
1 Introduction 
 
The  Bohai  Bay  Basin  is  a  typical  Meso-Ceozoic 

petroliferous basin in eastern China, and contains dozens 
of  depressions  and  uplifts  (Li  Desheng,  1980;  Lu 
Kezheng,  1997;  Liu  et  al.,  2016).  The  basin  is 
characterized by multi-episode basin formation, coexisting 
multi-depressions,  multi-source  rocks  and  multi-layer 

oiliness (Tian Keqin et al., 2000; Zhao Wenzhi and Chi 
Yingliu, 2000; Gao Ruiqi et al., 2004). Each depression is 
a relatively independent unit of hydrocarbon generation, 
migration  and  accumulation,  but  the  hydrocarbon 
enrichment  and  distribution  layers  are  significantly 
heterogeneous in different depressions in the Bohai Bay 
Basin (Hu Jianyi and Huang Difan, 1991; Qiao Hansheng, 
2002; Hao et al., 2007; Jiang Youlu et al., 2014; Teng 
Changyu et al., 2014; Liu et al., 2014; Wang et al., 2014; 
Min et al., 2015). The Dongying, Western Liaohe, Qikou 
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and  Zhanhua  depressions  are  enormously  rich  in 
hydrocarbons, whereas the Weibei, Jinxian and Shenxian 
depressions are poor, and there are still many depressions 
which have not  yet  received commercial  hydrocarbon 
flow. Moreover, hydrocarbons are rich in different strata 
in different depressions. For instance, hydrocarbons are 
mainly enriched in Neogene strata in the Zhanhua and 
Bozhong depressions around the Bohai sea area, while 
hydrocarbons are mainly enriched in Paleogene strata in 
the Dongying and Dongpu depressions (Jiang Youlu et al., 
2016) and in Pre-Paleogene strata in the Raoyang (Fei and 
Wang, 1984) and Damintun depressions in the onshore 
areas of the basin. Many studies have been carried out on 
the  hydrocarbon  enrichment  laws  and  their  major 
controlling factors (Tian Keqin et al., 2000; Zhao Wenzhi 
and Chi Yingliu, 2000; Qiao Hansheng, 2002; Isaksen et 
al., 2002; Gao Ruiqi et al., 2004; Dou et al., 2007; Hu 
Jianyi and Huang Difan, 1991; Brekhuntsov et al., 2011; 
Jiang Youlu et al., 2014; Teng Changyu et al., 2014; Jiang 
Youlu et al., 2015a). However, comparative studies on the 
differential  hydrocarbon  enrichment  in  different 
depressions and the major controlling factors are relatively 
insufficient. On the basis of the previous documents and a 
large  number  of  statistical  data,  the  distribution 
characteristics of hydrocarbons and their heterogeneities 
for different depressions in the Bohai Bay Basin were 
systematically analyzed, then the hydrocarbon migration 
laws at the basin scale were analyzed, and finally, the 
major  controlling  factors  of  differential  hydrocarbon 
enrichment in different depressions were discussed. 

 
2 Geological Setting 

 
The Bohai Bay Basin includes the North China Plain, 

the Bohai Sea area and the lower Liaohe Plain, which 
covers a total area of about 20×104 km2. It borders the 
Jiaoliao Massif in the east (Huang and Liu, 2014), the 
Taihang fault in the west, the Western Shandong uplift in 
the southeast and the Yanshan orogenic belt in the north. 
The basin consists of the Liaohe, Bozhong, Changwei, 
Huanghua, Jiyang, Jizhong and Linqing depressions and 
the Neihuang, Chengning, Cangxian and Xingheng uplifts 
(Fig. 1). This basin is a Meso-Cenozoic superimposed 
basin developed on the Paleozoic crystalline basement.  
The  Bohai  Bay  Basin underwent  two  major  tectonic 
cycles,  i.e.  the  Mesozoic  and  Cenozoic  rifting.  The 
Cenozoic, as the dominant formation stage of the basin, 
can be further divided into three tectonic stages, including 
the Kongdian, Sha-4 member to Sha-3 member and the 
Sha-2 member to Dongying stages (Huang and Pearson, 
1999; Qi and Yang, 2010; Huang et al., 2012). The basin 
has entered a stable settlement stage since the Cenozoic 

(Lu Kezheng, 1997; Hou Guiting et al., 1998). 
Tectonic  movement  controls  the  development  of 

sedimentary  sequences  and  source-reservoir-cap  rock 
assemblages (Zhai, 1986; Hao et al., 2011; Zhang et al., 
2013; Wu, et al., 2013). There are multiple sets of source 
rocks, including the Kongdian Formation (E1k), the fourth 
member (E2s4),  the third member (E2s3)  and the first 
member  (E2s1)  of  the  Shahejie  Formation  (the  four 
members of the Shahejie Formation from bottom to top 
are E2s4, E2s3, E2s2 and E2s1) and the Dongying Formation 
(E3d). From the onshore areas of the Bohai Bay Basin to 
the Bozhong area, the burial depth of the source rock 
gradually becomes shallower. Pre-Paleogene (buried hill), 
Paleogene and Neogene are hydrocarbon reservoirs, and 
Paleogene is the main reservoir. E2s3, E2s1, E3d and the 
Minghuazhen Formation (Nm) are the major regional cap 
rocks. The three sets of reservoirs combined with the 
source rocks and cap rocks form three reservoir-forming 
assemblages  of  lower,  middle  and  upper  ones  (Jiang 
Youlu et al., 2014). 

The  tectonic  evolution  history  varies  in  different 
depressions in the Bohai Bay Basin, and each depression 
is a relatively independent unit of hydrocarbon generation, 
migration  and  accumulation.  Based  on  the  tectonic 
evolution  histories  and  the  basin-filling  sediments, 
depressions in the Bohai Bay Basin can be divided into 
three types: early depressions, inherited depressions, and 
late depressions (Zhao Wenzhi and Chi Yingliu, 2000; 
Jiang Youlu et al., 2014). From the depressions in the 
margin area to the Bozhong area of the Cenozoic basin, 
the tectonic movement gradually becomes later and the 
depocenter  gradually  becomes  thicker.  Moreover,  the 
tectonic-sedimentary  center  gradually  migrates  to  the 
Bozhong area (Cai et al., 2007), leading to heterogeneities 
in the source-reservoir-cap rock assemblages for different 
depressions.  From  the  early  depressions  to  inherited 
depressions and then to late ones, the source-reservoir-cap 
rock assemblages  change from the lower type to  the 
middle  type  and  then  to  the  upper  reservoir-forming 
assemblages. 

 
3 Differential Hydrocarbon Enrichment 

 
The  Bohai  Bay Basin  is  very  rich  in  hydrocarbon 

resources.  According  to  the  Third  National  Resource 
Evaluation,  the  petroleum resources  in  the  basin  are 
235×108 t, indicating the huge exploration potential of the 
basin (Zhai Zhongxi and Bai Zhenrui, 2008). Due to the 
evolution of tectonic and depositional system, there are 
some change rules in basin-filling sediments, hydrocarbon 
accumulation conditions and hydrocarbon distribution for 
different depressions in the Bohai Bay Basin. 
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3.1  Macroscopic  heterogeneities  in  hydrocarbon 
enrichment 

Horizontally, hydrocarbons are widely distributed in 
almost all sub-basins of the Bohai Bay Basin except the 
north part of the Linqing sub-basin and the large uplift belt 
(Fig. 1).  However, the enrichment of hydrocarbons is 
significantly  heterogeneous  in  different  sub-basins. 
Overall,  hydrocarbons are highly enriched and widely 
distributed in the Jiyang, Bozhong and Huanghua sub-
basins that are located in the eastern and central areas of 
the basin, whereas hydrocarbons are relatively poor in the 
Jizhong and Linqing sub-basins in the western areas of the 
basin. Therefore, hydrocarbons are rich in the eastern part 
but  poor  in  the  western  part,  and they are  generally 
distributed near the Tan–Lu (Gilder et al., 1999) and Lan–
Liao faults. 

