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Abstract

We use detrital provenance data from Cambrian sandstones
to examine whether the Yangtze and Cathaysia blocks in
South China were separated by an ocean during the Cam-
brian period. Zircons from the Cambrian sandstones exhibit
a dominant � 800 Ma age peak in the central Yangtze Block,
being sourced from the western Yangtze Block, whereas a
� 980 Ma peak dominates in the northwestern Cathaysia
Block, being sourced from an exotic continent once connec-
ted to Cathaysia. A mixed provenance with both age peaks is
found in Cambrian sandstones from the southeastern Yangtze
Block, indicating that detritus can travel from the Cathaysia
Block to the Yangtze Block, and therefore arguing against
the existence of a broad Cambrian ocean.

Keywords: South China, Cambrian ocean, detrital proven-
ance, U–Pb geochronology.

1. Introduction

The South China Block comprises the Yangtze Block in the
northwest and the Cathaysia Block in the southeast (Fig. 1a).
The Ordovician–Silurian Wuyi–Yunkai orogeny caused de-
formation and metamorphism over much of southeastern
South China, and the development of a foreland basin in the
northwestern Cathaysia Block and southern Yangtze Block
(Li et al. 2010). However, the pre-Wuyi–Yunkai configura-
tion of South China and the nature of the orogeny remain
controversial. Some have suggested that an ocean existed
between the Yangtze and Cathaysia blocks for at least the
latest Neoproterozoic to Cambrian period (Shui, 1988; Liu
& Xu, 1994) or even until the Jurassic (Hsü et al. 1988, 1990)
before the two blocks joined together. The Mesozoic ocean
model did not receive much support because the key evid-
ence for the so-called ‘Mesozoic Banxi mélange’ was later
proved to be Neoproterozoic in age and with different tec-
tonic affinities (e.g. Zhou, 1989; Li et al. 1994; Li, Z. X. et al.
2003). The Cambrian ocean model (Shui, 1988; Liu & Xu,
1994) suggests that the Yangtze and Cathaysia blocks first
docked at their eastern ends during the early to middle Neo-
proterozoic period, with a V-shaped ocean widening to the
west (as wide as � 2000 km) until the Cambrian period. This
residual ocean closed during the Ordovician–Silurian period,
leading to the formation of a coherent South China Block.
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Such a collision was taken as the cause of the Ordovician–
Silurian ‘Caledonian orogeny’ in South China (Huang et al.
1980; Yang, Cheng & Wang, 1986; Ren, 1991), which was
recently renamed the Wuyi–Yunkai orogeny with a redefined
age range of > 460– 415 Ma (Li et al. 2010). The boundary
between the two blocks was consequently considered a su-
ture zone due to the closure of the Cambrian ocean (e.g. Xu
& Qiao, 1989; Liu & Xu, 1994; Xu, Xu & Pan, 1996; Chen
et al. 2006).

Alternatively, it has been argued that the complete am-
algamation between the Yangtze and Cathaysia blocks had
already finished by the Neoproterozoic period (e.g. Li, Zhang
& Powell, 1995; Charvet et al. 1996; Zhao & Cawood, 1999;
Zhou et al. 2002; Li et al. 2008, 2009), and that the Wuyi–
Yunkai orogeny was an intraplate orogeny related to South
China’s collision with Gondwanaland, which closed a Neo-
proterozoic failed continental rift (Li, 1998; Li & Powell,
2001). In such a model, no ocean floor is required for the
basin (the Nanhua Basin) between the Yangtze and Cathay-
sia blocks. The intraplate model was also supported by other
researchers, based on magmatic and metamorphic analyses
of lower Palaeozoic rocks (Li et al. 2010), provenance ana-
lyses of Cambrian–Silurian sandstones (Wang et al. 2010)
and structural analyses of lower Palaeozoic strata in the re-
gion (e.g. Faure et al. 2009; Charvet et al. 2010; Shu et al.
2014). However, the provenance analyses by Wang et al.
(2010) combined data from Cambrian–Silurian sandstones
together, thus mixing the Cambrian provenance data with
that of the Ordovician–Silurian sandstones formed during
the Yangtze-ward propagation of the intraplate Wuyi–Yunkai
orogeny from the Cathaysia Block. As syn-orogenic fore-
land basin sedimentary rocks on the Yangtze Block would
naturally contain detritus shed from the growing orogen on
the Cathaysia Block, we do not regard Wang et al.’s (2010)
provenance analysis as a vigorous enough test for the Cam-
brian ocean model.

