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Abstract 
In this paper tectonic evolution of the South of the South China Sea and its Peripheral and its control factors 
of hydrocarbon accumulation are put forward. The study area has suffered from 5 strong tectonic activities 
and developed twelve major basins developed. Four geological division presents different features: Western 
strike-slip shear zone generally underwent three-phase movements, including stretching, squeezing and 
thermal subsidence; Southern foreland compressive belt experienced three-phase evolutions, including 
foreland depression, strike-slip and regional subsidence; Southeast back-arc subsidence belt experienced 
tension, passive sedimentation and extrusion deformation; Southeast fore-arc subduction belt is chartered 
by a typical groove depression. Twelve basins contain remaining 2P reserves of 37.9 billion barrels of oil 
equivalent, undiscovered resources of 45.4 billion barrels of oil equivalent. Hydrocarbon mainly enriches in 
4 basins. Controlling factors of hydrocarbon accumulation include the following: Extensional structures 
promoted rapid hydrocarbon generation from organic matter; Tectonic cycles controlled high-quality 
Neogene reservoirs; Hydrocarbon accumulations are easy to take place in anticlines and faulted anticlines 
associated to syngenetic faults; Well combination of hydrocarbon generation and expulsion with traps created 
large oil and gas fields. The result would be of great significance for hydrocarbon exploration. 
Keywords: tectonic division, rift period, control factor, matching of migration and accumulation, South 
China Sea 
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INTRODUCTION 
The south of the South China Sea refers to the 

peripheral of Nansha block and located in the southeast 
edge of Eurasia, the intersection zone between the 
Pacific Ocean and the Oceania. Its structure is located 
in the convergent hinge of the European-Asia plate, the 
Pacific plate and the Indo-Australian plate (Wu et al. 
2016), stretches across several structural belts including 
the Indochina Land Block，the Nansha Block，the 
Kalimantan Island and the Philippine Island Arc etc. 
(Fig. 1). 

The south of the South China Sea borders with the 
Macclesfield Bank on the north, connects to the 
Kalimantan Island along the Nansha thrust belt on the 
south, to the Indochina Block through the East Vietnam 
Fault on the west, and to the Philippine Island Arc on 
the northeast, a convergent continental margin of the 
Andes-type volcanic arc (Xie et al. 2015, Zhang et al. 
2015). The study area is characterized by intense 
tectonic activities, numerous island arcs and terranes, 

and complex interaction between plates affected by both 
expansion of the ancient South China Sea and 
subduction of the India plate.  

Due to change of subduction angle, structure 
strength and nature changed frequently, which resulted 
in unceasingly convergence and collision of blocks in 
different geological periods, especially the multiphase 
convergence of the Tethys belt, which generated a large 
number of tectonic units in the periphery of the Nansha 
Block (Cantoa et al. 2012, Yan et al. 2010, 2014, Yan and 
Liu 2004, Yang et al. 2015) and made it one of the areas 
with the most complex tectonic evolution all over the 
world. Twelve major sedimentary basins were formed 
during the convergent process of multiple plates 
(excluding basins within the Nine-Dash Line, 
including transboundary basins). They can be divided 
into 6 types according to the structural location (Ren et 
al. 2015, Wu et al. 2016, Xie et al. 2015, Yan et al. 2010, 
Yang et al. 2015, Zhang et al. 2015), including three 
intercontinental rift basins, one strike-slip pull-apart 



 
 
Wu et al. 
 

 
486  Ekoloji 27(106): 485-494 (2018) 
 

basin, one craton depression basin, two foreland basins, 
three back-arc basins, two fore-arc basins, covering a 
total area of 170 × 104 km2 and sedimentary thickness 
up to 1.9 × 104 m (Table 1). 

GEOLOGICAL EVOLUTION 

Geological Division 
The Nansha Block and its periphery experienced 

two tectonic cycles: the period of disappearing of the 
ancient South China Sea and development of the new 
South China Sea, and the period of rapid subsidence 
and shrinkage of the new South China Sea (Liu et al. 
2016, Pubellier and Morley 2014). Controlled by this 

tectonic evolution, four types of basin groups were 
developed, including strike-slip shear zone in the west 
edge, foreland compressive zone in the south edge, 
back-arc subsidence zone in the southeast edge and 
fore-arc subduction zone in the east edge (Table 1). 

