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Abstract: The fault system of Liaodong Bay developed extensively under the control of the Tanlu Fault. 
The fault system can be grouped into strike-slip faults of grade I, trunk faults of grade II and branch 
faults (induced faults) of grade III respectively based on its developmental scale. The faults of grade I 
and II were deep, early and large while the faults of grade III were shallow, late and small. The formation, 
evolution and distribution features played a signifi cant role in controlling the migration of oil and gas in 
both horizontal and vertical directions. The fl uid transfer in the fault system occurred in the process of 
faulting. The strike-slip and trunk faults moved actively forming predominant pathways for oil and gas 
migration. The branch faults, with weak activity, generally controlled the development of traps and were 
benefi cial for the accumulation and preservation of oil and gas. The faults of grade I and II formed the 
major migration pathways for oil and gas, but their fault activity rates appeared to vary along their strikes. 
The zones with a relatively low fault activity rate might be favorable for oil and gas accumulation. When 
the activities of strike-slip, trunk, and branch faults came to a halt, the fault seal behavior had a vitally 
important effect on the accumulation of oil and gas. The controlling role of the fault over fl uid distribution 
was further analyzed by calculating the fault activity quantitatively. 

Key words: Liaodong Bay, fault system, fault activity rate, fault seal behavior, migration and 
accumulation of oil and gas
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1 Introduction
There was a multitude of hydrocarbon-bearing series 

in the vertical direction in Liaodong Bay and several oil 
and gas-producing strata from the Neogene system to the 
Archaean group. Success was achieved in extensive oil and 
gas exploration in Liaodong Bay. Meanwhile, the whole 
Liaodong Bay, infl uenced by the large Tanlu strike-slip fault, 
developed a complicated fault system which has a close 
relationship to the wide distribution of hydrocarbon reservoirs 
and multiple oil and gas-bearing series in the vertical 
direction in Liaodong Bay. Qi et al (2008) proposed that 
the Tanlu Fault Zone in Cenozoic basins of Bohai Sea was 
mainly composed of basement faults (zones) NNE trending 
in the eastern basin, through which the Cenozoic extensional 

faults were dissected and transformed. The Tanlu Fault Zone 
was characterized by dextral strike-slip displacement. The 
formation of Paleogene faults was mainly dominated by 
these extensional faults. In the Paleogene, the extension and 
strike-slip of the Tanlu Fault Zone not only controlled the 
distribution of depressions and source rocks, but also was in 
communication with source rocks, becoming a dominant path 
for hydrocarbon accumulation in different periods. Gong et al 
(2007) considered that the successive activities of Paleogene 
faults and their connection to Neogene faults were the key 
to hydrocarbon accumulation in the Neogene. However, a 
number of traps created by Neogene faults were located in the 
sags far away from the major fault without any connection, 
resulting in no oil and gas accumulation.

Some researchers  have conducted considerable 
painstaking research on the relationship between faults and 
migration, accumulation as well as preservation of oil and 
gas. Lv and Hu (2002) put forward a quantitative approach to 
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evaluating vertical seal behavior of fault zones by studying 
the displacement pressure of fault fi llings. Smith (1966, 1980) 
built up a theoretical model of fault sealing, holding that the 
displacement pressure of juxtaposed layers on both sides 
of the fault controlled the fault seal behavior. Bouvier and 
Kaars-Sijp (1989) proposed that the relative sealing degree 
of faults could be estimated by clay smear potential (CSP). 
Lindsay et al (1993) pointed out that the clay smear of a fault 
could strengthen the seal behavior and prevent oil and gas 
migrating laterally. He also raised shale smear factor (SSF) to 
characterize the fault sealing. Yielding et al (1997) came up 
with smear gouge ratio (SGR) to show the proportion of shale 
or clay that might be entrained in the fault zone by a variety 
of mechanisms to predict fault seal behavior. These studies 
are focused on the static analysis of faults; however, the fault 
activity and its activity rate could also affect fl uid fl ow along 
or across the fault. During quiescent periods of a fault, the 
fl uid activities along the fault plane were generally sealed or 
only of weak permeability; while the fl uid transfer occurred 
and obviously increased during faulting (Constantin et al, 
2004). This paper, on the basis of the formation and evolution 
as well as distributive features of the fault system in Liaodong 
Bay, analyzed the relationship between the fault conducting 

system and migration, accumulation as well as preservation 
of oil and gas from both dynamic and static perspective. 

