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The change of motion mode of multistage active strike-slip faults controls the segmentary
types of strike-slip faults, which is seldom studied.Based on high-precision 3D seismic
data and the principle of structural analysis, this paper defines the structural evolution
characteristics of the tp12cx strike-slip fault in the key structural period and identifies the
fault segmentation types. Combined with the statistical results of drilling production data
and fault width, and fault width, it is demonstrated that different fault segments display
various reservoir architecture and hydrocarbon potential. The tp12cx strike-slip fault
experienced two phases of tectonic activity controlling reservoir development: the
middle Caledonian and the late Caledonian to early Hercynian. During the middle
Caledonian period, a left-lateral and left-step strike-slip fault was formed. The
overlapping segments of the left steps were transtension zones, and the rest were
pure strike-slip segments. From the late Caledonian to the early Hercynian, the
movement mode changed from left-lateral to right-lateral, and the arrangement of left
steps remained unchanged, forming right-lateral and left-step strike-slip faults. That is, as a
weak zone, the transtension zones of all the preexisting overlapping segments took the
lead in moving into many pure strike-slip segments and maintained the transtensional
property. During the right-lateral slipping process of all the original pure strike-slip
segments along the fault, they were blocked and squeezed by the surrounding rocks
on both sides, forming a series of “positive” flower-shaped fault anticlines, which became
overlapping segments, and the fault property became transpressional. Under the
continuous action of the right-lateral slipping, a regional right-lateral and right-step
strike slip fault formed. The interiors of the right-step-arranged faults were composed
of the left-step arranged faults. Among them, the right-step overlapping segments were
weakly step overlapping segments were weakly transtensional, and the larger the fault
width of the internal left step pure strike slip and overlapping segments, the stronger the
dissolution. The deformation of the right-step pure strike-slip segments was weak and
basically maintained the characteristics of the previous stage. According to the evolution
and superposition of pure strike-slipped and overlapped segments and the changes in
fault properties, four types of strike-slip fault segments and corresponding reservoir
models are divided. Type I: left-step pure strike-slip segment + left-step
transpressional segment + right-step transtensional segment; Type II: left-step
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transtensional segment + left-step pure strike-slip segment + right-step transtensional
segment; Type III: left-step pure strike-slip segment + left-step transpressional segment;
and Type IV: left-step transtensional segment + left-step pure strike-slip segment. The fault
width and oil production of type II and type IV with transtensional properties are much
larger than those of type I and type III with transpressional properties.

Keywords: strike-slip fault, structural evolution, fault segment type, movement mode, reservoir mode

INTRODUCTION

Petroleum exploration in the Tabei Tazhong area of the Tarim
Basin in China shows that strike-slip faults not only are important
oil migration pathways but also play an important role in
controlling the development of fractured vuggy reservoirs in
carbonate karst and hydrocarbon accumulation (Deng et al.,
2018; Lu et al., 2018; Qiu et al., 2019; Deng et al., 2021; Zhang
et al., 2021). The control of carbonate reservoirs by strike-slip
faults is mainly reflected in the following aspects: first, fault
activity creates a certain range of fracture zones, and many
fractures near the fault surface improve reservoir quality
(Stefanov and Bakeev, 2014; Lu et al., 2017; Ramadhan et al.,
2018; Neng et al., 2018; Zhao et al., 2020; Jiang et al., 2020).
second, the network channel formed by faults is conducive to
atmospheric freshwater leaching and deep hydrothermal fluid
corrosion transformation of the fracture network and
surrounding rock, thus forming a large number of corrosion
holes (Lu et al., 2017; Yin et al., 2019; Yin et al., 2018b; Li et al.,
2019; Li et al., 2020; Li, 2022). A strong-amplitude seismic
reflection anomaly is well matched with the fault development
area, which indicates that the fault transformation area is the
dominant area for the development of dissolution pores (Li et al.,
2020; Zhao et al., 2020). A strike-slip fault is composed of
multiple pure strike-slip segments and overlapping segments,
which can be divided into two types: transpressional and
transtensional (Yin et al., 2019; Yin et al., 2020). The left-step
overlapping segments of a left-lateral strike-slip fault or the right-
step overlapping segments of a right-lateral strike-slip fault are in
a state of transtensional stress and develop tension and fault
depressions. the right-step segments of a left-lateral strike-slip
fault or the left-step segments of a right-lateral strike-slip fault are
in a state of compressive stress and develop transpression and
fault uplift (Aydin and Nur, 1985; Wang et al., 1999; Mcclay et al.,
2001; Cunningham et al., 2007). An transtensional fault has an
oblivious effect on fluid migration. In particular, a strike-slip fault
overlapping a transtensional segment reservoir is well developed,
and oil are enriched (Stefanov and Bakeev, 2014; Deng et al., 2020;
Fan et al., 2020). The segmentation of strike-slip faults is of great
importance to the deployment of development plans, the
construction of well patterns and the selection of drilling
technology (Lu et al., 2017; Qie et al., 2021; Shan et al., 2021).

