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Based on the drilling data, the geological characteristics of the coast in South China, and the interpretation of the long seismic
profiles covering the Pearl River Mouth Basin and southeastern Hainan Basin, the basin basement in the northern South China
Sea is divided into four structural layers, namely, Pre-Sinian crystalline basement, Sinian-lower Paleozoic, upper Paleozoic,
and Mesozoic structural layers. This paper discusses the distribution range and law and reveals the tectonic attribute of each
structural layer. The Pre-Sinian crystalline basement is distributed in the northern South China Sea, which is linked to the
Pre-Sinian crystalline basement of the Cathaysian Block and together they constitute a larger-scale continental block—the
Cathaysian-northern South China Sea continental block. The Sinian-lower Paleozoic structural layer is distributed in the north-
ern South China Sea, which is the natural extension of the Caledonian fold belt in South China to the sea area. The sediments
are derived from southern East China Sea-Taiwan, Zhongsha-Xisha islands and Yunkai ancient uplifts, and some small base-
ment uplifts. The Caledonian fold belt in the northern South China Sea is linked with that in South China and they constitute
the wider fold belt. The upper Paleozoic structural layer is unevenly distributed in the northern South China. In the basement of
Beibu Gulf Basin and southwestern Taiwan Basin, the structural layer is composed of the stable epicontinental sea deposit. The
distribution areas in the Pearl River Mouth Basin and the southeastern Hainan Basin belong to ancient uplifts in the late
Paleozoic, lacking the upper Paleozoic structural layers. The stratigraphic distribution and sedimentary environment in Mid-
dle-Late Jurassic to Cretaceous are characteristic of differentiation in the east and the west. The marine, paralic deposit is well
developed in the basin basement of southwestern Taiwan but the volcanic activity is not obvious. The marine and paralic facies
deposit is distributed in the eastern Pearl River Mouth Basin basement and the volcanic activity is stronger. The continental fa-
cies volcano-sediment in the Early Cretaceous is distributed in the basement of the western Pearl River Mouth Basin and
Southeastern Hainan Basin. The Upper Cretaceous red continental facies clastic rocks are distributed in the Beibu Gulf Basin
and Yinggehai Basin. The NE direction granitic volcanic-intrusive complex, volcano-sedimentary basin, fold and fault in
Mesozoic basement have the similar temporal and spatial distribution, geological feature, and tectonic attribute with the coastal
land in South China, and they belong to the same magma-deposition-tectonic system, which demonstrates that the late Meso-
zoic structural layer was formed in the background of active continental margin. Based on the analysis of basement structure
and the study on tectonic attribute, the paleogeographic map of the basin basement in different periods in the northern South
China Sea is compiled.
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The distribution range of the northern South China Sea
studied in this paper is located in 15°30'-26°00'N,
107°-122°E sea area and the research focuses on the Ceno-
zoic basin basement of southwestern Taiwan, Pearl River
mouth, southeastern Hainan, Beibu Gulf, and Yinggehai
(Figure 1). Since the beginning of the 1980s, using the
method of comprehensive analysis of geophysical data,
drilling core and comparison between the sea area and the
land area, some geologists have studied the tectonic attri-
bute of the basin basement in succession and divided the
basin basement into the Precambrian folded basement, Cal-
edonian folded basement, Hercynian-Indochina folded
basement, and Yanshan folded basement in chronological
order (Wang et al., 1992; Liu and Zhan, 1994; Liu et al,,
2002). Using gravity and magnetic interpretation, Wang et
al. (2002) divided the Pearl River Mouth Basin into the west
and the east, the west of which is the distribution area of
Paleozoic metamorphic rocks and the extension of Caledo-
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nian and Hercynian fold belt in South China to the sea area,
and the east of which is the distribution area of Mesozoic
intermediate-acid magmatic rocks and sedimentary rocks.
Based on the geophysical interpretation and the comparison
with land, Zhou et al. (2006) believed that the west section
of Pre-Cenozoic basin basement in the northern South Chi-
na Sea belongs to Caledonian fold belt, the middle and the
east sections of which belong to Yanshan fold belt, com-
posed of the Cretaceous granites, but Jurassic(?)-Early Cre-
taceous marine deposit is well developed in the Southwest-
ern Taiwan Basin. He et al. (2008) divided the Pearl River
Mouth Basin and Southwestern Taiwan Basin basement into
the northwestern Caledonian folded basement, central Her-
cynian-Indochina folded basement, and southeastern Yanshan
folded basement and also believed that Beibu Gulf Basin
basement belongs to the extension of Yunkai block to the
sea area. The Yinggehai Basin basement is composed of the
fold belt between Indochina block and Cathaysian block and
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Figure 1 Geological map of the basin basement in the northern South China Sea (after Lu et al., 2011b; Zhou et al., 2002; 2006; Xu, 1988”). 1. Cenozoic;
2. Mesozoic; 3. upper Paleozoic; 4. Sinian-lower Paleozoic; 5. Pre-Sinian crystalline basement; 6. Cretaceous diorite; 7. Cretaceous granite; 8. Triassic-
Jurassic granite; 9. intermediate-acid volcanic rock; 10. basalt; 11. carbonate rock; 12. sandstone; 13. mudstone; 14. low-grade metamorphic sandstone and
conglomerate; 15. gneiss; 16. measured /speculated fault; 17. Mesozoic subduction zone; 18. seismic profiles; 19. basin boundary; 20. land boundary. @
Lianhuashan fault; @ Changle-Nan’ao fault; ® huge canyon fault of eastern Taiwan; (@ Mesozoic subduction zone in the northern South China Sea; ®

Yangjiang-Yitong shoal fault; ® western edge fault in Yinggehai Basin.

1) Xu 'Y X. 1988. The basin basement speculate figure of the Beibu Gulf Basin.
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Southeastern Hainan Basin basement is composed of the
Precambrian crystalline basement, Paleozoic, and Mesozoic.

In the basin basement study, academia and the oil com-
panies pay more attention to the Mesozoic residual basins.
Many scholars conducted special studies on paleontology,
formation, lithofacies paleogeography, magmatic rocks,
fracture, and hydrocarbon generation capacity of the Meso-
zoic basement (Matsumoto et al., 1965; Mastumoto, 1979;
Huang, 1978; Wu et al., 2007; Su et al., 1995; Wang et al.,
2000; Yang et al., 2002; Wang et al., 2002; Hao et al., 2004,
2009a; Zhou, 2002; Zhou et al., 2005a; Zhou and Yao, 2009;
Shao et al., 2007; Zhong et al., 2007, 2011; Pang et al.,
2007; Gong et al., 1997; Li et al., 1998; He et al., 2008) and
obtained a series of important results. In recent years, some
scholars proposed that the Mesozoic residual basins in the
deep water area of the northern South China Sea are the
new important area of oil and gas exploration (Liu et al.,
1999; Liu, 2011; Yang et al., 2002; Cai et al., 2004; Zhang
et al., 2011; Liu and Liu, 2011), which highlights the im-
portance of the basement study. On the basis of comprehen-
sive study on strata, lithology, metamorphism, and lithofa-
cies paleogeography, the previous researchers also compiled
the geological map of the basin basement in the northern
South China Sea (Wang et al., 1992; Pang et al., 2007; Lu et
al., 2011b) and studied the Pre-Cenozoic tectonic evolution
of the South China Sea (Zhou et al., 2005a, 2005b; Metcalfe,
2006, 2011). These results have laid a good foundation and
broadened the research for the further study of the basin
basement.

However, due to the factors of buried depth of the base-
ment, the drilling depth into the basement, and the seismic
acquisition and the processing technique for physical pa-
rameters, the basement nature and its structural and strati-
graphic distribution are unclear (Zhu et al., 2012). For ex-
ample, is there any Precambrian crystalline basement in the
Pearl River Mouth Basin, Southwestern Taiwan Basin,
Beibu Gulf Basin, and Yinggehai Basin? How large is the
distribution range of Sinian to lower Paleozoic structural
layers in the northern South China Sea? Where is the sedi-
ment derived? Is the upper Paleozoic structural layer widely
distributed? Is it composed of low-grade metamorphosed
Hercynian fold belt with flysch formation feature or is it
composed of unmetamorphosed, neritic facies sedimentary
rocks? What are the characterization and distribution law of
the Mesozoic strata, sedimentary facies, magmatic rock, and
structure? What are the genetic connections between each
structural layer in the basin basement and Cathaysian block?
These unanswered questions have directly hampered the
study on the division of the structural layer, the determina-
tion of the tectonic attribute of the basin basement, the con-
straint of the basement on the Cenozoic basin, and the hy-
drocarbon prospect evaluation.

