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ABSTRACT 

Paleogeographic reconstructions are of key importance for understanding the history of continental 
breakups and amalgamations during Earth’s history. A special case is the history of the Asian continent, 
which, compared to other continents, consists of several large cratons and numerous smaller continental 
blocks. The history of the assembly of South China remains controversial in terms of the timing, Late 
Neoproterozoic or Early Paleozoic, and the participating continental blocks, e.g. Yangtze, Cathaysia, India 
and Australia. Detrital rutile U-Pb dating has significant potential with regard to deciphering tectonic 
settings as rutile frequently crystallizes during orogenic events associated with the processes of collision and 
subduction. Detrital zircon U-Pb dating is a perfect instrument for identifying the provenance 
characteristics and age characteristics of sedimentary sources. An integration of these two methods of dating 
offers better opportunities for reconstructing tectonic settings. This paper presents a first attempt to 
reconstruct the Neoproterozoic to Early Paleozoic tectonic history and paleogeography of the whole South 
China based on U-Pb geochronology of rutile and zircon and Hf-in-zircon isotopes from Lower Jurassic 
Baitianba Formation sedimentary rocks of the western margin of the Yangtze Block, a major part of South 
China. Our obtained integrated U-Pb rutile and zircon age data show three main age populations of 
960–940 Ma, 630–610 Ma and 530–520 Ma. The new U-Pb detrital rutile and zircon ages, compared with 
former data from Gondwana and Australia, suggest that Yangtze amalgamated with Cathaysia to form South 
China during the Sibao orogeny at 960–940 Ma. The detrital rutile and zircons of the new 630–610 Ma age 
group could have been delivered from western Australia during the Late Neoproterozoic to Cambrian 
Paterson-Petermann orogeny. The abundant 530–520 Ma detrital rutile and zircon ages fit well with the 
coeval zircon age populations recorded in Gondwana-derived terranes, like India and Indochina. 

Keywords: detrital rutile, detrital zircon, western Yangtze Block, periods of orogeny, provenance 
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and subduction-related orogenies and, to a lesser 
extent, during extensional processes. Detrital zircon 
is often used to analyze the source of sediments. Ru- 
tile and zircon can record different aspects of crustal 
recycling and growth: zircon constrains the timing 
of high-temperature processes, both magmatic and 
metamorphic, while rutile records episodes of peak 
metamorphism, e.g. eclogitization, or histories of 
exhumation and cooling. Crustal movement can be 
divided into horizontal and vertical movement, and 
detrital rutile is sensitive to horizontal compression 
rather than vertical extension [1 ]. For instance, 

©The Author(s) 2024. Published
Commons Attribution License (h
work is properly cited. 

D
ow

nloaded from
 https://academ

ic.oup.com
/nsr/article/11/12/nw

ae356/7821663 by guest on 29 N
ovem

ber 2024
NTRODUCTION 

utile is an important accessory mineral, a rich
ource of information on the provenance of rocks
nd is one of the classical minerals used for U-Pb age
etermination [1 ]. Rutile can grow in a wide range
f P-T (pressure-temperature metamorphic con-
itions, e.g. [2 ]) and is sensitive enough to record
oung metamorphic events that could affect the
rotolith [3 ]. Meanwhi le, ruti le is among the most
table of the detrital minerals in sedimentary sys-
ems, and endures sedimentary cycles of transport

nd diagenesis. It typically grows during collision- 

byOxfordUniversity Press on behalf of China Science Publishing &Media Ltd. This is anOpen Access article distributed under the terms of the Creative
ttps://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original 

https://doi.org/10.1093/nsr/nwae356
https://orcid.org/0000-0002-5801-7767
https://orcid.org/0009-0007-6786-8866
https://orcid.org/0000-0002-0909-2330
mailto:lihongkui08@cdut.edu.cn
https://creativecommons.org/licenses/by/4.0/


Natl Sci Rev, 2024, Vol. 11, nwae356

0

586 Ma

925 Ma

1747 Ma

Pangea

Gondwana

Rodinia
Nuna

Kenorland

0

?