Strike-slip shear zone in the west edge 
During the Early Cenozoic, the Nansha Block was 

gradually separated from the South China continental 
margin by subduction of the ancient South China Sea 
(Yao et al. 2004), generating right-lateral strike-slip 
faults along the west edge of the South China Sea. The 
ancient South China Sea was further stretched during 
the Middle Eocene, with the change of subduction 

 

Fig. 1. Structure outline map and main petroliferous basins of Indochina and east edge of Nansha Block in South 
China Sea 

Table 1. Characteristics of sedimentary basins in the periphery of Nansha Block 
Tectonic division Basin name Basin type Basin area (km2) Sedimentary thickness (m) 

Strike-slip shear zone in west edge 

Chao Phraya Basin Intracontinental rift 62922 8000 
Khorat Basin Intracontinental rift 217360 6000 

Khroat Plateau Basin Craton depression 229664 >10000 
Mekong Basin Intracontinental rift 97995 6400 
Wan’an Basin Strike-slip pull-apart 162254 12500 

Foreland compressive zone in south 
edge 

Zengmu Basin Foreland 192000 19000 
Shabah Basin Foreland 94000 12500 

Back-arc subsidence zone in southeast 
edge 

East Palawan Basin Back-arc 145519 7000 
Sulu Sea Basin Back-arc 126706 5000 
Celebes Basin Back-arc 285288 6000 

Fore-arc subduction zone in east edge 
Cagayan Basin Fore-arc 28202 9000 

Bicol Basin Fore-arc 58891 4000 
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angle of the Pacific plate (from NNW to NWW) as well 
as collision between the India plate and the Eurasian 
plate. During the Oligocene, the ancient South China 
Sea continued subducting southward, the new South 
China Sea ocean basin opened, and the collision of the 
Indian-Tibetian continent led to left-lateral strike-slip 
shearing of the west edge of the South China Sea. As a 
result, the Mekong Basin, the Chao Phraya Basin and 
the Wan’an Basin appeared. The Khroat Plateau Basin 
and the Khorat Basin developed within the Indochina 
Land Block. Their sediment basements are Precambrian 
crystalline. They were separated from Australia 
(Gondwana continent) margin during the Paleozoic 
period and rifted during the Late Permian-Middle 
Jurassic period, and then deposition started (Morley 
2012, Yao et al. 2004). 

Foreland compressive zone in the south  
At the end of the Mesozoic, southward subduction 

of the ancient South China Sea became weak, and its 
south margin changed from early passive continental 
margin to active continental margin (Xie et al. 2015); to 
the end of the Middle Eocene (about 35 Ma), the south 
part of the Nansha Block collided to the Kalimantan 
Island (Pubellier and Morley 2014)，and the Sabah 
Crocker Formation overrode the Nansha Block, 
forming the Zengmu Foreland Basin and the Shabab 
Foreland Basin (Liu et al. 2016, Xie et al. 2015, Yang et 
al. 2015, Zhang et al. 2015). The two basins experienced 
foreland fault-depression stage, strike-slip 
transformation stage and regional subsidence stage, and 
finally a tectonic framework steeper in the north and 
gentler in the south was formed.  

Back-arc subsidence zone in the southeast edge  
During the Middle Eocene (42 Ma)，the ancient 

South China Sea started southward subduction, and the 
Palawan microplate, the Celebes Sea and the Philippine 
plate were separated from each other. During the 
Middle Oligocene (33 Ma), the ancient South China 
Sea was gradually closed, and the new South China Sea 
was opened, leading to southward drifting of the 
Palawan microplate. The collision to the Philippine 
plate that moved northwest during late period of the 
Early Miocene (20 Ma) made the Palawan microplate 
rotate clockwise, which resulted in volcanic activities 
and development of an Andean-type orogenic belt; to 
the beginning of the Middle Miocene (16 Ma), the 
collision gradually weakened.  

Fore-arc subduction zone in the east  
The fore-arc subduction zone is located between an 

accretionary wedge of convergent continental margin 
and volcanic island arc, and structurally on the Pacific 
side of the island arc, where there are the Cagayan Basin 
and the Bicol Shelf Basin, the sedimentary and tectonic 
evolution is special, shown as a trough-like depression. 

Sedimentary Evolution 
The Cenozoic sedimentary evolution in the study 

area was mainly controlled by northward movement of 
the India-Australia plate and westward movement of the 
Pacific plate. The regional tectonic and sedimentary 
evolution could be roughly divided into 5 stages (Fig. 
2). 