Here we use a provenance analysis of Cambrian sedi-
mentary rocks to test whether or not a Cambrian ocean was
present. If the ocean existed, the provenance of Cambrian
sandstones from the Yangtze and Cathaysia sides of the Nan-
hua Basin will likely be different. Otherwise, detrital ex-
changes between the two blocks are expected. We report new
detrital zircon U–Pb geochronological data for four Cam-
brian sandstone samples from the Yangtze Block side (two
from central Yangtze and two from southeastern Yangtze) of
the Nanhua Basin, and compare them with published U–Pb
results from both northwestern Cathaysia and southeastern
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Figure 1. (Colour online) (a) Distribution of Cambrian strata in the South China Block, highlighting the inferred boundary between
the Yangtze and Cathaysia blocks. JSF – Jiangshan–Shaoxing Fault. (b) Geological map of central South China, highlighting three
Cambrian sampling regions from central Yangtze, southeastern Yangtze and northern Cathaysia. Red stars are samples from this study,
and white stars are samples reported in previous studies.

Yangtze to argue against the Cambrian ocean model in South
China.

2. Geological setting and sampling

The boundary between the Yangtze and Cathaysia blocks
lies approximately along the Jiangshan–Shaoxing Fault in
the NE South China Block (Fig. 1a). The southwestern ex-
tension of the boundary is unclear due to poor exposure
and tectonic modifications (Ren, 1991; Li et al. 2010), but
has been defined using the mostly disconnected Cambrian
lithofacies boundaries between Cathaysian clastic sediment-
ary facies and Yangtze clastic–carbonate facies (Fig. 2a, b)
(Liu & Xu, 1994). This boundary was also taken as a su-
ture zone of the Cambrian ocean by Liu & Xu (1994) and
Chen et al. (2006). During the Cambrian period, sediment-
ation over the Yangtze Block was dominated by carbonate,
muddy carbonate and sandy carbonate, with some clastic–
carbonate intercalations in the lower Cambrian (Fig. 2a) (e.g.
BGMRHN, 1988; RGMRHN-a, 1975; RGMRHN-b, 1972;
Liu & Xu, 1994). In contrast, the Cathaysia Block received
massive clastic sedimentation, consisting of shale, siltstone,
arkosic sandstone, quartz sandstone and pebbly sandstone
(Fig. 2a, b) (e.g. BGMRJX, 1984; BGMRGD, 1988; Zhang
& He, 1993; Liu & Xu, 1994; Yao et al. 2014).

Three sampling localities across the Yangtze–Cathaysia
boundary were selected, including central Yangtze (Xin-
huang), southeastern Yangtze (Xinning) and northwest-
ern Cathaysia (Shaoguan) (Fig. 1b). The Xinhuang section
consists of � 1400 m of Cambrian strata, with massive
carbonate–shale units and minor fine-grained sandstone

layers in the lower Cambrian strata (Fig. 2c) (RGMRHN-b,
1972). The Xinning section consists of � 1800 m of Cam-
brian strata, including 680 m of clastic strata. It consists of
shale, siliceous shale and minor carbonate in the lower Cam-
brian strata, shale and sandstone intercalations in the middle
Cambrian strata, and carbonate with minor shale in the upper
Cambrian strata (Fig. 2d) (RGMRHN-a, 1975). The Shao-
guan section consists of � 3800 m of Cambrian strata, with
thick siltstone, feldspathic quartz sandstone, pebbly sand-
stone and thin grey-purple mudstone beds (Fig. 2e) (Zhang
& He, 1993).

A grey medium-grained quartz sandstone sample
(12GH38) and a grey-white fine-grained sandstone sample
(12GH39) were collected from the lower Cambrian strata
at the Xinhuang section (Fig. 2c), whereas a dark green
medium-grained sandstone sample (10GD77) and a grey
fine-grained sandstone sample (10GD78) were collected
from the middle Cambrian strata at the Xinning section
(Fig. 2d). Results of two sandstone samples (Hu-64, Hu-68)
from the middle to upper Cambrian strata of the Xinning re-
gion (Fig. 2d), three sandstone samples (10GD16, 10GD17,
10GD19) from the middle to upper Cambrian strata, and one
sandstone sample (Hu-37) from the lower Cambrian strata
of the Shaoguan region (Fig. 2e) were reported in previous
studies (Wang et al. 2010; Yao et al. 2014) and used here for
comparison.

