58%. and e(t) values from —22.6 to +6.42. Detailed analytical
results are listed in Tables S2-S5 in the supporting information.

Collectively, the zircons (including inherited core domains, detrital and igneous zircon grains) from the
Cathaysia Block show an age spectrum mainly ranging from 950 to approximately 700 Ma, with an age peak
at approximately 760 Ma. Approximately 20% of the analyses yielded pre-1.0 Ga dates, ranging from 2.9 to
1.0 Ga with minor age peaks at approximately 2.4 and 1.8 Ga, respectively. In situ zircon oxygen isotopic
values continuously vary from 2.07 to 13.7%. (Figure 2). Nearly 20% of 181 analyses show 8'%0 values lower
than 4.7%o. Analyses with post-1.0 Ga dates show ey(t) values ranging from —25.9 to +12.7, with negative
values dominating (Figure S3 in the supporting information). Their crustal model ages (Tpn,) generally vary
from 3.3 to 1.0 Ga, with a peak at 2.3 Ga.

Detrital zircons from sedimentary rocks in the southern Yangtze Block were analyzed for in situ zircon U-Pb
ages and oxygen isotopes. They show an age spectrum dominated by 900-750 Ma, with a peak at approxi-
mately 790 Ma. Their in situ oxygen isotopic values continuously vary from 1.57 to 11.3%., and about 22%
of the total 89 analyses show 5'80 values lower than the mantle values (Tables S2-S5 and Figure 2). Since
many Hf-in-zircon isotopic analyses have been provided by X. C. Wang et al. (2011), we did not analyze
Hf isotopes in zircons from the southeastern margin of the Yangtze Block.

5. Origin of Neoproterozoic "*0-Depleted Magma

We note that some of the Neoproterozoic low-5"20 zircons show normal magmatic CL zoning and trace ele-
ment patterns (including U concentrations), and they commonly yielded concordant U-Th-Pb isotopic ana-
lyses. All of these features preclude the effects of radiation damage and late metamorphism on the oxygen
isotopes (e.g., Gao et al., 2014; Wang, Coble, et al., 2014). Thus, the measured 50 values of the
Neoproterozoic zircons most likely represent primary oxygen isotopic compositions during magmatic zircon
crystallization (Bindeman, 2008; Bindeman et al., 2008; Valley et al., 2005), and the occurrence of s180-
depleted zircons definitely points to low-5'*0 magmatism in their sources.

This is the first time that such low-8'%0 Neoproterozoic detrital and igneous zircon grains are reported from
the Cathaysia Block. This finding extends the Neoproterozoic **0O-depleted magmatism in the South China
Block, which was so far only reported from the margins of the Yangtze Block (Chen et al., 2011; Fu et al.,
2013; He et al., 2016; Lan et al., 2015; Liu & Zhang, 2013; X. C. Wang et al., 2011; M. X. Wang et al., 2016;
C. Yang et al., 2015; Y. N. Yang et al., 2016). It is noted that a few analyses of X. C. Wang et al. (2011) also
show >800 Ma zircon ages and low 8'®0 values (Figure 2d). However, no detailed zircon CL images and ana-
lytical condition for each analysis were provided to evaluate the reliability and effects of cracks and micro-
inclusions. Moreover, these low values could not be reproduced in our analyses (Figure 2d). Combined with
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Figure 2. Plots of 880 versus U-Pb dates for (a) all analyses of this study, (b) Neoproterozoic (900-700 Ma) analyses of
this study, (c) globally available 900-700 Ma igneous zircons, and (d) globally available detrital/inherited zircons. NWYB -
Northwestern Yangtze block, SYB - Southern Yangtze block, NYB — Northern Yangtze block, CB - Cathaysia block.
Data are cited from Ling et al. (2008), Chen et al. (2011), X. C. Wang et al. (2011), Fu et al. (2013), Liu et al. (2013), Liu and
Zhang (2013), X. L. Wang et al. (2013), Zhao et al. (2013), Lan et al. (2015), C. Yang et al. (2015), Archibald et al. (2016), Li
and Zhao (2016), M. X. Wang et al. (2016), Y. N. Yang et al. (2016), and W. Wang et al. (2017).