 

Fig. 2. Main basin tectonic division in the periphery of Nansha Block 
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Late Paleozoic to Late Mesozoic: convergence stage of the 
South China - Indochina united block 

During the Late Paleozoic to the Mesozoic, the 
Nansha Block and its periphery were dominated by 
blocks dispersing in different regions and floating in 
palaeo-ocean (Xie 2015, Yao et al. 2008). As a result, 
deposition only occurred in the Khroat Plateau Basin, 
mainly including Late Devonian - Late Permian muddy 
shale and carbonate rocks in neritic facies and Triassic - 
Late Cretaceous lacustrine sandstone, siltstone and 
mudstone in fluvial and lacustrine facies. No 
sedimentary record was discovered elsewhere. 

Late Cretaceous to Paleocene: pre-rift stage 
During the Late Cretaceous, subducting of the 

Indian Ocean crust and spreading of small oceanic 
basins led to initial rifting of the ancient South China 
Sea, local sedimentary basins began to develop along the 
margin of the Nansha Block. Back-arc extension 
occurred in the South China - Indochina united block, 
rift valleys in the early stage began to develop in 
Indonesian islands and filled with terrestrial fluvial and 
lacustrine deposits. During the Late Cretaceous–
Paleocene, the Nansha Block and its periphery were in 
pre-rift stage, volcanic rocks and metamorphic 
basement were developed extensively. It has been 
confirmed by drilling that Palaeocene–Middle Eocene 
strata in the Zengmu Basin consist of slightly 
metamorphic Larang Group altered from a set of abyssal 
flush, with a small amount of glutenite, siltstone, 
mudstone and carbonate deposits in neritic facies only 
developed in the Bicol Shelf Basin. Affected by regional 
structure and volcanism, strata generally suffered from 
folding and metamorphism. 

Eocene to Oligocene: rift stage 
From the Eocene to the Oligocene, the ancient 

South China Sea subducted southwards, and in the 
South China - Indochina united block, back-arc 
extension alternated with extrusion. This is the main 
basin forming period in the South China - Indochina 
united block (Cantoa 2012). The rifting stage started 
from the Eocene when volcanic rocks were developed 
widely in the area, and the upper Eocene part in some 
basins was filled with clastic rocks (Ren et al. 2015). 

Early Miocene to Middle Miocene: depression stage 
During the Early Miocene to the Middle Miocene, 

the new South China Sea continued extending, and the 
basins in the west of the Nansha Block entered steady 
subsidence stage (depression stage), connecting to the 
East Palawan Basin on the east. The Chao Phraya Basin 
gradually evolved into delta-open lake basin where 

clastic rocks were deposited. With relative sea level 
rising, The Mekong Basin gradually accepted deposits 
of delta-littoral neritic facies, while the Wan’an Basin 
developed tidal flat-neritic deposits. Affected by Wan’an 
movement, a structural pattern characterized by 
extrusion in south and extension in north was formed 
in the Zengmu Basin, where a sedimentary cycle 
dominated by regression was developed. Yao Yongjian 
et al. thought that since the Early Miocene, the Zengmu 
Basin mainly received deposits in transitional facies and 
littoral-neritic to bathyal facies, being accompanied with 
carbonate platform (Yan and Liu 2004).  

Late Miocene to Present: compressional subsidence 
period 

At the beginning of the Late Miocene, the whole 
periphery of the Nansha Block was under compressive 
tectonic stress, when was the main trap-forming period 
with weak sedimentation. After the Late Miocene, the 
spreading of the new South China Sea reduced 
gradually until shrinking, the west of the Nansha Block 
started rapid thermal subsidence, the east became a 
subduction edge due to subduction of the Philippine 
Island Arc (Morley 2012). The Mekong Basin was 
covered by fluvial, delta - littoral deposits again, and the 
Wan’an Basin in the south mainly developed neritic 
deposits; the Zengmu Basin in the south of the Nansha 
Block entered filling and leveling up and regional 
subsidence stage; the eastern and western platforms 
extensively developed carbonates, organic reefs and 
littoral neritic clastic rocks, and multiphase delta 
complex as well as neritic and bathyal deposits 
accumulated between the two. The East Palawan Basin 
was still filled with neritic - abysmal carbonate rock and 
sandy mudstone; the Sulu Sea Basin was mainly filled 
with siltstone and mudstone of delta - neritic facies; the 
Celebes Basin was still abysmal muddy shale; the Bicol 
Shelf Basin and the Cagayan Basin were filled with 
glutenite, siltstone and mudstone of delta-littoral facies. 
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CONTROLLING FACTORS ON 
HYRDOCARBON ENRICHMENT 

