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The eastern Sichuan Basin has undergone multiple stages of tectonic evolution and shows complex structural characteristics. It is found that there are a series of NW-SE base-trending strike-slip faults in this area besides NE-SW strike-blocking structures. There are almost no previous studies on strike-slip faults in the eastern Sichuan Basin. This paper fills in the blank of geometry and kinematics research on the strike-slip fault zone in this area. Based on highly precise 3D seismic section, coherent attribute slice and time slice, the geometric and kinematic characteristics of the fault are analyzed. The dynamic characteristics are analysed based on the structural style of the superimposed development model and the nature and activity intensity of strike-slip faults in different periods. and it was found that No. 15 strike-slip fault was a large basement strike-slip fault. The research results show that the profile of the No. 15 strike-slip fault mainly shows a subvertical fracture, positive flower structure and negative flower structure and a composite flower structure with positive and negative flower structures superimposed on each other in the upper and lower planar sections with linearly outspread and zonal distribution characteristics; spatially, there is a “ribbon” effect and a “dolphin” effect. the left strike-slip distance of the TS interface is 0.462 km, and the right strike-slip distance of the TP2 interface is 0.782 km. The strike-slip fault experienced at least three active stages of superimposed deformation during its formation and reconstruction, among which episode II in the middle Caledonian movement was the main active stage of the No. 15 strike-slip fault zone. This study of the structural style and genetic mechanism of a strike-slip fault zone is of guiding significance to the exploration and development of strike-slip fault-controlled reservoirs in the study area.
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INTRODUCTION
The characteristics and structural styles of strike-slip faults have been characterized carefully in many literatures (Tchalenko, 1970; Sylvester, 1988; Mcclay and Bonora, 2001; Mitra and Paul, 2011; Dooley and Schreurs, 2012; Moscariello et al., 2017). In the recent years, more and more attention has been paid to the geometry and kinematics characteristics of strike-slip fault zone and a series of oil and gas exploration achievements related to strike-slip faults (Fisher and Knipe, 2001; Laubach et al., 2019; Torabi et al., 2019). A variety of different construction styles can occur simultaneously on one strike-slip fault zone, and these structural styles can be interpreted as the segmented nature of a strike-slip fault (Peacock, 1991; Dooley and Schreurs, 2012; Jiao, 2017; Qi, 2020; Zeng et al., 2022), however, the factors controlling segmentation are rarely discussed, especially for strike-slip faults developed in complex structural areas. On strike-slip fault zones in complex structural areas, due to the tectonic movement of different mechanical properties, the formation lithology is different, the faults usually show the characteristics of regional detachment strata-bound. Strike-slip faults formed in the early stage can be activated and subsequently developed upwards in the later stage, and the development characteristics of structural styles formed in the early stage will also affect the late structural deformation.
The eastern Sichuan Basin is characterized by a series of nearly parallel, highly steep anticlinal fold belts, with multiple sets of regional detachment layers and multiple deep and large basement faults in the region (Wang et al., 2015; Pan et al., 2020). Since the Proterozoic, the study area has experienced multiple periods of tectonic movement, and these periods can be divided into several structural layers bounded by detachment layers and various developed structural styles. In the early stage of oil and gas exploration in the Sichuan Basin, major breakthroughs were made with Permian and Triassic as the main exploration targets. In recent decades, domestic oil and gas exploration research has gradually shifted in an unconventional direction, and the exploration and development prospects of black shale reservoirs in the Lower Silurian Longmaxi Formation of the Sichuan Basin are very broad (Tong et al., 2015; Wang et al., 2016; Tuo et al., 2020). Shale fractures can serve as effective storage spaces and rapid migration channels for natural gas and the formation of water. In marine organic-rich brittle shale of lower Palaeozoic age in the Sichuan Basin, wells displaying good natural gas production are closely related to fracture development (Fisher and Knipe, 2001; Ding et al., 2012; Cao and Neubauer, 2016; Deng et al., 2019).
As the strike-slip fault-controlled reservoirs in the Tarim Basin have facilitated major oil and gas exploration breakthroughs (Han et al., 2017; Jiao, 2017; Deng et al., 2018; Wang et al., 2019), the control and transformation of strike-slip faults in the Sichuan Basin should be highly valued (Ding et al., 2020).The purposes of this study are to 1) describe the structural geometry characteristics of the southern segment of the No. 15 strike-slip fault zone, 2) discuss the strike-slip directions and distances of this fault zone through kinematic analyses, and 3) understand the active periods and tectonic evolution characteristics of the analysed strike-slip fault zone.
