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Abstract: To reveal the causes of differences in the hydrocarbon accumulation in continental marginal basins in the centralsouthern South China Sea, we used gravity-magnetic, seismic, drilling, and outcrop data to investigate the tectonic histories
of the basins and explore how these tectonic events controlled the hydrocarbon accumulation conditions in these basins.
During the subduction of the Cenozoic proto-South China Sea and the expansion of the new South China Sea, the
continental margin basins in the central-southern South China Sea could be classified as one of three types of epicontinental
basins: southern extensional-foreland basins, western extensional-strike slip basins, and central extensional-drift basins.
Because these basins have different tectonic and sedimentary histories, they also differ in their accumulated hydrocarbon
resources. During the Cenozoic, the basin groups in the southern South China Sea generally progressed through three
stages: faulting and subsidence from the late Eocene to the early Miocene, inversion and uplift in the middle Miocene, and
subsidence since the late Miocene. Hydrocarbon source rocks with marine–continental transitional facies dominated by II–
III kerogen largely developed in extremely thick Miocene sedimentary series with the filling characteristics being mainly
deep-water deposits in the early stage and shallow water deposits in the late stage. With well-developed sandstone and
carbonate reservoirs, this stratum has a strong hydrocarbon generation potential. During the Cenozoic, the basin groups in
the western South China Sea also progressed through the three developmental stages discussed previously. Hydrocarbon
source rocks with lacustrine facies, marine-continental transitional facies, and terrigenous marine facies dominated by II 2–
III kerogen largely developed in the relatively thick stratum with the filling characteristics being mainly lacustrine deposits
in the early stage and marine deposits in the late stage. As a reservoir comprised of self-generated and self-stored sandstone,
this unit also has a high hydrocarbon generation potential. Throughout those same three developmental stages, the basin
groups in the central South China Sea generated hydrocarbon source rocks with terrigenous marine facies dominated by III
kerogen that have developed in a stratum with medium thicknesses with the filling characteristics being mainly sandstone in
the early stage and carbonate in the late stage. This reservoir, which is dominated by lower-generation and upper-storage
carbonate rocks, also has a high hydrocarbon generation potential.
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1 Introduction
As the largest marginal sea in the western Pacific
Ocean, the South China Sea is the only sea basin with
oceanic crust in China (Wang, 2012). The South China
Sea resides at a unique tectonic location at the confluence
of the Tethys and circum-Pacific tectonic domains. With
its complex Cenozoic tectonic history, the South China
Sea is home to a variety of sedimentary basins (Hall,
2013). Due to its complex tectonic setting and rich
hydrocarbon resources, the South China Sea has become
the focus of many academic and industrial investigations
(Sandal, 1996; Todd et al., 1997; Madon et al., 1999;
Shipboard Scientific Party, 2000; Barckhausen and
* Corresponding author. E-mail: tangwu3@cnooc.com.cn