In addition to the differences between structural styles and stress
states, the relationship between faults and reservoirs is also
considered (Li et al., 2018; Ma et al., 2019; Li et al., 2021; Yin
et al., 2019; Yin et al., 2020; Zhou et al., 2022). However, due to the
vertical dip angle, small fault distance and narrow deformation zone

of a small-scale strike-slip fault, it is difficult to restore the fault style
and evolution characteristics of each stage due to the high degree of
fracturing in the narrow fault zone, complex structure and accuracy
of seismic data identification (He et al., 2020; Zheng et al., 2020;
Chen et al., 2021; Zhao et al., 2021; Lan et al., 2021; Zhu et al., 2022;
Liu et al., 2022). Changes in the stress state and movement mode of
multistage strike-slip faults lead to changes in the fault style, nature,
width and quantity (de Joussineau and Aydin, 2007; Mitchell et al.,
2009; Kim et al., 2003; Chemenda et al., 2016; Davis et al., 2000;
Dooley et al., 2012; Swanson, 2005; Yin and Ding, 2019) and control
the reservoir scale and distribution. In the Tabei area, a NE strike-slip
fault in the oil enrichment zone has not yet been restored, and the
pattern of changes in structural style and its reservoir control
function in the key structural period have not been determined.
This would be helpful to the further study and understanding of the
mechanism of multistage strike-slip faults controlling reservoirs in
the Tabei area. The changes in structural style and reservoir control
during the key structural period of NE strike-slip fault restoration in
the oil enrichment zone in the Tabei area need to be further studied.

In this paper, using high-precision 3D seismic data and structural
analysis methods, the NE-trending tp12cx strike-slip fault in the Tabei
area is optimized. Combining this information with the regional
geological background, the changes in the fault movement mode
and structural style in the key tectonic period are reconstructed,
and the fault genetic segmentation types are established. The fault
properties, width, reservoir development scale, oil production, analysis
of reservoir control, and reservoir control are determined. An oil
enrichment model corresponding to the genetic segment types of the
tp12cx strike-slip fault is established. This study is expected to provide a
certain guiding importance for the exploration and development of
karst fracture cave reservoirs related to strike-slip faults.

GEOLOGICAL SETTINGS

The large NE-trending tp12cx strike-slip fault is located in the Tabei
uplift of the Tarim Basin (Figure 1). The planar length of the 3D
seismic study area is 67 km (actually more than 88 km), and NW-
trending strike-slip faults form multiple groups of “X”-type
conjugate faults in map view. By the end of 2020, the fault zone
had accumulated oil production of 12.64 million tons, accumulated
water production of 1.31 million tons, and average oil production of
a single well of 87000 tons. This area is one of the most important oil
production reservoirs in theMiddle and LowerOrdovician. Its burial
depth is more than 6000m, indicating deep-ultradeep oil
exploration. The strata in the study area are well developed,
including the Sinian, Cambrian, Ordovician, Silurian, Devonian,
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Carboniferous, Permian, Triassic, Jurassic, Cretaceous, Paleogene,
Neogene and Quaternary systems. The Ordovician system can be
subdivided into the upper Sangtamu Formation (O3s), Lianglitage
Formation (O3l) and Qiarbak Formation (O3q) from top to bottom.
The middle Yijianfang Formation (O2yj), the middle to lower
Yingshan Formation (O1-2y), and the lower Ordovician Penglaiba
Formation (O1p). From south to north, the SangtamuFormation and
Lianglitage Formation were eroded and pinched out (Figure 2).

