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Favorable oil and gas channels during fault activity and cease episodes were determined to
understand oil and gas distribution in reservoirs of “lower generation, upper
accumulation”-type near faults in petroliferous basins through identifying and coupling
conduit systems and hydrocarbon expulsion distribution during these periods,
respectively. It was used to establish a method to identify the evolution patterns of
favorable oil-gas charging positions at source fault configurations, which was applied
to understand the evolution of favorable oil and gas channels in the middle and lower Es-3
sub-member in the southwest of the Jiuzhou fault. The results show that the conduit
pattern in the Es-3 sub-member is mainly distributed in the center, west, and east of the F1
fault and the eastern part of the F7 fault in the southwest of the Jiuzhou fault. The conduit to
non-conduit pattern is mainly distributed in the middle and center of the F7 fault. The non-
conduit to conduit pattern is mainly distributed in the west and east of the F1 fault and the
east of the F7 fault. The non-conduit is mainly distributed in the middle and east of the F7
fault. The conduit pattern and conduit to non-conduit pattern in the middle and lower Es-3
sub-member are favorable for hydrocarbon migration and accumulation. It is consistent
with the oil and gas discovered in the middle and lower Es-3 sub-member near the
southwest of the Jiuzhou fault, indicating that this method is feasible to identify the
favorable oil and gas channels at source fault configurations.

Keywords: source fault configuration, conducting oil and gas, favorable channels, evolution pattern, identification
method

INTRODUCTION

The oil and gas exploration practices show that oil-source faults play an important role in
controlling the reservoir of “lower generation, upper accumulation” type in petroliferous
basins, while some sub-units of faults have no occurrence of oil and gas migration (Tong-wen
et al., 2014; Xinlei and Guang, 2014; Yanfang et al., 2014; Bowei et al., 2017; Fu and Wang,
2018; Guang et al., 2018). Hence, the development of favorable conduit systems at source fault
configurations is one of the important elements to govern oil and gas accumulation and
distribution. Accurately identifying the evolution patterns of favorable conduit systems at
source fault configurations is important to deeply understand oil and gas distribution near oil-
source faults in petroliferous basins and guide oil and gas exploration.
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FIGURE 1 | Schematic diagram of evolution form of favorable position for transporting oil and gas with source-fault configuration.

Considerable research studies have been performed on the
favorable positions of source fault configurations for oil and gas
migration. In terms of favorable parts during fault activity episodes,
previous researchers believed that they were primarily located within
hydrocarbon expulsion from source rocks (Xiaolong et al, 2017;
Xinhuai et al., 2009; Tongwen et al., 2012; Xinbing et al., 2012; Gui-pu
et al,, 2017; Fu et al, 2021). Currently, research studies on favorable
positions during fault cease episodes are mainly based on the spatial
coupling of convex ridge and hydrocarbon expulsion (Hao-ran, 2016;
Jungiao et al,, 2017; Jianmin et al., 2019; Junpei et al,, 2020). The earlier
results play a significant role in correctly understanding the
distribution law of oil and gas near oil-source faults in
petroliferous basins.

However, our limited understanding and research approaches only
allow us to separately identify favorable positions during fault activity
and cease episodes. Currently, the evolution patterns of conduit
systems and their identification methods are poorly investigated
because of some problems. These problems make current research
studies difficult to accurately predict oil and gas distribution near oil-
source faults and bring risks to oil and gas exploration. Therefore,
identifying the evolution patterns of favorable conduit systems at
source fault configurations is of great significance for correctly
understanding oil and gas distribution near oil-source faults.

FAVORABLE POSITIONS AND EVOLUTION
PATTERNS OF CONDUIT SYSTEMS AT
SOURCE FAULT CONFIGURATIONS

Oil-source faults can migrate oil and gas during activity periods
because they not only connect source rocks and target intervals
but also remain open during oil and gas charging. More
importantly, its associated fractures have relatively high
porosity and permeability compared with matrix rocks, which
are the dominant channels for oil and gas migration. Therefore,
oil-source-associated fractures within hydrocarbon expulsion are
the favorable positions for oil and gas accumulation during fault
activity periods (Figure 1A). Associated fractures are tightly
closed due to the overlying sedimentary load and regional
pressure during fault cease episodes, losing their ability to
migrate oil and gas. However, these fractures are commonly
filled, where only positions with relatively high porosity and
permeability can be used as oil and gas channels. The porosity
and permeability of fractures primarily vary with the shale
content, decreasing with the increasing shale content. It can be
concluded that the favorable positions for oil and gas migration
during fault cease episodes are the lowly filled positions within
hydrocarbon expulsion (Figure 1B).
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FIGURE 2 | Schematic diagram of determining favorable positions for oil source faults to transport oil and gas in active period.
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FIGURE 3 | Schematic diagram of determining favorable positions for transporting oil and gas by source-fault configuration during fault active period.