the published data, our new data suggest that the low-5'*0 magmatism recorded in Neoproterozoic zircon
grains from South China mainly occurred after 800 Ma (or more exactly after 780 Ma) and gradually
decreased after 780-760 Ma (Figures 2b and 2c). The Neoproterozoic glaciation events that commonly
occurred after approximately 720 Ma (during approximately 720-650 Ma; Lan et al., 2014; X. H. Li et al.,
2013; Macdonald et al., 2010; Zhang et al., 2008) may not have contributed to the initial occurrence of
low-8'®0 zircons from approximately 800 to approximately 720 Ma. In addition, no negative-6'%0 value
was found in this study, and only very rare data have been reported from the northern margin of the
Yangtze Block (Figure 2c), which does not require significant interaction with glacier water for the
low-5'80 magmatism in the South China Block. Therefore, the Neoproterozoic low-5'*0 magmas may be
mainly derived from multiple cycles of high-temperature hydrothermal alteration to '®0 depletion of the
protoliths and subsequent remelting of the '®0-depleted rocks (Bindeman, 2008; Bindeman et al., 2014;
Zhang & Zheng, 2011) in shallow extensional environments (Bindeman & Simakin, 2014; X. C. Wang
etal.,, 2011; W. Wang et al., 2017; Y. N. Yang et al., 2016), or from melting of subducted oceanic lower crust
(Wei et al., 2002; Zhang & Zheng, 2011).

In order to explore the origin of the Neoproterozoic low-5'®0 magmas, the available Hf-O isotopes of the
Neoproterozoic igneous zircons were plotted together to create an end-member mixing model (Figures 3a
and 3b). This modeling is based on the assumption that all zircon grains originally formed from crustally
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Figure 3. Diagrams of 5"%0 versus euf(t). The plotted analyses include the available 900-700 Ma zircons from South
China, northwestern India, and Madagascar. End-1 refers to the Neoproterozoic basement sequences with

egf(t) = —6.35 and 880 = 12.0%o, End-2 refers to Neoproterozoic juvenile crust with eyy¢(t) = 11.6 and 580 = 5.60%o, End-
3 refers to Neoproterozoic altered juvenile crust with egg(t) = 13.3 and 8"80 = 2.00%o, and End-4 refers to Archean
basement sequences with egft) = —25.0 and 8'80 = 12.0%o. Lines 1 and 2 are modeled by End-1 and End-2 with
prm/ Hf, = 0.28 and 3.50, respectively. Lines 3, 4, 5, and 6 are modeled by End-3 and End-4 with prm/HfC =2.14,0.14,
0.40, and 1.40, respectively. Two insert figures in (c) show that the relative probability plots of U-Pb ages are younger
for the analyses constrained by lines 3 and 6 than that by lines 1 and 2. NWYB - Northwestern Yangtze block, SYB -
Southern Yangtze block, NYB - Northern Yangtze block, CB - Cathaysia block. Data are from Ling et al. (2008), Chen
etal. (2011), X. C. Wang et al. (2011), Fu et al. (2013), Liu et al. (2013), Liu and Zhang (2013), X. L. Wang et al. (2013), Zhao
et al. (2013), Lan et al. (2015), C. Yang et al. (2015), Archibald et al. (2016), Li and Zhao (2016), M. X. Wang et al. (2016),
Y. N. Yang et al. (2016), and W. Wang et al. (2017).