GEOLOGIC SETTING
The Sichuan Basin, located in southwestern China (Figure 2C), is a superimposed basin developed on the foundation of the upper Yangtze craton, with a total area of approximately 260,000 km2. This basin displays a rhomboid-shaped geometry in map view and is bounded by the Qiyueshan fault zone to the southeast, the Longmenshan thrust belt to the northwest, Micang Mountain and Daba Mountain to the northeast, and the Kangdian thrust fold belt to the southwest (Figure 2A). Based on basement structure, primary basement faults, and sediment distribution, the Sichuan Basin can be divided into 6 tectonic units, including depressions, uplifts and fold belts. From north to south, these units are the Chuannan fold structural belt, Chuandong highly steep folded structural belt, Chuandongbei Composite highly steep folded structural belt, Chuanzhong uplift, Chuanxi depression, and Chuanxinan fold structural belt.
The Sichuan Basin has undergone multistage tectonic evolution, and the study area has experienced extensive compression, extension and shear deformation processes (Li and Li, 2007; Wang et al., 2007; Chu et al., 2012; Zheng et al., 2020). The Jiangnan-Xuefeng uplift orogenic belt was formed during the middle Caledonian movement (Middle Ordovician to Late Ordovician) on the south-eastern margin of eastern Sichuan. During the late Caledonian movement, NW-SE compressive stress occurred due to the NW subduction of the Pacific plate, and NE-SW compressive stress was also formed due to the NW subduction of the Yunnan-Tibetan Oceanic plate (Chu et al., 2012; Hong et al., 2020). After the Caledonian movement, because the northern North Qinling Ocean gradually closed from east to west, sea water gradually exited the Upper Yangtze region. Throughout the early Hercynian movement (during the lower Permian in the Palaeozoic sedimentary period), the eastern Sichuan region inherited the structural relief of the Caledonian movement period (Yin et al., 2018; Li et al., 2020; Chen et al., 2021). At this time, the compressional stress was NS trending, and Devonian and Carboniferous strata were absent, resulting in disconformable contacts between the lower Permian strata and the Silurian strata (Wang et al., 2013; He et al., 2020). In the early stage of Indosinian movement (middle Triassic to Late Triassic), the Qinling orogenic belt and Jiangnan-Xuefeng tectonic belt were uplifted again, and sea water withdrew from eastern Sichuan to the northwest, completing the transition from marine Evaluation of sweet spots and horizontal-well-design technology for shale gas in the basin-margin transition zo Authigenic clay minerals and calcite dissolution influence reservoir quality in tight sandston to continental deposition environments (Zhao et al., 2021). The late Himalayan period was the final surface structural morphology period in the study area. At this time, the Dabashan thrust belt in the north-eastern margin of the study area formed an intense detachment-thrust structure (Xiao et al., 2011; Li et al., 2013; Yin et al., 2020; Liu J et al., 2022).
The sedimentary strata in the Sichuan Basin are composed of two sequences, including Palaeozoic and Mesozoic sequences (Figure 1). The Sinian to Middle Triassic strata comprise marine carbonate deposits, while the Upper Triassic and shallow strata contain continental clastic deposits. At the end of the Sinian period, mangrove bay movement formed the unconformity between the Cambrian and Sinian strata (Є—Z), and the upper Silurian, Devonian and Carboniferous strata were missing in the study area of the late Caledonian Movement, resulting in a pseudoconformity contact (O–P) between the Permian and lower Carboniferous strata. The unconformity between the Late Triassic and Middle Triassic and older strata represents the early stage of the Indosinian movement at the end of the Middle Triassic.
[image: Figure 1]FIGURE 1 | Generalized stratigraphy, seismic reflecting surfaces, and tectonic movements of the Sichuan Basin (revised after Li et al., 2020).
Three sets of stably distributed regional detachment layers are developed in the study area (Faure et al., 2008; Yin and Wu, 2020; Li et al., 2021), and the existence of a plastic detachment layer plays an important role in controlling the deformation of the thrust belt. From bottom to top, these sets include the gypsum-bearing lower to middle Cambrian Longwangmiao and Gaotai Formations, the mud shale of the Lower Silurian Longmaxi Formation, and the gypsum-bearing lower to middle Triassic Leikoupo and Jialingjiang Formations (Dong et al., 2011; Li et al., 2021). The stability of the detachment layer and difference in its spatial distribution lead to the differential stratification-deformation characteristics in eastern Sichuan. The seismic data of the Lower Cambrian and the corresponding lower strata are of poor quality. According to the existing 3D seismic data, the deep strata in the study area are relatively gentle with a low deformation degree. Multirow NE-trending structures controlled by NE-trending main faults are developed, and NW-trending basement faults may be developed (Pan et al., 2020). Multiple sets of compression-detachment structures developed in the Central Triassic to Silurian, including Y-shaped faults, anti-Y-shaped faults, and back-thrust structures (Wu et al., 2019). The Silurian strata with strong plasticity have obvious secondary thickening at the top of the middle structural layer (Wang et al., 2018; Gong et al., 2019; Lan et al., 2021), thus exerting strong control over the formation of strike-slip fault flower structures (Yin et al., 2020; Liu J. et al., 2022). Because of the uneven spatial distribution of the detachment layer, there are two types of detachment in the study area: single-layer detachment and double-layer detachment (Yan et al., 2003; Li et al., 2012; Gong et al., 2021; Li, 2022; Figure 3). The Jurassic and shallow strata developed a series of NNE-NE-trending arc-shaped barrier structures (Figure 2A).