Four main evolution patterns of favorable oil and gas channels at
source fault configuration are concluded via coupling favorable
conduit systems during fault activity and cease episodes. The first
is the conduit pattern, that is, the source fault configuration is
completely favorable for oil and gas migration during fault activity
and cease episodes, which is most conducive to oil and gas migration
and accumulation (@ in Figure 1C). The second is the conduit to
non-conduit pattern, that is, the source fault configuration is
favorable for migrating oil and gas during the fault activity
period, while it is negative for oil and gas migration during

fault cease episodes. This pattern can be contributive to oil and
gas migration and accumulation (® in Figure 1C). The third is
the non-conduit to conduit pattern, where source fault
configuration is not favorable for oil and gas migration
during the fault activity period, but it is favorable for oil and
gas charging during the fault cease period. This pattern is not
conducive to oil and gas migration and accumulation (® in
Figure 1C). The last one is the non-conduit pattern, where
source fault configuration is not favorable for migrating oil and
gas during fault activity and cease periods, which is most
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FIGURE 4 | Schematic diagram of determining the favorable position for oil source fault to transport oil and gas after stopping activity.
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FIGURE 5 | Schematic diagram of determining the favorable position of the source fault configuration to transport oil and gas after the fault ceases to be active.

unfavorable for oil and gas migration and accumulation (@ in
Figure 1C).

IDENTIFICATION METHOD OF EVOLUTION
PATTERNS OF FAVORABLE CONDUIT
SYSTEMS AT SOURCE FAULT
CONFIGURATION

Determining favorable positions for oil and gas migration during fault
activity and cease episodes are essential to identify their evolution
patterns. Favorable positions of conduit systems and distribution of
hydrocarbon expulsion during fault activity episodes are necessary to

be determined, since their coupling positions are favorable for oil and
gas migration during this period.

In this study, current displacements of oil-source faults at
target intervals are acquired using three-dimensional seismic
data. Ancient displacements during fault active periods are
restored using the maximum fault distance subtraction
method, and then they are divided by active periods to obtain
the ancient activity rate (Roman et al., 1998; Rongcai et al., 2003).
Figure 2 shows the relationship between the determined
paleoactivity rate of oil-source faults at known well points and
their nearby oil and gas shows. The minimum paleoactivity rate at
the oil and gas display is selected as the minimum value required
for oil and gas migration along oil-source faults, because their
associated fractures can only migrate oil and gas into reservoirs,
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FIGURE 6 | Petroleum distribution relationship between the southwest of Jiuzhou fault and the middle and lower sub-member of Es3.
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FIGURE 7 | In the southwest part of the Jiuzhou fault, the internal source fault is configured to transport oil and gas in the middle and lower sub-member of Es3.

developing oil and gas pools, when the paleoactivity rate is higher
than the minimum value (Guang et al., 2018). The favorable conduit
systems during fault active periods can be determined with
paleoactivity rates determined previously and the minimum

activity rate required for oil and gas migration (Figure 3A).
Hydrocarbon expulsion threshold of the source rock can be
determined by the method proposed by Xionggi et al. (2004),
and the distribution of expelled hydrocarbon can be determined
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based on the relationship between the thermal maturity of the source
rock and buried depth (Figure 3B). Consequently, the favorable
positions for oil and gas migration during the fault activity period
can be identified by superimposing favorable conduit systems and
hydrocarbon expulsion distribution (Figure 3C).