2 Geological setting
The Bohai Bay basin, a large rifted basin, was formed in 

the Middle Cenozoic. Liaodong Bay is located in the north of 
the basin running from NNE to NE. Its main body lies in the 
western side of the Tanlu Fault Zone and part of Liaodong 
Bay is in the faults. Liaodong Bay consists of three structural 
levels on profile; namely, former Paleogene basement and 
Paleogene and Neogene cap rocks (Table 1). On the basis 
of two groups of shear faults forming before and during 
the Yanshan movement in Liaodong Bay, the faulted basin 
which had begun to develop in the Jurassic and Cretaceous 
was further developed in the Paleogene and formed a large 
tectonic system with clustered parallel vertical faults. The 
whole subsided in the Neogene moving to the developmental 
stage of basin depression. After several decades of 
exploration, a host of oil and gas fi elds have been discovered 
one after another near the two sides of the Tanlu strike-slip 
fault zone and its derivative fault zones in Liaodong Bay. 
Being one of the most signifi cant oil and gas producing areas, 
Liaodong Bay still has biggish exploration potential. 

Table 1 The main strata in Liaodong Bay Area

Erathem System Series Formation Member Sub-
member Code

Cenozoic

Quaternary Pingyuan Qp

Neogene Miocene Guantao
Upper N1g

U

Lower N1g
L

Paleocene

Oligocene Dongying

1st E3d
1

2nd
Upper E3d

2U

Lower E3d
2L

3rd E3d
3

Eocene -Palaeocene

Shahejie

1st E2s
1

2nd E2s
2

3rd

Upper E2s
3U

Middle E2s
3M

Kongdian

Lower E2s3L

4th
Upper E2s

3U

Lower E2s
3L

E1-2K

Precambrian-Archaean Pt-Ar

3 Features of the fault system in Liaodong 
Bay

3.1 Grading and distribution features of the fault 
system

In order to make the relationship clear between the fault 

system in Liaodong Bay and the building block distribution 
of the sedimentary basin as well as the fault distribution in the 
Paleogene, Neogene, and Quaternary, the faults are classifi ed 
into strike-slip faults of grade I, trunk faults of grade II 
and branch faults (induced faults) of grade III respectively 
according to different cutting horizons of faults (Fig. 1). 

Cutting through the basement, the grade I faults were 
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formed at the end of the Mesozoic and then went on with 
inherited development, most of which were strike-slip faults 
controlling sag and salient evolution. From perspective 
of fault scale, the grade I faults in Liaodong Bay, chiefly 
including No. 1, 2, and 3 of Liaoxi, No. 1 and 2 of Liaozhong, 
No. 1 and 2 of Liaodong, No. 1 of Qinnan and No. 2 of 
Bodong etc., are distributed towards NNE-NE and controlled 
the whole tectonic framework of this area. The Tanlu Fault 
Zone in the Neogene runs NNE across Liaodong Bay and 
had a close relationship with the tectonic unit distribution 
of the sedimentary basin. In Liaodong Bay, there developed 
large quantities of en echelon derivative faults which were 
different in developing places and degree among different 
periods (Fig. 1). Two former Paleogene relief belts in the east 
and west with a sag belt in the middle made up the whole 
tectonic framework. The strike of the grade II faults is the 
same to that of the grade I faults, NNE to NE. Compared 
with the grade I faults, the grade II faults have a small 
number of fractured horizons and a short distance of planar 
extension. In the northern part of Liaodong Bay, faults of 
grade II were mainly developed in the Shahejie Formation, 
while those were most developed in the mid-shallow layers 
of central and southern Liaodong Bay. The grade III faults 
are derivative faults formed in the late active period of the 
Tanlu Fault, characterized by the most intensive development. 

