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Abstract: In order to study the distribution pattern of oil and gas near the lower-source, upper-storage
type of oil source faults in the hydrocarbon-bearing basins, a set of prediction methods favourable to
oil and gas migration and accumulation were established by superimposing the parts of the oil source
fault-associated traps, the contiguously distributed sand bodies and the lateral sealing position of
faults. The trap associated with a fault can be determined by the fault’s convex part on the fault
plane’s morphology map, the fault throw displacement curve and the intersection of faults on the
structure map. The set of sand bodies can be determined by the sand-to-shale ration of the formation.
The lateral sealing position of faults can be investigated by the shale content of the fault. This study is
based on our case study of the Dazhangtuo Fault in the lower sub-member of the 1st member (Es1

L)
of the Shahejie formation in the northern Qikou Sag of Bohai Bay Basin. The results illustrate 4 fault
nose traps formed by fault line deflection in the Es1

L formation of the Dazhangtuo Fault, 2 each in
the middle and eastern end. The Dazhangtuo Fault is favorable for oil and gas migration except at
the eastern and western ends and the middle part of the fault. The fault-associated traps in the Es1

L

formation that are highly favorable for hydrocarbon migration and accumulation (overlapping site
of associated traps and favorable location for oil and gas migration) are distributed in the eastern
and central parts of the Dazhangtuo Fault. In contrast, those moderately favorable for hydrocarbon
migration and accumulation (associated trap at a certain distance from the favorable location for
oil and gas migration in the Dazhangtuo Fracture) are locally distributed in the east. Both traps are
conducive to accumulating hydrocarbons from the underlying source rock in the Es3 formation. Such
observations are consistent with the current confirmed hydrocarbon distribution, thus validating the
feasibility and accuracy of predicting the distribution of traps related to oil source faults favorable for
hydrocarbon migration and accumulation, it can be used to guide the exploration of the lower-source,
upper-storage type of hydrocarbon accumulations in the hydrocarbon-bearing basins.

Keywords: favorable for hydrocarbon migration and accumulation; oil source fault; associated trap;
Dazhangtuo Fault; Qikou Sag

1. Introduction

In the hydrocarbon-bearing basins, when the source rock is spaced from the reservoir
by multiple sets of mudstones, the oil and gas cannot be transported to the reservoir
through the pores, it can only be transported upward through the oil source fault (i.e.,
the faults that connect the source rock with the studied layer and are active during the
period of hydrocarbon accumulation), thus, the source rock it control the accumulation of
hydrocarbon [1,2]. Hydrocarbons are mainly gathered in the oil source fault-associated
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traps, mostly fault noses or blocks, to form hydrocarbon accumulations [3]. However,
practical exploration demonstrates that not all oil source fault-associated traps have oil
and gas, hydrocarbons only accumulate in traps that facilitate migration [4,5]. Therefore,
accurately detecting the oil source fault-associated traps that facilitate migration is crucial
to exploring oil and gas near oil source faults in the ‘lower-source, upper-storage’ type of
play in hydrocarbon-bearing basins.

Much research has been carried out by scholars on the associated traps of oil source
faults conducive to oil and gas accumulation, which is mainly based on the following three
priors: 1. The associated traps are formation in the vicinity of the oil source faults [6–9]. It
is believed that if the associated traps of oil source faults are developed, they can gather oil
and gas to form accumulations. The oil source fault-associated traps favor hydrocarbon
accumulation. 2. There are developed sand bodies in the oil source fault-associated
traps [10–12]. The oil source fracture-associated traps are believed to be favorable for oil
and gas accumulation only when the sand body is developed. 3. The oil source fault lateral
sealing [13–17]. It is believed that hydrocarbon can only accumulate in the traps when the
fault displays lateral sealing. The above three research directions are essential to deeply
understand the distribution laws of oil and gas shows near the ‘lower-source, upper-storage’
type of play in hydrocarbon-bearing basins and achieve efficient oil and gas exploration.
Traditional seismic interpretation techniques focus on converting various geophysical
information into lithology, hydrocarbon content and rock mechanical properties to infer
subsurface structures. However, this technique has many limitations, resulting in less
accurate interpretation results due to multiple interpretations of seismic data, seismic
wavelength limitations, incomplete imaging and other factors. In addition to this, due to
the limitations of people’s level of understanding and research methods, there is a lack of
geological theories to guide the identification of oil source fracture-associated enclosures,
resulting in the inaccurate understanding of the types of oil source fracture-associated
enclosures and their distribution sites. Furthermore, the lack of integration with the oil and
gas migration characteristics of the oil faults makes it unable to accurately predict the oil
source fault-associated traps conducive to oil and gas migration and accumulation in the
subsurface. It will produce inevitable risks in guiding oil and gas exploration. Therefore,
the research on the prediction of oil source fault-associated traps favorable for hydrocarbon
accumulation is crucial for an in-depth understanding of oil and gas accumulation near the
oil source faults in ‘lower-source, upper-storage’ type of play in the hydrocarbon-bearing
basins to have more efficient oil and gas exploration.