Roeser, 2004; Wang, 2012). A variety of models and
theories that explain the special tectonic geological
phenomena in the South China Sea have been proposed,
laying a solid foundation for understanding the formation
of the South China Sea and its surrounding basins (Ben
Avraham and Uyeda, 1973; Hamilton, 1979; Taylor and
Hayes, 1983; Briais et al., 1993; Cullen et al., 2010;
Morley, 2013; Franke et al., 2014). With the
implementation of South China Sea Deep Project, a major
research project run by the National Natural Science
Foundation of China, we have gained new insight into the
genesis and evolution of the South China Sea (Huang et
al., 2019; Lin et al., 2019; Sun et al., 2019; Wang et al.,
2019). However, the hydrocarbon accumulation patterns in
continental margin basins in the South China Sea,
especially those in the central-southern South China Sea,
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have rarely been explored (Xie et al., 2015; Yang et al.,
2017；Zhang et al., 2017). Because of the high
hydrocarbon resource potential in these basins, the centralsouthern South China Sea is a valuable area for strategic
oil and gas exploration in China (Zhu et al., 2016).
Hundreds of oil and gas fields have already been found in
the South China Sea. However, the hydrocarbon
distribution in these fields is extremely uneven. The
recoverable reserve of the Zengmu Basin and the BruneiSabah Basin are 2.9 and 2.4 billion tons of oil equivalent,
respectively, while the recoverable reserve of the Wan’an
Basin to the west is only 1/10 of that of the Zengmu Basin.
No commercial oil and gas fields have been discovered in
the Lile Basin or the Nanwei Basin on the Nansha land
mass. Why do these adjacent basins have different
recoverable gas and oil reserves? What are the specific
differences in the tectonic histories of these basins that
may have led to a vastly uneven distribution of the
hydrocarbon resources? Answering these questions is
important for future commercial oil and gas explorations
in this area.
Using drilling and seismic data, we divided the nine
Cenozoic sedimentary basins in the central–southern
South China Sea into three basin groups according to their
spatiotemporal relationships and genetic links: southern
extensional-foreland basins, western extensional-strike
slip basins, and central extensional-drift basins (Li et al.,
2012; Feng et al., 2018; Zhao et al., 2018). We discuss the
tectonic and sedimentary histories of these three basin
groups with respect to their structural transformations and
tectonic evolutionary stages in order to reveal the impact
that these differences have on the hydrocarbon
accumulation conditions in the three major basin groups.
This study is not only of great theoretical significance to
understanding the complicated geological evolution of the
South China Sea and refining our understanding of the
tectonic history of the Southeast Asian plate, but it is also
of great practical significance because this study provides
useful insights into the tectonic evolution and hydrocarbon
accumulation patterns in the basins of the central–southern
South China Sea.
2 Differences in the Formation and Evolution of the
Three Basin Groups in the Central–Southern South
China Sea
During the Cenozoic Era, the combined interactions
between the South China Sea and the Eurasian, IndoAustralian, and Philippine–Pacific plates turned the South
China Sea into one of the most tectonically active and
complex locations on the planet (Fig. 1). In terms of
dynamics, the South China Sea is characterized by
extension in the north, compression in the south,
subduction in the east, and strike-slip faulting in the west
(Zhang et al., 2015a). Complex regional tectonic events,
especially those caused by the subduction of the protoSouth China Sea and the expansion of the new South
China Sea, were the main drivers of the formation and
evolution of the South China Sea basins (Zhang et al.,
2015b). Three different types of basins formed along the
continental margin of the central–southern South China
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Sea: southern extensional-foreland basins, western
extensional-strike slip basins, and central extensional-drift
basins. The large, deep depressions of the southern
extensional-foreland basins, including the Zengmu Basin
and the Brunei-Sabah Basin, formed during the subduction
of the proto-South China Sea and the collision of Zengmu
or Nansha block with the Borneo northern margin. The
western extensional-strike slip basins, such as the
Zhongjiannan Basin and the Wan’an Basin, are located on
both sides of the Yedong–Wan’an fault, where extensional
and strike-slip mechanisms are the major controlling
factors in basin formation and evolution. Due to the
cracking and expansion of the South China Sea basin, the
central extensional-drift basins, including the Palawan
Basin, the Lile Basin, the Beikang Basin, and the Nanwei
Basin, formed on the Nansha landmass. We built our
model around a major tectonic event: the expansion of the
South China Sea. As such, we divided the tectonic
histories of the three major basin groups in the centralsouthern South China Sea into three stages: pre-expansion,
expansion, and post-expansion (Fig. 2).
2.1 Pre-expansion stage of the South China Sea
At the end of the Cretaceous, due to the varied
subduction directions and rates of the paleo-Pacific Ocean
plate, the regional tectonic stress patterns along the eastern
margin of the Eurasian Plate transitioned from
compression to extension, resulting in a series of NEtrending tensional events (Hall, 2012). One of these
events, the Lile movement, initiated the evolution of the
Cenozoic basins in the central-southern South China Sea
and laid a foundation for the basic tectonic framework we
observe in the present day. The three basin groups started
to rift at different times and in different fashions. During
this stage, the central extensional-drift basins were located
in the northern part of the South China Sea, close to the
South China continent. Under extensional stress, a large
number of NE-trending graben and semi-graben structures
formed; those graben structures then experienced multiple
episodes of rifting and finally developed into a deltacoastal shallow marine sedimentary system. Due to the
Xiwei Movement, the western basin group entered the
initial faulting and subsidence stage in the late Eocene.
Because of paleo-uplift segmentation, a large number of
lacustrine sedimentary systems developed at this time
(Zhao, 2018). Early on in this stage, the southern
extensional-foreland basins were experiencing extensional
stress; later, the collision between the Indian Plate and the
Eurasian Plate caused the proto-South China Sea to begin
subducting beneath the Borneo Plate. Consequently, the
Zengmu Basin evolved into a foreland basin characterized
by large deltas. However, as the proto-South China Sea
began to close from west to east, the collision between the
Zengmu Basin and the Brunei-Sabah Basin created further
tectonic complications, as the Brunei-Sabah Basin was in
a period of subduction and accretion/accumulation of deep
-water deposits (Tang et al., 2018).
2.2 Expansion stage of the South China Sea
In this extension phase, the crust gradually thinned. In a
time period of ~33 Ma, one of the ridges within the South
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Fig. 1. Tectonic framework of the South China Sea and its adjacent region and the distribution of basins in the central-southern
South China Sea (plate boundaries from Hall, 2012; basin division from Feng et al., 2018).
① Brunei-Sabah Basin; ② Zengmu Basin; ③ Wan'an Basin; ④ Zhongjiannan Basin; ⑤ Nanwei Basin; ⑥ Beikang Basin; ⑦ Nansha trough Basin; ⑧
Palawan Basin; ⑨ Lile Basin