A

B

0

N
um

be
r

P
ro

ba
bi

lit
y

500

1000

1500

0.2

0.4

0.6

1000 2000 3000 4000 4600
Age (Ma)

Intensity of plume events

Proterozoic ArcheanPhanerozoic

Rutile (n=16, 417)

Zircon (n=609, 565)

1015 Ma

2483 Ma

Figure 1. (A) A compilated histogram of globally recorded detrital rutile and detrital zircon U-Pb ages (for the data for detrital 
rutile see Table S1; the detrital zircon data are from ref [15 ]). (B) U-Pb zircon age probability plot of the peaks of mantle plume 
magmatism of large igneous provinces [16 ]). 
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n overlapping of age peaks of detrital rutile and
etrital zircon suggests the presence of a conver-
ent/collisional tectonic setting during this or that
eriod. In the case of clastic sedimentary rocks, we
an use detrital rutile and zircon to reconstruct the
ycles of transportation and diagenesis of sediments
nd to discriminate between sedimentary basins
ormed in convergent/collisional and extensional
ettings [3 ]. 
Kernel density estimates of global detrital rutile

nd detrital zircon U-Pb age data show several peaks
uring Earth’s history ( Table S1) that match the
ain periods of the supercontinent assemblies and
elated orogenies (Fig. 1 ; [4 ]). Of special interest
re the Grenvi l lian and Pan-African orogenies that
esulted from the amalgamation of supercontinents
odinia and Gondwana, respectively. These two
ectonic events have been well recorded in East
ondwana blocks [5 ]. 
South China is typically regarded as an integral

art of both Rodinia and Gondwana, but its pa-
eogeographic position remains controversial [6 ],
ostly because it was affected also by the Pan-
frican orogeny. No consensus has been achieved
et on the assembly and tectonic evolution of South
hina during the Neoproterozoic to Early Paleozoic
ransitional period (e.g. [7 ,8 ]). A key factor in un-
erstanding the detachment of South China from
odinia and its drift to Gondwana is a probable
onnection between South China and India (e.g.
9 ,10 ]). Traditionally, the relationships between
outh China and India have been studied in terms
f magmatism and sedimentation [10 –12 ]. In par-
icular, several research teams used U-Pb detrital
ircon age data from Ediacaran-Cambrian sedi-
Page 2 of 11
mentary formations of South China to understand 
their provenances [13 ,14 ]. However, until recently, 
samples of clastic rocks have been mainly from 

eastern South China, that is from Cathaysia, thus 
leaving their geographic coverage limited [14 ]. To 
solve those controversial issues and provide more 
robust evidence on the paleogeographic position 
of South China in the mosaic of the Rodinia and 
Gondwana supercontinents, we combined U-Pb age 
data from detrital rutile and zircon from clastic rocks 
of the western Yangtze Block. That allowed us to 
determine the age of crustal growth (U-Pb igneous 
zircon ages) and metamorphism (U-Pb rutile ages) 
and to contribute to a better understanding of the 
Early Paleozoic history of South China. 

GEOLOGICAL BACKGROUND AND 

SAMPLING 

South China is one of the largest cratons in eastern 
Eurasia (Fig. 2 A). The North China Block is in 
the north, the Tibetan Plateau is in the west, the 
Indochina Block is in the southwest and the Pacific 
Plate is in the east. South China is actually a com-
posite continental block formed by the assembly 
of the Yangtze (nor thwestern par t) and Cathaysian 
(southeastern part) blocks amalgamated through 
the Sibao orogenic belt (Grenvi l lian orogenic belt; 
[10 ,17 ]). An important part of the Yangtze Block is
the Sichuan Basin. The study area is located in the 
northwestern part of the Sichuan Basin, specifically 
in the Longmenshan orogenic belt separating the 
Sichuan and Songpan-Ganze basins (Fig. 2 B). 