We selected the stratigraphic section of different ages in
Guangdong and Fujian coasts, Hainan and Taiwan of China,
and northern Vietnam for observation, collected more than
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500 rock samples that may appear in the basin basement,
determined the density and magnetic susceptibility, estab-
lished various lithology densities-magnetic susceptibility
intersection plate, and completely collected, and sorted out
lithology, dating data, and geophysical data of the basin
basement in more than 180 drillings into each basin base-
ment. By using the seismic-gravity and magnetic interpreta-
tion method constrained by basin margin geological charac-
teristics and the basin drilling data, we comprehensively
interpreted about the 104 strips of geological and geophysi-
cal contiguous seismic profiles of 2.1x10* km in length and
gravity and magnetic data covering the entire Pearl River
Mouth Basin and Southeastern Hainan Basin. Meanwhile,
using the previous drilling data, we put the constraint on the
basement structure and composition in the Southwestern
Taiwan Basin, Beibu Gulf Basin, and eastern Yinggehai
Basin. On the basis of the above, the whole basin basement
texture in the northern South China Sea is divided into four
structural layers, the distribution range and the law of each
structural layer are discussed, and the attributes of each
structural layer are revealed. At the same time, paleogeo-
graphic maps (Figure 2) of the basin basement of different
period in the northern South China Sea are compiled, which
lays a good foundation of investigating the influence of the
basement on the hydrocarbon generation, accumulation, and
distribution law.

The basin basement texture in the northern South China
Sea is divided into four structural layers in chronological
order, namely, the Pre-Sinian crystalline basement, Sinian
to lower Paleozoic, upper Paleozoic, and Mesozoic struc-
tural layers, which are composed of the different sedi-
mentary facies or metamorphic grade rocks and the layers
possess different structure attributes.

1 The tectonic attribute of the Pre-Sinian crys-
talline basement

The granitic gneiss, gneiss, and gneissic granite were drilled
in 1279-1384.6 m of Xiyong drilling 1 in the Xisha sea area,
the Rb-Sr isochron age of granitic gneiss is 1465 Ma (Qin,
1987). On the basis of the gravity and magnetic anomalies,
He (1987) and Liu et al. (1994) identified that the Protero-
zoic crystalline basement exists in the Zhongsha and Xisha
islands. Based on the new magnetic data and the anomalies
of magnetic basement, Hao et al. (2009b) believed that
Zhongsha and Xisha areas are the long-term uplift areas
composed of the Precambrian metamorphic basement. At
present, some scholars limited the distribution area of the
Precambrian crystalline basement to the southern edge of
the Hainan island, the Southeastern Hainan Basin, the
Zhongsha and Xisha islands, and the Kontum in Vietnam
and believed that the Precambrian crystalline basement be-
longs to residual fragments of the ancient South China Sea-
Kontum block (He et al., 1987; Wang et al., 1992; Yao et al.,
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Figure 2 Paleogeographic map in different periods of basin basement in the northern South China Sea. (a) Paleogeographic map in Pre-Sinian; (b) lithofa-
cies-paleogeographical map in early Paleozoic; (c) lithofacies-paleogeographical map in late Paleozoic; (d) tectonic paleogeographical map in Mesozoic.

2006; He, 2008). However, there is no systematic study on
whether there exists the Pre-Sinian crystalline basement in
the Beibu Gulf Basin, Yinggehai Basin, and Pearl River
Mouth Basin. We have checked almost all of drilling data
on the basement in the study area® and found the important
information that can prove the existence of the Pre-Sinian
crystalline basement. In the drillings of HK17-1-1 and
HK30-3-1A in the Yinggehai Basin, granite- gneiss was
drilled under the quartzite and metamorphic sandy con-
glomerate of the Sinian to lower Paleozoic, which accura-
tely demonstrates the superposed relationship of the two
upper and lower structural layers (Figure 2(a)). In the drill-
ings of WZ23-3-1, WS31-1-1, and WS26-4-1 in the Beibu
Gulf Basin, granite-gneiss was drilled. In the drilling of
WS26-3-1, gneiss with augen structure rich in pyroxene was
drilled, which is composed of mica, quartz, and feldspar

(mica schist was named in the original log report). In the
drillings of WZ22-3-1 and WZ22-2-1 close to the north and
south sides of WZ23-3-1 drilling, low-grade metamorphic
rocks in the lower Paleozoic were drilled, which indicates
that the gneiss is located under the Sinian to lower Paleozo-
ic. In the drilling of CC4-1-1 in the Pearl River Mouth Ba-
sin (Figure 2(a)), the lowest part of metamorphic conglom-
erate in the Sinian to lower Paleozoic contains gneiss gra-
vels, which illustrates this drilling is close to the Zhongsha
and Xisha block, and the Pre-Sinian crystalline basement in
Zhongsha and Xisha probably extends under the Pearl River
Mouth Basin. In the drilling of BD15-3-1 in the Southeast-
ern Hainan Basin, the low-grade metamorphic rocks were
drilled on the top part of the basement and variegated met-
amorphic rocks are under it. The cuttings in YC13-4-1
drilling contain both the low-grade metamorphic slate and

2) The drilling data in this paper are quoted from The Basic Data Manual of China National Offshore Oil Wells by Xu Qingmei, Research Center of Chi-

na National Offshore Oil Co., Ltd., 2008. 1-60.
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the medium high grade metamorphic gneiss, which indi-
cates the existence of the two structural layers. The two
drillings are located between the Hainan island and Xisha
islands, which provides the important information for the
interconnection of the Pre-Sinian crystalline basement under
the Southeastern Hainan Basin in both areas. In Lingfeng
drilling 1 in the East China Sea adjacent to the northern
South China Sea, the Rb-Sr isochron age of biotite amphi-
bole plagioclase gneiss drilled is 1680 Ma (Liu, 1988). In
addition, the data of seismic and gravity-magnetic inversion
also reveal the existence of the Proterozoic ancient uplift in
the southern East China Sea (Li et al., 2012). These sea area
drilling data indicate that the Pre-Sinian crystalline base-
ment is distributed in many parts of the northern South
China Sea. It should be noted that although the previous
researchers obtained gneiss in the drillings of HF28-2-1,
LF2-1A, and PY24-1-1 in the Pearl River Mouth Basin, at
present, we cannot distinguish whether it is the product of
the Pre-Sinian crystalline basement or tectonometamor-
phism in late stage, due to the lack of the high precision
dating or the basis of the stratigraphic sequence.

In the Pearl River Mouth Basin, there is yet no drilling
that can accurately drill into the Pre-Sinian crystalline
basement, and we can only make inferences by geophysical
methods. However, because the buried depth of the base-
ment, the poor quality of seismic reflection data, the severe
damage to the basement structure caused by the magmatic
intrusion, and superimposed effects of the strong magnetic
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field caused by granites and volcanic rocks on the basement
magnetic field, it is difficult for us to identify the basement
structure and the material composition. Although we adopt
the seismic data collected and processed in recent years by
China National Offshore Oil Corporation and the quality of
the deep seismic reflection data is improved, we still can
roughly identify that there exists the Pre-Sinian crystalline
basement in the Southeastern Hainan Basin and the southern
uplift of the Pearl River Mouth Basin (Figures 3, 4). Based
on the magnetic anomaly, Wang et al. (2002) identified the
magnetosphere was deeply buried in 11-14.5 km in the
southern Dongsha islands, the northern and southern Yitung
shoal uplift and the southeastern Hainan island and believed
that its main part is the reflection of the metamorphic mag-
netic basement. Based on the latest gravity and magnetic
data in the South China Sea, Hao et al. (2011) speculated
that there exist the Precambrian bedrock and the magmatic
rock uplift between the southern uplift area and the central
basin in the South China Sea. From one side, these gravity
and magnetic interpretations corroborate the probability of
the existence of the Pre-Sinian crystalline basement in the
Southeastern Hainan Basin and the southern Dongsha uplift
in the Pearl River Mouth Basin. Due to the invasion of a huge
amount of granite (Figure 1), the original basement structure
was damaged in the northwestern Dongsha uplift. At present,
its main behavior is volcanic arc of late Mesozoic with high
magnetic anomaly zone (Zhou et al., 2006). Using seismic
and gravity-magnetic research method, the previous

Figure 3 The interpretation for the basement structural layers of A-A’ seismic profile in Southeastern Hainan Basin. The profile location is seen in Figure 1.
PreZ, Pre-Sinian crystalline basement; Z-Pz,, Caledonian fold belt; Cz, Cenozoic; Tp, Sinian bottom boundary; Tg, Cenozoic bottom boundary.