The study area underwent multiple main tectonic episodes,
including the middle to late Caledonian, early Hercynian, late
Hercynian, Indosinian, Yanshanian and Himalayan movements
(Chen et al., 2019; He et al., 2013; Zhang et al., 2011a; Wu et al.,
2020; Wu et al., 2016). The tp12cx fault experienced multistage
tectonic movements and continued to move, retaining the signs of
each stage of movement. Thus, the tp12cx fault is representative for
studying the structural characteristics of each stage in the evolution
of strike-slip faults in the Tarim Basin. Since the strike-slip fault zone
played an important role in controlling the development of the
Ordovician karst reservoir and hydrocarbon accumulation from the
middle Caledonian to the early Hercynian period, this paper mainly
discusses the segmentation characteristics of the strike-slip fault from
the middle Caledonian to the early Hercynian and its control on
hydrocarbon accumulation.

DATA AND METHODS

The data used in this paper include high-precision 3D seismic
volume data, drilling logging data distributed along the fault
zone, and drilling production data. The 3D seismic data are
high-precision prestack depth migration data processed in Tahe

in 2020, with a total stacking area of 1600 km2, bin of 15 m × 15m,
sampling rate of 1 m, and two-way travel time of 7 s. Drilling logging
data are used to identify the seismic horizon, drilling vent and
leakage segment to demarcate the fault boundary, and drilling
production data are used to analyze the oil enrichment pattern.

The research ideas andmethods are as follows: 1) Combined with
the changes in the movement mode of the tp12cx strike-slip fault
caused by regional stress changes, the structural evolution
characteristics of the top of the Ordovician Yingshan Formation
in the key structural period of the tp12cx strike-slip fault are restored.
Based on the segmentation of the tp12cx strike-slip fault, the fault
genetic segmentation types under the changes in movement mode
are divided (Zhang et al., 2011b; Wu et al., 2016; Wu et al., 2020). 2)
The width of each fault zone and drilling production of the tp12cx
strike-slip fault are counted to verify the rationality of the genetic
segmentation type. The distribution of strike-slip faults in key
structural layers can be identified by the properties of coherence,
tensor and dip angle. Since the northern part of tp12cx fault is a
buried hill area jointly controlled by paleogeomorphology and faults,
the role of fault in controlling reservoir is weakened compared with
the southern covering area; thus, the width and nature of the fault
zone in the fault-controlled karst area only in the southern part of the
tp12cx fault are assessed. Among the faults, the top fault in the
Ordovician Yingshan Formation dolomitic limestone (seismic
reflection group T7

6) is used to calculate the width of the fault
zone to avoid the illusion of widening of the fault zone caused by
dissolution. The width of the fault zone is determined by the ratio of
the area of the fault zone to the approximate length of the fault zone.
3) The relationship between the genetic segmentation type and the
reservoir is analyzed, and a corresponding reservoir model is
established. First, using the root mean square amplitude change

FIGURE 1 | Location map of TP12CX fault structure unit.
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rate attribute of the Ordovician Yijianfang Yingshan Formation is a
relatively mature method (Ma et al., 2019; Wang et al., 2019) to
predict the karst fracture vuggy reservoir in the study area. Through

the superposition of the strike-slip fault and fracture vuggy reservoir
and the width of the fault zone, the impacts of the movement mode,
genesis and segmentation type on the fracture vuggy reservoir are

FIGURE 2 | Chart showing the Tarim Basin stratigraphy, the seismic reflecting surfaces, and timing of regionl tectonic movements.

Frontiers in Earth Science | www.frontiersin.org June 2022 | Volume 10 | Article 9164754

Lv et al. Strike-Slip Fault, Fault Segment Type

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


FIGURE 3 | Uninterpreted coherence slices(top images in (A–D)) and interpreted coherence slices (middle images in (A–D)), The middle image, AA ′, shows the
location of the seismic section located at the bottom. (A) coherence slice of surface T34. (B) coherence slice of surface T56. (C) coherence slice of surface T76. (D)
coherence slice of surface T81 and (E) AA’ section of TP12CX fault.
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analyzed. The second step is to analyze the differences in oil
enrichment of the segmented types through drilling oil
production and to establish the oil enrichment model
corresponding to the genetically segmented types of Ordovician
movement modes.