Similarly, favorable conduit systems and hydrocarbon expulsion
distribution during fault cease episodes should be determined and
superimposed to identify favorable oil and gas channels at the source
fault configuration during these periods. The shale content of the fault
filler at different positions can be calculated using Eq. 1 (Figure 4),
while oil-source fault displacements in target reservoirs, interval
thickness, and shale content can be acquired using drilling and
seismic data. The relationship between the shale content of filling
at oil-source faults and nearby oil and gas shows in the study area is
statistically analyzed in this study. The minimum shale content is
assumed as the maximum value required for conduit systems, which
can allow oil and gas to migrate into the reservoir. Comparing the
determined shale content in the oil-source fault filler with the
maximum value, we can identify the favorable positions of oil-
source faults to migrate oil and gas during fault cease periods
(Figure 4). Favorable oil and gas migration positions during fault
cease periods can be figured out by superimposing the identified

favorable positions with hydrocarbon expulsion distribution
(Figure 5).
_ X HiR

Ry I

) 1

where Rf is the shale content of fractured rock, %; Hi is the
thickness of certain fractured strata, m; Ri is the shale content of
certain fractured strata, %; n, the number of fractured strata; and
L, the fault displacement, m.

Consequently, the evolution pattern of oil and gas channels at
source fault configuration can be identified by superimposing the
determined favorable positions during fault activity and cease
episodes (Figure 1C).

APPLICATION AND DISCUSSION

The middle and lower Sha-3 sub-member at the southwest of the
Jiuzhou fault in the Daliuquan area in the Bohai Bay Basin are
employed as an example to identify the evolution patterns of
favorable oil and gas channels in the source fault configurations.
The oil and gas discovered in the middle and lower Sha-3 sub-
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FIGURE 9 | The mapping of the favorable position of the source and fault configuration for transporting oil and gas in the southwest of the Jiuzhou fault in the middle

member in the southwest of the Jiuzhou fault is used to verify the
feasibility of the method.

The Daliuquan area in the middle of Langgu sag is an
important oil and gas exploration target. The Paleogene is
mainly filled by the Kongdian Formation, Shahejie Formation,
and Dongying Formation. The Neogene mainly includes the
Guantao Formation and Minghuazhen Formation, with thin
quaternary sequences. Currently, oil and gas are mainly
discovered in the middle and lower Sha-3 sub-member, which
was mainly derived from the underlying Sha-4 member. Hence, it
is regarded as a typical “lower generation, upper accumulation”-
type reservoir. The Jiuzhou fault in the middle of the
Daliuquan area is an NNE-trending normal fault, which is

composed of F1 and F7 faults in the southwest (Figure 6). It is
a large-scale fault extending from the Sha-4 member to the
bottom of the Guantao Formation, which connects the Sha-4
source rock and the middle and lower Sha-3 sub-member in
the southwest. It was active during oil and gas expulsion in the
Sha-2 period, acting as oil-source faults for the middle and
lower Sha-3 sub-member (Jungiao, 2018). Figure 6 shows that
oil and gas discovered in the middle and lower Sha-3 sub-
member near the southwest of the Jiuzhou fault is mainly
distributed in the west and east of the F7 fault as well as in the
center of the F1 fault. Consequently, the evolution of favorable
oil and gas channels at source fault configurations is critical for
the oil and gas distribution, and it is important to accurately
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FIGURE 10 | The map of the favorable position of the source and fault configuration for transporting oil and gas in the southwest of the Jiuzhou fault after the fault

ceases to be active in the middle and lower sub-member of Es3.

identify the evolution patterns of these favorable channels in
the middle and lower Sha-3 sub-member near the southwest of
the Jiuzhou fault.

3D seismic data are used in this study to acquire current
displacement at the southwest of the Jiuzhou fault in the middle
and lower Sha-3 sub-member. Figure 7A shows that the middle-
west and east of the F7 fault and the east of the F1 fault have
relatively large ancient displacements. The cross plot of the
paleoactivity rate of oil-source faults in the middle and lower
Sha-3 sub-member and oil and gas shows in the Daliuquan area
(Figure 8A) suggests that the minimum activity rate required to

migrate oil and gas is about 10 m/Ma, which can be used to
identify favorable positions for oil and gas migration. Figure 9A
shows that the favorable conduits at the southwest of the Jiuzhou
fault are primarily developed in the middle-west and east of the
F7 fault and the east of the F1 fault.

The hydrocarbon expulsion threshold determination suggests
that the hydrocarbon expulsion of the Sha-4 source rocks
occurred at about 3,280 m in the Daliuquan area, and expelled
hydrocarbon from the Sha-4 source rock was mainly distributed
in the southwest of the Jiuzhou fault (Figure 9B). The favorable
channels determined earlier are superimposed with the
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hydrocarbon expulsion distribution to identify favorable
positions for oil and gas migration during the fault activity
period, where the middle and lower Sha-3 sub-member was
located at the favorable position (Figure 9C), distributed in
the middle-west and east of the F7 fault and the middle and
east of the FI1 fault.