Figure 4 The interpretation for the basement structural layers of B-B' seismic profile in Pearl River Mouth Basin. The profile location is seen in Figure 1.
PreZ, The Pre-Sinian crystalline basement; Z-Pz,;, Caledonian fold belt; Mz, Mesozoic; Cz, Cenozoic; Tp, Sinian bottom boundary; Tm, Mesozoic bottom

boundary; Tg, Cenozoic bottom boundary.
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researchers identified the Proterozoic relicts separated by
granite in Zhu 1 depression (Lu et al., 2011a). Although the
Cathaysian block was invaded and reformed by a huge
amount of granite in Hercynian, Indochina, and Yanshanian
epochs, it was a whole block in Proterozoic with the uni-
form crystalline basement (Shu, 2012). Taking all the above
factors into consideration, we speculate that the Pre-Sinian
crystalline basement probably exists in the northwestern
Pearl River Mouth Basin, but it is severely damaged and
reformed by the Mesozoic granite.

The above drillings and the data of seismic reflection and
gravity-magnetism preliminarily reveal that the Pre-Sinian
crystalline basement is widely distributed in the basement of
the Yinggehai Basin, Beibu Gulf Basin, Southeastern Hai-
nan Basin, and Southwestern Taiwan Basin. According to
the information of the southern East China Sea and the
Taiwan Pre-Sinian crystalline basement, it is speculated that
the structural layer is probably distributed in the southwest-
ern Taiwan Basin basement. To the south, the structural
layer is linked to the Zhongsha-Xisha block and constitutes
a larger-scale continental block in the sea area, namely, the
northern South China Sea block.

Apart from the sea area data, the abundant isotope evi-
dence of the Pre-Sinian crystalline basement has been ac-
cumulated in the land area around the northern South China
Sea. According to the Pre-Sinian isotopic dating data col-
lected from 61 sets, Shu (2006, 2012) combined the data
with the statistical analysis of more than 900 sets of detrital
zircon U-Pb ages in the Ordovician and Devonian sandstone
(Yao et al., 2011b; Xiang and Shu, 2010) and believed that
the Cathaysian block is the Pre-Nanhuan basement mainly
consisting of the Neoproterozoic rock. There probably exist
middle Archean to Paleoproterozoic geological bodies,

which are composed mainly of schist, gneiss, and migmatite.

The zircon U-Pb ages and Hf isotope test data obtained by
Yu et al. (2006, 2007) and Zheng et al. (2007) also sug-
gested that the Cathaysian block is composed mainly of the
Neoproterozoic sedimentary rock, containing the ancient
components of late Archean to Paleoarchaean, which re-
veals that there once existed more ancient old land or con-
tinental crust relicts. Jahn et al. (1986) obtained 1000-1700
Ma zircon U-Pb ages in the granite of Tananao Group in
Taiwan of China. Wang et al. (1997) obtained two for-
mations of 1295 and 1589 Ma zircon U-Pb ages in gneissic
granite of Xipan in Taiwan, all of which suggest that there
exists the Pre-Sinian crystalline basement in Taiwan and
that the Pre-Sinian structure attribute in Taiwan belongs to
the eastern edge of the Cathaysian old land. Through the
study on the geochemistry and Sm-Nd isotope of the meta-
morphic sedimentary rock of Baoban group on Hainan is-
land and the SHRIMP U-Pb zircon dating of the granitic
rock, Xu et al. (2002, 2006) demonstrated that there exists
the middle Paleoproterozoic or more ancient crystalline
basement on Hainan island, and believed that the Pre-Sinian
structure attribute is much more similar to the Cathaysian
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Block. Through the analysis of Sm-Nd isotopic characteris-
tics of crustal rocks on Hainan island, Lei et al. (2005) sug-
gested that the history of crustal growth in the north of
Jiusuo-Lingshui fault is similar to the Cathaysian old land
and its basement is a part of the Cathaysian old land. These
studies show that the Pre-Sinian crystalline basement is
widely distributed in peripheral land areas of the northern
South China Sea.

While exploring the structure attribute of the Pre-Sinian
crystalline basement in the northern South China Sea, we
inevitably encounter the term “Cathaysian old land”.
Grabau (1924) proposed that the Cathaysian old land refers
to a set of regional metamorphic rocks exposed in vast areas
of the southeastern China and its neighbors. There have
been scores of years since Grabau named it, and the term
continued to be used in both Chinese and foreign literature,
but there has been a strong disagreement on its tectonic im-
plication and geographical distribution (Huang, 1945, 1960;
Ren 1964, 1990; Shui, 1988; Chen et al., 1995; Cheng and
Wang, 2006; Lu, 2006; Rong et al., 2010; Shu, 2012). This
paper adopts the widely-used term Cathaysian Block and its
distribution scope and implication are adopted from the idea
of Shu (2006, 2012).

Because of the existence of a crystalline basement which
experiences middle- to high-grade metamorphic and is older
in age under the Caledonian fold belt in South China
(Ren,1990), the crystalline basement can contrast geologic
era, lithology, and metamorphic grade with those of the
Pre-Sinian crystalline basement in the northern South China
Sea. Therefore, the Pre-Sinian crystalline basement in South
China has extended to the northern South China Sea and
constituted a larger-scale continental block with the unified
Pre-Sinian crystalline basement. The continental block con-
tains both the Cathaysian block and northern South China
Sea block, and both blocks are referred to as the Cathaysian-
northern South China Sea continental block by us. In recent
years, Shu (2006, 2012) pointed out that the existence of the
Jiangnan orogenic belt indicates that there is a larger-scale
continental block in the east of ancient South China ocean;
otherwise, it is difficult to explain the formation of the
Jiangnan orogenic belt, which extends to 1500km and is
hundreds of thousand meters in width. It is also difficult to
understand the formation of S-type granite with the same
extending length. The wide distribution of the Pre-Sinian
crystalline basement of the Cathaysian-northern South China
Sea continental block sustains the idea.

Based on the geographical distribution of plate junction
and fault of the continental block periphery in Cathaysian-
northern South China Sea, the continental block scope is
limited to the east of Jiangnan orogenic belt, to the west of
the huge canyon in eastern Taiwan Mesozoic subduction
zone of the northern South China Sea (Zhou et al., 20006;
Zhou and Yao, 2009) and to the north of Ailao Mountain-
Song Ma orogenic belt (Lepvrier et al., 2008; Thanh et al.,
2011). The Indochina block also possesses the Pre-Sinian
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crystalline basement; however, because there existed the
Paleo-Tethys ocean between the Indochina block and
Cathaysian block in Paleozoic, the ocean basin eventually
disappeared in the Triassic/Permian boundary (Zhong, 2000;
Sun and Jian, 2004; Metcalfe, 2006, 2011; Jian et al., 2009a;
2009b), which indicates that the two blocks were not linked
together before Mesozoic. Therefore, the continental block
of Cathaysian-northern South China Sea does not contain
the Kontum block of Indochina peninsula.

2 The tectonic attribute of Sinian to lower
Paleozoic

Based on a small amount of drilling data of the low-grade
metamorphic rock of Sinian to lower Paleozoic and com-
bined with the comprehensive study on the characteristics of
gravity and magnetic field, the previous researchers be-
lieved that there existed the Caledonian folded basement in
the basin of the northern South China Sea and speculated
that it is the extension of the Caledonian fold belt of the
land area to the sea area (Liu and Zhan, 1994; Gong et al.,
1997; Wang et al., 2002; Liu et al., 2002; Pang et al., 2007,
Wan et al., 2009). This cognition lays an important founda-
tion for the study on structural layers of the basin basement
in the northern South China Sea. However, because of the
limited drilling data adopted, the previous researchers had
no systematic study and clear understanding of its distribu-
tion arrange and sedimentary source in the sea area.

