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In the last few decades, the Late Paleozoic–Early 
Mesozoic tectonic evolution of South China has been
quite controversial. The focus of debate is on both the
age of ophiolites and the Late Paleozoic–Early Meso-
zoic geological and geodynamic environment. The
Huaiyu Domain is located in the NE part of South China
and exposes numerous significant geological features
that are keys to understand the tectonics of South China.
In this paper, we present some new evidence on stratig-
raphy, petrology and SHRIMP zircon U-Pb geochronol-
ogy, and together with other geological and geochemi-
cal data available in the literature, and the following
conclusions are suggested: 1) The eastern Jiangnan
ophiolites belt, dated at 858±11 Ma by SHRIMP zircon
U-Pb method, was generated during the Neoprotero-
zoic, but not the Late Paleozoic; 2) The sedimentary
rocks associated with these oceanic rocks do not contain
radiolarians but Neoproterozoic acritarchs; 3) During
Permian–Early Triassic times, the Huaiyu Domain was
dominantly characterized by a shallow sea depositional
environment since deep sea sediments are absent; and
4) The pre-Devonian tectonics of South China has been
reworked by late polyphase tectonism through the Trias-
sic and the Cretaceous periods. A Late Paleozoic–Early
Mesozoic deep marine domain floored by oceanic crust
never existed in the study area. The geochronological
and structural data do not comply with a Late Paleo-
zoic–Early Mesozoic South China Ocean.

Introduction

The Huaiyu Domain occupies an area larger than 4000 km2, in NE
Jiangxi, NW Zhejiang provinces and a part of southern Anhui
Provinces. In this large area, numerous significant geological fea-
tures such as ophiolitic mélange, blueschist metamorphic rocks, arc-
type volcanic rocks, various types of granitic rocks, ductile and syn-
metamorphic structures and complete Phanerozoic sedimentary
sequences are well preserved. Thus the Huaiyu Domain is a key area
for understanding the tectonics of South China. 

However, in the last few decades, the tectonic evolution of this
region has been quite controversial. In the 1990’s, the Huaiyu
Domain was interpreted as either a Neoproterozoic active continen-

tal margin or an Early Mesozoic collisional orogenic belt (Hsu et
al., 1988; Rowley et al., 1989; Rodgers, 1989; Guo et al., 1989; Ren
et al., 1989; Chen et al., 1991; Li, 1993; Shi et al., 1994; Charvet et
al., 1996; Shu et al., 1990, 1994, 1996). Zhao et al. (1995) claimed
that they had found Carboniferous–Permian radiolarians associated
to the ophiolitic blocks in the NE part of the Jiangxi Province. Thus
these authors concluded that the ophiolitic magmatism was gener-
ated in a Late Paleozoic oceanic basin. Since then, a new contro-
versy has arisen concerning the nature and origin of the radiolarian-
bearing cherts (He et al., 2000; Li, 2000; Wang and Shu, 2001;
Yang et al., 2005). The debate on the Proterozoic tectonic nature of
SE-margin of Yangtze block hasa been extended to the western part
of the Jiangnan orogenic belt (Zhou et al., 2002; Li et al., 2003;
Zhou et al., 2004 ). Some researchers have emphasized that in South
China the Jiangnan Orogenic Belt was formed by the closure of a
Paleozoic ocean, called the “Banxi ocean”, during Late Paleozoic to
Early Mesozoic (Zhao et al., 1995; He et al., 2000). According to
this view, a Late Paleozoic deep sea environment and a Late Paleo-
zoic-Early Mesozoic ocean-continent paleogeographic framework
are suggested for the South China Block (Xiao and He, 2005). 

The age of the ophiolite and the Late Paleozoic-Early Mesozoic
stratigraphic sequence in the Huaiyu Domain is still poorly under-
stood, leading to various interpretations on the tectonic evolution
and geological environment of the South China Block. Therefore, it
appears necessary to precisely determine the age of the ophiolitic
rocks, and to clarify the Phanerozoic strata sequence and corre-
sponding sedimentary environments. In this paper, we present new
stratigraphic information and new SHRIMP zircon U-Pb dating of
ophiolitic rocks, in an attempt to clarify the age of the ophiolitic
rocks and to better constrain the depositional environment of the
Late Paleozoic-Early Mesozoic rocks in the study area.