Distributed in two strike directions, i.e., NNE-NE and nearly 
EW trending, the grade III faults were mainly developed in 
shallow strata, such as the first and second members of the 
Dongying Formation as well as the Guantao Formation. The 
faults of grade II and III were often converged with the trunk 
fault in deep layers, shown with negative fl ower structures in 
the section.

3.2 Profi le structure and subsectional features of the 
fault system

Based on the analysis of several WNW-ESE seismic 
profiles across Liaodong Bay, the section structure of the 
Tanlu Fault Zone (Liaodong Bay section) has been studied 
and the geological features of the Tanlu Fault Zone in 
different sections have been further compared (Table 2 and 
Fig. 2). The Tanlu Fault Zone developed three branches on 
the profi le with relatively upright fault section. The western 
branch, a negative fl ower structure, (No. 1 fault of Liaozhong) 
lies in the center of the Liaozhong Sag. Two branches 
in the east part (No. 2 fault of Liaozhong, No. 2 fault of 
Liaodong), located on both sides of the Liaodong Salient, 
were the boundary faults between the Liaodong Salient and 
the Liaozhong Sag in the west as well as the Liaodong Sag in 
the east. The northern section of the Tanlu Fault Zone (No. 2 
fault of Liaozhong) exhibited a negative fl ower structure and 

Fig. 1 Fault system of Liaodong Bay in the late N1g
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burial depth of the Cenozoic continued to increase, and the 
sediments of Shahejie Formation continued to thicken, leading 
to a slip with migration trend from the central depression to 
both sides. Grade I and II faults of the Tanlu Fault Zone in 
Liaodong Bay were more widely and continuously distributed 
at the end of the sedimentary period of the third member of 
the Shahejie Formation (E2s

3) than those distributed at the 
end of the sedimentary periods of the Dongying Formation 
and the Guantao Formation. However, the grade III faults of 
the Tanlu Fa ult Zone in Liaodong Bay were located at the 
end of the sedimentary periods of the Dongying Formation 
and the Guantao Formation more intensively, extensively and 
regularly than that at the end of the sedimentary period of the 
third member of the Shahejie Formation (E2s

3). This refl ects 
that the grade I and II faults occurred deeper and earlier with 
greater movement, while the faults of grade III occurred 
shallower and later with smaller throws, which determined 
the different effects of various grades of sub-faults on 
hydrocarbon accumulation (Ghosh and Mitra, 2009; Mora, et 
al, 2010).  

4 Relationship between fault activity rate 
and the migration and accumulation of oil 
and gas

In the Paleogene, the extension and strike-slip of the 
Tanlu Fault Zone, played the most important role in the 
formation of oil and gas reservoirs in different periods and 
linked up hydrocarbon rocks as well. The traps near this kind 
of faults (the grade I and II faults) were likely to form oil and 
gas reservoirs; otherwise, the probability became low. More 
than 80% of the oil and gas reservoirs found in the Bohai 
Sea, dominated by communication and migration of fault, 
were close to the trunk fault, such as SZ36-1, JZ25-1, JZ20-
2, LD27-2, JX1-1 oil and gas field. Since the Miocene, the 
Tanlu Fault with successive activity and faults in neotectonic 
comprised the major communication system of oil and gas 
accumulation in the Neogene. The neotectonic movement 
controlled the accumulation of oil and gas in the late period 
in Bohai Bay. The majority of oil and gas accumulated in the 

Guantao Formation and the Minghuazhen Formation in the 
Neogene. The successive activities of the Paleogene fault and 
its connection with the Neogene fault were the key to oil and 
gas accumulation in the Neogene. Almost all Neogene oil 
and gas fi elds discovered belong to this kind of accumulation 
model. However, some traps, made up of the Neogene 
faults, located in sags far away from the trunk fault, have not 
communicated with the trunk fault, so they failed to form 
oil and gas reservoirs, such as LD17-2 structure (Gong et al, 
2007). 