Based on the original data of more than 180 drillings into
the basin basement, excluding the drillings into contact
metamorphic rocks, 35 drillings are eventually selected
(Table 1, Figure 2(b)). The lithology seen in the drillings
mainly contains low-grade metamorphic conglomerate,
sandstone, fine sandstone, siltstone, slate, phyllite, and
quartzite, which can be compared with the regional low-
grade Sinian-Ordovician metamorphic rocks in the south-
western Fujian, eastern Guangdong, central Guangdong,
and Hainan. (Li et al., 1997; Nan et al., 1996; Chen et al.,
1997; Shu et al., 2008b). The drillings are spread among the
Yinggehai, Beibu Gulf, southeastern Hainan, and Pearl
River Mouth Basins, which confirms that there widely ex-
ists the Sinian to lower Paleozoic structural layer composed
of the regional low-grade metamorphic rocks in the northern
South China Sea. Furthermore, under the constraints of the
drilling data, we also identify the structural layer in the
seismic profiles of the Pearl River Mouth Basin and South-
eastern Hainan Basin (Figures 3, 4).

In the southwestern Pearl River Mouth Basin, the litho-
logy of lower Paleozoic has significant variations, namely,
the lithology of Yangjiang low uplift is composed of meta-
morphic silty mudstone and metamorphic sandstones of fine
texture, the lithology extended south to the Qionghai uplift,
the Wenchang sag, and Kaiping sag, and the clastic diame-
ter became large, which contains both metamorphic sand-
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stones and metamorphic conglomerate. Further south to the
Changchang sag, the clastic diameter became larger, which
is mainly metamorphic conglomerate. The gravel has angu-
lar and subrounded shapes, which shows that the water of
the south is shallower than that of the north in the deposit.
Especially, CC4-1-1 drilling close to Xiyong drilling 1 con-
tains metamorphic conglomerate with gneiss gravel, which
indicates that provenance comes mainly from the Zhongsha-
Xisha ancient uplift area composed of gneiss (Table 1, Figure
2(b)). In the northwestern Pearl River Mouth Basin, meta-
morphic sandstones, fine sandstone, and siltstone are drilled
mainly in LF22-1-4 and HJ32-1-1 drillings. Because there are
both the Pre-Sinian crystalline basement and the upper
Paleozoic basement, Mesozoic and Cenozoic in Taiwan, only
lacking Sinian to lower Paleozoic (Wang et al., 1997; Huang
et al., 1996), Sinian to early Paleozoic of Taiwan is the an-
cient uplift, which links together to the Proterozoic ancient
uplift in the southern East China Sea, and provides the prov-
enance for the Sinian to early Paleozoic deposit in the north-
eastern Pearl River Mouth Basin (Figure 2(b)), which shows
that sediments in the Sinian to lower Paleozoic basement of
the Beibu Gulf Basin, Yinggehai Basin, southeastern Hainan
basin and western Pearl River Mouth Basin came from the
Yunkai ancient uplift, Zhongsha-Xisha ancient uplift, and
small ancient uplifts in the Beibu Gulf Basin basement and
the Hainan island separately.

The study shows that the northern South China Sea
formed rift because of the breakup of Rodinia super-conti-
nent in Cryogenian, which was the same rift as that in Sini-
an to early Paleozoic of South China, and received unified
rift type sediment. The provenance of rift in the northern
South China Sea mainly came from three ancient uplifts of
the southern East China Sea-Taiwan, Zhongsha-Xisha and
Yunkai and some small ancient uplifts. After the tectonic
heat event in the Caledonian period, the sediments in the rift
suffered unified folding and metamorphism and formed
widely-distributed low green schist facies metamorphic
rocks. Therefore, the tectonic attribute of the structural layer
is the Caledonian fold belt, which links to the fold belt of
the same period in South China and constitutes a wider fold
belt. The breakup in Neoproterozoic to early Paleozoic only
occurred in the crust without the growth and extinction of
the oceanic crust (Shu, 2006, 2012; Shu et al., 2008b).
Therefore, it did not damage the completeness of the
Cathaysian-northern South China Sea continental block.
The recognition also confirms the existence of the unified
Pre-Sinian crystalline basement of Cathaysian-northern
South China Sea. It is the unified Pre-Sinian crystalline
basement that can lay the basic platform for the formation
and deposit of the rift.

3 The tectonic attribute of upper Paleozoic

The previous researchers held two entirely different views
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Table 1 Sinian to lower Paleozoic low-grade metamorphic rocks in the basin basement of the northern South China Sea

Basin Drilling No. buri?;gﬁ;ﬁﬁ ) Wegeiﬁglzf)ﬁo“ Thickness (m) Lithology
HJ32-1-1 1696 1719 23 metamorphic sandstone
LF22-1-4 1725 1745 20 metamorphic fine sandstone and siltstone
PY14-5-1 3786.5 3817 30.5 quartzite
YJ32-1-1 2367.5 2502 134.5 quartzite
YJ35-1-1 4341 4345 4 metamorphic silty mudstone
YJ36-1-1 2898 3582 684 metamorphic sandstone
WC8-2-1 2682 2730 48 metamorphic conglomerate
WC13-1-2 1588 1603 15 quartzite
Pearl River WC13-2-1 1379 1394 15 metamorphic conglomerate
Mouth Basin WC13-2W-1 1560 1563.7 3.7 metamorphic fine sandstone
WC13-2-2 1426 1453 27 metamorphic sandstone and conglomerate
WC17-1-1 2174 2219.6 45.6 metamorphic sandstone
KP1-1-1 1884 1906.8 22.8 metamorphic sandy mudstone
QH18-1-2 1262 1283 21 metamorphic sandstone
QH18-1-3A 1296 1341 45 metamorphic rock
QH18-4-1 1388 1423 35 metamorphic sandstone and conglomerate
CC1-1-1 1173 1181.8 8.8 metamorphic sandstone and conglomerate
CC4-1-1 873 887 14 metamorphic conglomerate, contains gneiss gravels
Southeastern YC13-4-1 2960 3001 41 slate, quartzite, gneiss
Hainan Basin BDI15-3-1 2312.0 2343.0 31 The top isvlow grade metamorphic .argillaceous limestone,
the under is variegated metamorphic rock
W5 1127.99 1501.69 373.7 metamorphic fine sandstone and siltstone
WZ5-8-1 924 954 30 metamorphic sandstone
WZ11-4-A1 1161.54 1189.69 28.15 slate
WZ11-4-1 1364 1462 98 mica schist with sandstone interbed
WZ11-4N-1 2670 2718 48 slate and phyllite, sericite-schist
Beibu Gulf Basin WZ11-4N-3 3069 3112 43 phyllite
WZ11-4N-5 2497.5 2530 325 metamorphic sandstone
WZ11-7-3 2459 2530 71 slate and phyllite
WZ22-2-1 2753 2786 33 low grade metamorphic rock
WZ22-3-1 2652 2685 33 metamorphic sandstone and mudstone
WS16-3-1 1869.5 1922 52.5 slate
HK17-1-1 1495 1525 30 i\é[:vtz;zzrg)h;ceepl;j;stone, quartzite, gneiss are from shal-
Yinggchai Basin HK30-3-1A 1982 2029 47 ;I(;l:;e:llzsegrr; ir:ilztgnme(i)?s)hlc sandstone and conglomerate, the
LT15-1-1 1175 1353.78 178.78 metamorphic sandstone and conglomerate
YX32-1-1 658 680 22 quartzite

on the distribution of upper Paleozoic. One view, based
mainly on geophysical data, held that there was the Her-
cynian-Indochina fold belt in the center of the Pearl River
Mouth Basin and that the belt was composed of the
low-grade metamorphic flysch formation and overlaid
above the Caledonian fold belt (Liu et al., 2002; He et al.,
2008; Liu and Zhan, 1994). The other view held that the
area was in the state of uplifting after the Caledonian orog-
eny, no exact upper Paleozoic was seen, and there was no
Hercynian-Indochina “geosyncline” (Yao et al., 2006).