Geological setting

Tectonic outline 
The Huaiyu Domain is situated in the eastern segment of the

NEE-NE-trending Jiangnan Neoproterozoic orogenic belt. This
domain separates the Jiuling Proterozoic terrane to the northwest by
the NE Jiangxi fault, from the NE-trending Early Paleozoic
Cathaysian Orogenic Belt to the south by the Shaoxing-Jiangshan
fault (Figure 1). The NE Jiangxi and the Shaoxing-Jiangshan faults
are considered to be very important tectonic suture zones (Guo et al.,
1989; Gilder et al., 1991; Shi et al., 1994; Faure et al., 1996; Shu and
Charvet, 1996; Charvet et al., 1996; Yang et al., 2005).

The Huaiyu Domain can be divided into three lithological and
tectonic units: 1) the ophiolitic mélange zone (or northern zone); 
2) the Precambrian volcanic rock zone (or central zone); and 3) the
sedimentary cover zone (or southern zone). The northern and central
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zones have been subjected to a regional-scale lower-greenschist
facies metamorphism and ductile shear deformation.

The northern zone is distributed along the NE Jiangxi fault,
about 2–4 km wide and 200 km long, where exist more than 200
exposures of fault-bounded mafic or ultramafic blocks. The ophi-
olitic blocks consist of various lithologies such as serpentinite, peri-
dotite, orthopyroxenite, gabbro, diabase, pillow basalt, tuffaceous
flysch, limestone, chert, andesite and vocalnoclastic rocks. In out-
crop, the size of a single block varies from 2 km2 (e.g. in Zhang-
shudun and Xiwan, Figures 1, 2) to less than 100 m2. In Shiershan
near Kaihua County, the ophiolitic mélange was intruded by a 
S-type cordierite-bearing granite dated at 825±3 Ma by U-Pb on zir-
con (Liu et al., 1995) and is overlain unconformably by Lower Sin-
ian conglomerate and coarse-grained sandstone (Ren et al., 1989;
Shi et al., 1994; Shu and Charvet, 1996). 

The central zone is a NE-trending volcanic belt, 10–15 km wide
that consists of a 4000 m-thick pile of spilite, keratophyre, andesite,
rhyolite, tuffaceous rock and graywacke. The U-Pb dating on zircon
from quartz-keratophyre in Kaihua County (Figure 1) yields an age
of 846±4 Ma (Liu et al., 1995). 

The southern zone belongs to an unmetamorphosed Sinian and
Phanerozoic sedimentary cover, distributed mainly in the southeast-
ern part of the Huaiyu Domain. The deposits of southern zone cover
partly the Jiangshan–Shaoxing Neoproterozoic suture between the
Yangtze block and the Cathaysian block. Along the suture, several
ophiolitic mélange blocks are exposed, dated at around 900 Ma, a
Neoproterozoic age (Zhou and Zhu, 1992). From the Sinian Period
(equivalent to the Ediacaran Period of 630–540 Ma, Gradstein et al.,
2004) to the Early Triassic, the whole domain was a passive conti-
nental margin. Except for short-lived magmatism coeval with a rift-
ing event around 825 Ma (Gilder et al., 1991; Li et al., 1996), any
other regional-scale volcanism is lacking from Cambrian till Early
Triassic times in the Huaiyu Domain. 

Stratigraphic sequence
Pre-Sinian basement.  Metamorphic and plutonic

rocks of pre-Sinian age crop out widely in the Jiangnan
belt. These basement rocks consist of Meso- to Neopro-
terozoic granitoids, volcanic rocks (bedded tuff, basalt,
spilite) and turbidite strata including argillite, sandstone
and mudstone. The mafic-ultramafic blocks assigned to a
dismembered ophiolitic mélange. Sinian sedimentary
rocks devoid of ductile deformation and metamorphism
overlie unconformably the pre-Sinian basement
(JBGMR, 1984; ABGMR, 1985; FBGMR, 1985;
ZBGMR, 1989; Rodgers, 1989; Rowley et al., 1989; Shu
and Charvet, 1996; Chen et al., 1997). 