[image: Figure 2]FIGURE 2 | Geological section map of Fuling work area in Sichuan Basin.
[image: Figure 3]FIGURE 3 | (A) Simplified tectonic map showing the major tectonic units and fault distributions in Sichuan Basin, this basin covers an area of 26 × 104 km2, ①: Chuanxi depression ②: Chuanbei Composite highly steep folded structural belt, ③: Chuanzhong uplift, ④: Chuanxinan fold structural belt ⑤: Chuannan fold structural belt, ⑥: Chuandong highly steep folded structural belt. (B) Fault distribution map of Fuling work area. (C) The location of the Sichuan Basin on a map of China. (D) Fault distribution map of the South No. 15 Strike-slip Fault Zone.
DATA AND METHODS
The high-quality 3-D seismic data used in this study representing an area of 4000 km2, was derived through a rectangular survey and covers part of the South No. 15 strike-slip fault zone (Figure 2B). The lines and traces are north–south- and east–west-oriented, respectively, and both have a 25-m spacing. The stratigraphic horizons are marked by seismic reflecting surfaces determined by integrating well log and seismic data. The TЄ, TS, TP1, and TP2 seismic surfaces mark the bottom boundaries of the Cambrian, Silurian, Lower Permian and Upper Permian strata, respectively. The No. 15 strike-slip fault zone was recognized and interpreted in the local 3-D seismic sections perpendicular to the fault zone strike. The interpreted area is approximately 77 km2. The interpretation spacing is 436 m. Using 3D seismic data to extract coherent attributes and time slices, the strike and development characteristics of the No. 15 strike-slip fault zone are described. Additionally, the dip angle of the master strike-slip fault is determined (Figure 4A). TS and TP2 horizon burial depth maps are prepared to characterize the stereo development along the strike of the No. 15 fault zone.
[image: Figure 4]FIGURE 4 | (A) Explanation of the methodology used for the measurement of the Tendency change and (B) a schematic model showing that horizontal displacement of strike slip fault on the horizontal plane or time slice.
STRUCTURAL GEOMETIY OF THE SOUTH NO. 15 FAULT
The No. 15 fault zone is located in the eastern Sichuan Basin (Figure 1A) and has a straight trace in map view with a length of approximately 2.28 km. The azimuth is approximately 321°. Based on the interpretation of 3-D seismic data as well as coherence attribute slice and time slice analyses, the plane, section and spatial geometric characteristics of the south No. 15 strike-slip fault zone are investigated in detail and presented as follows.
Geometry of the South No. 15 Strike-Slip Fault Zone in Plane View
In the study area, the No. 15 fault zone displays different patterns at various depths (Figure 5). On the TS seismic surface, the No. 15 fault zone is characterized by two main faults and four branch faults (Figure 5A). To the north of the F2 fault, the faults are NW-trending, with orientations ranging from 320° to 325°; the branch fractures F6 and F9 and the main fracture F2 are arranged parallel or subparallel to each other; and to the south, the F2 fault bends clockwise, with the fault trending NNW. The F1 fault is approximately straight, and the faults are stable and NW-trending, with orientations of 321° and undeveloped branch faults. On the TP2 seismic surface, the No. 15 fault zone is composed of two main faults and three branch faults (Figure 5B). The strike of the fault is variable and roughly NW-trending. Similar to the feature shown on the TS surface, to the north of the F2 fault, the faults are NW-trending, and to the south, the F2 fault bends clockwise, with the fault trending approximately NNW at an orientation of 332°.
[image: Figure 5]FIGURE 5 | Interpreted (left) and uninterpreted (right) variance slices of the (A) TS seismic surfaces, (B) TP1 seismic surfaces, (C) 3220 ms horizontal time slice and (D) 2500 ms horizontal time slice covering the south No. 15 fault zone. See the shadow box in Figure 1B for location.