3. Analytical methods

Mineral separation of sandstone samples was conducted at
the Institute of Hebei Regional Geology and Mineral Survey
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Figure 2. (Colour online) (a, b) Palaeogeographic maps of the South China Block (revised after Liu & Xu, 1994): (a) early Cambrian,
(b) middle to late Cambrian. (c–e) Stratigraphic columns of Cambrian strata and sandstone samples from (c) the Xinhuang section
of central Yangtze (RGMRHN-b, 1972), (d) the Xinning section of southeastern Yangtze (RGMRHN-a, 1975), and (e) the Shaoguan
section of northern Cathaysia (Yao et al. 2014; W. H. Yao & Z. X. Li, unpub. data, 2014). Red stars are samples from this study, and
white stars are samples reported in previous studies.
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in Langfang, China. Conventional magnetic and density tech-
niques were adopted to concentrate non-magnetic and heavy
fractions. Zircon grains, together with zircon standards, were
cast in epoxy mounts and polished to reveal half sections
for analysis. All zircons were documented with transmitted
and reflected light microphotographs as well as cathodolu-
minescence (CL) images to reveal their internal structures.
Zircon U–Pb analyses were carried out in the John de Laeter
Centre at Curtin University, Australia, using the Sensitive
High Resolution Ion MicroProbe (SHRIMP) facility. Stand-
ard operating conditions of 2 nA O2

− primary beam and a
spot size of � 25 μm in diameter and � 2 μm in depth were
followed, and each U–Th–Pb measurement consisted of six
cycles. U abundance was calibrated using zircon standard
BR266 (Stern, 2001), and 206Pb/238U ratio was constrained
by zircon standard Plešovice (Sláma et al. 2008). The de-
tailed analytical procedure follows that of Williams (1998).
Data reduction was carried out using the SQUID v2.50
(Ludwig, 2001a) and Isoplot/Ex v2.49 (Ludwig, 2001b)
packages. Zircon U–Pb data and Concordia plots are shown
in Figures S1, S2 and Table S1 in the online Supplementary
Material available at http://journals.cambridge.org/geo.

4. Analytical results

Samples 12GH38 and 12GH39 from central Yangtze (the
Xinhuang section) are similar in U–Pb age patterns. Of the
total 161 analyses, 145 are concordant (in the 90–110 %
range), with ages ranging from 3050 ± 12 to 480 ± 10 Ma.
Both samples show a prominent age peak at 850–750 Ma and
a moderate age peak at 530–500 Ma, with a few scattered
Proterozoic ages (Fig. 3a). Samples 10GD77 and 10GD78
from southeastern Yangtze (the Xinning section) are quite
consistent in their U–Pb age patterns. Of the total 133
analyses, 132 are concordant, ranging from 3576 ± 11 to
509 ± 6 Ma. Both samples show prominent age peaks at
1100–900 Ma and 530–500 Ma, a moderate age peak at
2500 Ma, plus a few scattered Proterozoic ages (Fig. 3b).
The detrital zircons of all four samples exhibit large com-
positional variations in Th and U contents, and most zircons
(84 %) have Th/U > 0.3; only eight grains (3 %) have Th/U
< 0.1 (Table S1 in online Supplementary Material available
at http://journals.cambridge.org/geo). Th/U ratios and zon-
ing structures of zircons indicate that most detrital zircons
are probably of magmatic origin.

5. Discussion

5.a. Cambrian sediment dispersal across South China

Geochronological results show that lower Cambrian sand-
stones from central Yangtze (Xinhuang) have a prominent
age peak at � 790 Ma and a subordinate peak at � 530 Ma
(Fig. 3a), whereas Cambrian sandstones from northwest-
ern Cathaysia (Shaoguan) have a different prominent peak
at � 960–910 Ma and a subordinate peak at � 530 Ma,
with minor peaks at � 800 Ma and � 2500 Ma (Fig. 3d, e)
(Wang et al. 2010; Yao et al. 2014). This indicates that the
Yangtze and Cathaysia blocks likely had different proven-
ances during the Cambrian period. Statistical analysis (K–S
test) (Kolmogorov, 1933; Smirnov, 1944) was conducted on
samples from central Yangtze and northwestern Cathaysia,
and the results (Table S2 in online Supplementary Material
available at http://journals.cambridge.org/geo) also indicate
that these two groups of samples had different provenances.

The palaeogeography of South China shows that, during
the early Cambrian period, the Yangtze Block was domin-
antly a marine carbonate platform, receiving intercalated

Figure 3. (Colour online) Plots of zircon U–Pb age histograms
and relative probability of Cambrian sandstone samples from
(a) Xinhuang (this study), (b) Xinning (this study), (c) Xinning
(Wang et al. 2010), (d) Shaoguan (Yao et al. 2014), and (e) Shao-
guan (Wang et al. 2010). Plotted ages are within concordance
of 90–110 % for analysed zircons. N – number of samples, n –
number of concordant analyses/total number of analyses.