This study presents an analysis of the distribution pattern of the oil and gas of oil source
faults in hydrocarbon-bearing basins based on oil source fault associated traps. Utilizing the
drilling data to calculate the sand-to-shale ratio of the target the formation at the oil source
fault needed. Subsequently, the fault throw, the thickness of sedimentary layer and shale
content is obtained by logging data and seismic data. Determination of the contiguously
distributed sand bodies and the lateral sealing position of faults is accomplished by the
above methods. The two are used in conjunction with associated traps to predict traps that
are favourable for hydrocarbon migration and accumulation. This prediction method is
simple and practical, providing valuable guidance for the exploration of the lower-source,
upper-storage type of hydrocarbon accumulations in the hydrocarbon-bearing basins.

2. Geological Setting

Bohai Bay Basin is a large petroliferous basin in eastern China, covering an area of
about 20 × 104 km2 [18]. It is divided into 7 depressions by 4 uplifts, with the Huanghua
Depression located in the center (Figure 1a) [19]. The Qikou Sag is the largest sag in the
Huanghua Depression and is an intracontinental rift lake basin [20]. Due to multi-stage
tectonic movement, a large number of major faults were developed in the depression [18].
These faults include the Banqiao Fault, Dazhangtuo Fault, Nandagang Fault, and Gangdong
Fault (Figure 1b).
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The Dazhangtuo Fault is situated in the north of the Qikou Sag of the Bohai Bay
Basin, extending from the basement to near the surface. The fault is about 21.3 km long
and is a northeast-oriented normal fault. It dips towards the southeast with a dip angle
ranging from 55◦~62◦. The strata revealed in the Qikou Sag includes the Paleogene and the
Neogene Formation. The Paleogene strata are further divided into Kongdian, Shahejie, and
Dongying Formations, and the Neogene strata consist of the Guantao and Minghuazhen
Formations (Figure 2). The third and second members of Shahejie formation are composed
of dark gray mudstone and sandstone, respectively, and indicating a lacustrine deposition
environment. During the deposition of the first member of the Shahejie formation, the
depression was dominated by a lake delta carbonate platform, with mudstone, sandstone,
and limestone deposited [19]. Most of faults within the study area are connected with
source rocks of the 3rd member of the Shahejie formation or the 1st member of the Shahejie
formation, forming oil source faults. The most abundant oil and gas horizon is the lower
Shahejie sub-member, and the oil and gas are mostly derived from the underlying source
rock of the third Member of the Dazhangtuo Fault.
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3. Methods
3.1. The Trap Associated with Oil Source Fault Is Conducive to Oil and Gas Migration and
Accumulation

The oil source fault associated trap favorable for hydrocarbon accumulation is the
one that spatially overlaps with the favorite site of oil source fault for transporting oil and
gas. Oil and gas will accumulate in the oil source fault associated trap close to the favorite
transporting site of the conduit fault after the interception and migration of oil and gas
generated from the source rock by the fault. In this scenario, the trap favors hydrocarbon
migration and accumulation. In contrast, if the oil source fault associated trap is far away
from the favorable transporting site of the fault, the trap will not be valid for hydrocarbon
accumulation due to the lack of hydrocarbon input from the fault migration.

3.2. Prediction of Traps Associated with Oil Source Faults Conducive to Hydrocarbon Migration
and Accumulation

In predicting the oil source fault-associated traps favorable for oil and gas transporta-
tion, it is necessary to delineate the development location of oil source fault-associated
traps and the favorable sites of oil source faults for transporting oil and gas.