The drilling and seismic data are used to acquire
displacements in the middle and lower Sha-3 sub-member in
the southwest of the Jiuzhou fault, interval thickness, and shale
content. Shale contents of filling in the middle and lower Sha-3
sub-member in the southwest of the Jiuzhou fault are calculated
using Eq. 1. Figure 7B shows that the shale content is relatively
high in the center and west of the F7 fault and the east and west of
the F1 fault. The minimum shale content (Figure 8B) required
for sealing in the middle and lower Sha-3 sub-member is about
29%. Therefore, the favorable positions for oil and gas migration
in the lower middle Sha-3 sub-member in the southwest of the
Jiuzhou fault during fault cease periods can be identified.
Figure 10A shows that the favorable parts for oil and gas
migrations during fault cease periods were mainly distributed
in the east of the F7 fault and the F1 fault.

The favorable oil and gas channels in the middle and lower
Sha-3 sub-member during fault cease periods are superimposed
with the distribution of hydrocarbon expulsion in the southwest
of the Jiuzhou fault, which was located in the east of the F7 fault
and the F1 fault (Figure 10B). The evolution pattern of favorable
conduits at source fault configurations can be identified through
combining these channels during fault active periods and cease
periods. The conduit pattern in source fault configuration is
mainly distributed in the east of the F7 fault and the center,
west, and east of the F1 fault (® in Figure 11). The second
pattern is mainly distributed in the middle-west and center of the
F7 fault (@ in Figure 11). The third pattern is mainly distributed

in the east of the F7 fault and the west and east of the F1 fault (®
in Figure 11). The fourth pattern is mainly distributed in the
middle and east of the F7 fault (® in Figure 11).

The oil and gas generated by the Es-4 source rocks migrated
and accumulated at the middle and lower Es-3 sub-member via
the first and second evolution patterns during fault activity
periods, which can well explain the oil and gas discovered in
the middle-west of the F7 fault and the middle-west of the F1 fault
(Figure 11).

SUMMARY AND CONCLUSION

(1) The evolution patterns of favorable oil and gas channels at
source fault configurations refer to the coupling of conduit
systems at source fault configurations during fault activity
and cease periods. It can be divided into four patterns. The
first, the conduit pattern, is defined as favorable conduit
systems during both fault active periods and cease periods,
which is most conducive to oil and gas migration and
accumulation. The second is the conduit to non-conduit
pattern, where the source fault configurations are a
favorable oil and gas channels during the fault activity
period, but is negative for oil and gas migration during fault
cease periods, which can contribute to oil and gas migration
and accumulation. The third pattern is the non-conduit to
conduit pattern, where source fault configuration cannot act as
the oil and gas migration channel during fault activity periods,
but can contribute to oil and gas migration during fault cease
periods, which also can make contribution to oil and gas
migration and accumulation. The fourth is the non-conduit
pattern during fault activity and cease periods, which is
unfavorable for oil and gas migration and accumulation.
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(2) Favorable conduit systems and the hydrocarbon expulsion
distribution during fault active and cease periods are
determined to identify favorable positions for oil and gas
migration, respectively. Consequently, the identification
method of favorable channel evolution at source fault
configurations is established, whose feasibility is confirmed
by the application.

(3) The conduit pattern in the middle and lower Sha-3 sub-
member in the southwest of the Jiuzhou fault in the
Daliuquan area, Bohai Bay Basin, is mainly distributed in
the east of the F7 fault and the center, west, and east of the F1
fault. It was positive for the migration of oil and gas from the
Es-4 source rock to the middle and lower Es-3 sub-member.
The conduit to non-conduit pattern is mainly distributed in
the center and west of the F7 fault, which could contribute to
the oil and gas migration and accumulation. The non-
conduit to conduit pattern is mainly distributed in the
eastern part of the F7 fault and the western and eastern
parts of the F1 fault, which was negative for oil and gas
migration and accumulation. The non-conduit pattern is
mainly distributed in the middle and eastern terminals of
the F7 fault, which was unfavorable for the oil and gas
migration and accumulation. The results are consistent
with oil and gas discovered near the southwest of the
Jiuzhou fault.

(4) The earlier identification method can be applicable to identify
the evolution patterns of favorable channels for hydrocarbon
pools of “lower generation, upper accumulation” type in
petroliferous basins.
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