Sinian System. This consists of four formations,
namely, the Zhitang Formation (Z1z), Leigongwu Forma-
tion (Z1l), Doushantuo Formation (Z2d) and Dengying
Formation (Z2dy). The Zhitang Formation (Z1z), with
thicknesses ranging from 100 m to 1500 m, is composed of
red colored conglomerate, graywackes, quartz-sandstone
with southward current indicators, toward upper siltstone
and shale. These terrigeneous rocks with coarse fragment
overlie unconformably the volcanic rock series of the Neo-
proterozoic Shangshu Formation. Numerous pebbles of
slate, schist and orthogneiss are preserved in the conglom-
erates. The Leigongwu Formation (Z1l) is composed of
5–60 m thick glaciofluvial sediments. The Doushantuo
Formation (Z2d) is a phosphorus-bearing dolomite and
pyrite-bearing dolomite-limestone formation of 5–80 m
thick. The Dengying Formation (Z2dy) is mainly composed
of chert with intercalated limestone and dolomite. The
Lower Sinian rocks correspond to a post-collisional fore-
land basin. The study of paleocurrent direction during the
Early Sinian Period shows that the Early Sinian detrital
rocks were supplied from two sedimentary sources on both

NW and SE sides of the foreland basin (ZBGMR, 1989; Shu et al.,
1990, 1996).

According to Zhang and Yan (2006), the Zhitang Formation
and the Leigongwu Formation were considered to be a Pre-Sinian
sequence, called the Nanhua System, and the Doushantuo Formation
and the Dengying Formation belong to the Sinian System. Unfortu-
nately, they didn't provide dating evidence on the ages of the Zhitang
and Leigongwu Formations.  

Early Paleozoic. During this period, a shallow sea occupied the
whole domain. The 200–400 m thick Cambrian System is in con-
formable contact with the Sinian System. It is composed of pyrite-
phosphate-uranium-vanadium-bearing black shale or mudstone with
some coal seams, bedded limestone, marlite and dark colored chert,
in which abundant trilobite and brachiopoda are preserved. The
800–2000-m-thick Ordovician System consists of nodular limestone,
nodular marlite, black chert and sandstone-siltstone-shale turbidite
with Bouma sequences. These rocks contain numerous fossils of
graptolite and cephalopoda. The 1800–3000-m-thick Silurian System
is composed of interbedded sandstone, siltstone and shale or mud-
stone with limestone and marlite intercalations, containing bra-
chiopoda and a few graptolite fossils. The strata of the above men-
tioned three systems deposited continuously in the stratigraphic suc-
cession (JBGMR, 1984; ZBGMR, 1989).

Late Paleozoic. In the study area, the Lower and Middle
Devonian Series are absent. Only the 80–300 m thick Upper Devon-
ian Series called Wutong Formation is preserved. It is composed of
red and gray conglomerate, quartz-conglomerate and coarse-grained
sandstone with siltstone containing plant fossils of Leptophloeum
rhombicum Dawson (JBGMR, 1984; ZBGMR, 1989). These rocks
deposited in an intra-continental marine basin in a littoral deposi-
tional environment. The Upper Devonian (Wutong Formation, D3)
overlies unconformably the folded Upper Ordovician or Upper Sil-
urian Series (Figure 2), indicating the existence of an Early Paleo-
zoic tectonic event. 
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Figure 1   Simplified tectonic map of the Huaiyu Domain, South China.



The Carboniferous System belongs to a stable platform setting
of shallow sea in which were deposited 110–200-m-thick carbonates,
with various fossils of fusulinaceans, coral and brachiopoda. The
40–50 m thick siltstone, marlite and shale intercalated with coal
seams form the Lower Carboniferous Series (Zhishan Formation,
C1z). Frequently, the basal part of the Lower Carboniferous Series
consists of coarse terrigeneous rocks (conglomerates, sandstones)
that unconformably cover the Lower Paleo-
zoic rocks.