The abundant drilling data show that the Cenozoic and
Mesozoic directly cover the low-grade metamorphic rock of

Sinian to lower Paleozoic in the Pearl River Mouth Basin
and Southeastern Hainan Basin, which confirms that the
area lacks the upper Paleozoic (Figures 1, 2(c)). Obviously,
if there was the Hercynian-Indochina fold belt, over 20
drillings into lower Paleozoic inevitably penetrated it first,
which is the fundamental reason why Paleozoic cannot be
divided into two upper and lower structural layers according
to seismic profiles. There are two probabilities controlling
the factors of lacking the upper Paleozoic structural layers.
One is that there was the late Paleozoic deposit and then it
was completely denudated while experiencing tectonic up-
lift. The other is that it then belonged to old land and did not
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receive any deposit. To which tectonic paleogeography it
belongs needs to be confirmed by taking advantage of the
comprehensive analysis of lithofacies and paleogeographic
characteristics of the coastal land in South China. In Late
Devonian or Early Carboniferous to Middle Triassic, South
China was basically in a stable, littoral and neritic environ-
ment, which is characteristic of platform facies and epicon-
tinental sea facies deposit. (Ren et al., 1990; Shu et al,,
2008a; Shu, 2012), In the stratigraphic divisions of the
southwestern Fujian province and Dongjiang in Guangdong
province, the depositional thickness of clastic rock and car-
bonate rock of the littoral and neritic facies in late Paleozoic
to Middle Triassic is large, and the maximum cumulative
thickness is larger than 4000 m. In the Yunkai stratigraphic
division at the junction of Guangdong and Guangxi, the
maximum cumulative thickness of paralic facies and neritic
facies sediments of the Permo-Carboniferous is larger than
3600 m. In the stratigraphic division of Wuzhi Mountain on
Hainan Island, the Permo-Carboniferous is composed
mainly of neritic facies sandstone, mudstone, and limestone,
and the maximum cumulative thickness is larger than
1547m (Li et al., 1997; Nan et al., 1996; Chen et al., 1997;
Yin et al., 1997). The above regional stratigraphic data ver-
ify that the upper Paleozoic structural layers are widely dis-
tributed in South China, and are composed mainly of thicker
littoral and neritic facies sediments with rich corals, brachi-
opods, bivalves, fusulinids, and foraminifera fossils, un-
conformably overlying the low-grade metamorphic Caledo-
nian fold belt. However, no late Paleozoic sediments were
received in the basement of the Pearl River Mouth Basin,
Southeastern Hainan Basin and the southern Hainan Island.
It can be imagined that if the upper Paleozoic with thou-
sands of meters in thickness in the land area extends to
these areas and is completely denuded in later period, which
needs a long uplift history or intensive uplift amplitude. The
study shows that tectonic uplift period of late Paleozoic-
Triassic in South China occurred mainly in the Late Triassic,
which was caused by the closure of Paleo-Tethys ocean of
Jinsha River-Ailao Mountain-Song Ma and Changning-
Menglian-Qingmai and the collision of the Indochina block
with the Yangtze-South China plate (Zhong, 2000; Sun and
Jian, 2004; Lepvrier et al., 2004; Liu et al., 2011). The uplift
is short in time and the uplift amplitude is small, which had
little impact on South China, did not cause large-scale
missing of Devonian to Middle Triassic, and only formed
the unconformable contact between Middle Triassic and
Upper Triassic (Shu, 2012). Therefore, the basic cause of
lacking structural layers of the upper Paleozoic in basement
of the Pearl River Mouth Basin and Southeastern Hainan
Basin is the ancient uplift, not the late erosion.

It was reported that in the northwestern Beibu Gulf Basin,
over 10 drillings (WZ10-3N-1, WZ10-3N-2, WZ10-4-1,
WZ11-1-1, WZ11-1-2, WZ10-3N-3, WZ5-2-1, WZ6-1-1,
WZ6-1-2, WZ6-1-3, WZ6-3-1, W2, W4, and W9) were
drilled into the Carboniferous neritic facies carbonate rocks.
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It was also reported the drillings into the Permian crystalline
limestone in the Southwestern Taiwan Basin (Jahn et al.,
1992; Zhou, 2002), which is the natural extension of the
littoral and neritic facies deposits in coastal land to the sea
area.

The facts have confirmed that the structural layers in up-
per Paleozoic take on the uneven distribution. The basement
of the Beibu Gulf Basin and Southwestern Taiwan Basin is
composed of stable epicontinental sea facies deposit. The
basement of the Pearl River Mouth Basin and the South-
eastern Hainan Basin basement belong to the ancient uplift
in late Paleozoic, lacking the upper Paleozoic structural
layers, which is called the Zhu-Qiong ancient uplift for
short in this paper (Figure 2(c)). Obviously, there is no
Hercynian fold belt composed of low-grade metamorphic
rocks in the area.

4 The Mesozoic tectonic attribute

Based on the seismic profiles, gravity and magnetic inter-
pretation, and drilling data, many researchers have reported
that the Mesozoic marine facies sedimentary layers exist in
the Pearl River Mouth Basin basement (Su et al., 1995;
Wang et al., 2000; Yang et al., 2002; Wang, 2002; Yu,
2012). They combined the Late Triassic-Cretaceous for-
mation and sedimentary facies of the coastal area in the
South China and concluded that the Mesozoic in the north-
ern South China Sea experienced transgression and marine
regression sedimentary cycles twice. They also drew litho-
facies paleogeography maps of Late Triassic-Early Jurassic,
Late Jurassic-Early Cretaceous (Hao et al.,, 2001, 2004;
Zhou et al., 2005a; Zhong et al., 2007, 2011). However, the
Upper Triassic-Lower Jurassic in the Pearl River Mouth
Basin is obtained mainly by the deduction of coeval strata in
South China and there is no drilling evidence so far. The
Chaoshan depression is the most representative of the
Mesozoic residual depression in the Pearl River Mouth Ba-
sin. At the beginning of this century, the previous research-
ers interpreted that there was the Upper Triassic-Lower
Jurassic in the seismic profiles of the Chaoshan depression,
which was later confirmed as the Middle Jurassic to Creta-
ceous by LF35-1-1 drilling (Shao et al., 2007; Wu et al,,
2007; Hao et al., 2009a). Therefore, whether early Mesozoic
strata exist in the Pearl River Mouth Basin is unclear. Under
this circumstance, there is no basis of discussing the early
Mesozoic sedimentary environment in the northern South
China Sea. Therefore, this paper only demonstrates the late
Mesozoic stratigraphic distribution, sedimentary environ-
ment, magmatic rock, and structural characteristics.

The previous scholars’ study shows that the Jurassic (?)
in Southwestern Taiwan Basin is composed mainly of the
bathyal-abyssal facies environment, and the Beigang uplift
is in the paralic facies or lake facies environment. The land-
sea distribution in the Early Cretaceous changed greatly, the
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Southwestern Taiwan Basin in Aptian period to early Albi-
an period was in inland lake environment, and the Beigang
uplift in Aptian period was in the paralic facies and neritic
facies environment (Matsumoto et al., 1965; Matsumoto,
1979; Huang, 1978; Zhou, 2002). Residual Mesozoic is
generally distributed in the eastern Pearl River Mouth Basin
and the maximum thickness of Mesozoic is 5000 m (Zhong
et al., 2011). The micropaleontology, rock association, and
sedimentary characteristics in LF35-1-1 drilling suggest that
this area experienced the sedimentary cycle of littoral neritic
facies-abyssal facies in the Mid-Late Jurassic and then ma-
rine-continental transitional facies in Early Cretaceous and
finally continental facies in late Cretaceous, companied by
the based and acid volcanic eruption (Shao et al., 2007). In
the basement of the western Pearl River Mouth Basin and
Southeastern Hainan Basin, the Mesozoic is in the state of
isolated island, situated on the low-grade metamorphic rock
of lower Paleozoic, which is composed of the continental
volcanic-sedimentary rock in the Early Cretaceous. In the
basement of the Beibu gulf and Yinggehai Basins, most of
the stratigraphy and lithology seen in more than 10 drillings,
such as W10, WZ128-1, LT9-1-1, and Yin6, are the Upper
Cretaceous continental facies red clastic rocks (Figures 1,
2(d)). This shows that the late Mesozoic stratigraphic dis-
tribution and sedimentary environment in the northern
South China Sea is characteristic of differentiation in the
east and west. The Middle Jurassic to Cretaceous marine
and paralic faces deposits develop in the Southwestern
Taiwan Basin and the volcanic activity is not obvious. The
Middle Jurassic to Early Cretaceous marine and marine-
continental transitional facies deposits are distributed main-
ly in the eastern Pearl River Mouth Basin and the volcanic
activity is stronger. The Early Cretaceous continental vol-
cano-sediment is distributed mainly in the western Pearl
River Mouth Basin and Southeastern Hainan Basin, which
is in the state of isolated island and oddly scattered. The red
clastic rock deposit of the continental facies in the Upper
Cretaceous is distributed mainly in the Beibu Gulf and
Yinggehai Basins.