There are multiples of hydrocarbon-bearing layers in 
the Bohai Bay Basin, and hydrocarbon reservoirs have 

been discovered in the Archean, Proterozoic, Paleozoic, 
Mesozoic  and  Cenozoic  strata  from  bottom  to  top. 
According to the tectonic evolution history of the basin 
and the accumulation characteristics of different layers, 
the hydrocarbon-bearing strata can be categorized into 
three major formations of Neogene, Paleogene and Pre-
Paleogene (buried  hill).  The horizontal  distribution of 
hydrocarbons  in  different  strata  is  regional.  The  Pre-
Paleogene hydrocarbons are limitedly distributed in the 
sub-basins in the edge areas of the basin, such as the 
Liaohe and Jizhong sub-basins (Zha, 1984), whereas the 
Paleogene hydrocarbons are distributed across the entire 
basin and form multiple hydrocarbon accumulation zones, 
and the Neogene hydrocarbons are  mainly  distributed 
around the Bohai Sea area, including the northern part of 
the Bozhong (Hao et al., 2009) and Jiyang sub-basins and 
eastern part of the eastern Huanghua sub-basin, but barely 
distributed in the edge areas of the basin (Fig. 2). In 

 

Fig. 1. Map showing tectonic unit division and distribution of hydrocarbons in the Bohai Bay Basin (modified from 
Hao et al., 2007).  
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summary, the Bohai Bay Basin is characterized by that Pre
-Paleogene strata rich in hydrocarbons in the peripheral 
sub-basins, Paleogene strata rich in hydrocarbons across 
the entire basin, and Neogene strata rich in hydrocarbons 
in the central areas of the Bohai Bay Basin. 

The distribution of hydrocarbons in the vertical strata is 
highly  heterogeneous  in  different  sub-basins.  The 
hydrocarbons enriched in the Paleogene are distributed in 
each  sub-basin  heterogeneously.  The  Paleogene 
hydrocarbon resources in the western poart of Huanghua, 
central to southern part of Liaohe, eastern part of Linqing 
and southern part of Jiyang sub-basins account for more 
than 70% of the Paleogene hydrocarbon resources in the 
basin. The sub-basins such as northern part of Liaohe and 
Jizhong sub-basins in the edge areas of the basin has the 
higher rate of Pre-Paleogene resources, and the Bozhong 
sub-basin in the central areas of the basin has the highest 
rate of Neogene resources, reaching more than 70% (Fig. 
3). 

 
3.2  Heterogeneities  in  hydrocarbon enrichment  for 
different depressions 

The  Bohai  Bay  Basin  has  abundant  oil  and  gas 
resources.  However,  the  hydrocarbon  resources  are 
significantly  heterogeneous  in  different  depressions. 
Hydrocarbon  resources  are  abundant  in  the  Bozhong, 
Dongying,  Zhanhua,  Western  Liaohe  and  Dongpu 
depressions, whereas hydrocarbon resources are relatively 
poor  in  the  Weibei,  Jinxian,  Beitang  and  Langgu 
depressions, and partial depressions have not yet received 
commercial hydrocarbons (Fig. 4). 

In the vertical strata, the distribution of hydrocarbons in 
the three strata is highly heterogeneous. Paleogene is the 
main oil-bearing reservoir in majority depressions, and the 
hydrocarbon reservoirs that have been found in several 
depressions all occur in Paleogene, such as the Jinxian, 
Beitang and Eastern Liaohe depressions. Meanwhile, the 
reserves in the Baxian, Raoyang, Chezhen and Damintun 
depressions, account for a large proportion, and the rate of 
Pre-Paleogene  reserves  in  the  Raoyang  depression 
accounts for more than 60%. The Neogene reserves of 
those depressions, such as the Nanpu, Qikou, Zhanhua and 
Bozhong depressions, are richest, and the rate of Neogene 
reserves in the Bozhong depression reaches 70% (Fig. 5). 

For  further  investigation  of  the  heterogeneities  in 

hydrocarbon enrichment for different depressions, taking 
the  total  resources,  resource  abundance  and  proven 
reserves  as  the  classification  standard  of  hydrocarbon 
enrichment degree, this paper divided depressions in the 
Bohai Bay Basin into enormously oil-rich depressions, oil-
rich depressions, oily depressions and oil-poor depressions 
(Table 1). 

Horizontally,  the  extremely  oil-rich  depressions  are 
mainly concentrated in the eastern part of the basin, Bohai 
Sea area and offshore areas, while oil-rich depressions, 
oily depressions and oil-poor depressions are distributed 
over the whole basin. The distribution of hydrocarbon-rich 
depressions is closely related to the large fault zones. 
Enormously oil-rich depressions and oil-rich depressions 
are concentrated on both sides of the Tanlu Fault Zone 
(such  as  the  Bozhong,  Liaohe  and  the  Dongying 
depressions) and the Lanliao Fault Zone (such as the 
Qikong  and  Dongpu  depressions),  while  oil-poor 
depressions are distributed in the edge areas of the basin 
and the areas near large uplifts. The enrichment degree of 
hydrocarbons in the eastern depressions is significantly 
higher  than  that  of  western  ones.  In  eastern  areas, 
enormously oil-rich depressions and oil-rich depressions 
with a higher hydrocarbon enrichment degree are the 
primary  type,  whereas  oily  depressions  and  oil-poor 
depressions with a lower hydrocarbon enrichment degree 
are the main type in western areas, although there are 
many depressions (Fig. 6). 

 
4 Major Controlling Factors on Heterogen-
eities in Hydrocarbon Enrichment 
 
4.1  Hydrocarbon  generation  condition  controlling 
hydrocarbon enrichment degree 
4.1.1 Tectonic evolution and hydrocarbon generation 
background 

The  tectonic  evolution  of  a  depression,  controlling 
development of a depositional system (Tiercelin et al., 
1992) and formation of source rock, reservoirs and caps, 
determine  the  hydrocarbon  accumulation  background 
(Foster and Beaumont, 1987; Chi Yingliu et al., 2000; 
Wang  et  al.,  2015).  So,  different  evolution  types  of 
depressions  have  different  development  degrees  and 
distribution of source rocks. Meanwhile, the intensive rift 
during  early  Paleogene  mainly  developed  in  the 

 Table1 Classification standard of hydrocarbon enrichment degree, Bohai Bay Basin 

Enrichment type 
Total resources 

(10
8 

t) 
Resource abundance 

(10
4 

t/km
2
) 

Proved reserves 
(10

8 
t) 