During the Permian Period, as presented
below, various depositional environments
occurred in the Huaiyu Domain and its neigh-
boring areas. In the Huaiyu Domain, the
400–450 m thick Permian System is composed
of: 1) black limestone intercalated with nodu-
lar chert with abundant fusulinids (Qixia For-
mation, P1q); 2) thin-bedded chert intercalated
with sandstone (Gufeng Formation, P1g), 3),
coal-bearing siltstone and feldspar-sandstone
with plant fossils such as Pecopteris and
Gigantopteris (Longtan Formation, P2l), and
4) siliceous shale and sandy shale containing
numerous fossils of ammonoidea, brachiopoda
and a few fusulina (Dalong Formation), indi-
cating a littoral-shallow sea environment. 

The Lower Triassic deposits are generally
in conformity with the underlying Permian
strata. But in several areas, there are disconfor-
mities (Yang et al., 1982). Conversely, Upper
Triassic red conglomerates and quartz-sand-
stone overlie regionally the Paleozoic strata by
an angular unconformity (Figure 2). The litho-

logical features of the Mesozoic strata will be
described in the following sections. 

Age of ophiolitic mélange in
the Huaiyu Domain 
Two ophiolitic mélange zones, namely the NE
Jiangxi zone and the Jiangshan-Shaoxing zone, are
distributed along the two boundaries of the Huaiyu
Domain. The mélanges are interpreted as two
sutures located between the Proterozoic Huaiyu
and the Jiuling terranes and between the Yangtze
and Cathaysian continental blocks, respectively
(Shu and Shi, 1990; Shi et al., 1994; Shu and
Charvet, 1996; Charvet et al., 1996). 

The Jiangshan–Shaoxing ophiolitic mélange
that outcrops in the Zhuji and Longyou areas con-
sists of serpentinized peridotite, orthopyroxenite,
sheared gabbro, diabase, basalt, chert and a few
limestone. These rocks experienced a regional
lower greenschist facies metamorphism coeval
with ductile shearing. The radiometric ages of these
ophiolitic rocks were up to now poorly studied.
Only two dating ages of ophiolite were obtained,
that is, 889±10 Ma by K-Ar on amphibole grains of
diorite in Zhuji (Zhou et al., 1992), and 832±7 Ma
by 40Ar/39Ar on amphibole grains of mafic schists
near the gabbro (Kong et al. 1995), respectively.
These ages for the ophiolite are considered not as
precisely as the SHRIMP zircon U-Pb ages. There-
fore, in this study we carried out a SHRIMP dating
on a fresh gabbro rock (Sample 407) sampled in
Huaquan of Zhuji. 

The sample preparation and SHRIMP U-Pb
dating of 14 zircon grains from gabbro were done
in the Beijing SHRIMP Center, Chinese Academy

of Geological Sciences. The results are listed in Table 1 and the rep-
resentative cathodoluminecence images of zircon grains from the
gabbro are presented in Figure 3. Weighted mean 206Pb/238U ages
with 1 ! error are in 95% confidence. Most analyses are concordant,
with 232Th/238U ratios 0.68–1.11, and MSWD 1.60. From the U-Pb
concordia diagram (Figure 4), Sample 407 yielded a mean
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Table 1  Analytical data from SHRIMP U-Pb dating for zircon grains from the Huaquan
ophiolitic gabbro, Zhuji area.

Figure 2   Geological map insetting a geological section of Huaiyu Domain, South China.



206Pb/238U age of 858±11 Ma. This age demonstrates that a strong
tectono-thermal event took place during Neoproterozoic in the
region.