Ocean Ridge opened and began expanding in the N-S
direction (Taylor and Hayes, 1983; Briais et al., 1993),
which allowed the Nansha landmass to separate from the
South China continent and drift southward. In ~25 Ma, the
mid-oceanic ridge of the South Ocean Ridge migrated
southward, the southwest sub-basin began to expand in a
V shape in the NW–SE direction (Li et al., 2012), and the
Nansha landmass separated from the central Xisha
landmass and continued to drift southward. After a period
of ~15 Ma, the Nansha land mass collided with Borneo,
and the sea floor stopped expanding (Li et al., 2015).
During this stage, the central basin group as a whole
entered the drift evolution stage. Because these basins
were too far away from the continent to be supplied with
terrigenous resources, a carbonate platform developed
inside these basins; this phenomenon occurred earlier in
the easternmost basins and later in the westernmost basins.
As the Indo-Chinese plate extruded eastward and the
South China Sea expanded, the western basin group was

in the rifting and subsiding phase. Except for the local
lacustrine deposition in the Zhongjiannan Basin during the
early stages of the late Oligocene, the location of the
western basin group in a marine sedimentary environment
ultimately resulted in the formation of a delta-coastal
shallow marine sedimentary system. Due to the
continuous subduction of the proto-South China Sea, the
two basins in the southern basin group formed deep
depressions. Large deltas continued to develop along the
southern margin of the Zengmu Basin. However, deltas
began to develop in the Brunei-Sabah Basin during the
early Miocene as the early sedimentary strata of the
Brunei-Sabah Basin experienced significant folding
deformation and was thrust above the Nansha landmass
where the orogenic belt was denudated.
2.3 Post-expansion stage of the South China Sea
Once the South China Sea stopped expanding, the
tectonic activity in the South China Sea lessened. During