Typical depressions 

enormously oil-rich depression ≥25 ≥50 ≥10 Dongying, Western Liaohe and Bozhong
oil-rich depression 5–25 20–50 1–10 Dongpu, Huimin, Nanpu and Raoyang 

oily depression 1–5 10–20 0.1–1 Weibei, Jinxian, Shulu and Wuqing 
oil-poor depression <1 <10 <0.1 Baoding, Nangong, Shenxian and Shenxian
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Fig. 2. Hydrocarbon distribution in different layers of the Bohai Bay Basin.  
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depressions located in the edge area of the basin. Based on 
the tectonic  evolution and the basin-filling  sediments, 
depressions of the Bohai Bay Basin are divided into three 
types: early depressions, inherited depressions, and late 

depressions (Zhao and Chi, 2000; Jiang Youlu et al., 
2014). The intensive rifting during the early Paleogene 
mainly occurred in the depressions with E1k or E2s4 source 
rocks in the onshore areas of the basin, such as the Weibei 
and Damintun depressions. Due to the strong uplifting 
during the late Paleogene, the compensation thickness of 
Neogene  and  Quaternary  was  less  than  the  erosion 
thickness, therefore, the early depressions have relatively 
poor  hydrocarbon  supplying  conditions,  in  which 
hydrocarbons were accumulated in the end of Paleogene. 
The inherited depressions are widely distributed in the 
whole  basin,  and  thanks  to  the  inheritably  subsiding 
during the Neogene, developed many sets of high-quality 
source rocks (such as E2s4, E2s3 and E2s1) during the basin 
expansion period, thus have great hydrocarbon generating 
potential and better oiliness. The late depressions rapidly 

 

Fig. 3. Resource distribution in different sub-basins of the 
Bohai Bay Basin.  

 

Fig. 4. Resources in different depressions of the Bohai Bay Basin.  

Fig. 5. Reserve percentage of the three strata in different depressions, Bohai Bay Basin.  
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subsided during the E3d-Neogene period,  such as  the 
Bozhong and Liaoxi depressions (Jia Nan et al., 2015; 
Guo et al., 2013). The late depressions developed E2s3, 
E2s1 and E3d1 high-quality source rocks, among which E2s1 
and  E3d1  have  great  contribution  to  the  hydrocarbon 
generation, and thus have advantageous oiliness. On the 
whole, the inherited and late depressions, with many sets 
of  source  rocks  and  better  hydrocarbon  generation, 
conditions correspond to enormously oil-rich and oil-rich 
depressions, whereas the early depressions with relatively 
poor hydrocarbon generation conditions correspond to oily 
or oil-poor depressions(Qiao Hansheng et al., 2002; Fig. 
6). 

Different depressions have various tectonic evolution 
and thus have different main source rocks (Niu Jiayu and 
Li Feng, 2000; Fig. 7). E1k source rocks are the main 

source rocks only in the Weibei, Cangdong-Nanpi and few 
of depressions, whereas E2s4 source rocks are the main 
source rocks in the Dongying and partial depressions of 
Jizhong Sub-basin. Meanwhile, E2s3 source rocks, which 
are  most  widely  distributed  and  have  the  greatest 
hydrocarbon generating ability, are effective source rocks 
in  most  depressions.  E2s1  source  rocks  are  mainly 
concentrated in the Jizhong Sub-basin and areas around 
Bohai Sea and are good source rocks. And E3d source 
rocks are only distributed in the Bohai Sea areas. Overall, 
most depressions take E2s3 as the main source rocks, while 
depressions around Bohai Sea develop E2s3, E2s1 and E3d 
high-quality  source  rocks  with  great  hydrocarbon 
generating  capacity,  thus  have  higher  degree  of 
hydrocarbon  enrichment.  Whereas  depressions  in  the 
onshore areas of the basin only develop E1k and E2s4 

 

Fig. 6. Composition of enrichment type and evolution type, Bohai Bay Basin.  
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source  rocks,  a  majority  of  which  have  relatively 
hydrocarbon  generating  conditions  and  thus  have 
relatively lower degree of hydrocarbon enrichment. 

 
4.1.2 Source rock maturity and hydrocarbon supplying 
potential 

The tectonic evolution provides macro background for 
hydrocarbon  generation  and  accumulation,  while  the 
abundance, type and maturity of organic matters control  
the hydrocarbon supplying potential of source rocks, and 
then the two factors mutually determine the hydrocarbon 
enrichment degree of a depression (Kingston et al., 1983). 

There are significant heterogeneities in organic matter 
abundance for different depressions and different layers in 
the Bohai Bay Basin (Chen Jianping et al., 2014). The 
organic matter abundance of the main source rocks, i.e. 
E2s3,  is  greater  in  each depression (Fig.  8).  In  most 
depressions  except  the  Dongpu  depression  with  salt 

sediments in the Bohai Bay Basin, E2s1, E2s3 and other 
main source rocks have relatively smaller heterogeneities 
in  abundance and types  of  organic  matters,  with  the 
abundance of organic matters generally greater than 1.0% 
(Fig. 8) and type Ⅱ1 and Ⅱ2 as the main kerogen types, 
and are prone to generate hydrocarbons. Compared with 
the heterogeneities in abundance and types of organic 
matters, the heterogeneities in the thermal degree of the 
main source rocks in different depressions are greater, and 
are the key factors resulting in the diverse hydrocarbon 
generating abilities. 

Taken  the  E2s3  source  rocks  as  an  instance,  the 
differences in burial depth and geothermal gradient of 
source  rocks  result  in  the  different  maturity  between 
depressions in the west and the east of the basin. In the 
western part of the basin, due to the lower burial depth and 
geothermal gradient of E2s3 source rocks, the main source 
rocks are still in the low mature to mature stage of thermal 

 

Fig.7. Plane evolution of source rocks in different layers of Cenozoic, Bohai Bay Basin (modified from Niu Jiayu and Li Feng, 2000).  
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evolution, and low mature oil was obtained during the 
exploration  practice.  Therefore,  the  thermal  evolution 
leads to the lower enrichment degree of hydrocarbons, 
which is the key factor giving rise to the poor exploration 
effectiveness (Jiang Youlu and Xiong Jihui, 1997). Due to 
the deep burial of E2s3 source rocks, higher geothermal 
gradient, the Dongying, Bozhong, Western Liaohe and 
other oil-rich depressions near Tan–Lu fault in the eastern 
part of the basin, have higher thermal evolution of organic 
matters. Moreover, the Bozhong depression has higher 
thermal evolution of organic matters than Dongying and 
Western Liaohe depressions because of its deeper burial of 
E2s3 source rocks (Zuo Yinhui et al., 2009). Thus it can be 
seen that almost all enormous oil-rich depressions in the 
Bohai Bay Basin are distributed in the eastern part of the 
basin with deep burial of the main source rocks and higher 
geothermal gradient, whereas the organic matters have 
lower thermal evolution extent due to the shallower burial 
of source rocks and the lower geothermal gradient in the 
western part of the basin, thus could not form large-scale 
hydrocarbons and limited the hydrocarbon enrichment of a 
depression.  Therefore,  it  can  be  seen  that  the 
heterogeneities in thermal evolution of the main source 
rocks is the basic factor causing the great heterogeneities 
in hydrocarbon enrichment for different depressions. 