The Yangtze Block is unconformably overlain 
by Middle to Upper Neoproterozoic and Lower 

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae356#supplementary-data
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aleozoic successions [18 ]. The western part of the
egion includes Early Neoproterozoic (ca. 1070–750
a) volcanic and sedimentary units intruded by fel-

ic plutonic rocks and also by lesser abundant mafic
o ultramafic plutons [19 ]. This study focuses on the
urassic terrigenous strata of lacustrine origin, the
00 m thick Baitianba Formation, that are exposed
n the western margin of the Yangtze Block. The
aitianba sedimentary rocks have unconformable
ontact with the underlying Early Triassic Xujiahe
m. and pseudo conformable contact with the
verlapping Cretaceous deposits. The lithology of
aitianba Fm. is dominated by arkose sandstone.
he Sichuan Basin evolved from an oceanic basin
o a continental margin and then to a continental
etting during the Late Triassic [20 ]. Therefore,
ichuan Early Jurassic sedimentary rocks record the
essation of the ocean-continent transition. 
A total of 10 kg samples of sedimentary rocks

ere collected from the western margin of the
angtze Block for detrital rutile and detrital zircon
nalyses (samples JZS01 and MJB01; Fig. 2 B). Be-
ore analyses, the surface was cleaned using diluted
NO3 (3%, v/v) and pure alcohol to remove any

ead contamination. All rutile and zircon grains were
ocumented with transmitted and reflected light
icrophotographs as well as cathodoluminescence
CL) images, to select the best domains in grains
or analyses (Fig. 3 ). To make each population
tatistically representative, detrital rutile and zircon
rains of variable sizes and shapes were selected
andomly but grains with cracks or inclusions were
eft out. The results of U-Pb detrital rutile and zircon
ating and Lu-Hf zircon isotope analyses are listed
n Tables S2, S3 and S4, respectively. 

ESULTS 

rom a sandstone sample of the western margin
f the Yangtze Block, 160 detrital rutile grains and
Page 4 of 11
238 detrital zircon grains were analyzed and are 
listed in Tables S2 and S3. This rutile and zircon 
has osci l latory zoning in CL images ( Fig. S1) and 
Th/U values > 0.4 indicating its igneous origin 
[26 ]. Zircons of different origins may also exhibit 
differences in their chondrite-normalized REE (rare 
earth elements) patterns. Magmatic zircons exhibit 
relative depletion of light REE, relative enrichment 
of heavy REE, and obvious left-leaning patterns of 
Ce positive and Eu negative anomalies [26 ]. The 
standardized distribution pattern chart of detrital 
zircon REE chondrite meteorites in this study in- 
dicates that detrital zircons have magmatic zircon 
characteristics. Most detrital rutile and detrital zir- 
cons are transparent to light yellow, with grain sizes 
varying from 50 to 160 μm. They have a clear ring
structure, and the shape of particles is mainly semi- 
authigenic to irregular short columnar or elliptical. 
Most rutile and zircon particles are rounded, while 
a few have obvious edges and corners. A variety of 
internal zonation exists, ranging from strong oscil- 
latory zoning, to weak zonation. Variations, both in 
shape and internal structure, suggest that the well- 
rounded rutile and zircons might have experienced 
long-distance transport and multistage reworking, 
and the euhedral grains were likely to have been de- 
posited relatively close to source areas. 206 Pb/238 U 

and 207 Pb/206 Pb ages were used for zircons younger 
and older than 10 0 0 Ma, respectively [27 ], for
plotting using Density Plotter software [28 ]. 

U-Pb detrital rutile ages 
The detrital rutile U-Pb isotope ratios were plot- 
ted onto a Tera-Wasserburg diagram ( Table S2; 
Fig. 3 ). The U-Pb ages range from 2142 to 462 Ma to
form three main populations at 960–940, 630–610 
and 530–520 Ma. In addition, three subordinate 
peaks are seen at ∼865 Ma, ∼677 Ma and ∼568 
Ma. In summary, there are 43 detrital rutile grains 

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae356#supplementary-data
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istributed in the Early Neoproterozoic, accounting
or 27% of the total; 62 detrital rutile grains dis-
ributed in the Ediacaran, accounting for 39% of the
otal; and 20 detrital rutile grains distributed in the
ambrian, accounting for 13% of the total. 