Twelve basins in the periphery of the Nansha Block 
have produced cumulative oil of 17.8×109 BOE of (HIS 
2017)，and have remaining 2P recoverable reserves of 
37.9×109 BOE (IHS，2017)，and undiscovered 
recoverable reserves of 45.4×109 BOE (CNPC 2017). 
Laterally, oil and gas are concentrated in the Sabah 
Basin, the Zengmu Basin, the Wan’an Basin and the 
Mekong Basin, accounting for 94.3% of the total (Fig. 
4), and vertically in the Neogene and the Paleogene, 

accounting for 65.6% and 29.9%, respectively (Fig. 5). 
The difference in vertical and horizontal enrichments is 
mainly influenced by the controls of tectonic cycles and 
sedimentary evolution on the source rock, reservoir, 
trap, oil and gas filling etc. 

Source rock and hydrocarbon generation  
The discovered oil and gas in the study area were 

mainly generated from near-shore organic matters in 
littoral-neritic facies and shore-shallow lake facies, 
chiefly distributed in Permian, Triassic, Jurassic and 
Cretaceous formations (Fig. 2). Regionally, Cenozoic 
source rocks in the periphery of the Nansha Block were 
younger gradually from west to east (from Eocene, 
Oligocene to Miocene periods) (Fig. 4). Oil and gas 
generation was closely related to the type of the source 
rock. In general, deep lacustrine source rocks have a 
strong capacity of hydrocarbon generation, and are 
mainly oil-prone; Shallow lacustrine and neritic source 
rocks have a better hydrocarbon generation potential, 
with a slightly better capacity of gas generation than that 
of oil generation; Paralic marine- terrigenous source 
rocks (near shore) have the best hydrocarbon potential; 
they can generate abundant oil, but the gas-generating 
potential is much greater and better than the lacustrine 
source rocks; Abysmal source rocks have a poor 
hydrocarbon potential with a slightly greater capacity of 
gas generation than that of oil generation. For example, 

 

Fig. 3. NW-SE geological profile in the periphery of Nansha Block 

 

Fig. 4. Distribution graph of ultimate recoverable oil & gas resources of different basins (2P recoverable reserves 
+ undiscovered resources) 

 
Fig. 5. Distribution of ultimate recoverable reserves in 
different formations 
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the Zengmu Basin chiefly developed two sets of source 
rocks: transitional Oligocene carbonaceous shale and 
coal beds and marine mudstone, and marine Lower-
Middle Miocene mudstone, with major type II-III 
kerogens, TOC of 0.69%-0.93%. The main source 
rocks in the Mekong Basin are mudstones in the 
Oligocene Tra Cu Formation and Tra Tan Formation, 
with thickness from 100 to 600 m, TOC between 0.6% 
and 8.46% (averaging 1.7%) (Fig. 7), and HI index of 
300-600 mg HC/g. They have better oil and gas 
generation potentials from mixed types II/III kerogens 
(Wu et al. 2016) (IHS，2014). In the Wan’an Basin, this 
set of source rocks has TOC values between 0.5% and 
2.26%, and types I-II kerogens are mainly distributed in 
the northern depression. In the Shabah Basin, the 

kerogens in “outer structural zone” are chiefly type III 
and type II/III，and mainly type III in other structural 
zones；the TOC values in inner zone and outer zone 
are 0.15% to 90% and 0.1% to 60% mgHCg/Rock, 
respectively, thus it has a better hydrocarbon generation 
potential. 

High-quality source rocks can get mature quickly at 
high heat flow and high geothermal gradient. Because 
of early extension that led to thin crust and lithosphere, 
high heat flow value and large plasticity, the basins in 
the south margin of the Nansha Block were typical hot 
basins, underwent violent downward flexing during 
compressional stage and formed the Oligocene-
Quaternary strata with a huge thickness. 