RESULTS

Structural Stratification
Vertically, the study area is divided into five structural layers
(Figure 3). Structural layer I (Є2a ~ basement) developed normal
faults. The second structural layer (D3d~Є2a) is the most developed
fault layer, which contains mainly NE-trending and NW-trending
flower-like strike-slip faults. Some of themainNE- andNW-trending
strike-slip faults of structural layer III (P ~ D3d) continued to move.
The fourth structural layer (P ~ E) consists of grabens and half-
grabens controlled by tensional torsional left-lateral normal faults. In
structural layer V (above E), faults are underdeveloped.

Geometry Characteristics of Fault
The TP12CX strike-slip fault zone can be divided into 23 segments,
12 segments of transtension segment, 11 segments of transpression
segment (Figure 4) in mudstone covered area of The Sangtamu
Formation, and the pure strike-slip segment is missing.

Transpression segment: fault anticlines or anticlines
characterized by transpression in the segment (Figures 5A,C),
which break down through the middle and lower Cambrian strata
and spread upward in the face of T80 reflection layer to form fault
anticlines or anticlines. Different degrees of faults are developed
along the axis of the fault anticline, and the number and
connectivity of faults are greatly different. Most of the seismic
reflection characteristics are chaotic weak reflection, and the
strong reflection of the string of beads is underdeveloped.
There are strong reflections on the two wings of the fault
anticline and continuous weak reflections on the two wings of
the anticline. The reflection characteristics of faults are
continuous downward, and the faults in the T80-T74 seismic
reflection layer become discontinuous and appear
intermittently.The number of faults is less than that of
transtensional segmental faults, the fault grade is smaller and
the connectivity between upper and lower faults is poor. The
width of the fault zone ranges from 0 to 110m, and the oil
production ranges from 0 to 57,300 tons (Figure 6 and Table 1).
Figure 4B shows the overall underdevelopment of the reservoir.

Transtension segment: the segment is characterized by vertical
tensional half-graben or graben, and the fault zone is chaotic,
beadlike strong reflection is generally developed, with high
fracture degree and good connectivity above and below the
fault (Figures 5A,C). In plane, the fault is rhomboid and

FIGURE 4 | (A) Segmented results of TP12CX fault (B) Amplitude rate of T74 and coherence of T76
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banded. Compared with the transpression segment, the number
of faults is larger, and the connectivity between upper and lower
faults is better. The width of the fault zone ranges from 110 to
345 m, with oil production ranging from 24,700 to 374,400 tons
(Figure 6 and Table 1). Figure 4B shows that the reservoir is
more developed as a whole.

DISCUSSION

Tectonic Evolution of the tp12cx Fault in a
Key Tectonic Period
Given the regional geological background of the Tabei uplift
(Zhang et al., 2011a; Wu et al., 2020; Wu et al., 2016), the tp12cx
fault mainly experienced the early Caledonian, middle to late
Caledonian, early Hercynian, late Hercynian, Indosinian,
Yanshanian and Himalayan movements. During these

movements, the NE-trending tp12cx strike-slip fault did not
develop along the NE-trending (Figure 2) transtensional faults
formed in the early Caledonian period, so the influence of
tectonic activity in this period is not considered. The South
Tianshan orogeny lasted until the end of the Triassic and then
entered the postorogenic stress relaxation stage from the Jurassic
to the Early Cretaceous. Regional tectonic transtension occurred
along the early large-scale strike-slip faults, forming a series of en
echelon left-step transtensional faults. Therefore, the influence of
Indosinian and Yanshanian tectonic movements is not
considered. This paper mainly focuses on the relationship
between the movement mode transformation and fault
segmentation of the (Wu et al., 2020) strike-slip fault in the
middle to late Caledonian, early Hercynian and late Hercynian.