this stage, the most significant tectonic
events were occurring along the eastern
margin of the South China Sea, which had
little to no impact on the central-southern
part of the South China Sea. Because the
different sub-basins stopped expanding at
different times, they collided with the
Zengmu–Borneo–Cagayan landmass at
different stages in their development. In the
early phases of this stage, the Beikang
Basin and the Nanwei Basin in the central
basin group suffered denudation due to
extrusion and local uplift in the south (Tang
et al., 2018), while the Lile Basin and the
Palawan Basin exhibited flexural
subsidence due to extrusion. Because the
western basin group was located at the end
of the South China Sea spreading ridge, the
magma upwelled once the expansion
stopped (Fyhn et al., 2009), and the basins,
which had undergone tectonic inversion,
were uplifted and formed carbonate
platforms. With the interaction of the
Zengmu, Borneo, and Nansha landmasses,
the Zengmu Basin in the southern basin
group experienced strike-slip motion due to
the western Baram Fault (Liu et al., 2016),
thereby forming the Nankang platform.
During tectonic compression, the orogenic
belt of the Brunei-Sabah Basin was further
uplifted and denudated, and the various
marine deltas facilitated the transportation
of large amounts of clastic rocks into the
basin. In the later phases of this stage, the
central-southern basins began rapidly
subsiding. With the exception of the
development of a delta-coastal shallow
marine sedimentary system at the local
high points in the nearshore and carbonate
platforms, the entire basin was located in a
deep-water sedimentary environment.
2.4 Differences in tectonic evolution
During the Cenozoic, the three major
basin groups in the central-southern South
China Sea followed different evolutionary
trajectories (Figs. 2 and 3; Table 1). The
central basin group formed the earliest,
followed by the western basin group and
the southern basin group (Fig. 2). Based on
geological data, we found that the southern
basin group is mainly composed of
extensional-foreland basins, with the
development of extensional faulting
preceding the development of thrust nappe
structures. The western basin group
primarily consists of extensional-strike slip
basins and the central basin group consists
of extensional-drift basins characterized by
constant extensional faulting (Fig. 3).
Lastly, the three basin groups have
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Fig.2. Differences in tectonic-sedimentary evolution of three basin groups in the central-southern South China Sea.

Acta Geologica Sinica (English Edition), 2021, 95(1): 30–40

34

Tang et al. / Differences in the Tectonic Evolution of Basins in the Central-Southern South China Sea
Table 1 Comparison of the tectonic histories of the different basin groups in the central-southern South China Sea
Basin
group

Types
of basins

Southern

Extensional
foreland
basins

Western

Extensionalstrike slip
basins

Central

Extensionaldrift basins

Main
basins

Area
(104 km2)

Zengmu

14.4

Cenozoic
sedimentary
thickness (km)
3–17

Brunei-Sabah

6

5–9

Wan’an

5.96

2–10

Zhongjiannan

10.8

2–6

Nanwei
Beikang
Nansha
Trough Basin
Lile
Palawan

10.4
5.16

1–6
2–7

4.1

3–6

9.95
4.12

2–5
2–5

Basement
age

Fault
characteristics

Evolutionary
stage

Dynamic
system

Cenozoic

Extensional and
thrust faults

Faulting and subsidence
(Late Eocene to Early Miocene),
extrusion and inversion
(Middle Miocene), and
subsidence (Late Miocene)

Subduction of
the proto-SCS

Mesozoic

Extensional and
strike-slip faults

Faulting and depression
(Late Eocene to Early Miocene),
inversion (Middle Miocene),
and subsidence (Late Miocene)

Collision
between
Indo-Australian
Plate and
Eurasian Plate

MesozoicPaleozoic

Extensional
faults

Faulting and subsidence
(Eocene to Early Miocene),
drift (Middle Miocene), and
subsidence (Late Miocene)

Expansion of
the new SCS

SCS: South China Sea.

Fig. 3. Regional geological sections in the southern continental margin basins of the South China Sea (see location in Fig. 1).

distinctly different stratigraphic columns with different
unit ages; the central basin group has mostly EoceneOligocene units, the western basin group consists of
Oligocene-Miocene strata, and the southern basin group
is dominated by Miocene deposits (Fig. 3). Variations
between the three basin groups arose due to their
relative proximity to major tectonic events such as
subduction of the proto-South China Sea and the
expansion of the new South China Sea (Tang et al.,
2018).