The granite, granodiorite, and quartz diorite were drilled
in 77 drillings in the basement of the Pearl River Mouth
Basin and Southeastern Hainan Basin. The distribution area
of intermediate-acid intrusive rocks, which are composed
mainly of granite, approximately accounts for one fourth of
the basin area (Figure 1). According to incomplete statistics,
isotopic age data of 21 intrusive rocks are distributed in
130-70.5 Ma (Pang et al., 2007; Gong et al., 1997; Li et al.,
1998; Shao et al., 2007; He et al., 2008), which shows that
they were formed mainly in the Cretaceous. In addition,
volcanic rocks were drilled in more than 10 drillings and the
rock associations are mainly rhyolite, volcanic breccia, tuff,
and sedimentary clastic rock, and secondarily andesite and
andesitic brecciated tuff. The Cretaceous intermediate-acid
intrusive rocks are large-scaled and widely distributed, oc-
curring mostly in the form of batholith and often accompa-
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nied by the contemporary volcanic-sedimentary basin. The
rock association and distribution characteristics of intrusive
rocks and extrusive rocks are similar to granitic volcanic-
intrusive complex in the coastal areas of South China
(Wang and Shu, 2012; Wang and Zhou, 2002; Zhou et al.,
2007; Shu, 2012), which shows that they have the same
tectonic background.

The seismic profiles, gravity, and magnetic interpretation
identified that the NE and NW-direction faults are widely
distributed in the Mesozoic basement of the Pearl River
Mouth Basin and Southeastern Hainan Basin (Figure 2(d)).
The NE direction faults are arranged parallel to a series of
NE-direction ductile shear zone of Changle-Nan’ao and
Lianhua Mountain, South China, the NW-direction levoro-
tatory faults cut the NE-direction faults, and many NW-
direction faults reach the coastline and link NW-direction
fault in South China. In addition, a series of large, wide, and
long axis folds are identified, whose axial line spreads in the
NE direction, the anticlinal core is accompanied by a small
amount of thrust fault, and the fault overthrust from the SE
to the NW-directions, which shows that the compressive
stress came from the SE-direction (Hao et al., 2004; Yao et
al., 2011a).

The above NE direction granitic volcanic-intrusive com-
plex, volcano-sedimentary basin, fold and the fault in the
late Mesozoic basement have the similar temporal and spa-
tial distribution, geological feature, and tectonic attribute
with those of the coastal land in South China, which belong
to the same magma-deposition-tectonic system whose cause
can be interpreted by the Paleo-Pacific plate subducting
under the Eurasian continental margin (Isozaki, 1997,
Maruyama and Seno, 1986; Maruyama et al., 1997; Wang
and Shu, 2012). In the study area, the Paleo-Pacific subduc-
tion zone, which is distributed mainly in the Southwestern
Taiwan Basin and the northern margin of deep-sea basin in
the South China Sea, is a NE direction Mesozoic subduction-
accretion zone (Zhou et al., 2006; Zhou and Yao, 2009).
That Pacific plate subducted along the zone to the northern
South China Sea-Cathaysian block caused the formation of
the NE direction folds and faults in the northern South Chi-
na Sea and of the NE direction magmatic arc in the Pearl
River Mouth Basin, which demonstrates the structural layer
in the late Mesozoic was formed in the background of active
continental margin. In Late Cretaceous, the subduction zone
of the Pacific plate dramatically retreated eastward and the
southeastern China was generally in the extensional envi-
ronment. Being affected by the intra-continental extensional
tectonism, tensile rifting occurs again in South China, which
formed the Late Cretaceous continental rift basin (Shu et al.,
2004).

5 Conclusions

(1) The Pre-Sinian crystalline basement in the northern
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South China Sea is distributed not only in the Southeastern
Hainan Basin and the Zhongsha-Xisha islands, but also in
the basement of the Beibu Gulf Basin, Yinggehai Basin, and
Pearl River Mouth Basin, which is linked to the Pre-Sinian
crystalline basement in Cathaysian block and composed of
the larger-scale continental block — Cathaysian-northern
South China Sea continental block.

(2) The Sinian to lower Paleozoic is widely distributed in
the northern South China Sea, which is the natural extension
of the Caledonian fold belt in South China to the sea area.
The Sinian to lower Paleozoic in both land area and sea area
is composed of the larger-scale Caledonian fold belt and its
sediments are derived from the southern East China
Sea-Taiwan, Zhongsha-Xisha islands, the Yunkai ancient
uplift, and some small basement uplifts.

(3) The upper Paleozoic structural layers are unevenly
distributed in the northern South China Sea. In the basement
of the Beibu Gulf Basin and Southwestern Taiwan Basin,
the upper Paleozoic structural layers are composed of the
stable epicontinental sea sediments. The basement in the
Pearl River Mouth and Southeastern Hainan Basins belongs
to the late Paleozoic ancient uplift, lacking the upper
Paleozoic structural layers. There is no Hercynian fold belt
composed of low-grade metamorphised rocks.

(4) The stratigraphic distribution and sedimentary envi-
ronment in Middle-Late Jurassic to Cretaceous is character-
istic of differentiation in the east and the west. The marine
deposit and paralic faces deposit develop in the Beigang
uplift and the Southwestern Taiwan Basin, and the volcanic
activity is not obvious. The marine and marine-continental
transitional facies sediment is distributed mainly in the
eastern Pearl River Mouth Basin and the volcanic activity is
stronger. The continental volcano-sediment in Early Creta-
ceous is distributed mainly in the western Pearl River
Mouth Basin and Southeastern Hainan Basin. The Late
Cretaceous red continental clastic rocks are distributed
mainly in the Beibu Gulf Basin and Yinggehai Basin. The
NE direction granitic volcanic-intrusive complex, volcano-
sedimentary basin, fold and fault in the Mesozoic basement
have the similar temporal and spatial distribution, geologi-
cal features, and tectonic attribute with those of the coastal
land in South China, belonging to the same magma-deposi-
tion-tectonic system, which demonstrates the late Mesozoic
structural layer was formed in the background of the active
continental margin.

We thank CNOOC Research Institute for its providing new seismic profiles
in the northern South China Sea and abundant ocean oil drilling reports,
and basic data. We are grateful to Wu Jingfu, Liu Chuncheng, Liang
Jianshe, and Zhang Houhe in CNOOC Research Institute for helping us
with the preparation of the paper. Our thanks also go to anonymous re-
viewers for their valuable comments. We express our thanks to Lang Yu-
angiang for collecting original data and drawing maps. This research was
supported National Science and Technology Major Project (Grant No.
20117ZX05025) and National Basic Research Program of China (Grant No.

Sci China Earth Sci

June (2014) Vol.57 No.6 1209
2009CB219305).

Cai D S, Feng X J, Gao L, et al. 2004. Petroleum potential and exploration
direction of pre-Tertiary remnant basins in Offshore China (in Chinese).
China Offshore Oil Gas, 16: 1-17

Chen Y C, Mao J W, et al. 1995. Metallogenic Series of Ore Deposits and
Metallogenic Evolution Through Geologic History in North Guangxi
(in Chinese). Nanning: Guangxi Science and Technology Press. 1-433

Chen Z P, Zhong S Z, He S H, et al. 1997. Stratigraphy (Lithostratic) of
Hainan Province (in Chinese). Wuhan: China University of Geosciences
Press. 7-58

Cheng Y Q, Wang H Z. 2006. Voluminous Dictionary of Earth Sciences
(in Chinese). Beijing: Geological Publishing House. 867

Gong Z S, Li ST, Xie T J, et al. 1997. Continental Margin Basin Analysis
and Hydrocarbon Accumulation of the Northern South China Sea (in
Chinese). Beijing: Science Press. 2741

Grabau A W. 1924. Stratigraphy of China. Peking: Geological Survey,
Ministry of Agriculture and Commerce. 8-9

Hao H J, Lin H M, Yang M X, er al. 2001. The Mesozoic Chaoshan De-
pression: a new domain of petroleum exploration (in Chinese). China
Offshore Oil Gas Geol, 15: 157-163

Hao H J, Shi H S, Zhang X T, et al. 2009a. Mesozoic sediment and their
petroleum geology conditions in Chaoshan sag: a discussion based on
drilling results from the exploratory well LF35-1-1 (in Chinese). China
Offshore Oil Gas, 21: 151-156

