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types: a passive continental margin basin zone and a basin
zone under other backgrounds. The passive continental
margin basin zones are distributed in the deepwater areas
of both sides of the Atlantic Ocean, the East African and
the circum-Arctic continental margins. The basin zones
under other tectonic background include the Western
Pacific continental margin deepwater basin zone and the
New Tethys deep basin zone (Zhang et al., 2011, 2019c;
Feng et al., 2012; Fig. 1).
Until now, the most important place of deepwater oil
and gas discovered is in the passive continental margin
basin. Great discoveries have been made in Brazil, West
Africa, Gulf of Mexico, North Atlantic, East African
continental margin and the circum-Arctic. Among these,
the Gulf of Mexico, West Africa and Brazil have formed a
‗Golden Triangle‘ of oil and gas reserves.

1 Deepwater Settings of Marginal Seas—the Frontier
of Oil and Gas Exploration
From the perspective of geographical environment, the
areas of global oil and gas exploration can be divided into
land, shallow water and deep water areas. The timespan of
oil and gas discovery in each field is different. Oil and gas
have been discovered on land since ancient times, but the
application of modern technology to discover oil and gas
began in 1859 in Pennsylvania, USA (Hua, 1984). Largescale oil and gas exploration began in the 1920s, and the
reserve discovery reached its peak in the 1960s and 1970s.
The discovery of oil and gas in shallow water of the Gulf
of Mexico began in 1947 and showed a slow growth trend
towards the end of the 20th century. Deepwater oil and gas
exploration began in the 1970s. In 1975, the first
deepwater oil field with a water depth of more than 300 m
was discovered in the Gulf of Mexico in the United States.
By the end of the 20th century, thousands of deepwater oil
and gas fields have been discovered. Since the beginning
of the 21th century, the scale of deepwater oil and gas
discovery has increased significantly, surpassing that of
land and shallow water areas (Zhang et al., 2015a, 2019a).
From the perspective of structural geology, controlled
by the global plate tectonic activities since the Permian,
the distribution of global deepwater basins generally
presents a pattern of ―three longitude and two
latitude‖ (Zhang et al., 2011, 2015b; Feng and Zhang,
2017). The ‗three longitude‘ refers to three basin zones
that are distributed in a nearly north-south direction,
namely the continental margin sea area on the east and
west sides of the Atlantic Ocean, the East African
continental margin sea area, and the Western Pacific
Ocean area. The ‗two latitude‘ refers to the two basin
zones that are distributed in nearly east–west direction,
namely the circumpolar sea area and the new Tethys Sea
area. In general, these basin zones can be divided into two

1.1 Frontier exploration
Since the beginning of the 21th century, non-passive
continental margin deepwater basins have become the
frontier of oil and gas exploration. These include the
Western Pacific deepwater basin and the new Tethys
deepwater basin, including the South China Sea.
The South China Sea (SCS) is a marginal sea of the
Western Pacific Ocean, covering an area of about 350 ×
104 km2. Geomorphically, the SCS is surrounded by a
continental shelf (or island shelf) and a continental slope
(or island slope), and the central part is a basin, further
divided into southwest, central and northwest sub-basins.
The depth of the sea water increases from the periphery to
the central basin. The water depth of the continental shelf
and island shelf areas is generally 0–200 m, that of
continental slope and island slope is 200–3500 m, and that
of the central basin is 3500–5500 m (Zhang et al., 2007,
2012, 2018; Shao et al., 2019a).
Deep water oil and gas exploration in the SCS began in
the late 1970s, but the progress was slow before the year
of 2004. One of the main reasons is that the SCS is a
marginal sea, which belongs to the frontier field of
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Fig. 1. Tectonic setting of the South China Sea (SCS) (modified from Dott and Batten, 1988; Zhang et al., 2018)

deepwater oil and gas exploration in the world. However,
the deepwater oil and gas accumulation conditions in the
marginal sea are complex and still face many world-class
challenges.