clastic and carbonate sediments with water deepening to
the southeast; around an isolated land area, conglomeratic
facies were deposited (Fig. 2a). During the middle to late
Cambrian period, it received carbonate and muddy carbonate
deposition (Fig. 2b) (Liu & Xu, 1994). Since Cryogenian vol-
canic, volcaniclastic and intrusive rocks (860–750 Ma) are
widespread in western Yangtze Neoproterozoic rift basins
(e.g. Zhou et al. 2002, 2006; Li, X. H. et al. 2003; Li, Z. X.
et al. 2003; Li, X. et al. 2003; Wang & Li, 2003), we spec-
ulate that these c. 860–750 Ma rocks in western Yangtze
were probably uplifted during the early Cambrian period
and provided detritus to the Cambrian sandstones of cent-
ral Yangtze (Fig. 4a, b). The Cathaysia Block, on the other
hand, received deposits of intercalated marine sandstones and
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Figure 4. (Colour online) Cartoons illustrating possible paths of sediment transport during the Cambrian period for (a) the open ocean
model and (b) the intracontinental model (revised after Liu & Xu, 1994). Detrital provenance analyses of Cambrian sandstones support
the intracontinental model.

mudstones, possibly with no exposed land in the region dur-
ing the Cambrian period (Fig. 2a, b). Both the NW-directed
palaeocurrents and northwestward-fining sediments in the
Cambrian strata of Cathaysia and southeastern Yangtze indic-
ate an external provenance outboard to southeastern Cathay-
sia (Wang et al. 2010; W. H. Yao & Z. X. Li, unpub. data,
2014). Yao et al. (2014) proposed that South China was prob-
ably once connected to the northern Indian part of Gondwana-
land, along the southeastern margin of Cathaysia. The Gren-
villian magmatic rocks (1100–950 Ma) (e.g. Liu et al. 2007;
Cottle et al. 2009), minor c. 880–820 Ma magmatic rocks and
recycled 2500 Ma zircons in sedimentary rocks (e.g. Myrow
et al. 2010) of northern India and adjacent orogens probably
provided detritus to Cathaysia during the Cambrian period
(Figs 4b, 5).

The common age peak at � 530 Ma in both central Yangtze
and northwestern Cathaysia (Fig. 3a, d, e) suggests that
both source areas (western Yangtze and northern India?)
were affected by an early Palaeozoic orogeny and produced
� 530 Ma magmatic rocks in the source regions. The 530 Ma
magmatic detritus was recorded in Cambrian sandstones not
only from central Yangtze and northwestern Cathaysia, but
also from southeastern Yangtze (Xinning) (Fig. 3c). How-
ever, Cambrian sandstones in southeastern Yangtze exhibit
mixed age patterns, with a major � 800 Ma peak in the
middle to upper Cambrian sandstones (Fig. 3b) and a major
� 980 Ma peak in the middle Cambrian sandstones (Fig. 3c).
The � 800 Ma age peak is probably of the same origin as
those in the lower Cambrian sandstones from central Yangtze
(Fig. 3a), i.e. from western Yangtze. However, the � 980 Ma
peak in southeastern Yangtze (Fig. 3c) indicates that detritus
was probably sourced from northern India, and transported
across Cathaysia to southeastern Yangtze (Figs 4b, 5). This
interpretation is supported by the NW-directed palaeocur-
rents in the Xinning Cambrian strata (Wang et al. 2010).

Sediment dispersal in South China can thus be summar-
ized as the following. During the early Cambrian period,
Cryogenian magmatic rocks in western Yangtze provided de-
tritus to central Yangtze (Xinhuang). Northwestern Cathaysia
(Shaoguan) received detritus from the southeast – an ex-
ternal source, possibly northern India, which likely hosted a
Grenvillian-aged orogen (Fig. 4b). In southeastern Yangtze
(Xinning), on the lower slope of the Yangtze platform com-
pared to the Xinhuang region, mainly deep-water shales and
siliceous shales were deposited during the early Cambrian
period. During the middle to late Cambrian period, southeast-
ern Yangtze probably received a major flux of detritus from a
Grenvillian-aged orogen to the southeast, with a smaller por-
tion of detritus from local western Yangtze sources (Fig. 4b).

5.b. Was there a Cambrian ocean in South China?

In the Cambrian ocean model as proposed by Shui (1988) and
Liu & Xu (1994), the Yangtze Block (central and southeast-
ern Yangtze) should only have recorded detrital grains from
western Yangtze (e.g. with a � 800 Ma age peak) (Fig. 3a, b)
rather than showing a � 980 Ma age peak (Fig. 3c). The
fact that the southeastern Yangtze recorded a dominantly
Cathaysia-like provenance argues against the Cambrian
ocean model. There are additional lines of evidence arguing
against the ocean model, including: (1) the absence of early
Palaeozoic ophiolites or arc-like magmatic rocks related to
ocean closure in the region (Chen et al. 1995; Li, 1998);
(2) early Palaeozoic granites in South China that are largely
sourced from remelting of old basement rocks with little
input of juvenile mantle (e.g. Chen & Jahn, 1998; Zhou,
2003; Zeng et al. 2008; Li et al. 2010; Wang et al. 2011);
(3) lower Palaeozoic sedimentary rocks in South China
exhibit strongly negative εNd(t) values (e.g. Li & McCulloch,
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Figure 5. (Colour online) A palaeogeographic reconstruction
of South China on the margin of eastern Gondwanaland
at c. 520 Ma (revised after Yao et al. 2014), showing mixing
of two different detrital provenances at the Yangtze–Cathaysia
boundary.