These ophiolitic mélanges were likely reworked by late tectonic
events during Early Paleozoic and Early Mesozoic times. For exam-
ple, an Early Paleozoic sinistral transpressive ductile shearing has
been documented by 40Ar/39Ar dating on syn-kinematic metamor-
phic minerals of muscovite (391±3 Ma) and biotite (421±8 Ma),
respectively (Shu et al., 1999). In addition, a 432±2 Ma SHRIMP zir-
con U-Pb age is obtained for a sheared granodiorite in the SW side of
Yanshan (Figure 1) (Sun, 2005). In the study area, large-scale ductile
deformation, younger than Silurian, had not been found. However,
several metamorphic core complexes around Mesozoic granitic
domes or ductile shear zones coeval with the thermal aureole that sur-
rounds the Mesozoic granitic plutons are documented in several
places in South China (e.g., Faure et al., 1996, Faure et al., 1998; Lin

et al., 2000, 2001). Since the Late Devonian, brittle deformation
structures such as faults, joints, cataclasite, breccia and gentle upright
folds are widely developed, possibly in relation with transpressional
tectonics. 

Regional-scale sedimentary environment
around the Huaiyu Domain during the
Late Permian to the Early Triassic

In the past thirty years, many geologists paid attention to biostratig-
raphy and paleogeography of the Paleozoic and Mesozoic sedimen-
tary deposits of South China (JBGMR, 1984; ABGMR, 1985;
FBGMR, 1985; ZBGMR, 1989). Eight synthetic lithostratigraphic
columns for the Permian to Triassic interval are established all
around the Huaiyu Domain (Figure 5). 

The Early Permian strata consist of nodular-chert-bearing lime-
stone, bioclastic limestone and chert. Brachiopods and fusulinids are
abundant. The strata thickness varies, from 160–210 m in
Xuancheng and Anqing (Figures 5-1, 4) to 1000 m in southern Fujian
(Figures  5-7, 8). The Early Permian Series was deposited in a shallow
sea environment in continuity with the Late Carboniferous strata. The
Late Permian strata, including the Changxing Formation in NW Zhe-
jiang, are mainly composed of feldspar-sandstone, coal-bearing silt-
stone, shale, carbonaceous shale, coal seams, calcareous-shale, muddy
siltstone and siliceous shale with intercalated lenses of limestone con-
taining numerous fossils of Pecopteris, Gigantopteris, cephalopoda
and pelecypoda. The thickness of this series ranges from 100–200 m in
the Zhejiang and Anhui Provinces (Figures 5-1, 2, 3, 4) to 200–500 m
in Jiangxi Province (Figures 5-5, 6), and up to 700 m in Fujian Province
(Figures 5-7, 8). 

The stratigraphic characteristics of Late Permian to Early Trias-
sic deposits are summarized in Table 2. Obviously, the decreasing in
grain size of the deposits from the NW (Figures 5-1, 2, 3, 4) to the SE
(Figures 5-5, 6, 7, 8) indicates a SE-dipping slope during the Late
Carboniferous to the Middle Triassic. However, both lithological
characteristics and fossil assemblages in these eight areas document
only variations of sea level that reflect various paleo-environments
such as shallow sea, littoral, swampland and land, but not deep sea
environment. This view is further supported by the occurrence of
three coal-forming periods in this region during the Late Permian
(Figures 5-2,  3, 5, 6, 7, 8), the Middle Triassic (Figures 5-5, 6) and
the Late Triassic (whole region). In the eight areas, there are abun-
dant Late Paleozoic shallow sea animal fossils such as brachiopoda,
pelecypoda, cephalopoda, fusulinids and coral, and terrestrial plants
such as Pecopteris and Gigantopteris, indicating an environment
ranging from continental shelf to land. The Lower Triassic Series
corresponds to shallow sea facies sediments, including mudstone,
dolomitic limestone, marlite and oolitic limestone, rich in pelecy-
poda and brachiopoda (Yang et al., 1982). The thickness varies in
different sections, from 160–280 m (Figures 5-1, 4) to 500 m (Fig-
ures 5-2, 3), and even up to 600–700 m (Figures 5-5, 6, 7, 8). The
Middle Triassic Series with a thickness ranging from 670 m (Figures
5-7, 8) to 1000 m (Figures 5-4, 5, 6) is deposited in the southern part
of the study area, composed of shallow sea and littoral facies calcic
siltstone, siltstone and limestone including pelecypoda, brachiopoda
and plants. However, in the northern part of the study area, Middle
Triassic Series is lacking (Figure 5-1). The Upper Triassic Series
consists of red colored coarse clastic rocks (sandstone and conglom-
erate) and coal-bearing siltstone, which unconformably overlie the
older strata. 