In the middle Caledonian stage I-III movements, the Tabei
area was under the action of a N-S-trending compressive tectonic
stress field, forming a series of NW- and NE-trending “X”-type

FIGURE 5 | Fault interpretations of cross sections 1–4 oriented perpendicularly to fault TP12CX. (A) Section 1. (B) Section 2. (C) Section 3. (D) Section 4. (A–D)
The uninterpreted right images are shown for comparison and cropped as the central part of the left images where fault zones occur; see Figure 4 for the locations of the
sections.

FIGURE 6 | Fault width and oil and gas production of the tp12cx strike slip fault.
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conjugate shear fault systems (Figure 7A). The NW-trending
faults are dominated by right-lateral motion and left steps, while
the NE-trending faults are dominated by left-lateral motion and
left steps. The overlapping segments of the left step of the NW-
trending fault are compressive. The overlapping segments of the
left step of the NE-trending fault are mainly pulled apart, and the
pure strike-slip segments are vertical linear faults.

From the late Caledonian to early Hercynian, under the
NNE or NE shear stress produced by NW-SE transpression,
the tp12cx fault moved again, and its mode changed from left-
lateral to right-lateral strike-slip movement. The left-lateral
and left-step faults, which resulted in the formation of early
left-lateral strike-slip motion, disappeared in the process of
right-lateral strike reverse strike-slip motion, and their
formation and evolution experienced two stages. In the first
stage (Figure 7B), the left-lateral left-step segment is
transformed into a right-lateral left-step fault segment. The
original left-step overlapping transtensional segment is
undergoing pure strike-slip motion. In the process of right-
lateral strike-slip movement, the left-step pure strike-slip
segment is compressed and closes to form a positive flower-
like deformation with transpressional uplift. In the second
stage, with continuous right-lateral strike-slip activity, a
regional arc-shaped right-lateral and right-step fault
composed of several left-step faults forms (Figure 7C).

In the late Hercynian period, influenced by the southwestern
Tarim orogenic belt, the tp12cx fault moved in the form of right-
lateral motion under long-distance transpression from south to
north. This interpretation further confirms that the arcuate faults

in the right-lateral right-step region include small left-lateral left-
step faults.

Genetic Segmentation Type
From the above fault evolution characteristics, it can be seen that
the segmented characteristics of TP12CX strike-slip faults are due
to the transformation of fault motion mode, which leads to the
continuous change of fault arrangement and fracture properties.
The tp12cx strike-slip fault is divided into four genetic
segmentation types according to the mutual superposition of
overlapping segments and pure strike-slip segments, the change
characteristics of fault properties, and the statistical data
characteristics of reservoir development (Figure 4), drilling
production data and fault width (Table 1).

Type I: left-step pure strike-slip segment + left-step
transpressional segment + right-step transtensional segment.

In the middle Caledonian, this type of segment is a left-step
pure strike-slip segment. From the late Caledonian to early
Hercynian, after transformation from left-lateral to right-
lateral strike-slip motion, this type of segment appears as a
right-lateral and left-step overlapping segment, showing a
positive flower-like structural style. Under the continuous
action of right-lateral strike-slip motion, only a few more
faults form in the transtensional zone of the right-lateral right-
step segments in the region, and the pattern of normal flower
transpression remains unchanged (Figure 5B, Figure 8). The
fault breaks downward through the middle and lower Cambrian
strata, displaces the anticline upward and deforms, with faults on
both limbs and a few small faults on the axis of the anticline.

TABLE 1 | Characteristics and oil and gas production of each segment of the tp12cx strike slip fault.

Number
of Fault
Segment

Types
of Fault

Segments

Structural
Properties

Maximum
Width
of Fault
Zone (m)

Minimum
Width
of Fault
Zone (m)

Average
Width
of Fault
Zone (m)

Accumulated
Oil Volume
(104 Kg)

Average
Oil

Volume
per Well
(104 Kg)