4.1 Fault activity rate and the migration and 
accumulation of oil and gas in different periods 

The activity of faults, which cut through the hydrocarbon 
rocks during hydrocarbon discharge period, decided the 
migration of oil and gas (Bekele et al, 1999; Wan et al, 2010). 
On the whole, the grades I and II fault activity velocity in 
Liaodong Bay played a key role in oil and gas migration. 
These two grades of faults were major passages for the 
migration of oil and gas from hydrocarbon rocks to traps. 
However, what is worth noticing is that the activities of these 
faults were also highly unbalanced — sometimes active, 
sometimes weak and sometimes even still. This variation of 
fault activity resulted in signifi cant differences in abundance 
of oil and gas distributed in Bohai Bay (Weber et al, 1978; 
Du et al, 2007; Xu et al, 2008). The fault activity rate can be 
used to characterize the fault activity and to compare the fault 
activities in different development periods and locations. The 
fault activity rate is defi ned as the ratio between the throw of 
a certain stratigraphic unit in a specifi c period due to internal 
fault activity and the corresponding sedimentary time. The 
calculation equation is expressed as follows:

Fault activity rate = (the thickness of the hanging wall –
the thickness of the footwall) / sedimentary time

Using three-dimensional seismic data, equally spaced 
seismic sections were selected along the Inline direction. 
VSP data were used to convert time sections into depth 
sections, and then the thicknesses of the fault hanging wall 
and the footwall were calculated. Combined with the stratum 
sedimentary time (Table 1), the fault activity rates of the 

Table 2 Subsectional deformation features of the Tanlu Fault

Fault The distribution
 of sags and salients

Structural and sedimentary features

Northern
section

Liaodong Salient
Liaoxi Salient
Liaodong Sag
Liaozhong Sag
Liaoxi Sag

No. 1 fault of Liaozhong tends generally to plunge in the NE direction;
No. 2 fault of Liaozhong and No. 2 fault of Liaodong became main strike-slip faults;
Negative fl ower structures were not well developed in this area;
Cenozoic Erathem deepened;
The Shahejie Formation deposited on the Liaoxi Salient

Middle
section

Liaodong Salient
Liaoxi Salient
Liaoxinan Salient
Liaodong Sag
Liaozhong Sag
Liaoxi Sag

The No. 1 fault of Liaozhong was overturned seriously in the late Donying stage;
Negative fl ower structures were comparatively developed in this area;
Cenozoic Erathem deepened;
Shahejie Formation became thicker both in the salients and sags

Southern
section

Liaoxi Salient
Liaodong Sag
Liaozhong Sag
Liaoxi Sag

Negative fl ower structures were well developed in this area;
The Shahejie Formation became thinner in the sags;
The salients lack the Eogene deposits;
Paleocene deposits were lost in the salients
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faults of Liaoxi 1 and 2, and Liaozhong 1 were calculated. 
Taking No. 1 fault of Liaoxi as an example (Table 3), it 
could be seen from the calculation results of the fault activity 
rate that different activity rates corresponded to different 
sedimentary periods (E2s

3-E3d
1). The fault activities in E2s

3 
and E3d

2 were intensified with the maximum fault rate at 
132.2 m/Ma, while those in E2s

1 to E3d
1 were weakened. Till 

the fi nal sedimentary period of E3d
1, the fault was still active, 

but with a very small activity rate.
For example, No. 1 and 2 faults of Liaoxi were both major 

subbasin-controlling faults of the Liaoxi Sag and the grade 
I faults of long-term successive movement (the basement―
Minghuazhen Formation). The JZ25-1S oil and gas field is 

located on both sides of these two faults which were still 
moving in the period of hydrocarbon migration. These were 
favorable for oil and gas migration from the Liaoxi Sag 
to the low swell in Liaoxi and became the most important 
migration passage in this area (Fig. 3). These two faults were 
active as a whole and in favor of oil and gas transfer, but 
their activity rate varied over time. The fault activities have 
gradually weakened so oil and gas could not migrate to some 
parts due to insufficient connectivity. Hence, in the JZ25-
1S oil and gas fi eld, oil and gas had not accumulated in the 
Guantao Formation and the Minghuazhen Formation, but in 
the Archaean granite buried hills and the Paleogene Shahejie 
Formation (Figs. 3 and 4) (Ye, 2007; Lu, et al, 2010).
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4.2 Activity rate at different strikes and oil & gas 
migration and accumulation  