3.2.1. Prediction of the Development Site of Oil Source Fault-Associated Traps

To identify the development location of oil source fault-associated traps, we must first
understand the type of oil source fault-associated traps. As shown in the literature [21],
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there are three dominant types of oil source fault-associated traps: Displacement gradient
anticline trap, Fault line deflection anticline trap, and Cross-fault block trap. Figure 3 shows
the detailed development characteristics of the three types. Due to the difference in the
types of oil source fault-associated traps, the trap’ s formation mechanisms and develop-
ment locations also vary. Displacement gradient anticline traps are mainly developed in
the footwall of isolated coherent faults or the hanging and foot walls of the hard-linked seg-
mentally grown faults (Figure 3). Once the isolated coherent fault is formed, the fault length
remains the same while the fault throws increase. The Fault line deflection anticline trap is
primarily developed in the hanging wall of the isolated coherent or jointly developed fault
and at the convex location of the wave-like fault bend along the strike (Figure 3). Figure 3
also illustrates that cross-fault block traps are dominantly developed at the intersection of
two or more faults. As the formation mechanism and distribution of different associated
traps differ, their prediction methods also vary. The site of a displacement gradient anticline
traps can be determined by the minimum and maximum fault throw using the fault throw
displacement curve, as shown in Figure 3. The development site of fault line deflection
anticline traps can be determined by identifying the fault’s convex part on the fault plane’s
morphology map, as shown in Figure 3. The development site of the cross-fault block trap
is determined by the intersection of two or more faults on the structure map (Figure 3).

Processes 2024, 12, x FOR PEER REVIEW 5 of 14 
 

 

To identify the development location of oil source fault-associated traps, we must 
first understand the type of oil source fault-associated traps. As shown in the literature 
[21], there are three dominant types of oil source fault-associated traps: Displacement gra-
dient anticline trap, Fault line deflection anticline trap, and Cross-fault block trap. Figure 
3 shows the detailed development characteristics of the three types. Due to the difference 
in the types of oil source fault-associated traps, the trap’ s formation mechanisms and 
development locations also vary. Displacement gradient anticline traps are mainly devel-
oped in the footwall of isolated coherent faults or the hanging and foot walls of the hard-
linked segmentally grown faults (Figure 3). Once the isolated coherent fault is formed, the 
fault length remains the same while the fault throws increase. The Fault line deflection 
anticline trap is primarily developed in the hanging wall of the isolated coherent or jointly 
developed fault and at the convex location of the wave-like fault bend along the strike 
(Figure 3). Figure 3 also illustrates that cross-fault block traps are dominantly developed 
at the intersection of two or more faults. As the formation mechanism and distribution of 
different associated traps differ, their prediction methods also vary. The site of a displace-
ment gradient anticline traps can be determined by the minimum and maximum fault 
throw using the fault throw displacement curve, as shown in Figure 3. The development 
site of fault line deflection anticline traps can be determined by identifying the fault’s con-
vex part on the fault plane’s morphology map, as shown in Figure 3. The development 
site of the cross-fault block trap is determined by the intersection of two or more faults on 
the structure map (Figure 3). 

 
Figure 3. Schematic diagram of trap types and developmental characteristics associated with faults. Figure 3. Schematic diagram of trap types and developmental characteristics associated with faults.



Processes 2024, 12, 1609 6 of 14

The development of the sand body and the lateral sealing properties of the fault
also influences the hydrocarbon trapping capabilities of these fault-associated traps. The
fault-associated traps can only trap oil and gas with developed sands and lateral fault seals.
The sand-to-shale ratio of the target the formation at the oil source fault needed for the
prediction is available from the drilling data. The position of contiguously distributed sand
bodies in the target formation is determined by the prediction method described in the
literature [22,23] (Figure 4b). The sand-to-shale ration of the formation at fault needed
for the prediction is available from the drilling data. In predicting the seal part of the oil
source fault in the target formation, the fault throw of oil source faults within the target
formation, the thickness of the sedimentary layer displaced by the oil source fault, and
the shale content are three fundamental input values obtained from drilling and seismic
data. The shale content of the oil source fault within the target formation is obtained after
applying the related method detailed in the literature [24]. Afterward, the sites of fault
forming a lateral seal in the target formation are determined using the study method of
fault lateral seal described in the literature [15,25]. The shale content of the oil source
fault in the target formation is obtained after applying the related method detailed in the
literature [24]. Figure 4c demonstrates the prediction process.
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3.2.2. Prediction of the Favorable Sites for Oil Source Fault Transporting Oil and Gas