3 The Relationship between the Tectonic Evolution of
the Basins and their Hydrocarbon Source Rocks
Due to their different tectonic histories, the three basin
groups exhibit distinct variations in their hydrocarbon
source rocks. Firstly, differences in their tectonic evolution
affected the timing and amount of sedimentary filling
experienced by these basins, which in turn determined the
type and abundance of organic matter in these
hydrocarbon source rocks. Secondly, their different
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subsidence and thermal evolution histories resulted in
obvious variations in the maturities of their respective
accumulated hydrocarbon source rocks.
3.1 Relationship between the hydrocarbon source rocks
in the basins and their abundances of organic matter
The development of hydrocarbon source rocks in a
basin is closely related to the sedimentary environment of
that basin. During the Cenozoic, the continental margin
basins in the central-southern South China Sea
experienced many abrupt sedimentary environment
changes. These changes were driven by the tectonic
history, the geotectonic location, and the paleo-geographic
environment of each basin group. Originally located to the
north of the South China Sea, the central basin group
initially resided in a shallow marine sedimentary
environment, which facilitated the development of deltas.
With the expansion of the South China Sea after the
Oligocene, the carbonate platform developed on the
uplifted part of this basin group. After the late Miocene,
during a bout of rapid regional subsidence, most of the
basins in this group transitioned into a deep-water
sedimentary environment. These environmental changes are
captured in the lithology of this basin group, which rapidly
shifted from neritic facies and clastic rock lithofacies to
carbonate lithofacies and then to the abyssal facies.
Segmented by early instances of paleo-uplift, the
western basin group initially developed in a lacustrine
sedimentary environment. Due to the expansion of the
South China Sea, the lithology of the western basin group
transitioned into a neritic facies sedimentary environment
and then into an abyssal facies deep-water environment
after the Miocene. Because of its proximity to the protoSouth China Sea, the southern basin group initially formed
in a deep-water environment. In later stages, as the protoSouth China Sea subducted and southern Borneo began
experiencing significant uplift, large and medium-sized
deltas continued to develop in the southern basin group as
the lithology transitioned from deep-water facies to
abyssal facies. Variations in their sedimentary and tectonic
histories led to significant differences in the lithologies
(i.e. the hydrocarbon source rocks) of these three basin
groups, with respect to the types and formation ages of the
various hydrocarbon source rocks, as well as the
abundances of organic matter within these source rocks.
1) Types of hydrocarbon source rocks: Due to its marine
sedimentary environment, the central basin group consists
of marine hydrocarbon source rocks dominated by III
kerogen. The western basin group is characterized by three
types of marine-continental transitional facies with
kerogen II2-III hydrocarbon source rocks. In the southern
basin group, the marine-continental transitional facies and
marine facies consist of II-III kerogen hydrocarbon source
rocks (Fig. 4).
2) Formation age of the dominant hydrocarbon source
rocks: The Eocene-Oligocene hydrocarbon source rocks of
the central basin group and the Oligocene-Lower Miocene
hydrocarbon source rocks of the western basin group
decrease in age with increased proximity to the locations
of the closure of the proto-South China Sea and the
expansion of the new South China Sea. With the exception
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of the East Balingian Depression of the Zengmu Basin, the
hydrocarbon source rocks in the southern basin group
formed during the Miocene. In the southern basin group,
the formation ages of the dominant hydrocarbon source
rocks decreases from west to east (Fig. 4).
3) Abundance of organic matter: Because of the
expansion of the new South China Sea, the central basin
group was not supplied with adequate epicontinental
clastic rocks, so these rocks have very low amounts of
organic matter (< 1.0%). Due to the subduction of the
proto-South China Sea and the ongoing uplift of Borneo,
the southern basin group was provided with high amounts
of epicontinental clastic rocks, leading to organic matter
abundances as high as 80%. Located between the central
and southern basin groups, the western basin group had
rocks with moderate organic matter abundances (up to
40%).
4) Hydrocarbon generation potential: The geochemical
data generated by drilling shows that among the
hydrocarbon source rocks within the lacustrine, marinecontinental transitional, and marine facies developed in the
central-southern South China Sea, the marine-continental
transitional hydrocarbon source rocks have the greatest
hydrocarbon generation potential (Zhao, 2018). Therefore,
the southern basin group has the greatest hydrocarbon
generation potential, followed by the western basin group
and the central basin group.
3.2 Differences in the maturity of the hydrocarbon
source rocks
The maturity of the hydrocarbon source rocks is not
only affected by the basement heat flow, but also closely
correlated with the thickness of the overlying sedimentary
layers; these features are directly related to the tectonic
evolution of the basins. Under constant extensional stress,
the crust in the central basin group became thinner and
more closely resembled oceanic crust. With an average
heat flow greater than 100 Mw/m2 (He et al., 2001), the
highly mature hydrocarbon source rocks mainly generated
gas resources. Located near the depression of the
southwestern sub-basin of the South China Sea, the overmature hydrocarbon source rocks in the western basin
group are largely gas resources. The sunken, thick crust
near the continental margin had a low geothermal
gradient, so these less mature hydrocarbon source rocks
created oil reservoirs. In the southern basin group, the
Zengmu Basin developed on top of rigid landmasses.
Covered by thick sedimentary layers with a maximum
layer thickness of ~17 km, the highly mature hydrocarbon
source rocks in the southern basin group evolved into gas
resources. The Brunei-Sabah Basin, which formed on the
basement subducted metamorphic rocks, had a low
geothermal gradient and a short burial time, resulting in
less mature hydrocarbon source rocks that ultimately
house oil reservoirs.
4 The Impact of the Tectonic Evolution of the Basins on
their Main Reservoirs
Clastic rock and carbonate reservoirs developed in the
central-southern South China Sea. Exploration surveys
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Fig. 4. Differences in source rock characteristics between the three basin groups of the central-southern South China Sea.