1996; Chen & Jahn, 1998), which is inconsistent with being
originated from a juvenile crust generated during an ocean
closure in the early Palaeozoic period; and (4) sedimentary
facies across the Cambrian Nanhua Basin are laterally co-
herent and vertically continuous and conformable (e.g. Liu
& Xu, 1994), with no sign of convergent tectonics.

Based on the palaeogeography of South China and mixed
provenance of Cambrian sandstones in southeastern Yangtze,
we therefore favour the intracontinental model (e.g. Li, 1998;
Faure et al. 2009; Charvet et al. 2010; Li et al. 2010; Wang
et al. 2010; Shu et al. 2014). In this model, the Yangtze and
Cathaysia blocks had become a coherent block before the
Cambrian period. Detritus from the uplifted western Yangtze
was transported along the Yangtze platform and deposited
in central Yangtze (Xinhuang) (Fig. 3a) as well as southeast-
ern Yangtze (Xinning) (Fig. 3b). Detritus shed from northern
India or even eastern Africa (a Grenvillian-age orogen? see
Yao et al. 2014 for detailed discussion) travelled to northern
Cathaysia (Shaoguan) (Fig. 3d, e) and all the way to south-
eastern Yangtze (Xinning) (Fig. 3c). Since central Yangtze
(Xinhuang) is located on the upper opposite slope of the
Nanhua Basin, it would have been difficult for Indian de-
tritus to reach that region.

Provenance analyses of Cambrian sandstones across the
Yangtze–Cathaysia boundary therefore provide evidence that
argues against the existence of a broad Cambrian ocean,
but is consistent with the intracontinental model, which is
also supported by sedimentary facies analyses across South
China (Chen et al. 1995; Shu et al. 2014; W. H. Yao & Z. X.
Li, unpub. data, 2014). Since southeastern Yangtze received
shale and siliceous shale without clastic deposits in the lower

Cambrian strata, it failed to record provenance mixing from
the Cathaysia side. This may lead to the speculation that
an ocean could still have existed during the early Cambrian
period. However, as mentioned before, such a speculation
can be ruled out because there is neither any record of an
arc system nor any sign of convergent tectonics within the
Nanhua Basin during the entire Cambrian period.

Acknowledgements. The authors thank Hao Gao for as-
sistance in SHRIMP U–Pb dating, Hongxia Ma for mak-
ing zircon mounts, and Chris Elders for commenting on
the manuscript. Comments from chief editor Mark Allen,
reviewer Jacques Charvet and an anonymous reviewer im-
proved this manuscript greatly. This study was supported by
the Australian Research Council (DP110104799), a Chinese
Academy of Science SAFEA International Partnership Pro-
gramme for Creative Research Teams grant (KZCX2-YW-
Q04–06) and the National Natural Sciences Foundation
of China (41173039). This is TIGeR (The Institute for
Geoscience Research) publication #569, and contribution
469 from the ARC Centre of Excellence for Core to Crust
Fluid Systems (http://www.ccfs.mq.edu.au/).

Declaration of interest

None.

Supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/S0016756814000338

References

BGMRGD (BUREAU OF GEOLOGY AND MINERAL RE-
SOURCES OF GUANGDONG PROVINCE). 1988. Regional
Geology of the Guangdong Province. Beijing: Geolo-
gical Publishing House, 971 pp. (in Chinese with Eng-
lish abstract).

BGMRHN (BUREAU OF GEOLOGY AND MINERAL RE-
SOURCES OF HUNAN PROVINCE). 1988. Regional Geo-
logy of the Hunan Province. Beijing: Geological Pub-
lishing House, 719 pp. (in Chinese with English
abstract).

BGMRJX (BUREAU OF GEOLOGY AND MINERAL RE-
SOURCES OF JIANGXI PROVINCE). 1984. Regional Geo-
logy of the Jiangxi Province. Beijing: Geological Pub-
lishing House, 921 pp. (in Chinese with English
abstract).

CHARVET, J., SHU, L., FAURE, M., CHOULET, F., WANG, B.,
LU, H. & LE BRETON, N. 2010. Structural development
of the Lower Paleozoic belt of South China: genesis
of an intracontinental orogen. Journal of Asian Earth
Sciences 39, 309–30.

CHARVET, J., SHU, L., SHI, Y., GUO, L. & FAURE, M. 1996. The
building of south China: collision of Yangzi and Cathay-
sia blocks, problems and tentative answers. Journal of
Southeast Asian Earth Sciences 13, 223–35.