margin active extension theory holds that the formation of
the SCS is the result of the breakup of the continental
margin of South China, which was caused by the active
extension and expansion of the lithosphere from north to
south. Another is based on the internal geophysical
characteristics of the SCS. For example, Taylor and Hayes
(1980) put forward the seafloor spreading theory based on
the magnetic stripe correlation results of the SCS, and this
was then proven by the ocean drilling results. The above
understanding mainly discusses the mechanism of the
formation of the new SCS, and as yet, there has been little
research on the kinematic processes of the new SCS and
less on the ancient SCS.
The evolution of the SCS marginal sea is complex, and
there is no model for reference. How to fully understand
the formation mechanism and evolutionary process of the
SCS in the Cenozoic and even the Mesozoic is a major
basic geological problem.

2 Scientific Problems Faced by Deepwater Oil and Gas
Accumulation in the SCS Marginal Sea
2.1 The formation process of the SCS
A passive continental margin basin zone is formed by
the breakup of a global giant supercontinent. It has
experienced the processes of intracontinental rift,
intercontinental rift and mature ocean subsidence, and its
formation mechanism and evolution are relatively clear.
The SCS is a marginal sea formed by the convergence
of the Indian, Eurasian, Australian and Pacific plates, with
complex formation mechanism and evolutionary processes
(Zhang et al., 2018). Since the 1970s, there have been
many controversies regarding the structural attributes and
genetic mechanism of the SCS, and there are many
opinions, which can be divided into two categories. The
first is based on the understanding of the adjacent plate
tectonics and regional tectonics and regards the SCS as a
back-arc basin of the Pacific plate, with its formation
related to the subduction of the Pacific plate; an alternative
hypothesis holds that the SCS is a shear-extension basin at
the end of the Honghe fault, with its formation related to
the lateral slip of the Indosinian block caused by the
collision with the Indian and Eurasian plates. There are
also subduction drag models that attribute the
development and evolution of the SCS to the subduction
and collision of the ancient SCS, while the continental

2.2 Formation mechanism and distribution of
deepwater basins in the South China Sea
The basins formed in the deepwater basin of the
Atlantic passive continental margin are extensional, and
the continental marginal basins on both sides have
conjugate characteristics (Zhang et al., 2011). However,
the northern and western continental margins are
extensional, and the southern and eastern margins are
convergent; the nature and the formation mechanism of
the Nansha block sandwiched between them is unclear.
―No basin, no oil‖. Due to the special natural conditions
and surrounding environment, the number of basins and
their structures, strata and sedimentary fillings in the
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deepwater area of the SCS are not completely clear and
remain controversial. The maps of basin distribution
proposed by various experts are different, which is often
related to their study areas. For example, Jin (2006)
studied mainly the Wan'an Basin in the southwest of the
SCS, and he divided the tectonic units into two levels but
he hardly discussed other basins. Yao et al. (2004) studied
the main basins in the SCS, but made no subdivision of
the internal structural framework. The stratigraphic
division of the basins in the SCS is self-contained, hence it
is difficult to correlate the strata between basins.
Sedimentary facies are also controversial (Fig. 2).
On the whole, in terms of the entire SCS, it has been
rare to carry out and study the formation mechanism,
structure, stratigraphic age and sedimentary filling of all
basins, especially for the deepwater basins.