Tectonic cycles and Neogene reservoirs 
Tectonic cycles and relatively changing sea level 

played an important role on formation and distribution 
of main reservoirs. During the Cenozoic, the periphery 
of the Nansha Block experienced two major 
transgressive cycles in the Early Paleogene and the 
Neogene (Late Oligocene to Middle Miocene) 
respectively, and a regression cycle in the Late Neogene 
(Late Miocene to Early Pliocene). Cenozoic deposits 
present a gradually retrograding ingression lacustrine 
sequence on the whole, from terrestrial- transitional-
marine clastic rocks and carbonate rocks to neritic-
abysmal mudstone. Different tectonic positions, 
regional tectonic events and transgression directions 
made Cenozoic basins receive different sediments in 
the periphery of the Nansha Block. Therefore, in the 
same period, sedimentary environment and 

 

Fig. 6. Petroleum system events of the basins in the periphery of Nansha Block 

 
Fig. 7. TOC contour map of Oligocene hydrocarbon 
source rocks in Mekong & Wan’an Basins 
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transgression direction have some controls on the 
development of reservoirs which are close but in 
different regions. They are closely related to reservoirs 
distribution and types in the periphery of the Nansha 
Block, where reservoirs are dominated by sandstones 
and carbonate rocks/reefs in general, volcanic rocks and 
turbidite sandstone reservoirs were found in some 
basins. Carbonate rock and sandstone resulted from 
Neogene transgression and regression cycles are the 
most important reservoirs in the periphery of the 
Nansha Block. 

During post-rift stage (including Neogene 
transgression and regression), carbonate rocks were also 
widely distributed in the periphery of the Nansha 
Block, basement faults controlled spatial distribution of 
organic reefs and carbonate platforms, rapid subsidence 
from the Early Miocene to the Late Miocene controlled 
degradation and inundation process of the platforms, 
and the sea level also influenced reef growth. Permian, 
Jurassic and Eocene-Pliocene carbonate/biohermal 
reservoirs are mainly located in central-south and east 
of the study area. Their lithology is dominated by patch 
reef, tower reef, fringing reef, atoll reef and point reef. 
By now, the discovered reserves (mainly gas) of the 
carbonate platforms accounts for 40.8%, 2P recoverable 
gas reserves accounts for 52.5% (reaching 70.25×1012 
ft3), of the total gas reserves in the study area (Fig. 8). 
Taking the Zengmu Basin as an example, it is 
dominated by Middle and Upper Miocene organic reef 
bank, grainstone and marl developed in depression 
stage, with porosity between 10% and 40% (averaging 
26%). More than 30 gas-bearing carbonate buildups 
with large gas reserves have been found in the Nankang 
platform and the west slope of the Zengmu Basin, such 
as L，F6，F23 and E11 gas fields (Fig. 1), with proven 
recoverable gas reserves of about 22×1012 ft3，and 

individual recoverable reserves in each of the 6 fields is 
more than 0.999×1012 ft3. 

Hydrocarbon accumulations 
Affected by subducting India plate and West Pacific 

plate, tectonic strength and nature changed frequently 
with the change of the subduction angle in the 
periphery of the Nansha Block during its evolution, 
generating compressing action to back-arc basins. In the 
compression stage, back-arc basins encountered 
tectonic inversion and formed many structural traps 
(such as large anticline, faulted anticline, faulted block 
and basement uplift), and developed large reefs; 
meanwhile, unsteady reservoirs entered deep water and 
formed numerous lithologic traps. The Mekong Rift 
Basin and the Wan’an Rift Basin went through three 
stages, stretching, compressing and thermal subsiding, 
and they led to corresponding structural and lithologic 
traps in time domain. 

Affected by continental sedimentary environment, 
the rift basins developed multiple sets of reservoir-
caprock assemblage (Hodgetts et al. 2001). Traps are 
mainly anticlines and faulted anticlines associated with 
syngeneic faults in a large number, and often formed 
multiple self-generation and self-storage 
accumulations. Oil and gas layers are distributed in a 
large scope, and superimposed vertically. Such 
distribution makes oil and gas exploration very 
successful in these basins -- more medium-sized oil and 
gas fields have been found, but giant fields are less. 
Discovered hydrocarbon reserves are concentrated in 
structural and stratigraphic traps, accounting for 48.7% 
and 33.3% respectively, and those in composite 
reservoirs accounting for 11.6%, so lithologic traps will 
be an important exploration target in rift basins (Fig. 9). 