On the basis of the above mentioned stratigraphic and sedimen-
tologic lines of evidence, we conclude that during the Late Permian
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Figure  4   SHRIMP U-Pb age on zircon grains from the
Huaquan ophiolitic gabbro, sampled near Zhuji.

Figure 3  Representative cathodoluminescence images of zircon
grains from the gabbro sample 407. Circles indicate analyzed
spots.
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Table 2   Lithostratigraphic features from the Upper Permian to the Lower Triassic in areas around the Huaiyu Domain.

Figure  5   Carboniferous-Triassic stratigraphic columns of Zhejiang-Jiangxi-Anhui and Fujian Provinces, South China. 
Symbols of strata: J1, Lower Jurassic Series; T3, Upper Triassic Series; T2, Middle Triassic Series; T1, Lower Triassic Series; P2, Upper Permian Series;
P1, Lower Permian Series; C3, Upper Carboniferous Series. T3a, Anyuan Formation; T3d, Dakeng Formation; T3l, Lalijian Formation; T3j, Jiaokeng For-
mation; T3w, Wenbinshan Formation; T3wz, Wuzhao Formation; T2a, Anren Formation; T2d, Dong maanshan Formation; T2t, Tongtoujian Formation; T2yj,
Yangjia Group; T2y, Yueshan Formation; T1d, Daye Formation; T1h, Helongshan Formation; T1n, Nanlinhu Formation; T1xw, Xiwei Formation; T1xk,
Xikoi Formation; T1y, Yinkeng Formation; T1z, Zhengtang Formation; P2c, Changxing Formation; P2cp, Cuipingshan Formation; P2d, Dalong Formation;
P2l, Longtan Formation; P2lp, Leping Formation; P2wl, Wulinshan Formation; P2w, Wujiaping Formation; P1a, Anzhou Formation; P1g, Gufeng Formation;
P1q, Qixia Formation; P1s, Shizixing Formation; P1t, Tongziyan Formation; P1wb, Wenbishan Formation; P1w, Wuxue Formation; P1x, Xiaojiangbian For-
mation; P1y, Yinping Formation. 



to Early Triassic interval, the Anhui-Zhejiang-Jiangxi-Fujian areas
corresponded to a shallow marine environment instead of a deep sea
one.

The radiolarians in the NE Jiangxi zone:
their age and paleogeographic
significance

Radiolarians are planktonic protozoa that currently live both in the
continental shelves (e.g. Fjords of Norway or East China Sea) and
in deep water environments (e.g. offshore of Japan). In shallow sea
environments, after their death, the shells of micro-organisms were
accumulated and sometimes may have been partly transported to a
deep sea basin. In a deep sea setting, the preservation is sometimes
more difficult because of the dissolution of the shell on the way
down to the sea floor. Thus, the occurrence of radiolarian in chert
is not an unequivocal criterion to assess the water depth and the
sedimentary environment. Geochemical criteria such as REE pat-
terns, especially Ce anomaly of radiolaria-bearing chert, are also
widely used (Shimizu et al., 1977; Murray et al., 1990; Kozur,
1993).

On the basis of previous work, the two ophiolitic zones mentioned
above were considered to have been generated by the closure of the paleo-
South China ocean during the Neoproterozoic (e.g. Shi et al., 1994; Shu
and Charvet, 1996). However, the Late Paleozoic radiolarians found by
Zhao et al. (1995) and He et al. (2000) around the Neoproterozoic NE
Jiangxi ophiolitic zone have challenged this viewpoint. For example,
Xiao and He (2005) proposed that the occurrence of Late Paleozoic radi-
olarians in the NE Jiangxi ophiolitic mélange zone reflects the develop-
ment of a synchronous deep sea. 