To determine the favorable sites for the oil source fault transporting oil and gas, it is
necessary to identify the location of the development of the trap associated with the oil
source fault, the development of fractures associated with faults is influenced by the speed
of their activity (which can be expressed in terms of activity rate), the higher the activity
rate, the more developed the associated faults are conversely, it is undeveloped. We use
seismic data to split the faulted sedimentary layers in the target formation into different
types. Then, we locate the oil source faults that connect the source rock and target layers
and are active during the oil and gas generation period. The present-day fault throw of the
oil source fault in the corresponding layer (target layer) is obtained from seismic data. We
use the maximum fault throw subtraction method [26,27] to derive the paleo fault throw
during the hydrocarbon formation period. Afterward, the paleo fault throw is divided by
the period of active faulting to get the paleo activity rate of the oil source fault (Figure 5).
The minimum activity rate required for the oil source fault to transport hydrocarbons can
be determined by determining the paleo activity rate of the oil source faults at known
well sites in the study area with hydrocarbon presence in the corresponding layers (target
layers). Based on this, we can get the minimum paleo activity rate of the faults near the oil
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and gas distributied area [17], as shown in Figure 3. Furthermore, the favorable transport
sites of the oil source fault can be determined by comparing the minimum activity rate
required for the fault to transport hydrocarbon with the paleo activity rate of the oil source
fault [28], as shown in Figure 5.
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By superimposing the delineated development locations of the oil source fault associ-
ated trap and the favorable hydrocarbon transport sites of the oil source fault and taking
the coupling part of the two, we can identify the positions of the oil source fault associated
trap that is beneficial to the oil and gas migration and accumulation.

4. Results and Discussion

Based on the prediction results in the previous section, we found that traps developed
in the lower first member of the Shahejie formation (Es1

L) associated with the Dazhangtuo
Fault that are favorable for oil and gas migration and accumulation. Afterward, the relation-
ship between the prediction results and the current oil and gas show in the Es1

L formation
near the Dazhangtuo Fault is compared. The high agreement in distribution between the
two proves the accuracy of this study in predicting the oil source fault-associated traps that
are favorable for oil and gas migration and accumulation.

The Dazhangtuo Fault connects the underlying Es3 source rock and the target Es1
L

formation. It is active during the period forming hydrocarbon accumulation, which is the
middle and late deposition period of the Minghuazhen formation [29]. Therefore, it is
the oil source fault for the Es1

L formation. Figure 6 displays that the current oil and gas
show in the Es1

L formation near the Dazhangtuo Fault is located in the fault’s eastern and
central parts, with relatively more distribution in the eastern part than the central part. The
traps mainly influence this in the Es1

L formation associated with it, that are conducive to
oil and gas migration and accumulation. Therefore, predicting such associated traps that
are favorable for oil and gas accumulation is essential for oil and gas exploration in the
Es1

L formation.
We used 3D seismic data to obtain the fault throw displacement curve of the Dazhang-

tuo Fault (Figure 7). Figure 7 illustrates that it is developed following the isolated coherent
growth mechanism. The fault-associated trap belongs to the fault line deflection anticline
trap type. The seismic-related data were used to trace the burial depth of the fault plane at
different horizons. Afterward, the stratigraphic paleo burial depth recovery method [30]
is used to recover the paleo burial depth of the fault surface during the hydrocarbon
formation period (middle and late deposition of the Minghuazhen formation [29]) and
build the related distribution map of the fault plane (Figure 8). The Dazhangtuo Fault
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has four fault line deflections in the Es1
L formation that produced four fault nose traps

distributed in the centre and east. Figure 9 shows that, except for the western and eastern
ends of it, the sand-to-shale ratio of the Es1