have confirmed the existence of oil and gas in the clastic
rock reservoirs of the continental, marine-continental
transitional, neritic, and abyssal facies (Wang et al., 2019);
oil and gas resources in carbonate reservoirs are largely
confined to neritic facies found in carbonate platforms and
reef limestone reservoirs. The central basin group was
dominated by carbonate reservoirs, the western basin
group was dominated by clastic rock reservoirs, and both
clastic rock and carbonate reservoirs developed in the
southern basin group (Fig. 5).
4.1 Differences in the clastic rock reservoirs
We attribute the development of clastic rock reservoirs
in the central-southern South China Sea to the presence of
deltas (Deng et al., 2019), the formation and distribution
of which were dictated by the tectonic evolution of the
basins. While clastic rock reservoirs were well developed
in all three major basin groups, the most highly developed
reservoirs are found in the western Wan’an Basin in the
western basin group and the southern Zengmu and BruneiSabah Basins in the southern basin group (Fig. 5). These
three specific basins formed during the Oligocene and the
Pliocene. The clastic rock reservoir in the Wan’an Basin
formed during the faulting and subsidence basin evolution
stage; these fluvial-delta reservoirs in the western Kunlun

uplift have porosity values ranging from 5% to 17%.
Later, when that uplift gradually submerged, semi-porous
(13% to 20%) and semi-permeable (200 mD) ultra-fine
and medium grained sandstones were deposited in coastal
and offshore deltas. Deep-water turbidite sandstones with
porosities of 10–30% and permeabilities of 5–300 mD
were also deposited during this subsidence stage (Zhao et
al., 2016). During the foreland faulting and subsidence
caused by the southward subduction and collision of the
proto-South China Sea, material from Borneo created the
clastic rock reservoir in the Zengmu Basin. The large
fluvial-delta system that continued to develop in the
southern margin of the basin throughout the Oligocene
consisted of rocks with porosities of 15–38%. Semiporous (10–24%) and permeable (1000 mD) delta, coastal,
and epeiric sea sandstone reservoirs developed in the early
Miocene to the Miocene. The late Miocene to Pliocene
neritic facies consisted of sandstone reservoirs with
porosity values of 28–32%. The only reservoir that
developed in the Brunei-Sabah Basin was a sandstone
reservoir that formed during the foreland orogenic stage.
These reservoir materials, which were sourced from
Sabah, consisted of Miocene and Pliocene semi-porous (6
–26%) and semi-permeable/permeable (100–1700 Md)
fine-, medium-, and coarse-grained sandstones and deep-
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Fig. 5. Location of the main hydrocarbon reservoirs in the three basin groups of the central-southern South China Sea.