In order to fix the timing of the tectonic evolution of South
China and to clarify the significance of the Late Paleozoic radiolar-
ian, we made four surveys of the field area and collected numerous
chert samples from the NE Jiangxi area (Figure 2). Particularly, all
the locations where radiolarians had been previously reported by
Zhao et al. (1995) and He et al. (2000) were repeatedly visited and
sampled by us. A total of 306 samples of chert (191 sets) and
siliceous slate (115 sets) were analyzed by Prof. Y.J. Wang at the
Micro-Paleontological Laboratory of Nanjing Institute of Geology
and Palaeontology, and none were found to contain radiolarians.
However, 74 samples yielded acritarchs, dated to the Mesoprotero-

zoic and Neoproterozoic (Yang et al., 2005). It is worth noting that
the Proterozoic acritarchs were recovered from both chert and
siliceous slate in Zhangshudun, Dengshan and Maoqiao is exactly
the same places where putative radiolarian-bearing Late Paleozoic 
cherts has been reported (Zhao et al., 1995; He et al., 2000). Fur-
thermore, these rocks show similar level of crystallinity and defor-
mation as the surrounding Proterozoic slates, suggesting that Neo-
proterozoic cherty rocks have experienced the same pre-Sinian
regional tectonics.

We also analyzed chert and siliceous mudstone samples gath-
ered by L.S. Shu, G.B. Chen, and K.Z. He. All these samples are also
devoid of Paleozoic radiolarians (Yang et al., 2005). A similar inves-
tigation was carried out by A. Yao and his group from Osaka City
University, Japan, and their results were also negative (personal
comminication, 2001). None of the putative radiolarian-bearing

rocks yield any radiolar-
ian remains. Moreover, in
southern Jiangsu, south-
ern Anhui and northern
Jiangxi areas, the cherts
interlayered with
fusulina-bearing lime-
stone, contain an abun-
dance of Permian radio-
larians (ABGMR, 1985;
JBGMR, 1984; Wang
and Shu, 2001; Yang et
al., 2005). There, we col-
lected five samples of
Permian radiolarian-
bearing chert for a geo-
chemical study. All chert
samples show a slightly
LREE enriched pattern
with positive Ce anomaly
(Figure 6, left). In agree-
ment with previous stud-
ies (Figure 6, right;
Shimizu et al., 1977;
Murray et al., 1990;
Kozur, 1993), these geo-
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Figure 6   The chondrite-normalized REE patterns of cherts.  Left: so-called Late Paleozoic radiolarian-
bearing cherts in the NE Jiangxi fault zone; Right: cherts from various environments for comparison.  

Table 3   The REE concentrations of radiolarian-bearing cherts
in the NE Jiangxi  (in ppm).



chemical characteristics demonstrate that the chert
was deposited in a shallow marine environment on a
continental margin. Therefore, micropaleontology
and geochemistry do not support the idea of a “Late
Paleozoic to Mesozoic deep sea”. 

Discussion 

Proterozoic or Permian-Triassic age of the
ophiolites

Various radiometric ages have been reported
from the ophiolitic mafic pods of the NE Jiangxi zone
(Figures 1, 2), including a 968±23 Ma SHRIMP U-Pb
age on zircons from plagiogabbro in Zhangshudun (Li
et al., 1994); a 930±34 Ma Sm-Nd isochron age on
gabbro rocks in Xiwan (Xu and Qiao, 1989); a
1034±24 Ma Sm-Nd isochron age on whole gabbro
rocks and mineral separates of feldspar and pyroxene
in Zhangshudun (Chen et al., 1991); a 1024±30 Ma
Sm-Nd isochron age on whole rock and pyroxene-
apatite-plagioclase minerals in Shexian (Zhou et al.,
1989); and a 866±14 Ma K-Ar age on glaucophane
grains in Xiwan (Shu et al., 1994). The Shiershan
granite that cuts across the ophiolitic mélange yielded
a zircon U-Pb age of 825±3 Ma, providing an upper
limit for the ophiolitic mélange (Liu et al., 1995). We
conclude that both the NE Jiangxi and the Jiangshan–
Shaoxing ophiolitic mélange zones were formed in the
Neoproterozoic period. The ophiolites involved into
the mélange should represent two Neoproterozoic
oceanic lithospheres, which cannot be Late Paleozoic
to Early Mesozoic in age. 