 
4.2 The main source rocks and source-reservoir-cap 
rock  assemblages  determining  the  distribution  of 
hydrocarbons in strata 

According  to  the  thought  of  “Source  Control 
Theory” (Hu Chaoyuan, 1982), the favorable zones of 
hydrocarbon generation not only control the distribution 
range of hydrocarbons horizontally, but have the function 
of  source  control  vertically.  In  other  words,  the 

distribution of major hydrocarbon-bearing layers is closely 
related  to  source  rocks.  The  tectonic  evolution  of  a 
depression controls the distribution of source rocks in the 
vertical strata, and the reservoirs adjacent to the source 
rocks preferentially trap hydrocarbons; thus, the spatial 
distribution  of  source  rocks  controls  the  preferential 
enrichment strata of hydrocarbons (Zhao Wenzhi and Chi 
Yingliu, 2000). 

From the depressions in the edge areas to the Bozhong 
depression,  the  intensive  rift  periods  of  Cenozoic 
depressions gradually become late, leading to the source 
rocks gradually becoming newer and shallower, as well as 
the source-reservoir-cap rock assemblages (Fig. 9). The 
early depressions are enriched in hydrocarbons in Pre-
Paleogene, such as Damintun and Weibei depressions, 
whereas the inherited depressions are mainly enriched in 
hydrocarbons  in  Paleogene,  such  as  Dongying  and 
Dongpu  depressions,  while  the  late  depressions  are 
enriched in hydrocarbons in Neogene such as Bozhong 
and Zhanhua depressions. 

It can be seen that the evolution types of depression in 
the Bohai Bay Basin are perfectly correlated with the 
distribution of the three oil-bearing strata, indicating that 
the tectonic evolution determines the spatial distribution of 
the  main  source  rocks  and  source-reservoir-cap  rock 
assemblages, so as to control the hydrocarbon enriched 
layers vertically. 

 
4.3 Heterogeneities in the major controlling factors for 
hydrocarbon enrichment in different layers 

The  major  factors  constraining  the  hydrocarbon 
enrichment in the three hydrocarbon-bearing layers are 
heterogeneous in  the  Bohai  Bay Basin,  including  the 
hydrocarbon supplying ability,  fault  transportation and 

 

Fig. 8. TOC of the major source rocks in depressions of the Bohai Bay Basin.  
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sealing and preservation conditions and source-reservoir 
assemblages.  Hydrocarbons  generated  by  Paleogene 
source rocks are prior to accumulating in Paleogene, and 
then transported and accumulated into Pre-Paleogene and 
Neogene through faults and other migration pathways. 
According  to  the  complementarity  principle  of 
hydrocarbon  distribution  (Du  Jinhu  et  al.,  2004),  the 
hydrocarbon adequacy and vertical transportation are the 
significant  reasons  causing  the  heterogeneities  in 
hydrocarbon enrichment in different layers. 

 
4.3.1 The relationship between fault transportation and 
hydrocarbon enrichment in Neogene 

As the vertical transportation pathway of hydrocarbons, 
faults are of vital importance for Neogene hydrocarbon 
accumulation in the Bohai Bay Basin (Jiang Youlu et al., 
2014).  Neogene  hydrocarbons  come  from  underlying 
Paleogene, and are characterized by other source rocks 
supplying  hydrocarbons  and  accumulating  along  the 
source faults. The vertical migration conditions are the key 
for hydrocarbon accumulation. Based on the study of the 
activity rate of source faults in the Neogene period, we 
find that the activity intensity of a fault in the late period 
influences the type of hydrocarbon enrichment of Neogene 
in the depression. With the increase of activity intensity of 
a fault, the enrichment types of depressions are changed 
from poor type to enriched type and then to highly-

enriched type. Neogene hydrocarbons are concentrated in 
the areas where the fault activity rate is greater than 5 m/
Ma from the late Neogene period to the Quaternary period 
and  extremely  enriched  in  the  areas  where  the  fault 
activity rate is greater than 10 m/Ma, whereas they appear 
less frequently in the areas where the faults are weak 
(Jiang Youlu et al., 2015b; Fig. 10). From an overall 
perspective, the larger the fault activity rate is, the more 
enriched the hydrocarbons of  the  Neogene strata  are. 
Nevertheless, when the faults are too active (the fault 
activity rate is more than 25 m/Ma), it is difficult for 
hydrocarbons  to  accumulate  due  to  the  dispersion  of 
hydrocarbons (Zou Huayao et al., 2010). 

 
4.3.2 The relationship among hydrocarbon supplying 
ability of source rocks and sealing and preservation 
conditions with Paleogene hydrocarbon enrichment 

As the main source rocks, the traps in Paleogene strata 
near  source  rock  intervals  preferentially  accumulate 
hydrocarbons. Hydrocarbons from the depressions with 
poor  hydrocarbon  generation  conditions  and  a  small 
amount of resources are almost exclusively accumulated 
in Paleogene reservoirs (Fig. 4 and Fig. 5). Meanwhile, in 
hydrocarbon generating depressions, only when the traps 
in Paleogene strata are saturated with hydrocarbons, the 
extra hydrocarbons can migrate into the Neogene and Pre-
Paleogene reservoirs far from source rocks. Thus, the 

 

Fig. 9. Evolution of source-reservoir-cap rock assemblages in depressions, Bohai Bay Basin.  
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depressions  with  low  hydrocarbon  enrichment  are 
generally those with normal pressure or lower abnormal 
pressure,  in  which  hydrocarbons  are  accumulated  in 
Paleogene while Pre-Paleogene and Neogene have not 
been  found  massive  resources.  Moreover,  depressions 
with hydrocarbons enriched in the three strata are the oil-
rich  and  enormously  oil-rich  ones.  The  source  rocks 
develop abnormal pressure and thus have higher charging 
dynamic. 

The  formation  of  overpressure  in  source  rocks  of 
depressions in the Bohai Bay Basin is closely related to 
the hydrocarbon generation, so the overpressure size of 

hydrocarbon generation layers can indirectly reflect their 
hydrocarbon generation capacity. The depressions with 
higher overpressure have relatively strong hydrocarbon 
generation ability, and thus can provide enough dynamic 
and  hydrocarbons.  The  resource  abundance  correlates 
positively  with  pressure  coefficient  of  hydrocarbon 
generation layers in different petroliferous depressions, 
indicating that the resource abundance increases with the 
increase  of  formation  pressure.  For  example,  the 
Dongying depression, which has pressure coefficient up to 
1.8 (Zhang Shanwen et al., 2009), has higher resource 
abundance  and  is  an  enormously  oil-rich  depression. 

 

Fig. 10. Activity velocities of main source faults during Neogene period in different Neogene hydrocarbon enrichment depressions, 
Bohai Bay Basin.  
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Whereas the depressions with smaller pressure coefficient 
(such as the Huimin depression) have relatively smaller  
resource  abundance,  and  the  Weibei  depression 
developing  normal  pressure  has  the  smallest  resource 
abundance (Table 2). 

The pressure structure of a depression is closely related 
to  the  hydrocarbon enriched layers.  According to  the 
pressure  field characteristics  of  the main  hydrocarbon 
generation layers in depressions, depressions in the Bohai 
Bay Basin are divided into three types, namely normal 
pressure  types,  single  overpressure  types  and  dual 
overpressure types. Moreover, the hydrocarbon generation 
capacity varies among depressions of different pressure 
types, which is related to the hydrocarbon enriched layers. 

Hydrocarbons  in  depressions  of  normal  pressure  are 
mainly  distributed  in  E1k  and  Pre-Paleogene,  while 
hydrocarbons in depressions of single overpressure are 
accumulated in Shahejie Formation of  Paleogene,  and 
hydrocarbons  in  depressions  of  dual  overpressure  are 
enriched in Neogene (Fig. 11). 