Number
of Wells

1 II Extension 292 138 210 28.2 14.1 2
2 I Compression 98 10 30 0 0 0
3 II Extension 220 121 160 74.88 37.44 2
4 I Compression 107 30 63 Reservoir nature reserve, unable to drill
5 II Extension 339 232 243
6 I Compression 125 37 82
7 II Extension 165 125 155
8 III Compression 58 0 14
9 IV Extension 251 200 219 32.23 32.23 1
10 III Compression 230 40 110 0.23 0.23 1
11 Ⅳ Extension 343 169 255 28.48 7.12 4
12 III Compression 87 0 10 1.34 0.67 2
13 II Extension 190 92 155 93 23.25 4
14 I Compression 150 88 110 5.73 5.73 1
15 II Extension 284 80 172 77.35 11.05 7
16 III Compression 180 0 20 2.07 1.035 2
17 IV Extension 225 138 180 37.79 7.558 5
18 IV Compression 80 0 30 0 0 0
19 Ⅳ Extension 442 120 345 44.81 8.962 5
20 III Compression 152 0 40 10.02 2.505 4
21 IV Extension 329 150 212 4.94 2.47 2
22 III Compression 130 80 110 0 0 0
23 IV Extension 320 150 275 80.18 11.45429 7
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Against the background of disordered weak reflections, only
beaded strong reflections are developed along the fault, the
number of faults is small, and the width of the fault zone is
30–110 m. At least one well is drilled, and the average oil
production capacity of each segment is 57300 tons. The
average oil production of a single well is 57300 tons. The
average oil production of a single well is equal to the ratio of
the cumulative production sum to the sum of wells.

Type II: left-step transtensional segment + left-step pure
strike-slip segment + right-step transtensional segment.

In the middle Caledonian, this type of segment is a left-step
transtensional overlapping segment, and it then becomes a
left-step pure strike-slip segment under the action of right-
lateral strike-slip motion and still retains the negative flower-
like structural style. Under the continuous action of right-
lateral strike-slip, it is in the regional right-lateral and right-
step transtensional zone, the number of faults increases, and
the transtensional range is larger. The overall result is a
rhombic and banded transtensional zone (Figures 5A, 8),
which is broken up and down with a high degree of
fragmentation. In the fault zone, disordered and beaded
strong reflections are widely developed. The number of
faults is the highest, and the width of the fault zone ranges
from 110 to 243 m. The number of drilling wells is up to 11.
The oil production capacity of each segment ranges from

110500 to 374400 tons, and the average oil production of a
single well is approximately 182300 tons.

Type III: left-step pure strike-slip segment + left-step
transpressional segment + right-step pure strike-slip segment.

In the middle Caledonian period, this type of segment is a left-
lateral left-step pure strike-slip segment, and a right-lateral strike-
slip segment then becomes a right-lateral left-step overlapping
segment, which is blocked in a transpression normal flower
structure style (Figures 5D, 8). This type is very similar to
type I, except that the axial fault of the anticline is
underdeveloped and the strong reflection of the anticline is
not developed. The number of faults is the lowest, the width
of the fault zone is 0–80 m, and 9 wells are drilled. The oil
production capacity of each segment is 0–25000 tons, and the
average oil production of a single well is approximately 15200
tons. The benefit of a single well is low, and few wells are
deployed.

Type IV: left-step transtensional segment + left-step pure
strike-slip segment + right-step pure strike-slip segment.

In the middle Caledonian period, this type of segment is a
left-lateral left-step transtension overlap segment, and a right-
lateral strike-slip segment then becomes a right-lateral left-
step pure strike-slip segment, which still retains the negative
flower-like structural style and is of transtensional nature as a
whole (Figures 5C, 8). The target layer is characterized by

FIGURE 7 | Structural evolution model of Ordovician in key structural period of tp12cx strike slip fault. (A) Middle Caledonian (B) late Caledonian Early Hercynian
stage I (C) late Caledonian Early Hercynian stage II.
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disordered strata, abundant strong seismic reflection
anomalies, obvious fault extent and good communication
between the upper and lower layers. The width of the fault
zone is 180–345 m, and up to 23 wells have been drilled. The
average oil production capacity of each segment is
24700–322300 tons, and the average oil production of a
single well is approximately 95200 tons.