CHEN, H., HOU, M., XU, X. & TIAN, J. 2006. Tectonic evol-
ution and sequence stratigraphic framework in South
China during the Caledonian. Journal of Chengdu Uni-
versity of Technology 33, 1–8 (in Chinese with English
abstract).

CHEN, J. & JAHN, B. M. 1998. Crustal evolution of southeast-
ern China: Nd and Sr isotopic evidence. Tectonophysics
284, 101–33.

https://doi.org/10.1017/S0016756814000338 Published online by Cambridge University Press

http://www.ccfs.mq.edu.au/
http://dx.doi.org/10.1017/S0016756814000338
https://doi.org/10.1017/S0016756814000338


190 R A P I D C O M M U N I C AT I O N

CHEN, X., RONG, J., ROWLEY, D. E., ZHANG, J., ZHANG, Y.
& ZHAN, R. 1995. Is the early Paleozoic Banxi ocean
in South China necessary? Geological Review 41, 389–
400.

COTTLE, J. M., JESSUP, M. J., NEWELL, D. L., HORSTWOOD,
M. S. A., NOBLE, S. R., PARRISH, R. R., WATERS, D. J.
& SEARLE, M. P. 2009. Geochronology of granulitized
eclogite from the Ama Drime Massif: implications for
the tectonic evolution of the South Tibetan Himalaya.
Tectonics 28, doi: 10.1029/2008TC002256.

FAURE, M., SHU, L., WANG, B., CHARVET, J., CHOULET, F.
& MONIE, P. 2009. Intracontinental subduction: a pos-
sible mechanism for the Early Palaeozoic Orogen of SE
China. Terra Nova 21, 360–8.

HSU, K. J., LI, J., CHEN, H., WANG, Q., SUN, S. & SENGOR,
A. M. C. 1990. Tectonics of South China: key to un-
derstanding West Pacific geology. Tectonophysics 183,
9–39.

HSU, K. J., SUN, S., LI, J., CHEN, H., PEN, H. & SENGOR,
A. M. C. 1988. Mesozoic overthrust tectonics in South
China. Geology 16, 418–21.

HUANG, J., REN, J., JIANG, C., ZHANG, Z. & QIN, D. 1980.
The Geotectonic Evolution of China. Beijing: Science
Press, 124 pp.

KOLMOGOROV, A. N. 1933. Sulla determinazione empirica di
una legge di distribuzione. Giornale dell’Istituto Itali-
ano degli Attuari 4, 83–91.

LI, Z. X. 1998. Tectonic history of the major East Asian litho-
spheric blocks since the mid-Proterozoic: a synthesis.
In Mantle Dynamics and Plate Interactions in East
Asia, Geodynamics Series vol. 27 (ed. M. F. J. Flower),
pp. 221–43. Washington, DC: American Geophysical
Union.

LI, Z. X., BOGDANOVA, S. V., COLLISONS, A. S., DAVIDSON,
A., DE WAELE, B., ERNST, R. E., FITZSIMONS,
I. C. W., FUCK, R. A., GLADKOCHUB, D. P., JACOBS,
J., KARLSTROM, K. E., LU, S., NATAPOV, L. M., PEASE,
V., PISAREVSKY, S. A., THRANE, K. & VERNIKOSKY, V.
2008. Assembly, configuration, and break-up history of
Rodinia: a synthesis. Precambrian Research 160, 179–
210.

LI, X. H., LI, Z. X., GE, W. C., ZHOU, H. W., LI, W. X., LIU, Y.
& WINGATE, M. T. D. 2003. Neoproterozoic granitoids
in South China: crustal melting above a mantle plume
at ca. 825 Ma? Precambrian Research 122, 45–83.

LI, Z. X., LI, X. H., KINNY, P. D., WANG, J., ZHANG, S.
& ZHOU, H. 2003. Geochronology of Neoproterozoic
syn-rift magmatism in the Yangtze Craton, South China
and correlations with other continents: evidence for a
mantle superplume that broke up Rodinia. Precambrian
Research 122, 85–109.

LI, X. H., LI, W. X., LI, Z. X., LO, C. H., WANG, J., YE, M. F. &
YANG, Y. H. 2009. Amalgamation between the Yangtze
and Cathaysia blocks in South China: constraints from
SHRIMP U–Pb zircon ages, geochemistry and Nd–Hf
isotopes of the Shuangxiwu volcanic rocks. Precam-
brian Research 174, 117–28.

LI, Z. X., LI, X. H., WARTHO, J. A., CLARK, C., LI, W. X.,
ZHANG, C. L. & BAO, C. M. 2010. Magmatic and meta-
morphic events during the early Paleozoic Wuyi–Yunkai
orogeny, southeastern South China: new age constraints
and pressure–temperature conditions. Geological Soci-
ety of America Bulletin 122, 772–93.