derived magmas, so that their Hf-O isotopes could be used to explore source compositions. Since zircon
crystallizes from magma that is enriched in Zr and SiO,, this assumption is reasonable, and the overall
trends should not be changed by a few mantle-derived zircon grains. Four end-members can be detected from
Figure 3: End-1 refers to the Neoproterozoic basement metasedimentary sequences that have moderately
enriched Hf isotopes and high 8'®0 values, End-2 refers to a Neoproterozoic juvenile crust source with
depleted Hf isotopes and mantle-like §'%0 values, End-3 refers to Neoproterozoic juvenile crust with
depleted Hf isotopes but low 5'®0 values resulting from high-temperature hydrothermal alterations, and
End-4 refers to Archean basement sequences with extremely negative ei(t) and high §'%0 values. The
End-1 and End-2 members have been proposed by X. L. Wang et al. (2013) to explain the source
characteristics of the 830-780 Ma granitoids in the Jiangnan Orogen. The Neoproterozoic (870-780 Ma)
igneous rocks from both the southern and northwestern margins of the Yangtze Block follow the two
mixing trends (lines 1 and 2) defined by End-1 and End-2, indicating the contributions of Neoproterozoic
juvenile crust and basement metasedimentary sequences but the absence of Archean supracrustal
materials in their sources. For the <780 Ma magmas throughout the Yangtze and Cathaysia blocks, their
sources are mainly constrained by End-3 and End-4. This is particularly significant for those in the
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northern Yangtze Block and the Cathaysia Block. The §'%0 value of End-3 is not lower than 0, suggesting a
rifting environment that is favorable for high-temperature water-rock interaction to generate the low-oxygen
isotopic values. This is similar to recycled oceanic crust which has MORB-like radiogenic isotope signatures
with low-8'%0 due to isotopic exchange and seawater alteration at high temperature (Bindeman et al., 2005;
Wei et al., 2002; Zhang & Zheng, 2011; W. B. Yang et al., 2017). In contrast, End-4 resembles recycled ancient
crustal material with enriched isotopic features, and this may be represented by Archean basement supra-
crustal sequences in the north-central part of the Yangtze Block (i.e., the Kongling area). For Cathaysia,
although no Archean rocks have so far been reported, some Archean detrital zircons have been found from
the Neoproterozoic metasediments in the area (Li et al., 2014; Yu et al., 2008, 2012). These old detrital mate-
rials may also have contributed to later magmatism to elevate the Hf model ages.

The Neoproterozoic detrital/inherited zircon grains from Neoproterozoic sedimentary rocks and early
Paleozoic metamorphic rocks in South China also roughly fit the four end members (Figures 3c and 3d).
A few low-8"%0 detrital zircons deviating from the modeling lines may be the result of analytical bias or
assimilation of **0-depleted rocks during high-temperature hydrothermal alteration that occurred at some
local areas during rifting (X. C. Wang et al., 2011; C. Yang et al., 2015). For >780 Ma detrital/inherited zir-
cons from South China, it is confirmed that their Neoproterozoic juvenile crustal source experienced high-
temperature hydrothermal alterations at approximately 810 Ma (Figure 3c), and the altered source became a
new dominant source for the post-800 Ma crustally derived magmas.

6. Implications for Rodinia Configuration

The aforementioned change of magma source for the Neoproterozoic crustally derived magmatism at the
period 800-780 Ma provides an important clue to explore the Neoproterozoic geological evolution during
the assembly and breakup of the Rodinia supercontinent. The paleogeographic position and tectonic setting
of the South China Block at that period is still debated. Some authors argued that the Yangtze and Cathaysia
Blocks were welded together at 860-820 Ma to form the unified South China Block and were subsequently
involved in the breakup of Rodinia (e.g., Cawood et al., 2016; Wang, Zhou, et al., 2014). In contrast, others
proposed that amalgamation of the South China Block was already completed as early as 900-880 Ma (e.g.,
W. X. Li et al., 2008; Li et al., 2009), and its initial rifting from Rodinia began at approximately 870 Ma (X. C.
Wang et al., 2011). Based on our compilation of low-8"%0 zircon data, the emplacement of **0-depleted mag-
mas dominantly occurred at approximately 800 Ma, and had a peak at approximately 780-760 Ma (Figure 2).
Although very few zircons with low-8'%0 values have ages older than 800 Ma, they could be anomalous since
similar zircon grains have been obtained from 830-780 Ma granitoids in the Jiangnan Orogen (X. L. Wang
et al., 2013). Large and microcracks in zircon, radiation damage, and matrix effect could generate these out-
liers (Wang, Coble, et al., 2014). Therefore, it may be concluded that the dominant occurrence of low-8"%0
magmas in South China was just after approximately 800 Ma, and this occurrence may correspond to the
initiation of widespread rifting of the Rodinia supercontinent.