-Pb detrital zircon ages 
he detrital zircons yielded U-Pb ages ranging from
062 to 271 Ma ( Table S3; Fig. 3 ). The U-Pb data
rom these concordant grains yield one dominant
ge population peak at 950 Ma. Secondly, the Early
aleozoic particles accounted for a relatively large
roportion, resulting in an age peak at 520 Ma. The
aleoproterozoic grains are fewer in number and
how an age peak at 2500 Ma (Fig. 3 ). 

u-Hf zircon isotopes 
he 176 Lu/177 Hf ratios of the detrital zircon sam-
les are < 0.002, with averages of 0.0 0 0774 and
.0 0 0841, respectively ( Table S4). Lu-Hf isotopes
ere measured in 128 zircons from this sample.
orty-one zircons yielded positive εHf (t)values,
ome showing a crustal incubation time of < 300
a [29 ]. The ca. 2500 Ma zircons show εHf (t)
alues ranging from −5.21 to + 2.49. The 950 and
20 Ma zircons are characterized by wider ranges
f εHf (t) values: −12.08 to + 11.6 and −24.20
o + 4.48, respectively. 

ISCUSSION 

eriods of orogeny and provenance 

nalyses 
orldwide coeval orogenic belts are used in recon-
tructing the assemblies of supercontinents. The
odinia supercontinent is a global continent that
as formed by a continental collision ca. 10 0 0 Ma,
nd this global orogeny is known as the Grenvi l lian
rogeny. Gondwana is a supercontinent that formed
uring the Pan-African orogeny from the Late
eoproterozoic to the Early Paleozoic. However,
hether South China participated in these two
upercontinent collisions has been controversial,
nd the existence of these two global orogenic belts
n the South China block is equivocal. There are
o magmatic or metamorphic formations of 650–
00 Ma ages in South China to date, indicating a
ossible external source terrane(s) for the 650–500
a components [30 ]. The source for all the other
lastic rocks can be traced within South China.
ome researchers think that South China is related
o the Pan-African orogeny, namely the assembly of
he Gondwana supercontinent [31 ,32 ]. Although
agmatism related to the Pan-African orogeny
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rarely occurs in South China, the tectonism is very 
obvious in the Early Neoproterozoic and with large- 
scale magmatic activity, especially along the Sibao 
orogenic belt (Fig. 2 B). Most of the detrital zircons
investigated in this study have a Th/U ratio higher 
than 0.1 and show fine-scale osci l latory growth 
zoning, indicating that the detritus was provided 
by a magmatic source. Thus, they provide a great 
means of deciphering the timing of magmatic events 
and the crustal evolution of the Yangtze Block. 
Sandstone samples from the western margin of 
the Yangtze Block contain detrital zircons yielding 
abundant zircons of 960–940 Ma (Sibao orogeny), 
plus those of 630–610 Ma (new orogeny?) and 530–
520 Ma (Pan-African orogeny; Fig. 3 ). The data 
suggest that the source regions possibly experienced 
three broad episodes of tectono-magmatic events. 
To compare the provenance of detrital zircons we 
used the U-Pb zircon ages from the Cathaysia Block, 
Indochina, Australia and India (Fig. 4 ). 

In this study, the U-Pb age spectra from both 
detrital rutile and zircon show peaks at 960–940 
Ma, sharp peaks at 630–610 Ma and softer peaks 
at 530–520 Ma (Fig. 3 ). The U-Pb age spectra of
detrital zircons from the western margin of the 
Yangtze Block are similar to those of the Cathaysia 
Block, both peaking at 970 and 2480 Ma (Fig. 4 ).
In addition, the age distribution of studied detrital 
zircons is inconsistent with that of the Yangtze 
Block, characterized by predominant age groups 
between 720 Ma and 910 Ma, with a peak at 830 Ma
[33 ]. Therefore, we propose that the Neoprotero- 
zoic grains (960–940 Ma) were probably derived 
from the Sibao orogenic belt. The reason is that the
Neoproterozoic zircon grains (960–940 Ma) are 
moderately rounded suggesting that they could be 
transported from a source located not far from the 
Yangtze Block, i.e. the Cathaysia Block. 