Hao H J, Wang R L, Zhang X T, et al. 2004. Mesozoic marine sediment
identification and distribution in the eastern Pearl River Mouth basin
(in Chinese). China Offshore Oil Gas Geol, 16: 84-88

Hao T Y, Huang S, Xu Y, et al. 2009b. Comprehensive geophysical re-
search on the deep structure of northeastern South China Sea (in Chi-
nese). Chin J Geophys, 51: 1785-1796

Hao T Y, Xu Y, Sun F L, et al. 2011. Integrated geophysical research on
the tectonic attribute of conjugate continental margin of South China
Sea (in Chinese). Chin J Geophys, 54: 3098-3116

He J X, Liu HL, Yao Y J, et al. 2008. Oil and Gas Geology and Reource
Ptential of Maginal Bsins in the Northern South China Sea (in Chinese).
Beijing: Petroleum Industry Press. 17-33

He L S. 1987. Atlas of Geology and Geophysics of the South China Sea (in
Chinese). Guangzhou: Guangdong Province Atlas Press

Huang H, Ye S S, Chen Y X, et al. 1996. Stratigraphy (Lithostratic) of
Taiwan Province (in Chinese). Wuhan: China University of Geosciences
Press. 1-14

Huang J Q. 1960. Preliminary summarization of basic characteristics of
China geological structure (in Chinese). Acta Geol Sin, 40: 1-37

Huang T C. 1978. Calcareous nanno fossils of the subsurface pre-Miocene
rocks from the Peikang Basement High and adjacent areas in western
Taiwan (Part I: Cretaceous). Pet Geol Taiwan, 15: 49-87

Huang T K. 1945. On major tectonic forms of China. Geol Mem Nat Geol
Surv China Ser A, (20): 1-165

Isozaki Y. 1997. Jurassic accretion tectonics of Japan. The Island Arc, 6:
25-51

Jahn B M, Chi W R, Yul F. 1992. A late Permian of Taiwan (marbles from
China-Li well No.1): Pb-Pb isochron and Sr isotopic evidence, and its
regional geological significance. Geol Soc China, 35: 193-218

Jahn B M, Martineau F, Peucat J J, et al. 1986. Geochronology of the
Tananao schist complex, Taiwan, and its regional tectonic significance.
Tectonophysics, 125: 103-124

Jian P, Liu D Y, Kroner A, et al. 2009a. Devonian to Permian plate tecton-
ic cycle of the Paleo-Tethys Orogen in southwest China (II): Insights
from zircon ages of ophiolites, arc/back-arc assemblages and within-
plate igneous rocks and generation of the Emeishan CFB province. Li-
thos, 113: 767-784

Jian P, Liu D Y, Kroner A, et al. 2009b. Devonian to Permian plate tecton-
ic cycle of the Paleo-Tethys Orogen in southwest China (I): Geochem-
istry of ophiolites, arc/back-arc assemblages and within-plate igneous
rocks. Lithos, 113: 748-766

Lei Y H, Ding S J, Ma C Q, et al. 2005. Nd isotopic constraints on crustal
growth and basement characters of Hainan island, Southern China (in



1210 Sun X M, et al.

Chinese). Chin J Geol, 40: 439-456

Lepvrier C, Maluski H, Tich V V, et al. 2004. The Early Triassic Indosin-
ian orogeny in Vietnam (Truong Son Belt and Kontum Massif): Impli-
cations for the geodynamic evolution of Indochina. Tectonophysics,
393:87-118

Lepvrier C, Vuong N V, Maluski H, et al. 2008. Indosinian tectonics in
Vietnam. C R Geosci, 340: 94-111

Li G, Gong J M, Yang C Q, et al. 2012. Stratigaphic features of the Meso-
zoic “Great East China Sea”—A new exploration field (in Chinese).
Mar Geol Quat Geol, 32: 97-104

Li J H, Wang G P, Zheng T F, et al. 1997. Stratigraphy (Lithostratic) of
Fujian Province (in Chinese). Wuhan: China University of Geosciences
Press. 25-109

Li P L, Liang H X, Dai Y D. 1998. Exploration perspective of basement
Hydrocarbon accumlations in the Pearl River Mouth basin (in Chinese).
China Offshore Oil Gas Geol, 12: 361-369

Liu B M, Liu H L. 2011. The Mesozoic in the South China sea and Adja-
cent Areas: new targets for hydrocabon exploration (in Chinese). Mar
Geol Quat Geol, 31: 105-109

Liu G D, Song H B, Zhang F Q. 1999. A preliminary study of Chinese
Offshore Pre-Cenozoic Residual basins (in Chinese). Prog Geophys,
14: 1-8

Liu G D. 1988. Geology and exploration of petroleum in the East Sea (in
Chinese). Acta Geophys Sin, 31: 184-197

Liu G D. 2011. Intensify the research on continental margin of South China
Sea (in Chinese). Chin J Geophys, 54: 2991-2992

Liu J L, Tang Y, Song Z J, et al. 2011. The Ailaoshan Belt in Western
Yunnan: tectonic framework and tectonic evolution (in Chinese). J Jilin
Univ (Earth Sci ed.), 41: 1285-1303

Liu Y X, Zhan W H. 1994. Basic outline and tectonic evolution of the
metamorphic basement in the South China Sea (in Chinese). Geol An-
hui, 4: 82-89

Liu Z S, Zhao H T, Fan S Q, et al. 2002. Geology of South China Sea (in
Chinese). Beijing: Science Press. 242, 439-440

Lu B L, Sun X M, Zhang G C, et al. 2011a. Seismic-potential field re-
sponse characteristics and identification of basement lithology of the
northern South China Sea basin (in Chinese). Chin J Geophys, 54: 563—
572

Lu B L, Wang P J, Zhang G C, et al. 2011b. Basement structures of an
epicontinental basin in the northern South China Sea and their signifi-
cance in petroleum prospect (in Chinese). Acta Petrol Sin, 32: 580-587

Lu HF. 2006. On the Cathaysian Old Land (in Chinese). Geol J Chin Univ,
12: 413-417

Maruyama S, Isozaki Y, Kimura G, et al. 1997. Paleogeographic maps of
the Japanese Islands: Plate tectonic synthesis from 750 Ma to the pre-
sent. The Island Arc, 6: 121-142

Maruyama S, Seno T. 1986. Orogeny and relative plate motions: Example
of the Japanese Islands. Tectonophysics, 127: 305-329

Matsumoto T, Hayami I, Hashimoto W. 1965. Some molluscan fossils
from the buried Cretaceous of Western Taiwan. Petrol Geol Taiwan, 4:
1-24

Matsumoto T. 1979. Restudy of a Phylloceratid Ammonite from Peikang,
Taiwan. Petrol Geol Taiwan, 16: 51-57

Metcalfe 1. 2006. Palacozoic and Mesozoic tectonic evolution and palaeo-
geography of East Asian crustal fragments: The Korean Peninsula in
context. Gondwana Res, 9: 24-46

Metcalfe 1. 2011. Tectonic framework and Phanerozoic evolution of Sun-
daland. Gondwana Res, 19: 3-21

Nan Y, Zhou G Q, Zhao R X, et al. 1996. Stratigraphy (Lithostratic) of
Guangdong Province (in Chinese). Wuhan: China University of Geo-
sciences Press. 10-117

Pang X, Chen C M, Peng D J, et al. 2007. The Pearl River Deep-water Fan
System & Petroleum in South China Sea (in Chinese). Beijing: Science
Press. 38-42

Qin G Q. 1987. A preliminary study on foraminiferal assemblages of well
1 Xiyong, Xisha islands and their coral reef formation (in Chinese).
Trop Oceanol, 6: 10-20

Ren J S. 1990. On the Geotectonics of southern China (in Chinese). Acta
Geol Sin, 4: 275-288

Sci China Earth Sci

June (2014) Vol.57 No.6

Ren J S. 1964. Preliminary discussion on severl problems of Predevonian
tectonics of the Southeast China (in Chinese). Acta Geol Sin, 44:
418-430

Rong J Y, Zhan R B, Xu H G, et al. 2010. Expansion of the Cathaysian
Oldland through the Ordovician—Silurian transition: Emerging evi-
dence and possible dynamics. Sci China Earth Sci, 53: 1-17

Shao L, You H Q, Hao H J, et al. 2007. Petrology and depositional envi-
ronments of Mesozoic strata in the Northeastern South China Sea (in
Chinese). Geol Rev, 53: 164-169