Hydrocarbons generated from Paleogene source rocks 
were initially accumulated in Paleogene reservoirs, and 
when  depressions  have  good  hydrocarbon  generation 
conditions and enough hydrocarbons, they can migrate and 
diffuse  easily  to  shallow  strata  along  the  migration 
pathway under the action of buoyancy and overpressure of 
hydrocarbon  generation  layers.  Therefore,  the  seal 
condition  is  crucial  to  hydrocarbon  enrichment  in 

 

Fig. 11. Relationship between pressure characteristics of source rocks and vertical distribution of hydrocarbons in depressions of 
different pressure field types in the Bohai Bay Basin.  

Table 2 Data of pressure coefficient and hydrocarbon abundance in depressions of different types in Bohai Bay Basin 

Depressions Resource 
abundance(104/km2) Pressure coefficient Depressions Resource abundance 

(104/km2) Pressure coefficient 

Dezhou 2 1.01 Zhanhua 53 1.7 
Weibei 8.8 1.2 Bozhong 64.67 1.75 
Huimin 20.26 1.4 Nanpu 67.29 1.75

Raoyang 20.89 1.4 Qikou 69.75 1.7 
Eastern Liaohe 21.77 1.4 Western Liaohe 78.47 1.7

Chezhen 23.33 1.45 Dongying 83.21 1.8 
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Paleogene strata. When a fault is active, fractures inside 
the fault are very developmental and thus the ability of 
vertical  transportation  for  hydrocarbons  is  strong. 
Although the fault can significantly adjust the Paleogene 
pools, the thick mudstone cap from E2s1 to E3d overlying 
the Paleogene strata weakens the vertical transportation of 
faults  and  thus  can  effectively  seal  Paleogene 
hydrocarbons vertically. Therefore, fault-cap assemblages 
are  significant  to  the  distribution  of  Neogene 
hydrocarbons in vertical strata. 

Based on the thickness of the cap over the Paleogene 
area and the fault activity rate since the Neogene period, 
fault-cap  assemblages  are  divided  into  three  types: 
transportation type, preservation type and transportation-
preservation  type.  The  transportation  fault-cap 
assemblages are those propitious to vertical migration of 
the hydrocarbons with larger fault activity rate and thinner 
mudstone caps. The preservation fault-cap assemblages 
are those with small-medium fault activity rate and thicker 
caps  and  thus  unfavorable  for  upward  migration  of 

hydrocarbons.  The  transportation-preservation  fault-cap 
assemblages are those with larger fault activity rate and a 
developed sealing cap and thus characterized by both 
transportation and preservation (Table 3). 

Based on the percentage of proved reserves in three 
layers, the depressions in the Bohai Bay Basin can be 
categorized as four types, namely Neogene enrichment 
type,  Paleogene  enrichment  type,  Pre-Paleogene 
enrichment  type  and  common  enrichment  type.  The 
standard of Neogene enrichment type is that the proved 
reserves percent in Neogene should be more than 40%. 
The standard of Paleogene enrichment type is that the 
proved reserves percent in Paleogene should be more than 
70%. The standard of Pre-Paleogene enrichment type is 
that the proved reserves percent in Pre-Paleogene should 
be more than 30%. The depressions without the above 
three types are classified as common enrichment type. 

The transportation fault-cap assemblages are favorable 
for hydrocarbons to vertically migrate into the Neogene, 
breaking or bypassing the cap over the Paleogene, and 

 Table 3 Matching relationship between faults and cap rocks of Paleogene in depressions, Bohai Bay Basin  
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thus the hydrocarbons are mainly enriched in Neogene 
reservoirs. The preservation fault-cap assemblages have 
fine seal conditions and weak vertical transportation of the 
hydrocarbons, leading to a large amount of hydrocarbons 
accumulating  under  the  cap  over  the  Paleogene, 
corresponding to the accumulation of hydrocarbons in 
Paleogene and Pre-Paleogene reservoirs. The preservation 
and  migration  conditions  are  equivalent  in  the 
transportation-preservation  fault-cap  assemblages,  and 
thus hydrocarbon reserves of the Neogene are roughly 
equivalent to those of the Paleogene. Therefore, the fault 
activities during charge timing constrain heterogeneities in 
hydrocarbon  enrichment  for  Paleogene  and  Neogene 
strata.  When faults  are weak or inactive,  the vertical 
transportation is  weak and thus  the  hydrocarbons are 
mainly concentrated in Paleogene reservoirs. Conversely, 
when  faults  are  active,  the  vertical  transportation  of 
hydrocarbons is strong and the hydrocarbons are mainly 
enriched in Neogene reservoirs. 

 
4.3.3  Source-reservoir assemblages  constraining  the 
scale  of  hydrocarbon  enrichment  in  Pre-Paleogene 
strata 

The reservoir properties of Pre-Paleogene buried hills in 
the Bohai Bay Basin are influenced by the weathering 
degree and closely related to the tectonic evolution of the 
Pre-Paleogene  period  (Li  Pilong  et  al.,  2004;  Zhang 
Shanwen  et  al).  According  to  the  characteristics  of 
tectonic evolution in the Pre-Paleogene, the basements are 
divided into three types: type I basement of carbonate 
rocks in the Mesoproterozoic, Neoproterozoic and Early 
Paleozoic, type II basement of the Lower Paleozoic and 
type III basement of the Mesozoic. The distribution of 
reservoir and transport conditions becomes poor gradually 
from type II basement to type III basement. In the early 
and inherited depressions, the faults of the Neogene are 
weak during the late period, the thickness between the 
source and reservoirs is thin, and the source rocks are deep 
in vertical strata; thus, it is difficult for hydrocarbons to 
migrate  into  shallow  reservoirs  and  they  are  mainly 
enriched in the middle to deep layers. The depressions 
with type I basement developed high-quality reservoirs 
with longtime erosion, and when there were sufficient 
hydrocarbons, they could highly accumulate hydrocarbons 
in buried hills. Meanwhile, the inherited depressions and 
the areas with type II basement had middle hydrocarbon 
enrichment  in  the  buried  hills.  The  late  depressions, 
strongly rifting during the Neogene period and with larger 
thickness between the source and reservoirs and type II 
and type  III  basements,  developed  poor  accumulation 
conditions; the faults were active during charge timing and 
thus the hydrocarbons can easily migrate into shallow 

strata,  leading to the poor hydrocarbon enrichment in 
buried hills (Fig. 12). 

The distribution of hydrocarbons in buried hill traps is 
constrained by the tectonic evolution. The Pre-Paleogene 
tectonic evolution influences the reservoir quality in the 
basin basement. The Cenozoic tectonic evolution controls 
the hydrocarbon generation ability of the depression. Both 
these  tectonic  evolutions  determine  the  scale  of 
hydrocarbon enrichment in buried hills (Zhang Shanwen 
et al., 2009; Zhao et al., 2015). From the edge areas to the 
center areas of the Bohai Bay Basin, the type of basement 
changes with the evolution of depressions from early type 
to  late type,  the quality of buried hill  reservoirs  and 
migration conditions become poor, and the hydrocarbon 
enrichment gradually becomes poor. 