Recently, 990–950 Ma and 1100 Ma ages have 
been obtained in the south Cathaysia Block and the 
southeast of the Yangtze Block, respectively [34 ]. 
More evidence for that comes from (i) the Grenvil- 
lian zircons hosted by metasediments of Hainan and 
northern Fujian of the Cathaysia Block [35 ]; (ii) 
both negative and positive εHf (t) values (e.g. Fig. 4 ;
[36 ]) of ca. 950 Ma detrital zircons of the Yangtze
Block (Fig. 4 ) [36 ] and 10 0 0–80 0 Ma zircons of
the Cathaysia Precambrian metasedimentary rocks 
[37 ]; (iii) voluminous Neoproterozoic arc magmatic 
rocks (970–830 Ma) and SSZ (supra-subduction 
zone) type ophiolitic suite are distributed in the 
Sibao orogen and carry abundant zircons with posi- 
tive εHf (t) values and negative εHf (t) values [38 ,39 ].

Further examinations of the 620–400 Ma detrital 
zircons from the Yangtze Block reveal the following 
specific features. Most of these zircon particles show 

complicated crystal morphology and they are oval, 

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae356#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae356#supplementary-data
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ndicating that they have undergone long-distance
ransportation and may come from other blocks.
he 620–400 Ma detrital zircon population is a
rominent feature of the Gondwana continent
40 ,41 ]. Of special interest is the peak at 630–610
a, which we fixed out for the first time for South
hina. The source of these detrital zircons cannot
e the Terra Australis orogen, as the orogeny there
egan at 580 Ma [42 ]. Some people believe that
hey may have originated from the East African
rogenic belt [43 ], but the 800 Ma age group of the
ast African orogenic belt is significantly different
rom this study (e.g. [44 ]). Bagas [45 ] discovered
 granite age of 70 0–60 0 Ma in western Australia.
herefore, the central Australia segment has been
Page 6 of 11
previously considered to be a source of 630–610 
Ma detrital zircons (e.g. [46 ]) as it experienced the 
Paterson-Petermann orogeny at 650–520 Ma [47 ]. 
According to a study by GSWA et al. [47 ], the U-Pb
age of Paterson-Petermann orogeny granite is ca. 
630 Ma, which is consistent with the peak U-Pb age 
of detrital zircons in South China (Fig. 4 ). In addi- 
tion, the Hf isotopes of granite ( εHf (t) + 2 to 5) are
also very similar to this study [46 ]. Our data from
detrital zircons, both U-Pb ages and εHf (t), confirm 

such a model (Fig. 4 ). Based on the above analyses,
we argue that the amalgamated South China was 
probably subducting under an active margin of 
Australia during the Ediacaran to Early Paleozoic 
[13 ], and there may have been a potential exchange 
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f the material derived from the provenance formed
etween the two blocks. The new 630–610 Ma peak
rom South China (Fig. 3 ) is close to the ca. 590 Ma
ge of the zircons from sedimentary rocks of western
ustralia (Fig. 4 ). Consequently, we suggest that the
ustralian active continental margin of Gondwana
erved as a source of the 630–610 Ma zircons. 
After the peak at 630–610 Ma, the detrital zircon

ge spectra of the Yangtze Block become similar to
hose of northern India, but different from those of
estern Australia [14 ]. Figure 4 i l lustrates that the
30–520 Ma peak is present in the detrital zircon
-Pb age spectra of both the Yangtze Block and the
orthern margin of India [49 ]. The Hf isotope plot
hows few, if any, 530–530 Ma zircons in clastic
ocks of both northern India and Yangtze, with
ositive εHf (t) values [50 ]. In addition, the age
pectrum of the detrital rutiles from the Yangtze
lock also shows a peak at 530–520 Ma (Fig. 3 ). The
oinciding age peaks at 530–520 Ma obtained from
oth detrital zircon and rutile suggest a contem-
oraneous compressional tectonic event, probably
elated to the Pan-African orogeny and associated
rogenic belts formed during the final assembly of
he Gondwana supercontinent [48 ]. These findings
mply that during the assembly of Gondwana, the
orthern margin of India was closely connected with
he Yangtze Block, and served as a source of early
ambrian sediments/zircons in Yangtze. 