2.3 Hydrocarbon generation in deepwater area of the
SCS
The deepwater area of the Atlantic passive continental
margin basin is rich in oil and gas, and the hydrocarbon
distribution is clear. In the deepwater area of the South
Atlantic, super great lakes were developed in the giant
Gondwana supercontinent in the land rift stage. It is
estimated that the area was millions of square kilometers,
which had the characteristics of a plateau out of a plain
lake, and the source rocks of the lake facies were very well
developed. During the transitional and drifting periods,
transgressive marine source rocks are developed. During
the burial process of source rocks, controlled by the
gradually decreasing geothermal field, hydrocarbon
generation has the characteristics of ‗simultaneous
generation of oil and gas, dominated by oil, supplemented

Fig. 2. Tectonic types of sedimentary basins in the South China Sea.
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by gas, with upper oil and lower gas‘ (Zhang et al., 2010).
In the deepwater area of the North Atlantic, only marine
source rocks were developed. The ocean was relatively
narrow and the temperature of the heat flow field was
high. Its hydrocarbon generation is characterized by
‗simultaneous generation of oil and gas, dominated by gas
and supplemented by oil‘ (Zhang et al., 2015b).
The type, distribution, heating effect and hydrocarbon
generation status of the source rocks in the deepwater area
of the marginal sea of the SCS are not clear. In the shallow
-water area of the SCS, there are three types of
hydrocarbon source rocks, i.e., continental, marine
transitional, and marine facies; it has both oil and gas
(Zhang et al., 2012). The Beibu Gulf Basin in the
continental margin shelf area of the northern SCS, the
northern depression belt of the Pearl River Mouth Basin
(PRMB) and the Mekong Basin in the continental margin
continental shelf area of the western SCS are composed
mainly of deep lacustrine mudstone source rocks with low
thermal fields. Most of the discoveries are oil fields. The
shallow-water areas of the Qiongdongnan Basin in the
northern continental margin of the SCS, the Wan'an Basin
in the western continental margin, the Brunei Shaba Basin
and the Zengmu Basin in the southern continental margin
are dominated by coal measures and marine source rocks
of marine transitional facies, with high and low thermal
fields (Zhang et al., 2019b; Zhu, 2010; Feng et al., 2017;
Shao et al., 2019a; Janjuhah and Alansari, 2020). Oil and
gas have both been found in these areas. There are several
types of source rocks in the deepwater area, and which one
is the main one is controversial. In terms of thermal
structure, the deepwater area on the SCS continental slope
is characterized by ‗hot–super hot‘.
What is the degree of oil and gas abundance, the
distribution pattern, and the main controlling factors in the
deepwater area of the marginal sea of the SCS are all
scientific questions to be studied.

that there was no large-scale carbonate reservoir
development in the rift period, and no regional gypsum
salt layer in the fault depression and depression stages.
How to develop large-scale turbidites in the depression
period needs to be studied. There was no trap formed by
diapir and gravity slippage.
The conditions of reservoir cap, trap and migration in
the deepwater area of the SCS are not clear, all of which
need to be studied further and solved.
3 Introduction of the Latest Research Achievements
and Progress
In this issue, there are 24 papers that contribute to a
better understanding of ‗petroleum geology in deepwater
settings of the SCS‘. The deep-water oil and gas in the
SCS are comprehensively introduced from the aspects of
sea formation, basin formation, hydrocarbon generation
and reservoir formation.
The SCS is a typical marginal sea. Zhang et al. (2021this issue) indicate that the SCS includes Paleo SCS and
New SCS tectonic cycles. In the Paleogene, the basins
were rifted along the margin of the continent and were
mainly filled with sediments in marine-continental
transitional environments. In the Neogene–Quaternary, the
basins were mainly filled with neritic-abyssal facies
sediments in the passive continental margin due to thermal
subsidence.
Yu et al. (2021-this issue) indicate that the faults in the
Yunkai low uplift and its adjacent areas can be divided
into trap-controlled faults and source-controlled faults.
These activity features of the source-controlled faults are
beneficial to the migration of the early crude oil from the
Baiyun sag to the high part of the Yunkai low uplift, but no
good for migration of late natural gas. In the Yunkai low
uplift and its adjacent areas, the traps in the deep Zhuhai
and Enping formations that are close to the source rocks in
the Baiyun sag should be favorable exploration objectives.
Using a combination of the Mesozoic Bouguer gravity
anomaly and magnetic anomaly, Tang et al. (2021a-this
issue) identify the Mesozoic lithology in the southern
SCS. The results show that there are three types and 25
subtypes of rocks in northern Borneo, mainly intermediate
-mafic igneous rocks and exogenous clastic sedimentary
rocks, with small amounts of endogenous sedimentary
rocks, felsic igneous rocks, and metamorphic rocks. The
Mesozoic sedimentary rocks are distributed over a large
area of the southern SCS. Thus, it is concluded that the
Mesozoic strata in this area have the potential for oil and
gas exploration.
Feng et al. (2021a-this issue) recognize three types of
mound-shaped reflectors in the Meishan Formation,
southern Qiongdongnan Basin, which are reefs, contourite
mounds and magmatic diapirs. There are two types of
contourite deposits in the Southern Qiongdongnan Basin:
Type I contourite deposits are conical, and Type II
contourite deposits are flat. In plane view, they are
distributed approaching a west-to-east direction, and in
section, lie in low-lying areas near the faults in faultcontrolled terraces of the southern uplift zone, with a paleo
-current direction nearly west-to-east. The paleotectonic