LI, X., LI, Z., ZHOU, H., LIU, Y., LIANG, X. & LI, W. 2003.
SHRIMP U-Pb zircon age, geochemistry and Nd isotope
of the Guandaoshan pluton in SW Sichuan: petrogenesis
and tectonic significance. Science in China (Series D)
46, 73–83.

LI, X. H. & MCCULLOCH, M. T. 1996. Secular variation in the
Nd isotopic composition of Neoproterozoic sediments
from the southern margin of the Yangtze Block: evid-
ence for a Proterozoic continental collision in southeast
China. Precambrian Research 76, 67–76.

LI, Z. X. & POWELL, C. M. 2001. An outline of the palaeo-
geographic evolution of the Australasian region since
the beginning of the Neoproterozoic. Earth-Science Re-
views 53, 237–77.

LI, Z. X., ZHANG, L. H. & POWELL, C. M. 1995. South China
in Rodinia: part of the missing link between Australia–
East Antarctica and Laurentia? Geology 23, 407–10.

LI, X. H., ZHOU, G., ZHAO, J., FANNING, C. M. & COMPSTON,
W. 1994. SHRIMP ion microprobe zircon U–Pb age of
the NE Jiangxi ophiolite and its tectonic implications.
Geochimica 23, 125–31.

LIU, Y., SIEBEL, W., MASSONNE, H. & XIAO, X. 2007. Geo-
chronological and petrological constraints for tectonic
evolution of the central Greater Himalayan sequence in
the Kharta area, southern Tibet. Journal of Geology 115,
215–30.

LIU, B. & XU, X. 1994. Atlas of Lithofacies and Paleogeo-
graphy of South China. Beijing: Science Press, 188 pp.

LUDWIG, K. R. 2001a. SQUID Version 1.02 – A Geochrono-
logical Toolkit for Microsoft Excel. Berkley Geochrono-
logical Centre, Special Publication no. 2.

LUDWIG, K. R. 2001b. ISOPLOT/EX Version 2.49 – A Geo-
chronological Toolkit for Microsoft Excel. Berkley Geo-
chronological Centre, Special Publication no. 1.

MYROW, P. M., HUGHES, N. C., GOODGE, J. W., FANNING,
C. M., WILLIAMS, I. S., PENG, S. C., BHARGAVA,
O. N., PARCHA, S. K. & POGUE, K. R. 2010. Extraordin-
ary transport and mixing of sediment across Himalayan
central Gondwana during the Cambrian–Ordovician.
Geological Society of America Bulletin 122, 1660–70.

REN, J. 1991. On the geotectonics of southern China. Acta
Geologica Sinica 4, 111–30.

RGMRHN-a, 1975. Regional Geological Mapping and Re-
port of Hunan Province – 1:200,000 Lingling Sheet.
Beijing: Institute of Geoscience, Ministry of Geology
(in Chinese with English abstract).

RGMRHN-b, 1972. Regional Geological Mapping and Re-
port of Hunan Province – 1:200,000 Huitong Sheet.
Beijing: Institute of Geoscience, Ministry of Geology
(in Chinese with English abstract).

SHU, L. S., JAHN, B. M., CHARVET, J., SANTOSH, M., WANG,
B., XU, X. S. & JIANG, S. Y. 2014. Early Paleozoic depos-
itional environment and intraplate tectono-magmatism
in the Cathaysia Block (South China): evidence from
stratigraphic, structural, geochemical and geochronolo-
gical investigations. American Journal of Science 314,
154–86.

SHUI, T. 1988. Tectonic framework of the southeastern China
continental basement. Scientia Sinica (Series B) 31,
885–96.

SLAMA, J., KOSLER, J., CONDON, D. J., CROWLEY, J.
L., GERDES, A., HANCHAR, J. M., HORSTWOOD,
M. S. A., MORRIS, G. A., NASDALA, L., NORBERG, N.,
SCHALTEGGER, U., SCHOENE, B., TUBRETT, M. N. &
WHITEHOURSE, M. J. 2008. Plesovice zircon – a new
natural reference material for U–Pb and Hf isotopic mi-
croanalysis. Chemical Geology 249, 1–35.

SMIRNOV, N. V. 1944. Approximate laws of distribution of
random variables from empirical data. Uspekhi Matem-
aticheskikh Nauk 10, 179–206 (in Russian).

STERN, R. A. 2001. A new isotopic and trace-element
standard for the ion microprobe: preliminary thermal
ionization mass spectrometry (TIMS) U–Pb and

https://doi.org/10.1017/S0016756814000338 Published online by Cambridge University Press

https://doi.org/10.1017/S0016756814000338


R A P I D C O M M U N I C AT I O N 191

electron-microprobe data. Radiogenic Age and Isotopic
Studies Report 14, Geological Survey of Canada, Cur-
rent Research 2001-F1.