he amalgamation of the Yangtze and 

athaysia 

he Grenvi l lian orogeny was widespread around
aurentia and East Antarctica [59 ]. It resulted in
he formation of orogenic belts that amalgamated a
eries of continental blocks to form the supercon-
inent Rodinia [60 ]. The traditional view is that
outh China, a part of Rodinia, was formed by the
malgamation of the Yangtze Block and Cathaysia
lock along the Sibao orogenic belt of the two
locks. However, the timing of the amalgamation
emains debatable [61 ]. One team argues that the
angtze and Cathaysia blocks were amalgamated
n 10 0 0–90 0 Ma, and the Sibao orogenic belt is
art of the global Grenvi l lian orogeny [35 ,62 ].
nother team, using the latest geochronological and
eochemical data, suggested that the amalgamation
f the two blocks was 820 Ma, or even later, and
he Sibao orogenic belt is later than the Grenvi l lian
rogeny [63 ]. Here we use detrital rutile and detri-
al zircon age data to limit the merger time of the
angtze Block and Cathaysia Block. 
It has been found that there is a Grenvi l le meta-
orphic belt at the southern margin of the Yangtze
lock [35 ,64 ]. Grenvi l lian granitoids and high-grade
Page 7 of 11
metamorphic rocks are absent there. However, gran- 
ite gneisses and metamorphic gabbros near Panzhi- 
hua in the western Yangtze Block [19 ], dacite in
the northwestern Yangtze Block [65 ] and Neopro- 
terozoic metasediments [12 ,66 ], show zircons with 
Grenvi l lian ages. These data suggest that Grenvi l lian
high-grade metamorphism propagated from the 
northern to the western margins of the Yangtze 
Block [67 ]. The 960–940 Ma detrital rutile and 
zircon ages probably reflect the Grenvi l lian orogeny 
being linked to the assembly of the Rodinia super- 
continent [9 ]. The Sibao orogenic belt was thought 
to be a typical Grenvi l lian orogenic belt [34 ,68 ], a
collision between the Yangtze and Cathaysia blocks 
as a result of the Sibao orogeny, as was postulated
in [64 ]. These Neoproterozoic zircons are believed 
to be related to the building of the orogenic belt.
Secondly, abundant subduction-related magmatic 
activity at 10 0 0–860 Ma is evident along the Sibao
orogenic belt, including the ophiolites and their re- 
lated igneous rocks [69 ] and the arc-related volcanic 
rocks (Fig. 2 B) [70 ], but no metamorphic rocks
younger than 10 0 0 Ma. Finally, after 850 Ma, South
China as a whole experienced extension [61 ]. The 
Hf-in-zircon isotope data from the western Yangtze 
Block show a rapid increase in the values of εHf (t) 
at 960–940 Ma, which is consistent with the ages 
of zircons from Neoproterozoic formations of the 
central Yangtze Block [71 ,72 ]. Therefore, a large 
amount of mantle material was added to the crust 
during that period, i.e. during the assemblage of 
the Rodinia supercontinent. All these data prove 
that the Yangtze Block and Cathaysia Block as- 
sembled to form the single South China continent 
at 960–940 Ma. 

Neoproterozoic–Early Paleozoic 

evolution of South China 

The Yangtze, Cathaysia, India and Indochina blocks 
all show common peaks at 1050–900 Ma (Grenvil- 
lian orogeny) and 600–520 Ma (Pan-African 
orogeny) (Fig. 4 ). Moreover, the 10 0 0–90 0 Ma
detrital zircons of the Yangtze Block have a wide 
range of εHf (t) values ( −12.08 to + 11.6). This
age population is significantly different from the 
Grenvi l lian orogeny at 130 0–110 0 Ma in southwest-
ern Australia [9 ]. The detrital zircon from western 
Australia shows a Grenvi l lian peak of ∼1200 Ma,
which does not appear in the Yangtze Block (Fig. 4 ).
So according to the comparative age model of de- 
trital zircon, South China was unlikely to be located 
near western Australia in the Early Neoproterozoic. 