 

Fig. 8. Distribution graph of oil and gas reserves of different reservoir types in the periphery of Nansha Block 
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After hydrocarbon generation from Lower 
Oligocene source rocks in the Mekong Basin (Xue et al. 
2014), part of oil and gas driven by buoyancy, migrated 
to Upper Oligocene sandstone reservoirs, and 
accumulated in structural anticlines, presenting a typical 
lower-generation and upper-storage pattern. 
Additionally, other oil and gas migrated along basement 
faults to basement granite reservoirs, forming an upper-
generation and lower-storage pattern. Lithological traps 
are important in the Mekong Basin and the Wan’an 
Basin. Being blocked by surrounding rocks, oil and gas 
could accumulate in the “sweet spot” structures in 
mudstones (Fig. 10). 

Well combination of hydrocarbon generation and 
expulsion 

In addition to the basic source-reservoir-caprock 
assemblage, well combination of trap formation with 

hydrocarbon generation and migration is very 
significant to forming hydrocarbon accumulations. The 
peripheral basins of the Nansha Block basically evolved 
since the Cenozoic. Three stages of important tectonic 
events occurred during the Cenozoic period: (a) 
Subduction of the India ocean crust to the Indochina 
Land Block along the Sumatra-Java trench; (b) 
Subduction of the Philippine Sea plate to the Philippine 
Land Block; (c) Spreading of the South China Sea 
Basin. These three tectonic events macroscopically 
dominated thermal evolution degrees of the source 
rocks in the peripheral basins of the Nansha Block, and 
then controlled the periods of oil and gas accumulation. 

Controlled by plate tectonics, source rocks were 
buried shallower during early stage with lower 
evolution degree and limited hydrocarbon generation 
before the Miocene; or reached a certain evolution 
degree during early stage, and produced a large amount 

 

Fig. 9. Distribution graph of discovered hydrocarbon reserves in various trap types in the periphery of Nansha 
Block 

 

Fig. 10. Hydrocarbon accumulation model in the Meikong basin 
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of oil and gas, but most oil and gas generated earlier 
were destroyed by late tectonic activities. 

The source rocks in peripheral areas of the Nansha 
Block became mature mainly in the Miocene, especially 
the Early Miocene. During the Miocene, the basins 
stably subsided, the peripheral basins of the Nansha 
Block were active, and strike-slip pull-apart basins, rift 
basins, back-arc basins and fore-arc basins continued 
receiving deposits, and they were basically at depression 
stage. As buried deeper and deeper， all source rocks 
reached the threshold depth during the Miocene and 
began to extensively generate hydrocarbons, so the 
Miocene is the main period for hydrocarbon 
accumulation in the periphery of the Nansha Block. 
Except for the Khroat Plateau Craton Depression Basin, 
other basins show remarkable uniformity and 
synchronicity. 

In conclusion, the hydrocarbon accumulation 
period in the periphery of the Nansha Block is 
irrelevant to basin types, but closely related to 
geotectonic backgrounds of the plates where the basins 
were located. The correlation is mainly manifested in 
the synchronous responses from source rocks in various 
basins at different geotectonic evolution stages, that is, 
all source rocks entered hydrocarbon generation 
threshold simultaneously in the Miocene. Therefore, 
the primary trap forming period is slightly earlier than 
or simultaneous to the primary hydrocarbon expulsion 
period in the peripheral basins of the Nansha Block 
(Fig. 6). 

CONCLUSIONS 
(1) The Nansha Block and its periphery experienced 

two cycles of tectonic movements and five stages of 
tectonic evolution. There are 12 petroliferous basins on 
four tectonic belts (the western strike-slip shear zone, 
the southern foreland compressive zone, the 
southeastern back-arc subsidence zone and the eastern 
fore-arc subduction zone). 

(2) Oil and gas enrichments are different, laterally 
distributed in the Sabah and Zengmu foreland basins 
and the Wan’an and the Mekong continental rift basins, 
and vertically in the Neogene and Paleogene strata. 
Twelve basins have remaining 2P recoverable reserves 
of 37.9 × 109 BOE and undiscovered reserves of 45.4 
×109 BOE. 

(3) Hydrocarbon source rocks became mature 
mainly in the Miocene (especially the Early Miocene). 
High-quality source rocks mainly consist of near-shore 
marine shale. Favorable reservoirs were formed in the 
Neogene transgression-regression cycle. Structural 
traps are dominant. Hydrocarbon accumulations took 
place in anticlines and faulted anticlines associated with 
syngenetic faults. Traps were formed slightly earlier 
than or simultaneously to primary hydrocarbon 
expulsion. 
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