Neoproterozoic magmatic activities and in particular similar **0-depleted magma also occur in other conti-
nents such as northwestern India, Madagascar, and the Seychelles Islands (Archibald et al., 2016; Tucker
etal., 2001; W. Wang et al., 2017). Comparison between different continents on the geochemical distribution
and characters of low-8"®0 zircons may give us some robust data for a Rodinia configuration. In general, the
Neoproterozoic sedimentary rocks and magmatic rocks in South China, Madagascar, and northwestern
India may share similar provenances, as indicated by their similar detrital zircon age spectra and Hf-O iso-
topic characteristics (Figures 2 and 3). It is clear that magmatic rocks from northwestern India plot around
End-3, quite similar to those from the southern Yangtze Block (Figure 3), and suggested a hydrothermally
altered source (W. Wang et al., 2017). However, the >780 Ma igneous rocks from Madagascar show
mantle-like 8'®0 and quite enriched ey«(t) values, which were mainly controlled by the involvement of
ancient crustal materials (Archibald et al., 2016), resembling detrital zircons from the (meta)sedimentary
rocks of the southern Yangtze and Cathaysia Blocks (Figure 3). Overall, the provenance of Neoproterozoic
detrital zircons from the Cathaysia Block is very complicated. It is probable that Neoproterozoic granitic
and sedimentary rocks from the Yangtze Block and other adjacent continents (such as India; Yu et al,,
2008) have contributed significantly to the provenance, and Madagascar may also have been a distant pro-
venance. Therefore, we suggest that there was an obvious affinity between the northwestern India,
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Madagascar, and South China in the Rodinia supercontinent configuration. These blocks were apparently
located very close together, with northwestern India and Madagascar located much closer to the southern
Yangtze and Cathaysia Blocks. After approximately 800 Ma, widespread rifting occurred and most of the
regions underwent extension and high-temperature water-rock interaction to generate low-8"*0 magmatic
activity. After the peak of rifting event at approximately 780-750 Ma, the low-5'%0 magmatic activities faded,
except in the northern Yangtze Block that still produced low-8'%0 zircons after 730 Ma (He et al., 2016;
Figure 2). This possibly suggests that the area was part of the center of rifting and this prolonged rifting
and low-8"%0 could even be related to the subsequent Neoproterozoic glaciation events (Zhang & Zheng,
2011; Zheng et al., 2005, 2007), whereas the other regions were already stabilized.

7. Conclusions

This study is the first to report the low-5'0 Neoproterozoic detrital and igneous zircon grains from the central
part of the Cathaysia Block in South China. Neoproterozoic low-5'%0 magmatic events were frequently iden-
tified along the northern, northwestern, and southern margins of the Yangtze Block in South China, and they
mainly occurred after approximately 800 Ma. According to the available Hf-O isotopes in zircons, the
Neoproterozoic (870-780 Ma) igneous rocks were derived from a source that contained Neoproterozoic
juvenile crust and basement metasedimentary sequences but no Archean supracrustal material. The
Neoproterozoic juvenile crust source may have experienced high-temperature hydrothermal alteration at
approximately 810 Ma, and the alteration source became a new dominant source for post-800 Ma crustally
derived magmas. After 780 Ma, recycled ancient crustal materials also played an indispensable role. The north-
ern Yangtze Block may have been located in the center of the rifting so that its low-8'%0 magmatism could last
until 730 Ma or even later and may locally have some relation with the Neoproterozoic glaciation events.

Combining our data with the published Neoproterozoic **0-depleted magma and zircon record worldwide,
globally '®0-depleted magmatism generally began after 800 Ma and reached a peak at 780-760 Ma, which
corresponds to the peak of rifting event of the Rodinia supercontinent. Based on detrital zircons and mag-
matic activities, some provenance affinity can be found among rocks from northwestern India,
Madagascar, and South China, within the Rodinia supercontinent. Therefore, northwestern India and
Madagascar may have been located much closer to the southern Yangtze and the Cathaysia Blocks within
the Rodinia supercontinent.
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