Detrital rutile and detrital zircon in western 
South China have an obvious peak during the Edi- 
acaran to the Cambrian (Fig. 4 ). However, South 
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hina lacks Ediacaran magmatic, metamorphic and
ntense deformational records and therefore hardly
xperienced extensive orogeny during this period
73 ]. The major age peak at 630–610 Ma and the
ignificant age peak at 530–520 Ma in the sediments
ay be related to an orogenic event formed by the
malgamation of the Gondwana, although coeval
agmatic rocks are rare in South China. The unique
30–610 Ma detrital zircons, which could be pro-
ided by the Australian active continental margin,
nd the first rutile data both suggest a new event
f collision orogeny in South China. It is suggested
hat the 630–610 Ma orogeny could be a result of
he collision between South China and Australia. 
During the Early Paleozoic, northern India and

ts surrounding regions experienced two significant
rogenic events: the Northern Indian orogeny
53 0–470 Ma) and the East African orogeny (570–
20 Ma) [10 ]. The coeval zircons produced by
hese orogenies are believed to be the source of
he rounded detrital zircons of the data set under
onsideration. Those orogenic belts were uplifted
uring the Neoproterozoic and supplied detrital
ircons to the Tethyan Himalaya [8 ]. The 520 Ma
etrital zircons from the Yangtze Block fit, in terms
f age, those from northwestern India. The similar
pectra of U-Pb ages and distributions of the εHf (t)
alues of detrital zircons suggest a link between the
outh China Block and India [74 ]. Jiang et al. [11 ]
ompared the stratigraphic records of the Yangtze
lock (South China) and India, and the strata
etween them are also very similar. 
These changes indicate that India collided with

outh China at ∼530–520 Ma and supplied zircons
o the provenance. The ca. 520 Ma detrital zircons
hat could have been delivered from the north India
argin changed dramatically during the Cambrian
Fig. 3 ). Therefore, we think that South China was
ocated in northern India in the Early Paleozoic [8 ],
Page 8 of 11
not Australia in Gondwana [10 ,75 ]. This is another 
convincing piece of evidence regarding the affinity 
between South China and Gondwana: comparison 
of crustal growth histories in zircon source areas. The 
Hf isotope composition of detrital zircons from sam- 
ples in this study, as well as from western Australia, 
northwestern India and the Indochina blocks, indi- 
cates that the origin of the Pan-African and Grenvil- 
lian zircons is juvenile magmas, the melting of pre- 
existing crustal rocks, and the reworked character of 
most pre-Grenvi l lian zircons. These features show 

the similarities in the crustal growth histories of 
the source areas of the Grenvi l lian and Pan-African 
zircons recorded in the India and Indochina blocks. 

The Paleogeography of South China is more 
controversial [76 ,77 ]. Cocks and Torsvik [78 ], in 
creating a paleogeographic reconstruction of East 
Asia, posited that South China and Indochina were 
a single continent, and this structure is not only 
consistent with the similarity of detrital zircon age 
models of Cathaysia, Yangtze and Indochina, but 
can also connect South China and northern India 
through Indochina. According to Li et al. [79 ], the 
paleolatitude of South China during the Ordovician 
was somewhere between 9° and 24° south, which 
is consistent with the paleoposition of South China 
proposed by Metcalfe [80 ] and with reconstructions 
based on age spectra of detrital zircons [8 ]. Based 
on this, we put forward a paleogeographic recon- 
struction of South China from the Neoproterozoic 
to Cambrian (Fig. 5 ). In the Early Neoproterozoic, 
South China was formed by the combination of the 
Yangtze and Cathaysia blocks through the Sibao 
orogeny, drifted away from the central part of Ro- 
dinia during supercontinent breakup, then collided 
with central Australia in the Early Ediacaran period, 
and finally collided with northwest India as part 
of the Gondwana continental combination in the 
Cambrian period, resulting in the formation of the 
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Pan-African’ orogenic belt along the Himalayas on
he northern edge of India. This paleogeographic
odel is also consistent with the affinity between
arly Paleozoic shallow marine fauna of South
hina and that of eastern Gondwana [81 ]. 

ONCLUSIONS 

(i) The integrated age pattern of detrital rutile
and detrital zircons from clastic rocks of the
Lower Jurassic Baitianba Formation of South
China shows three events of orogeny at 960–
940 Ma, 630–610 Ma and 530–520 Ma. The
events of the 630–610 Ma orogeny were dis-
covered for the first time. 

(ii) Our evidence confirms previous ideas about
the formation of South China by the amal-
gamation of the Yangtze and Cathaysia
blocks during the Sibao orogeny, i.e. at ca.
960–940 Ma. 

(iii) At 630–610 Ma, South China collided with
western Australia, and then collided with In-
dia during the final assembly of the Gond-
wana supercontinent at 530–520 Ma. 
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