According to the statistical results (Figure 6), 1) the number
of wells indicates that the regional right-lateral and right step
transtensional segment is only locally developed. 2) The number

of faults, the width of the fault zone, the size of the reservoir and
the oil production in the transtensional segment are larger than
those in the transpressional segment. 3) The larger the number
of faults and the width of the fault zone are, the larger the
reservoir scale and oil production. 4) The width of the fault
zone, reservoir scale and reservoir quality are ordered as type II
> type IV > type I > type III. The reservoirs in the
transpressional segment are developed along strike-slip faults
on a large scale, and the reservoirs far from the fault zone are
weakly developed. The fracture cavity bodies in the

FIGURE 8 | Segment-type diagram of a NE-trending strike-slip fault based on the evolution characteristics.
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transpression segment are scattered, isolated or undeveloped
along the strike-slip fault zone.

Development Model of Fault-Solution
Reservoir
The distribution and scale of Ordovician reservoirs in the tp12cx
strike-slip fault zone are controlled by the segmentation type of
strike-slip faults, and the segmentation type of strike-slip faults is
controlled by the multistage superposition and transformation of
overlapping and pure strike-slip segments caused by the
movement mode of strike-slip faults.

In the middle Caledonian period, under the action of left-
lateral strike-slip motion, left-step arranged strike-slip faults
formed. The overlapping segment of the left step has the
property of transtension, and the pure strike-slip segment is a
vertical linear fault. Regardless of whether the number and width
of faults in the transtension area of the overlapping segment are
much larger than those in the pure strike-slip segment, the
karstification and dissolution degree along the fault zone are
much greater than those along the pure strike-slip segment, and
the reservoir scale is correspondingly better than that along the
pure strike-slip segment.

From the late Caledonian to the early Hercynian, the tp12cx
fault reversed to right-lateral strike slip, and the original left
lateral and left step fault styles were transformed. First, the
arrangement of the left step fault did not change, but only the
fault style and local properties changed. That is, the left step
transtensional segment is most easily transformed as a weak zone
due to more developed faults and fractures, a higher degree of
fragmentation and a wider fault zone and is transformed into a
right-lateral and left step pure strike-slip segment, retaining the
transtensional property. Due to the vertical plane shape of the
fault and weak fracture network fragmentation, the original left
step pure strike-slip segment is not easily transformed by the later
tectonic activities. Under the action of later tectonic activities, it
gradually changes into a right lateral and left step overlapping
area and forms a “positive” flower-shaped transpression segment
of the fault anticline under the action of extrusion pressure. In the
early stage, the scale of the karst stage and the right-lateral
displacement fracture network are better, and the properties of
the left and right displacement fractures are better preserved. In
the right lateral and left step overlapping segment, the original
fault is compressed and partially closed, and the fracture cave
reservoir becomes worse. The two newly formed wing faults of the
anticline experience karstification in this period and develop
fracture cave reservoirs, and the scale of the reservoirs is
relatively limited.Second, under the action of continuous right-
lateral strike slip, the bending effect occurs, and a regional arc
right-lateral strike-slip fault is gradually formed. The interior is
composed of faults arranged on the left step. The overlapping
segment of the right lateral and right step in the region is generally
weakly pulled apart, and the number, width and reservoir
development scale of faults in the transpression segments and
transtension segments are relatively better than those in the pure
strike-slip segments. Among them, the number and degree of
fractures in the transtension segments of the left step are greater,

the karstification is stronger, and the reservoir is more developed.
The transpression segment is compacted, the faults on both wings
of the anticline are opened, the karstification becomes stronger,
and the reservoir becomes better. Since the late Hercynian
karstification has made little contribution to the Ordovician
carbonate cave reservoir, the fractured reservoir formed by the
fault itself has limited reservoir capacity (Zhang et al., 2011b;
Zhou et al., 2011a; Zhang et al., 2012; Han et al., 2016). The right
lateral and right step overlapping transtension segment,
regardless of the reservoir scale and reservoir scale, is larger
than the right lateral and right step pure strike-slip segment. The
main reservoir-forming period in the study area was the late
Caledonian Indosinian period (Zhu et al., 2010), indicating that
the regional arc right lateral and right step strike-slip faults
formed before the late Hercynian period, and the reservoir
scale was controlled by the pre-Hercynian correlation.

It can be seen from the above that the scale of the reservoir is
jointly controlled by the number and nature of faults and
corresponding karstification, but the strength of karstification
is controlled by the segmented type of strike-slip faults. Therefore,
in the final analysis, the scale of the reservoir is controlled by the
number and nature of strike-slip faults, especially the nature of
strike-slip faults.