In summary, the evolution history of the basin controls 
the  source-reservoir-cap  rock  assemblages  and  the 
migration  conditions  and  then  controls  the  layers  of 
hydrocarbon enrichment. From the early depressions to the 
late  depressions in  the  Bohai  Bay Basin,  the  source-
reservoir-cap  rock  assemblages  gradually  become 
shallower,  the  reservoir  conditions  of  the  buried  hill 
gradually become poor, the thickness between the source 
and reservoirs is increased, the late-stage activity of faults 
continues strongly, and the generation ability of source 
rocks  in  shallow  strata  becomes  strong.  Overall,  the 
accumulation  predominance  transfers  from  the  Pre-
Paleogene to Neogene, and so as the hydrocarbon enriched 
layers (Fig. 13). 

 
5 Discussions 

 
The  characteristics  of  source  rocks  and  migration 

conditions were controlled by depression structures, which 
further constrained the spatial hydrocarbon distribution 
features  in  the  petroliferous  basin.  However,  the 
heterogeneous features in hydrocarbon enrichment and 
their main controlling factors in different depressions are 
still unclear. Therefore, based on statistical analysis, the 
relationship  between  heterogeneities  in  hydrocarbon 
enrichment and their major controlling factors for different 
depressions was comparatively analyzed. Moreover, this 
paper primarily identified that it is the tectonic evolution 
and hydrocarbon generation conditions that resulted in the 
heterogeneities  in  hydrocarbon  enrichment  in  diverse 
depressions. It is suggested that further study should pay 
attention to the quantitative relationships between different 
controlling factors and hydrocarbon enrichment, in order 
to  provide  theory reference  for  the  further  petroleum 
exploration in the petroliferous basin. 
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6 Conclusions 
 
(1)  The  degree  of  hydrocarbon  enrichment  varies 

among different depressions in the Bohai Bay Basin, and 
the depressions can be divided into four types, namely 
enormously  oil-rich,  oil-rich,  oily  and  oil-poor 
depressions. Moreover, the enormously oil-rich and oil-
rich depressions are distributed in the eastern part of the 
basin  with  the  most  abundant  hydrocarbons,  and 
depressions  around  Bohai  Sea  are  most  enriched  in 
hydrocarbons, whereas the depressions in the western part 
of the basin are poor in hydrocarbons. Overall, the basin 
can be characterized by “hydrocarbon rich in the east and 
poor in the west”. 

(2) The vertical distribution of hydrocarbons is highly 

heterogeneous and there  is  a  regional  migration rule: 
hydrocarbons are enriched in Pre-Paleogene strata and the 
lower parts of Paleogene strata in the depressions at the 
edge areas of the basin, enrichedin Paleogene strata in the 
entire basin, and to the Bohai Sea area in the center of the 
basin, hydrocarbons are enriched in Neogene strata. On 
the whole, the Bohai Bay Basin has characteristics of Pre-
Paleogene strata rich in hydrocarbons in the marginal 
depressions, Paleogene strata rich in hydrocarbons in the 
entire basin, and Neogene strata rich in hydrocarbons in 
the center of the Basin. 

(3) The tectonic evolution of the depressions controls 
the  main  hydrocarbon  generation  strata  and  source-
reservoir-cap rock assemblages in a macroscopic view, 
and constrains the vertical distribution of hydrocarbon 

 

Fig. 12. The combination of basement type, depression evolution type and hydrocarbons in buried hills of the Bohai Bay Basin.  
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enriched layers. From the edge areas of the Bohai Bay 
Basin to the Bozhong depression,  depressions transfer 
from the early type to late type, the source rocks and 
source-reservoir-cap rock assemblages gradually become 
shallow,  the  fault  activity  rate  during the late  period 
gradually  increases,  the  hydrocarbon  generation 
contribution of shallow source rocks increases and the 
hydrocarbon enriched layers gradually become newer. 

(4) The hydrocarbon generation conditions basically 
control  the  hydrocarbon  enrichment  degree,  and  the 
thermal  evolution  level  of  source  rocks  is  the  major 
controlling  factor.  The  early  depressions  have  poor 
hydrocarbon  generation  conditions  due  to  the  small 
subsidence scope in the late period, while the inherited 
depressions have good hydrocarbon generation conditions 
because of the inherited subsidence and filling, and the 
late depressions have multiple sets of source rocks with 
higher  maturity  and  relatively  strong  hydrocarbon 
generation capacity thanks to the intensive settlement and 
filling in the late period. A majority of enormously oil-rich 
and oil-rich depressions are late and inherited depressions 
with higher thermal evolution degree of the main source 
rocks, and thus the late and inherited depressions have 
better hydrocarbon generation capacity and hydrocarbon 
enrichment than the early depressions. 

(5) The sufficient degree of hydrocarbons, main source-
reservoir-cap rock assemblages and vertical transportation 
of faults control the vertical distribution proportions of 
hydrocarbons in Pre-Paleogene, Paleogene and Neogene 
strata in different depressions. However, the major factors 
controlling hydrocarbon enrichment in different strata are 
heterogeneous, with source-reservoir combinations for Pre
-Paleogene  hydrocarbons,  source-reservoir-cap  rock 
assemblages for Paleogene and migration conditions of 
faults for Neogene hydrocarbons when the hydrocarbon 
source is enough. 

Acknowledgements 
 
This work is granted by the Important National Science 

&  Technology  Specific  Projects  (grants  No. 
2011ZX05006-003  and  2016ZX05006-003)  and  the 
National  Natural  Science  Foundation  (grant  No. 
41372132).  

 
Manuscript received Mar. 28, 2017 

accepted Aug. 10, 2017 
edited by Hao Qingqing 

 
References 
Brekhuntsov, A.M., Monastyrev, B.V., and Nesterov, I.I., 2011. 

Distribution patterns of oil and gas accumulations in West 
Siberia. Russian Geology and Geophysics, 52(8): 781–791. 

Cai Dongsheng, Luo Yuhui and Yao Changhua, 2007. Structures 
of  the  Bohai  petroliferous  area,  Bohai  Bay  basin.  Acta 
Geologica Sinica (English Edition), 74(3): 641–650. 

Chen Jianping, Sun Yongge, Zhong Ningning, Huang Zhenkai, 
Deng  Chunping,  Xie  Liujuan  and  Han  Hui,  2014.  The 
efficiency  and  model  of  petroleum  expulsion  from  the 
lacustrine  source  rocks  within  geological  frame.  Acta 
Geologica  Sinica,  88(11):  2005–2032  (in  Chinese  with 
English abstract). 

Chi Yingliu, Yang Chiyin and Zhou Jiansheng, 2000. Cenozoic 
faulting and its  influence on the  formation of  petroleum 
systems in Bohai Bay Basin. Petroleum Explorationist, 5(3): 
41–48 (in Chinese with English abstract). 

Dou, L.R., Xiao, K.Y., Cheng, D.S., Shi, B.Q., and Li, Z., 2007. 
Petroleum geology of the Melut Basin and the Great Palogue 
Field, Sudan. Marine and Petroleum Geology, 24(3): 129–
144. 

Du Jinhu, Yi Shiwei, Lu Xuejun and Wang Quan, 2004. Oil and 
gas distribution of oil-enriched depression characterized with 
“reciprocity”. China Petroleum Exploration, 9(1): 15–22, 6–7 
(in Chinese with English abstract). 