Shu L S, Faure M, Wang B, et al. 2008a. Late Paleozoic-Early Mesozoic
geological features of South China: Response to the Indosinian colli-
sion events in Southeast Asia. C R Geosci, 340: 151-165

Shu L S, YuJ H, Jia D, et al. 2008b. Early Paleozoic orogenic belt in the
eastern segment of South China (in Chinese). Geol Bull China, 27:
1581-1593

Shu L S, Zhou X M, Deng P, et al. 2004. Geological features and tectonic
evolution of Meso-Cenozoic basins in southeastern China (in Chinese).
Geol Bull China, 23: 876-884

Shu L S. 2012. An analysis of principal features of tectonic evolution in
South China Block (in Chinese). Geol Bull China, 31: 1035-1053

Shu L S. 2006. Predevonian tectonic evolution of South China: From
Cathaysian block to Caledonian period folded orogenic belt (in Chi-
nese). Geol J China Univ, 12: 418431

Shui T. 1988. Tectonic framework of the continental basement of south-
eastern China. Sci China Ser B, 31: 885-896

SuNR, Zeng L, Li P L. 1995. Geological features of Mesozoic sags in the
eastern part of Pearl River Mouth basin (in Chinese). China Offshore
Oil Gas Geol, 9: 228-236

Sun X M, Jian P. 2004. The Wilson Cycle of the Jinshajiang Paleo-Tethys
Ocean in western Yunnan and western Sichuan provinces (in Chinese).
Geol Rev, 50: 343-350

Thanh N X, Tu M T, Itaya T, et al. 2011. Chromian-spinel compositions
from the Bo Xinh ultramafics, Northern Vietnam: Implications on tec-
tonic evolution of the Indochina block. J Asian Earth Sci, 42: 258-267

Wan L, Zeng W J, Wu N Y, et al. 2009. Geotransect from Xisha Trough in
the northern continental slope of the South China Sea to Hengchun
Peninsular in Taiwan (in Chinese). Geol China, 36: 564-572

Wang D Z, Shu L S. 2012. Late Mesozoic basin and range tectonics and
related magmatism in Southeast China. Geosci Frontiers, 3: 109-124

Wang D Z, Zhou X M. 2002. Petrogenesis and Crustal Evolution of Late
Mesozoic Granitic Volcanic-intrusive Complexes from Southeast China
(in Chinese). Beijing: Science Press. 1-39, 273-286

Wang J L, Zhang X B, Wu J S, et al. 2002. Integrated geophysical re-
searches on base texture of Zhujiang River Mouth basin (in Chinese). J
Trop Oceanogr, 21: 13-22

Wang P, Xia K Y, Huang C L. 2000. Distribution and geological & geo-
physical characteristics of Mesozoic marine strata in northeastern part
of South China Sea (in Chinese). J Trop Oceanogr, 19: 28-35

Wang S S, Zhao L S, Lu G Z, et al. 1992. Petroleum Geology of Chi-
na.Vol.16: Goastal Shelf and Adjacent Sea Area Oil and Gas (in Chi-
nese). Beijing: Petroleum Industry Press. 3647

Wang Z M, Wang L S, Jiang M Z, et al. 1997. Hercynian gneissic granite
at Chipan, Hualien County, Taiwan Province (in Chinese). Reg Geol
China, 16: 329-334

Wu G X, Wang R J, Hao H J, et al. 2007. Microfossil evidence for devel-
opment of marine Mesozoic in the north of South China Sea (in Chi-
nese). Mari Geol Quat Geol, 27: 79-85

Xiang L, Shu L S. 2010. Pre-Devonian tectonic evolution of the eastern
South China Block: Geochronological evidence from detrital zircons.
Sci China Earth Sci, 53: 1427-1444

Xu D R, Liang X Q, Tang H F. 2002. Geochemical characteristics of Bao-
ban Group metasedimentary rocksin western Hainan, China (in Chi-
nese). Geochemica, 31: 153-160

Xu DR, Xia B, Li P C. et al. 2006. Shrimp U-Pb dating of zircon from the
Precambrian granitoids in Northwest Hainan island and its geological
implications (in Chinese). Geotect Metal, 30: 510-518

Yang S K, Lin H M, Hao H J. 2002. Oil and gas exploration prospect of
Mesozoic in the Eastern part of Pearl River Mouth basin (in Chinese).
Acta Petrol Sin, 23: 28-33



Sun X M, et al.

Yao B C, Wan L, Zeng W J, et al. 2006. The Three-dimensional Structure
of Lithosphere and its Evolution in the South China Sea (in Chinese).
Beijing: Geological Publishing House. 113-116

Yao B C, Zhang L, Wei Z Q, et al. 2011a. The Mesozoic tectonic charac-
teristics and sedimentary basins in the eastern margin of south China (in
Chinese). Mari Geol Quat Geol, 31: 47-60

Yao J L, Shu L S, Santosh M. 2011b. Detrital zircon U-Pb geochronology,
Hf-isotopes and geochemistry—New clues for the Precambrian crustal
evolution of Cathaysia Block, South China. Gondwana Res, 20: 553-567

Yin B A, Chen J, Pan L Z, et al. 1997. Stratigraphy (Lithostratic) of
Guangxi Zhuang Autonomous Region (in Chinese). Wuhan: China
University of Geosciences Press. 16-174

YuJ H, O'Reilly Y S, Wang L J, et al. 2007. Finding of ancient materials
in Cathaysia and implication for the formation of Precambrian crust.
Chin Sci Bull, 52: 13-22

YulJ H, Wei ZY, Wang L J, et al. 2006. Cathaysia block: A young conti-
nent composed of ancient materials (in Chinese). Geol J China Univ,
12: 440447

Yu K P, Ding F, 2012. Discovery of Mesozoic Sediments and It’s Petro-
leum significance in Lufeng Sag Pearl River Mouth Basin (in Chines).
Nat Gas Geosci, 23: 489-492

Zhang G C, Mi L J, QU H J, et al. 2011. A basic distributional framework
of global deepwater basins and hydrocarbon characteristics (in Chinese).
Acta Petrol Sin, 32: 369-378

Zheng Y F, Zhang S B. 2007. Formation and evolution of Precambrian
continental crust in South China. Chin Sci Bull, 52: 1-12

Zhong D L. 2000. Paleotethysides in West Yunnan and Sichuan, China.

Sci China Earth Sci

June (2014) Vol.57 No.6 1211

Beijing: Science Press. 171-215

Zhong G J, Wu S M, Feng C M. 2011. Sedimentary model of Mesozoic in
the northern South China Sea (in Chinese). J Trop Oceanogr, 30: 43-48

Zhong G J, Yi H, Lin Z, et al. 2007. Characteristic of source rocks and
Mesozoic in continental slope area of northeastern the South China Sea
and east Guangdong of China (in Chinese). Xinjiang Petrol Geol, 28:
676-680

Zhou D, Sun Z, Chen H Z, et al. 2005a. Mesozoic lithofacies, paleo-
geography, and tectonic evolution of the South China Sea and sur-
rounding areas (in Chinese). Earth Sci Front, 12: 204-218

Zhou D, Wang W Y, Wang J, et al. 2006. Mesozoic subduction-accretion
zone in northeastern South China Sea inferred from geophysical inter-
pretations. Sci China Ser D-Earth Sci, 49: 471-482

Zhou D, Wu S M, Chen H Z. 2005b. Some remarks on the tectonic evolu-
tion of nansha and its adjacent regions in southern South China Sea (in
Chinese). Geotect Metal, 29: 339-345

Zhou D, Yao B C. 2009. Tectonics and sedimentary basins of the South
China Sea: Challenges and progresses. J Earth Sci, 20: 1-12

Zhou D. 2002. Mesozoic strata and sedimentary environment in SW Tai-
wan basin of NE South China Sea and Peikang high of western Taiwan
(in Chinese). J Trop Oceanogr, 21: 50-57

Zhou X M, Chen P R, Xu X S, et al. 2007. Petrogenisis of Late Mesozoic
Granite and Dynamic Evolution of Lithosphere in Nanling Region (in
Chinese). Beijing: Science Press. 161-192

Zhu W L, Zhong K, Li Y C, et al. 2012. Characteristics of hydrocarbon
accumulation and exploration potential of the northern South China Sea
deepwater basins. Chin Sci Bull, 57: 3121-3129