Fault Solution Reservoir Model
The structure of the fault fracture network and matched karst
reservoir jointly determine the development characteristics of the
reservoir. Four types of strike-slip fault segments correspondingly
form four types of fault solution reservoir models (Figure 9):

Type I reservoir model, corresponding to the type I structure.
The evolution process of fault properties is first transpression,
then transtension. The whole area is characterized by fault
anticline transpression, obvious fault distance in the deep part,
positive flower-shaped fault anticline deformation in the shallow
part, and beaded strong reflection reservoirs developed along the
two wings and axis faults of the anticline. After the left-lateral
changes to right-lateral strike slip, it translates and slides in the
formed left-lateral strike-slip zone, and then the sliding in the left-
lateral strike-slip segment is blocked to form a flower-shaped fault
anticline and then form a regional right-lateral strike-slip fault.
This stress gradient transmission mode does not make the whole
fault anticline disappear; that is, the scale of the bending effect in
the late stage is small, which is not enough to change the whole
right-lateral strike-slip segment into an transtension zone. Only
the faults and fractures are more developed, the reservoir
connectivity is better, and the reservoir scale is better than
that of the type III extrusion segment. The average oil
production of a single well is lower, reaching 57300 tons.

Type II reservoir model, corresponding to the type II structure
type. The evolution process of fault properties is: first transtension,
then transtension. A wide graben is formed by vertical faults as a
whole. The plane is in a continuous banded and rhombic shape. The
fault width is large. The beaded strong reflection reservoir is
developed along the whole fault zone. The average oil production
of a single well is the largest, up to 182300 tons.

The reservoir model of the type III segment corresponds to the
type III structure type. and the evolution of fault properties has
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only experienced transpression. It is very similar to the type I
transpression mode, but the difference is that the anticline axis
fault is underdeveloped, and the beaded strong reflection
reservoir is also underdeveloped. The average oil production of
this type of single well is the lowest, only 15200 tons. This is
because this type of segment is a translational segment in the
middle Caledonian period, and karstification developed along the
line-like faults. Under the action of transpression and torsion
from the late Caledonian to the early Hercynian, the lithology was
dense, and the physical properties of the original reservoir
worsened. At the same time, the weak faults along the two
wings of the anticline were dissolved to form a limited
reservoir with a small scale.

Type IV reservoir model, corresponding to the type IV
reservoir structure. The evolution of fracture properties only
experienced tension. Narrow symmetrical grabens or
asymmetric half grabens are formed by vertical faults, with
relatively continuous linear planes and narrow widths. Strong
amplitude reflection reservoirs are developed along the whole
fault zone. The average oil production of a single well is more than
once, reaching 95200 tons.

CONCLUSION

The tp12cx strike-slip fault experienced two key stages of
tectonic movement determining segmentation: middle
Caledonian and late Caledonian to early Hercynian. In the
middle Caledonian period, right-lateral and right-step faults
form. The overlapping left-step segment is a transtensional
zone, and the remainder is a linear pure strike-slip segment.
From the late Caledonian to early Hercynian, the mode
changes from left-lateral strike-slip to right-lateral strike-
slip movement. The left-step tension fracture zone first
ruptures and retains the property of being transtensional,
while the left-step linear pure strike-slip segment is
transformed into a left-step overlapping segment with

transpression. With continuous right-lateral movement, a
regional right-lateral right-step strike-slip fault composed of
several left-step faults is formed.

Four structure types of strike-slip faults and corresponding
reservoir models are divided based on the structural evolution
process. The left-step pure strike-slip segment + left-step
transpressional segment + right-step transtensional segment
is type I, the left-step transtensional segment + left-step pure
strike-slip segment + right-step transtensional segment is type
II, the right-step translation + left-step pure strike-slip
segment left-step pure strike-slip segment + left-step
transpressional segment is type III, and the left-step
transtensional segment + left-step pure strike-slip segment
is type IV. The fault width and oil production of type II and
type IV fractures with transtensional properties are much
larger than those of transpression types I and III.
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