water fluxoturbidites that were deposited in the basin
deltas (Wang et al., 2019).
4.2 Differences in the carbonate reservoirs
The development of carbonate reservoirs requires a
stable structural environment, relatively stable rising and
falling sea level rates, and a lack of terrigenous clastic
material (Xie et al., 2011). Located on stable landmasses
or paleo-uplifts, carbonate reservoirs in the centralsouthern South China Sea, which developed during the
expansion of the South China Sea, were found in all three
major basin groups.
As the South China Sea expanded during the late

Oligocene and the early Miocene, the central basin group
broke separated from the South China continent and
drifted southward. Far from a supply of terrigenous
materials, carbonate rocks began to develop in this basin
group. Following the temporal pattern of spreading in the
South China Sea, these carbonate rocks decrease in age
from east to west. Carbonate platforms have developed in
the Palawan Basin and the Lile Basin since the Oligocene,
while the carbonate platforms in the Beikang and Nanwei
Basins have existed since the early Miocene (Yan et al.,
2020). After the regional subsidence accelerated in the
middle Miocene, carbonate platforms continued to
develop only on the uplifted part of these basin groups.
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Although carbonate reservoirs are widely developed in the
central basin group, exploration limitations have thus far
prevented oil and gas resources from being identified in
regions other than the lower Miocene Nido limestone
reservoir in the central basin group, which consists of rock
formations with porosities of 5–16% and permeabilities of
200–3000 mD. The estimated recoverable reserve in this
limestone reservoir is 116 million tons of oil equivalent,
which accounts for 93% of the total recoverable reserve of
the entire central basin group.
The carbonate reservoirs in the western basin group
formed at the end of the South China Sea expansion in the
tectonic inversion stage. The formation of the middle to
late Miocene carbonate reservoir in the central–eastern
Wan’an Basin is related to the paleo-uplift stage. Dominated
by biological limestone and granular limestone, this
carbonate reservoir consists of rocks with porosities of 15–
40% and permeabilities of 200–2000 mD (Zhao et al., 2016).
The Zhongjiannan Basin, which formed in the middle
Miocene, is located in the central depression and the
southern uplift fold belt, where carbonate platforms and
mound beaches are well developed.
In the southern basin group, the only carbonate reservoir
is located in the Nankang platform of the Zengmu Basin
(Janjuhah and Alansari, 2020). This carbonate reservoir,

which is composed of biological limestone and granular
limestone and has porosities of 10–40% and permeabilities
of 100–1000 mD, formed during the Middle–Late Miocene
strike-slip transformation stage. Many large gas fields,
including the E11 Gas Field and the L Gas Field, have been
found in this prolific reservoir (Fig. 5).
5 Relationship between the Basin Tectonic Evolution
and the Accumulated Hydrocarbon Assemblages
Based on the different tectonic stages and hydrocarbon
reservoir types, we divided the accumulated hydrocarbon
assemblages of the continental margin basins in the central
-southern South China Sea into three categories: preexpansion clastic rock reservoirs, expansion carbonate
reservoirs, and post-expansion clastic rock reservoirs (Fig.
6, Table 2). In the pre-expansion clastic rock reservoirs,
the hydrocarbon source rocks typically consist of the
marine-continental transitional coal series and terrigenous
marine mudstone, with occasional instances of lacustrine
mudstone. This reservoir stratum is dominated by fluvial,
fan delta, delta, and turbidite sands, and the overlying
stratum consists of mudstone with the marine-continental
transitional facies. This lithological trap was formed in the
Eocene–Oligocene, and the critical self-generating and

Table 2 Different type of hydrocarbon accumulation assemblages in the continental margin basins of central-southern South
China Sea
Accumulation
assemblage type

Reservoir

① Pre-expansion clastic rock
reservoirs
Marine-continental transitional coal
series and terrigenous marine mudstone
Fluvial, fan delta, delta, turbidite sands

Marine-continental transitional coal
series and terrigenous marine mudstone
Carbonate platforms and reefs