Foster, N.H., and Beaumont, E.A., 1987. Geologic basins I. 
AAPG Treatise of Petroleum Geology Reprint Series, No.01: 
1–458. 

 

Fig. 13. The congruence of depression evolution type and hydrocarbon distribution, Bohai Bay Basin.  



 ACTA GEOLOGICA SINICA (English Edition)  
http://www.geojournals.cn/dzxben/ch/index.aspx Oct. 2017 Vol. 91 No. 5                      1871 

Fei, Q., and Wang, X.P., 1984. Significant role of structural 
fractures in Renqiu buried-hill oil fields in eastern China. 
AAPG Bulletin, 68: 971–982. 

Gao  Ruiqi,  Zhao  Wenzhi  and  Kong  Fanxian,  2004.  Young 
explorers on the petroleum geology in Bohai Bay Basin. 
Beijing: Petroleum Industry Press (in Chinese). 

Gilder, S.A., Leloup, P.H., Courtiliot, V., Chen, Y., Coe, R.S., 
Zhao, X.X., Xiao, W.J., Halim, N., Cogné, J.P., and Zhu, 
R.X., 1999. Tectonic evolution of the Tancheng Lujiang (Tan-
lu) fault via Middle Triassic to Early Cenozoic paleomagnetic 
data. Journal of Geophysical Research, 104: 15365–15390. 

Guo, Y.C., Pang, X.Q., Dong, Y.X., Jiang, Z.X., Chen, D.X., and 
Jiang, F.J., 2013. Hydrocarbon generation and migration in 
the Nanpu Sag, Bohai Bay Basin, eastern China: Insight from 
basin and petroleum system modeling. Journal of Asian Earth 
Sciences, 77: 140–150. 

Hao,  F.,  Zhou,  X.H.,  Zhu,  Y.M.,  and  Yang,  Y.Y,  2011. 
Lacustrine source rock deposition in response to co-evolution 
of  environments  and  organisms  controlled  by  tectonic 
subsidence and climate, Bohai Bay Basin, China. Organic 
Geochemistry, 42(4): 323–339. 

Hao, F., Zhou, X.H., Zhu, Y.M., Zou, H.Y., Bao X.H., and 
Kong, Q.Y., 2009. Mechanisms of petroleum accumulation in 
the Bozhong sub-basin,  Bohai Bay Basin,  China.  Part  1: 
Origin and occurrence of crude oils. Marine and Petroleum 
Geology, 26: 1528–1542. 

Hao,  F.,  Zou,  H.Y.,  Gong,  Z.S.,  and  Deng,  Y.H.,  2007. 
Petroleum migration and accumulation in the Bozhong sub-
basin, Bohai Bay Basin, China: Significance of preferential 
petroleum migration pathways (PPMP) for the formation of 
large  oilfields  in  lacustrine  fault  basins.  Marine  and 
Petroleum Geology, 24: 1–13. 

Hou Guiting, Qian Xianglin and Song Xinmin, 1998. The origin 
of  the  Bohai  Bay  Basin.  Acta  Scientiarum  Naturalium 
Universitatis Pekinensis,  34(4): 503–509 (in Chinese with 
English abstract). 

Hu Chaoyuan, 1982. Source bed controls hydrocarbon habitat in 
continental basin, East China. Acta Petrolei Sinica, 02: 9–13 
(in Chinese with English abstract). 

Hu  Jianyi  and  Huang  Difan,  1991.  Theoretical  basis  of 
continental petroleum geology in China. Beijing: Petroleum 
Industry Press (in Chinese). 

Huang, L., and Liu, C.Y., 2014. Evolutionary characteristics of 
the sags to the east of Tan–Lu Fault Zone, Bohai Bay Basin 
(China):  Implications  for  hydrocarbon  exploration  and 
regional tectonic evolution. Journal of Asian Earth Sciences, 
79(2): 275–287. 

Huang,  H.P.,  and  Pearson,  M.J.,  1999.  Source  rock 
palaeoenvironments  and  controls  on  the  distribution  of 
dibenzothiophenes in lacustrine crude oils, Bohai Bay Basin, 
Eastern China. Organic Geochemistry, 30: 1455–1470. 

Huang Lei, Liu Chiyang, Zhou Xinhuai and Wang Yingbin, 
2012.  The  important  turning  points  during  evolution  of 
Cenozoic basin offshore the Bohai Sea: Evidence and regional 
dynamics analysis. Science China Earth Science, 55: 476–
487. 

Isaksen, G.H., Patience, R., Graas, G. van, and Jensse, n A.I., 
2002. Hydrocarbon system analysis in a rift basin with mixed 
marine  and  nonmarine  source  rocks:  The  South  Viking 
Graben, North Sea. AAPG Bulletin, 86(4): 557–592. 

Jia Nan, Liu Chiyang, Zhang Gongcheng, Huang Lei, Zhao 

Junfeng and Lu Shan, 2015. The Cenozoic distinct uplift 
events in the Liaodong Bay Depression and their geological 
significance.  Earth  Science  Frontiers,  22(3):  77–87  (in 
Chinese with English abstract). 

Jiang Youlu,  Fang Lei,  Liu Jingdong,  Hu Hongjin and Xu 
Tianwu, 2016. Hydrocarbon charge history of the Paleogene 
reservoir  in the  northern Dongpu Depression,  Bohai  Bay 
Basin, China. Petroleum Science, 13(4): 625–641. 

Jiang Youlu, Fang Lei, Tan Yuming and Mu Xiaoshui, 2015a. 
Differences  and main  controlling  factors  of  accumulation 
periods in Dongpu Sag, Bohai Bay Basin. Geological Review, 
61(6): 1321–1331(in Chinese with English abstract). 

Jiang Youlu, Liu Hua, Song Guoqi, Wang Yongshi, Liu Pei and 
Lü  Xueying,  2015b.  Relationship  between  geological 
structures  and  hydrocarbon  enrichment  of  different 
depressions in the Bohai Bay Basin. Acta Geological Sinica 
(English Edition), 89(6): 1998–2011. 

Jiang Youlu, Liu Pei, Liu Hua, Song Guoqi, Wang Yongshi and 
Cui Xiaojun, 2014. Difference of reservoir forming conditions 
of different depressions and accumulation models of Neogene 
hydrocarbon in Bohai Bay Basin. Journal of China University 
of Petroleum (Edition of Natural Science), 38(1): 14–21(in 
Chinese with English abstract). 

Jiang  Youlu  and  Xiong  Jihui,  1997.  Characteristics  of 
geotemperature and maturity of organic matter in the east part 
of  Linqing  depression.  Journal  of  China  University  of 
Petroleum (Edition  of  Natural  Science),  21(1):  6–10  (in 
Chinese with English abstract). 

Kingston,  D.R.,  Dishroon,  C.P.,  and  Williams,  P.A.,  1983. 
Hydrocarbon plays and global  basin classification.  AAPG 
Bulletin, 67(12): 2194–2198. 

Li  Desheng, 1980.  Geology and structural characteristics of 
Bohai  Bay,  China.  Acta  Petrolei  Sinica,  1(1):  6–20  (in 
Chinese with English abstract). 

Li Pilong, Zhang Shanwen, Wang Yongshi and Ma Lichi, 2004. 
Multiplex buried-hill genesis and pool-forming in rifted basin. 
Acta Petrolei Sinica, 25(3): 28–31(in Chinese with English 
abstract). 