In general, the faults of grades I and II were active and 
exhibited a significant control over migration of oil and 
gas; while the faults of grade III were not active, which was 
favorable for oil and gas accumulation. However, the fault 
activity rate often varied along the strike of grade I faults, 
which would affect the migration and accumulation of oil and 
gas. For example, the JX1-1 oil field, located in the central 
subsag of the Liaozhong Sag and divided into two blocks (east 

and west blocks) by No. 1 fault of Liaozhong, which was a 
fault of grade I with successive development going towards 
NNE (Fig. 1). The activity rate of No. 1 fault of Liaozhong 
appeared high in the center and low on both sides in the 
deposition period of the fi rst member of the Shahejie Formation 
(Fig. 5). The maximum rate in the center reached up to near 
160 m/Ma and the minimum in the northern section was only 
20 m/Ma, which was beneficial to oil and gas accumulation. 
The JX1-1 oil fi eld is just located at the zone with a low fault 
activity rate (Zhou, 2007; Hao et al, 2009a; 2009b).

Table 3 Statistics of fault activity rate of in No. 1 fault of Liaoxi

Period Line The thickness 
of the hanging wall, m

The thickness 
of the footwall, m

Deposition 
time, Ma

Fault activity 
rate, m/Ma

E2s
3  period

1590 428.5 363.2

4

16.3

1670 513.9 470.0 10.9

1710 751.2 590.3 40.2

1750 803.0 610.2 48.2

E2s
2 period

1430 156.9 115.0

2

21

1470 127.9 117.5 5.2

1510 147.3 128.3 9.5

1550 140.9 125.0 8.0

1590 214.9 141.6 36.6

1630 233.5 190.0 21.7

1670 449.8 185.5 132.2

1710 225.5 118.0 53.7

1750 286.3 234.2 26.0

E2s
1+E3d

3+
E3d

2L period

1430 1072.9 938.1

8

16.9

1470 1209.1 1089.6 14.9

1510 1381.1 1256.1 15.6

1550 1378.1 1322.3 7.0

1590 1307.5 1206.6 12.6

1670 1521.5 1122.6 49.9

1710 1592.5 1414.2 22.3

1750 1133.2 911.2 27.8

E3d
2U+E3d

1 period

1430 1629 1615.4

3.4

1.1

1670 398.3 396.1 0.7

1710 384.3 334.7 14.6

1750 322.3 274.1 14.2

5 Seal mechanism of the fault system to 
reservoirs

Great progress has been made in the study of fault sealing 
problems, mainly in the fault seal mechanism, quantitative 
evaluation of influencing factors, and fault seal analytical 
methods. Fault sealing refers to the differences in the 
displacement pressure due to the difference in lithology and 

physical properties of the rocks of hanging wall and footwall 
or fault zone, thereby preventing fluid migration along the 
fault zone. This includes the lateral and vertical sealing of 
the fault (Roald et al, 2007). Whether the fault was sealed 
in the vertical and lateral directions largely depended on 
the lithology of the fault zone and the lithologies of rocks 
adjacent to the fault at both sides. The lateral seal mechanism 
of the fault was divided into three patterns: sand-shale joint, 
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6 Conclusions
The fault system in Liaodong Bay, characterized by clear 

distinction between the primary and the secondary as well 
as integration of motion and quietness played a significant 
role in controlling oil and gas migration and accumulation. 
Dynamically, the faults of grades I and II were generally 
active and conducted oil and gas vertically. It was difficult 
to accumulate oil and gas in these faults; however, oil and 
gas would accumulate and preserved in some weakly-
active sections. The faults of grade III with low activity rate 
were favorable for oil and gas accumulation. The fault seal 
behavior was one of the major factors controlling the oil and 
gas enrichment. The combination of approaches such as CSP, 
SSF, SGR, and hydrocarbon column height sealed by the fault 
plane can lead to effective quantitative calculation of fault 
seal behavior. 
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Fig. 7 The height of the hydrocarbon column sealed off by faults in the Dongying Formation, LD27-2 oil fi eld
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