2.4 Hydrocarbon accumulation in deepwater area of
South China Sea
The deepwater area of the Atlantic passive continental
margin basin is rich in oil and gas, and the regulation of
hydrocarbon accumulation is clear. For example, in
addition to the world-class source rocks, large lacustrine
carbonate reservoirs and large-scale high-quality turbidite
reservoirs were developed in the rift and drift stages
respectively in the Dacanpos Basin, Brazil. Many
structural or structural-lithologic traps were caused by
fault-block activity in the rift period and salt-rock diapir
activity and gravity-sliding structure in the drift period.
Salt rock and deep-sea mudstone constitute two sets of
high-quality regional cap rocks in both the rift and drift
periods. Diapirism and faulting resulted in hydrocarbon
migration pathways. In addition, the background of largescale paleo-uplift plays an important role in promoting oilgas accumulation efficiency and a large-scale oil-gas
enrichment. In the deepwater area of the Gabon Basin in
West Africa and the deepwater area of the East African
continental margin basin, there were similar superior
reservoir forming conditions.
In the deepwater area of the SCS marginal sea, it seems
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setting of the gentle monoclinic platform was favorable for
the development of such contourite deposits. The
intensification of the Mid-Miocene deepest bottom current
gave rise to the contourite-forming currents around the
southern uplift zone in the northern SCS, which flowed
from Hainan Island to the Xisha Trough in a nearly westto-east direction leading to the contourite deposits
developing in the late Mid-Miocene transgressive
environment, with multiple slow sea-level fall cycles.
Feng et al. (2021b-this issue) study the source-sink
system of the Baiyun Sag, PRMB. According to
differences in reflection intensity from bottom to top, the
system can be subdivided into three stages of
progradational sedimentary bodies—the southern uplift
and denudation zone, the large ancient gully, and the fan
delta—which together constitute a complete source-sink
system. This represents a sedimentary model of a
progradational fan delta under the overall joint control of
the restricted ancient gully and syndepositional faults.
Zhao et al. (2021a-this issue) study the Cenozoic Sea–
Land Transition and its petroleum geological significance
in the Northern SCS, and they think regional sea-level
changes were comprehensively influenced by SCS
opening and global sea-level changes. These processes led
to the early development in the east and south and late
development in the west and north for the carbonate
platform in the SCS. Carbonate platforms form another
type of ‗self-generating and self-accumulating‘ oil-gas
reservoir in the northern SCS. The sea–land transition
controlled the depositional filling patterns of the different
basins and laid the foundation of marine deposits for the
oil and gas resources.
Li et al. (2021a-this issue) indicate that there are three
carbonate platforms developed on the topographic highs
inherited from tectonic deformation and volcanic
accretion; they are the Guangle Uplift, the Zhongjian
Uplift and the Xisha Uplift. Their results imply that
tectonic activity, volcanism and eustasy are the dominant
controls for the evolution of carbonate platforms on the
northwestern SCS margin.
Cui et al. (2021-this issue) indicate that the northern
SCS deepwater area was supplied with terrigenous clastic
sediments transported by the ‗Kontum-Ying-Qiong‘ River
from the western SCS, and the Pearl River from the north
during the Late Miocene. As the Philippine Sea Plate was
drifting to the northwest, this accretionary wedge was
pushed, migrated, and finally exposed in the Hengchun
Peninsula area.
Yang et al. (2021-this issue) study the relationship
between the extent of igneous rocks and deep structures by
using gravity and magnetic data in the SCS. In the igneous
undeveloped areas, faults are also undeveloped, the
Cenozoic thickness is thicker, the magnetic basement
depth is deeper, and the Cenozoic thickness is highly
positively correlated with the magnetic basement depth. In
igneous developed regions, the distribution pattern of the
Qiongtai block is mainly controlled by primary faults,
whereas the distribution of the Zhongxisha, Sunda and
Yongching-Taiping blocks is mainly controlled by
secondary faults, and the Cenozoic thickness has a low
correlation with the depth of the magnetic basement.