L formation is all above the minimum value of
the sand-to-shale ratio required for the sand body to connect in the formation (i.e., 15%).
Therefore, all of these positions have a contiguous distribution of sand bodies. Figure 10
demonstrates that, except for the western part of it, the shale content of fault rocks within
the Es1

L formation is greater than the minimum value of the shale content required for the
fault to laterally seal oil and gas (i.e., 27%), forming a valid lateral seal.
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By superimposing the development characteristics of the associated traps of the
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sealing location of the fault, we can determine the associated traps of the Dazhangtuo Fault
in the Es1
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The seismic data is used to measure the fault throw of the Dazhangtuo Fault in the
Es1

L formation. Then, the maximum distance subtraction method [26,27] is utilized to
recover the paleo fault throw during the period of hydrocarbon generation, which is the
middle and late stages of the Minghuazhen deposition [29]. Dividing the paleo fault throw
by the period with active faulting, the paleo activity rate of the Dazhangtuo Fault at that
time was solved, as shown in Figure 12. Figure 12 shows that the paleo activity rate of the
Dazhangtuo Fault is relatively large in the middle, with a gradual decrease towards the
east and west. The minimum paleo activity rate decreases to less than 2 m/Ma at the east
and west ends of the fault. The favorable location of the Dazhangtuo Fault for oil and gas
migration is also displayed in Figure 12. All parts of the Dazhangtuo Fault are favorable for
oil and gas migration, except for the fault’s eastern ends, central parts, and western ends.
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By superimposing the locations of the traps associated with the Dazhangtuo Fault in
the Es1

L formation and the favorable sites for oil and gas migration, we can determine the
associated traps of the Dazhangtuo Fault in the Es1

L formation that are favorable for oil
and gas migration and accumulation. Figure 6 illustrates that the traps highly favorable to
oil and gas migration and accumulation are mainly distributed in the eastern and central
parts of the fault. In contrast, the traps moderately favorable for oil and gas migration are
in the eastern part of the Dazhangtuo Fault.

Figure 6 shows that the current oil and gas in the Es1
L formation near the Dazhangtuo

Fault are mainly in its eastern and central parts, with the most oil and gas distributed
in the eastern part. It is precisely distributed in and near the Es1

L formation associated
with the traps of the Dazhangtuo Fault, which is conducive to oil and gas accumulation.
Only at these positions can the oil and gas generated from the underlying Es3 source rocks
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migrate through the favorable transport sites of the Dazhangtuo Fault toward the overlying
Es1

L formation and accumulate in the fault-associated traps. As a result, oil and gas are
discovered at the traps by drilling.

5. Conclusions

1. The oil source fault-associated trap favorable for oil and gas migration and accumula-
tion refers to the coupling between the location of a oil source fault-associated trap and
the favorable transport sites of oil and gas. The development degree of such traps is
positively correlated with the amounts of oil and gas that migrated and accumulated
in the traps.

2. The location of fault-associated traps, contiguous sand distribution locations, and
the positions of faults with the lateral seal are described in turn. By integrating the
results with the favorable transport sites of oil source fault, we can locate the oil
source fault-associated traps favorable for hydrocarbon migration. Our case study
has proven the accuracy of the prodiction of oil source fault-associated traps favorable
for oil and gas migration and accumulation.

3. The Dazhangtuo Fault in the northern part of the Qikou Depression in the Bohai
Bay Basin has four fracture line deflections in the Es1

L formation that are distributed
in the central and eastern parts. Three of these are located in the central part are
associated enclosures that are most favorable for oil and gas migration and accumula-
tion (overlapping site of associated traps and favorable location for hydrocarbons to
accumulate), while the other is a moderately favorable one (associated trap at a certain
distance from the favorable location for oil and gas migration in the Dazhangtuo Frac-
ture) are located in the eastern part. These traps are conducive to the accumulation of
the hydrocarbon generated from the underlying Es3 source rock, which is consistent
with the current oil and gas show near the Dazhangtuo Fault.

4. This study is targeted chiefly at predicting the associated traps of oil source faults
in siliciclastic hydrocarbon-bearing basins favorable for oil and gas migration and
accumulation; it can be used to guide the exploration of the lower-source, upper-
storage type of hydrocarbon accumulations in hydrocarbon-bearing basins.
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