Cap rock

Marine-continental transitional facies

Regional marine mudstone

Source rocks

Trap formation
Key period
Accumulation model

Eocene-Oligocene
Late Oligocene to the Miocene
Self-generating and self-storage

② Expansion carbonate reservoirs

Late Oligocene and the Middle
Miocene
Middle Miocene and the Late Miocene
Lower-generation and upper-storage

③ Post-expansion clastic rock reservoirs
Marine-continental transitional coal series
Delta, coastal, turbidite sands
Marine-continental transitional facies
mudstone and regional marine mudstone
Late Miocene
Late Miocene to the Quaternary
Self-generating and self-storage

Fig. 6. Schematic map of hydrocarbon accumulation assemblages in the continental margin basins of the central-southern South
China Sea (see Table 2 for detailed analyses of three hydrocarbon accumulation assemblages).
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self-storage hydrocarbon accumulation stage lasted from
the late Oligocene to the Miocene.
During the expansion stage, the hydrocarbon source
rocks consist of the marine–continental transitional coal
series and terrigenous marine mudstones. The reservoir
itself is defined by carbonate platforms and biological
reefs with an overlying stratum of thick regional marine
mudstone. The lithological trap formed between the late
Oligocene and the middle Miocene, while the critical
lower-generation and upper-storage hydrocarbon
accumulation stage occurred between the middle Miocene
and the late Miocene.
After expansion, the only hydrocarbon source rocks in
the clastic rock reservoir are the marine–continental
transitional coal series. With overlying layers of marine–
continental transitional facies mudstone and regional
marine mudstone, the reservoir stratum consists of delta,
coastal, and turbidite sands. The lithological trap formed
in late Miocene, while the critical self-generating and selfstorage hydrocarbon accumulation stage extended from
the late Miocene to the Quaternary.
The differences in tectonic evolution of the three major
basin groups in the central-southern South China Sea
resulted in the development of different hydrocarbon
accumulation assemblages in each of the three basin
groups. In the central basin group, the hydrocarbon source
rocks with terrigenous marine facies that developed prior
to the expansion of the South China Sea migrated through
faults into the carbonate reservoirs that formed during the
expansion stage; after the expansion of the South China
Sea, the overlying thick marine mudstones created a lower
-generation and upper-storage reservoir. Before the
expansion of the South China Sea, the secondary
hydrocarbon assemblages consisted of clastic rocks that
were only found in limited quantities in the Palawan and
Beikang basins. All three types of hydrocarbon
accumulation assemblages developed in the western basin
group, including the sandstone hydrocarbon assemblages
found in the Wan’an Basin. Pre-expansion clastic rocks
were found in the western Wan’an Basin and expansion
carbonate rocks were found in the eastern part of the basin.
In the southern basin group, the pre-expansion clastic rocks
and expansion carbonate rocks reside in the Zengmu Basin,
while only Post-expansion clastic rocks are found in the
Brunei-Sabah Basin. The delta sandstone creates a selfgeneration and self-storage reservoir in this shallow-water
area and turbidite sandstones form a lower-generation and
upper-storage reservoir in the deep-water area.
6 Conclusion
(1) We divided the continental margin basins of the
central-southern South China Sea into three major basin
groups based on their different tectonic histories with
respect to tectonic events such as the subduction of the
proto-South China Sea and the expansion of the new
South China Sea. The Eocene–Oligocene central basin
group consists of extensional-drift basins, the Oligocene–
Miocene western basin group consists of extensionalstrike slip basins, and the Miocene southern basin group
consists of extensional-foreland basins.
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(2) Among the three basin groups, differences in their
tectonic histories led to distinct variations in many basin
characteristics, including the hydrocarbon accumulation
conditions, the sedimentary environments, the type and
abundance of organic matter in the hydrocarbon source
rocks, the hydrocarbon generation potential, the formation
age and type of hydrocarbon reservoirs, and the formation
time and patterns of hydrocarbon assemblages. Based on
our analyses, we found that the southern basin group has
the highest oil and gas potential, followed by the western
basin group and the central basin group.
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