The Paleogene coal-measure source rock is one of the
main gas source rocks in SCS. The results obtained by
Zhao et al.‘s (2021b-this issue) study revealed that
epicontinental basins and marginal sea basins are both
characterized by the main development of thin coal seams
or extremely thin coal seams. In addition, changes in sea
levels are determined to be the main controlling factors for
coal formation, and there were similarities in the continent
–sea interactions and coal-forming sedimentary systems of
the different basins. However, there are also significant
differences observed in the sea-level change events; basin
basement structural characteristics; coal seam stability
levels; accumulation and aggregation characteristics; and
the migration patterns of coal-forming materials.
Wang et al. (2021-this issue) indicate that the coalmeasure source rock have obvious ‗binary structures‘, and
the development of coal-measure source rock is known to
be controlled by many factors, such as paleoclimate and
paleobotany,
paleo-structure
and
topography,
paleogeography, base level changes, and so on. A prediction
method for the distribution ranges of the coal-measure
source rock is proposed from qualitative and (semi)
quantitative aspects. The method for the (semi) quantitative
predictions of the distribution ranges of terrigenous marine
mudstone are based on topographic slopes.
Middle-deep lacustrine source rocks in the Eocene
Wenchang Formation is another important source rock in
the SCS. Xiong et al. (2021-this issue) indicate that a
braided delta-lacustrine system was developed in the
Wenchang Formation in the Kaiping depression.
Integration of an unsupervised seismic attributes
classification and supervised neural network analysis
make the quantitative prediction of middle-deep lacustrine
come true. They suggest in a 3D-seismic survey in the
main sag that the middle-deep lacustrine facies has a
distribution area of 154 km2 and a volume of 50 km3. The
volume indicates a good source rock potential.
Zeng et al. (2021-this issue) think that the petroleum
migration behaviors, including the migration direction,
driving force, and migration pattern in the faults and
sandstone carrier beds were quite different.
Li et al. (2021b-this issue) designed a water–rock
reaction experiment with CO2 fluid. The experiment
revealed that high temperature and high pressure with CO 2
-rich fluid has a significant dissolution effect on
aluminosilicate minerals, that is conducive to the
formation of secondary pores and effective reservoirs.
This understanding provides important enlightenment to
the promotion of deep oil and gas exploration.
Tang et al. (2021b-this issue) think that the continental
margin basins in the central-southern SCS can be
classified as one of the three types of epicontinental
basins. Among the three basin groups, differences in their
tectonic histories led to distinct variations in many basin
characteristics. They found that the southern basin group
has the highest oil and gas potential, followed by the
western and the central basin groups.
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