Liu Hua, Jing Chen, Jiang Youlu, Song Guoqi, Yu Qianqian and 
Feng Yuelin, 2016. Characteristics and genetic mechanisms of 
overpressure in the depressions of Bohai Bay Basin, China. 
Acta Geological Sinica (English Edition), 90(6): 2216–2228. 

Liu Mingjie, Liu Zhen, Sun Xiaoming and Wang Bao, 2014. 
Paleoporosity and critical porosity in the accumulation period 
and  their  impacts  on  hydrocarbon  accumulation—A case 
study of the middle Es3 member of the Paleogene formation in 
the  Niuzhuang  Sag,  Dongying  Depression,  Southeastern 
Bohai Bay Basin, East China. Petroleum Science, 11(4): 495–
507. 

Lu Kezheng and Qi Jiafu, 1997. Tectonic model of the Cenozoic 
petroliferous  basin–Bohai  Bay  Basin,  China.  Beijing: 
Petroleum Industry Press (in Chinese). 

Min, B., Xin, W.J., Zhang, H.J., Lü, Y.H., and Li, X.Y., 2015. 
Sequence stratigraphy and reservoir potential in the Wenan 
inner-slope of the  Baxian sag,  Bohai  Bay Basin,  eastern 
China. Marine & Petroleum Geology, 68: 695–704. 

Niu Jiayu and Li Feng, 2000. Inshore oil-gas accumulation and 
exploration in Bohai Bay Basin. Acta Petrolei Sinica, 21(2): 9
–13(in Chinese with English abstract). 

Qi Jiafu and Yang Qiao, 2010. Cenozoic structural deformation 
and dynamic processes of the Bohai Bay basin province, 



1872                     Vol. 91 No. 5                                                                                                                                        ACTA GEOLOGICA SINICA (English Edition)  
http://www.geojournals.cn/dzxben/ch/index.aspx Oct. 2017 

China. Marine and Petroleum Geology, 27(4): 757–771. 
Qiao Hansheng, Fang Chaoliang, Niu Jiayu and Guan Deshi, 

2002. Petroleum geology in the deep zone of Bohai Bay Basin. 
Beijing: Petroleum Industry Press (in Chinese). 

Teng Changyu, Zou Huayao and Hao Fang, 2014. Control of 
differential  tectonic evolution on petroleum occurrence in 
Bohai Bay Basin. Science China: Earth Sciences, 44(4): 579–
590 (in Chinese with English abstract). 

Tian Keqi, Yu Zhihai, Feng Ming, Yang Chiyin, Liao Qianjin, 
Zhou Jiansheng and Sun Xiaoming, 2000. Petroleum geology 
and exploration of Paleogene in Bohai Bay Basin. Beijing: 
Petroleum Industry Press (in Chinese). 

Tiercelin, J.J., Soreghan, M.J., Cohen, A.S., Lezzar, K.E., and 
Bouroullec,  J.L.,  1992.  Sedimentation in  large  rift  lakes: 
example from the Middle Pleistocene–modern deposits of the 
Tanganyika  trough,  East  African  rift  system.  Bulletin  du 
Centres Recherche Exploration et Production, Elf Aquitaine, 
16: 83–111. 

Wang Yanzhong, Cao Yingchang, Ma Benben, Liu Huimin, Gao 
Yongjin and Chen Lin, 2014. Mechanism of diagenetic trap 
formation in nearshore subaqueous fans on steep rift lacustrine 
basin slopes—A case study from the Shahejie Formation on 
the north slope of the Minfeng Subsag, Bohai Basin, China. 
Petroleum Science, 11(4): 481–494. 

Wang, Y.S., Li, Ma.W., Pang, X.Q., Zhang, S.W., Shi, D.S., and 
Dong, X., 2005. Fault-fracture mesh petroleum plays in the 
Zhanhua Depression, Bohwai Bay Basin: Part 1. Source rock 
characterization  and  quantitative  assessment.  Organic 
Geochemistry, 36: 183–202. 

Wu Zhiping, Cheng Yanjun, Yan Shiyong, Su Wen, Wang Qin, 
Xu  Changgui  and  Zhou  Xinhuai,  2013.  Development 
characteristics of the fault system and its control on basin 
structure, Bodong Sag, East China. Petroleum Science, 10(4): 
450–457. 

Zha Quanheng, 1984. Jizhong depression, China–Its geologic 
framework,  evolutionary  history,  and  distribution  of 
hydrocarbons. AAPG Bulletin, 68(8): 983–99. 

Zhai, G., 1986. Geologic characteristics of sedimentary basins in 
China. AAPG Bulletin, 70: 7. 

Zhai Zhongxi and Bai Zhenrui, 2008. Pattern and potential of 

petroleum reserves growth in the Bohai Bay Basin. Oil & Gas 
Geology, 29(1): 88–94 (in Chinese with English abstract). 

Zhang Shanwen, Sui Fenggui and Lin Huixi, 2009. Paleogene 
petroleum geology and prospecting evaluation in the Bohai 
Bay Basin. Beijing: Geological Publishing Press (in Chinese). 

Zhang Shanwen, Zhang Linhua, Zhang Shouchun, Liu Qi, Zhu 
Rifang and Bao Shuyou, 2009. Formation of abnormal high 
pressure  and  its  application  in  the  study  of  oil-bearing 
property of lithologic hydrocarbon reservoirs in the Dongying 
Sag. Chinese Science Bulletin, 54(11): 1570–1578. 

Zhang Zhen, Bao Zhidong, Tong Hengmao, Wang Yong and Li 
Haowu,  2013.  Tectonic  evolution  and  its  control  over 
deposition in fault basins: A case study of the Western Sag of 
the Cenozoic Liaohe Depression, eastern China. Petroleum 
Science, 10(3): 269–281. 

Zhao Wenzhi  and  Chi  Yingliu,  2000.  Regional  distribution 
regularity and its controlling factors of oil and gas bearing 
series in Bohai Bay Basin. Acta Petrolei Sinica, 21(1): 10–15
(in Chinese with English abstract). 

Zhao, X.Z., Jin, F.M., Wang, Q., and Bai, G.P., 2015. Buried-hill 
play, Jizhong subbasin, Bohai Bay Basin: A review and future 
prospectivity. AAPG Bulletin, 99(1): 1–26. 

Zou Huayao, Zhou Xinhuai, Bao Xiaohuan, Liu Jianzhang, Teng 
Changyu and Zhuang Xiabing, 2010. Controlling factors and 
models for hydrocarbon enrichment/depletion in Paleogene 
and Neogene, Bohai Sea. Acta Petrolei Sinica, 31(6): 885–
893, 899 (in Chinese with English abstract). 

Zuo Yinhui, Qiu Nansheng, Li Jianping., Guo Yonghua and Li 
Cuicui, 2009. Simulation of maturity evolution of Paleogene 
source rocks in the Bohai Bay Basin. Proceedings of the 5th 
International  Symposium  on  Oil  Gas  Reservoir  Forming 
Mechanism and Oil and Gas Resource Evaluation. 

 
About the first author 
JIANG Youlu, male; born in 1959 in Ji’nan City, Shandong 

Province; Ph. D.; a professor of School of Geosciences, China 
University of Petroleum. His interests include hydrocarbon 
formation and distribution in petroliferous basins.  E-mail: 
jiangyl@upc.edu.cn; phone: 0532-86983075.  
 