WANG, J. & LI, Z. X. 2003. History of Neoproterozoic rift
basins in South China: implications for Rodinia break-
up. Precambrian Research 122, 141–58.

WANG, Y., ZHANG, F., FAN, W., ZHANG, G., CHEN, S.,
CAWOOD, P. A. & ZHANG, A. 2010. Tectonic setting
of the South China Block in the early Paleozoic: resolv-
ing intracontinental and ocean closure models from de-
trital zircon U–Pb geochronology. Tectonics 29, doi:
10.1029/2010TC002750.

WANG, Y., ZHANG, A., FAN, W., ZHAO, G., ZHANG, G.,
ZHANG, Y., ZHANG, F. & LI, S. 2011. Kwangsian crustal
anatexis within the eastern South China Block: geo-
chemical, zircon U–Pb geochronological and Hf iso-
topic fingerprints from the gneissoid granites of Wugong
and Wuyi–Yunkai Domains. Lithos 127, 239–60.

WILLIAMS, I. S. 1998. U–Th–Pb geochronology by ion
microprobe. In Applications of Microanalytical Tech-
niques to Understanding Mineralizing Processes, Re-
views in Economic Geology vol. 7 (eds M. A. McKibben,
W. C. Shanks, III & W. I. Ridley), pp. 1–35. Littleton,
CO: Society of Economic Geologists.

XU, B. & QIAO, G. S. 1989. Sm–Nd isotopic age and tec-
tonic setting of the Late Proterozoic ophiolites in north-
eastern Jiangxi province. Journal of Nanjing University
(Science and Technology) 3, 108–14.

XU, X., XU, Q. & PAN, G. 1996. The Continental Evolution
of Southern China and its Global Comparison. Beijing:
Geological Publishing House, 161 pp.

YANG, Z., CHENG, Y. Q. & WANG, H. C. 1986. The Geology
of China. Oxford: Clarendon Press, 276 pp.

YAO, W. H., LI, Z. X., LI, W. X., LI, X. H. & YANG, J. H.
2014. From Rodinia to Gondwanaland: a tale of detrital
zircon provenance analyses from the southern Nanhua

Basin, South China. American Journal of Science 314,
278–313.

ZENG, W., ZHANG, L., ZHOU, H., ZHONG, Z., XIANG, H., LIU,
R., JIN, S., LU, X. Q. & LI, C. Z. 2008. Caledonian re-
working of Paleoproterozoic basement in the Cathaysia
Block: constraints from zircon U–Pb dating, Hf isotopes
and trace elements. Chinese Science Bulletin 53, 895–
904.

ZHANG, L. & HE, Q. 1993. On the revision of Bacun
Group and the establishment of Xiazhai, Oujiadong
and Laoshuzhai Formations in northern Guangdong
Province. Guangdong Geology 8, 1–14 (in Chinese with
English abstract).

ZHAO, G. & CAWOOD, P. A. 1999. Tectonothermal evolution
of the Mayuan assemblage in the Cathaysia Block: im-
plications for Neoproterozoic collision-related assembly
of the South China Craton. American Journal of Science
299, 309–39.

ZHOU, G. 1989. The discovery and significance of the north-
eastern Jiangxi Province ophiolite (NEJXO), its meta-
morphic peridotite and associated high temperature–
high pressure metamorphic rocks. Journal of Southeast
Asian Earth Science 3, 237–47.

ZHOU, X. M. 2003. My thinking about granite geneses of
south China. Geological Journal of China Universities
9, 556–65 (in Chinese with English abstract).

ZHOU, M. F., MA, Y., YAN, D. P., XIA, X., ZHAO, J. H. &
SUN, M. 2006. The Yanbian Terrane (Southern Sichuan
Province, SW China): a Neoproterozoic arc assemblage
in the western margin of the Yangtze Block. Precam-
brian Research 144, 19–38.

ZHOU, M. F., YAN, D. P., KENNEDY, A. K., LI, Y. & DING, J.
2002. SHRIMP U–Pb zircon geochronological and geo-
chemical evidence for Neoproterozoic arc-magmatism
along the western margin of the Yangtze Block, South
China. Earth and Planetary Science Letters 196, 51–67.

https://doi.org/10.1017/S0016756814000338 Published online by Cambridge University Press

https://doi.org/10.1017/S0016756814000338

	1. Introduction
	2. Geological setting and sampling
	3. Analytical methods
	4. Analytical results
	5. Discussion
	5.a. Cambrian sediment dispersal across South China
	5.b. Was there a Cambrian ocean in South China?

	Acknowledgements
	Declaration of interest
	Supplementary material
	References