Comparison of Sinian to Early Paleozoic
strata with neighboring regions

Regional stratigraphic data show that the South
China Block might be divided into three regions by the
Shitai–Jiujiang and Shaoxing–Jiangshan–Pingxiang
faults, namely the Yangtze continental block, the Jiangnan orogen
and the Cathaysian continental block, A, B and C in Figure 1 respec-
tively (JBGRM, 1984; ZBGRM, 1996). From Early Sinian to Late
Silurian, both the lithological and paleontological features are grad-
ually transitional among the three regions (Figure 7). The Yangtze
one was a carbonate platform characterized by bioclastic rock, nodu-
lar limestone, massive carbonate and rare chert; the Cathaysian
region belongs to a deep-water environment represented by Grap-
tolithic facies sandstone-shale and lava-volcanoclastic rock. Finally,
the Jiangnan region situated between the Yangtze and Cathaysian
regions was a transitional sedimentary area both in lithological facies
and in biological assemblages, belonging to a marginal platform envi-
ronment. In the Devonian, this paleogeographic framework was partly
destroyed due to the Caledonian folding. Each Formation and Member
of the Paleozoic stratigraphic sequence in the NE Jiangxi-NW Zhe-
jiang areas are well constrained by various standard mega fossils typi-
cal of shallow sea and land origin. Therefore, in this area, there is no
paleontological or sedimentological evidence to support the existence
of a Paleozoic ocean.

Influence of the Indosinian tectonic event  
Undoubtedly, the influence of the Permian-Early Triassic

(Indosinian) event is well developed in the Huaiyu Domain. The pre-
served records include structural evidence, namely, a) the angular
unconformity of the Late Triassic Anyuan Formation (T3a) upon the
pre-Triassic strata; b) the regional scale folding of the pre-Triassic
strata; c) the conspicuous pre-Late Triassic thrusting or normal fault-
ing developed in brittle conditions. For example, to the north of

Zhangshudun,  Proterozoic metamorphic rocks thrust at a high angle
on Permian coal-bearing strata. On the southern slope of the Jiuling
Mountains, the Proterozoic metamorphic slabs glided to the south
upon the Late Paleozoic rocks of the Pingxiang basin, or the Permian
carbonate or chert slabs were folded and collapsed upon pre-Cam-
brian rocks (e.g. Faure et al, 1998; Lin et al., 2001). Thus it is not
impossible that during the Indosinian tectonism, Permian limestone
and radiolarian cherts were placed in close contact with Neoprotero-
zoic ophiolitic blocks. However, these cherts are not representative
of an oceanic setting.

Conclusions  

The petrological, structural and geochronological study of the
Huaiyu Domain allows us to conclude the following:

(1) Ophiolites and ophiolitic mélange are recognized in the
Huaiyu Domain for a long time. Geological and geochronological
data confirm that these rocks are Neoproterozoic in age, and neither
Permian nor Triassic. 

(2) In contrast to previous statements, the sedimentary rocks
associated with the Neoproterozoic oceanic rocks in the Huaiyu
Domain do not contain any Late Paleozoic radiolarians, but contain
abundance of Neoproterozoic acritarchs. 

(3) Radiolarian-bearing cherts are widespread in the Lower Per-
mian Gufeng Formation of South China. Nevertheless, this does not
demonstrate that Permian rocks were deposited in a deep sea envi-
ronment. Instead, our study suggests that during Permian to Early
Triassic times, the Huaiyu Domain was occupied by a shallow sea.
Deep sea sediments, such as turbidite or chert are absent.
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Figure 7  Stratigraphic columns from Neoproterozoic to Triassic in Yangtze,
Jiangnan and Cathaysian regions. 



(4) The South China Block experienced a complex polyphase
tectonic evolution. The pre-Devonian tectonics has been reworked
by polyphase geological events such as Indosinian folding and Yan-
shanian magmatism. The post-Devonian events mainly develop brit-
tle structures, possibly related to transpression. In any case, the
structural data do not comply with an Early Mesozoic collision. The
idea that the Early Mesozoic tectonics of South China is due to con-
tinental collision is not supported by sedimentology, petrology and
structural analysis.
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