The horizontal time slice shows that the strike-slip fault offsets the TS surface and TP2 surface (Figures 5,6). On the 2500-ms time slice, the TS surface implies a left-lateral slip sense (Figure 5C). On the 3220-ms time slice, the TP2 surface implies a right-lateral slip sense, and the TS surface in the lower right corner still suggests a left-lateral slip sense (Figure 5D).
[image: Figure 6]FIGURE 6 | Fault interpretations of cross Section 1(A), Section 2(B), Section 8(C), Section 9(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 1D for location. TWT = two-way time.
Structural Styles of the South No. 15 Strike-Slip Fault Zone in Seismic Sections
In section view, the main fault of the No. 15 fault zone appears to be subvertical (Figures 6,8). Upward, it diverges and extends through the TP2 seismic surface, and downward, it cuts through the TЄ and terminates on the Presinian crystalline basement. The structural styles vary significantly vertically; the structural styles in the strata in the vicinity of the TP2 surface, TS surface and TЄ surface are characterized in detail below.
Along the strike of No. 15, the structural styles in the strata in the vicinity of the TP2 seismic surface can be classified into two main types based on the corresponding structural relief (Figure 6): positive relief and negative relief. In the areas of positive relief, the strata were uplifted, and the majority of the uplifted strata were bounded by two or more small-scale faults with obvious reverse separation (Figure 6C). These small-scale faults developed downward onto the main fault to form a positive flower structure. These small-scale faults developed near TP2 merged downward onto the main subvertical fault to form a normal flower structure. On the seismic section, this structure is shown as a fracture zone with a gentle and wide upper section and a steep and narrow lower section oriented straight into the basement in the shape of a flower.
In the areas of negative relief, the strata were extended and subsided, and the subsidence area was bounded by two small-scale faults with normal separation (Figure 6B). Downward, they merge at depth into the main subvertical fault, usually terminating near the TS-to-TP1 package, defining a negative flower structure. Notably, in some seismic sections (e.g., section 1, Figure 6A), the main subvertical fault terminates near the TP1 surface, and on opposite sides of the subvertical fault, the strata are nearly horizontal.
Near the TS surface, the strata were uplifted, and the majority of the uplifted strata were bounded by some small-scale faults with obvious reverse separation. Downward, they merge at depth into the main subvertical fault commonly cutting through the TЄ to TS package to define a positive flower structure. Additionally, in some seismic sections (e.g., Sections 1,2, Figures 6A,B), no positive flower structure is developed near the TS surface due to the vicinity to the thrust structural belt, and the vertical separation of strata on both sides of the fault is large.
Below the TЄ surface, the strata in the vicinity of the main subvertical fault were shortened and uplifted. In addition, a positive flower structure and negative flower structure can be vertically superimposed in the same strike-slip fault zone. The positive flower structure developed near the deep TS surface, and the negative flower structure developed near the shallow TP2 surface, constituting a composite flower structure.
According to the vertical structural style differences found in the No. 15 fault zone described above, the strata in the study area can be divided into three strata combinations: 1) the lower combination consisting of the strata below the TЄ surface, 2) the middle combination including the TЄ-to-TS package, and 3) the upper combination composed of the TS-to-TP2 package.
Distribution Characteristics of the South No. 15 Strike-Slip Fault Zone in Three-Dimensional Space
Strike-slip faults often have “ribbon” and “dolphin” effects in space. The “ribbon” effect refers to the condition in which strike-slip faults are nearly upright when observed on a large scale but their tendency changes along the strike direction, swinging from side to side like ribbons (Figure 7A). At the TS interface, the southern main fault tendency of the No. 15 strike-slip fault zone is NE-trending (Figure 8a∼ 8D), and the northern main fault tendency changes to become SW-trending (Figure 8e∼ 8G). The northernmost part of the strike-slip fault changes to a NE trend (Figure 8H). The dolphin effect refers to the phenomenon in which the properties of normal and reverse faults change when observed on different seismic sections perpendicular to the fault zone strike under the condition that strike-slip faults have the same dip; that is, the relative elevations and faults of adjacent seismic profiles change (Figure 7B). On the TP1 surface, in the south, the relative heights of the structures on both sides of the southern main fault are high in the west and low in the east (Figure 8a∼ 8C). Along the strike of the fault in the north, the variation is high in the east and low in the west (Figure 8d∼8G). The northernmost part of the interpretation boundary changes to reveal higher variations in the west and lower variations in the east (Figure 8H).
[image: Figure 7]FIGURE 7 | Patterns of dolphin effect (A) and Ribbon effect (B).
[image: Figure 8]FIGURE 8 | Fault interpretations of cross Section 1(A), Section 2(B), Section 3(C), Section 4(D), Section 5(E), Section 6(F), Section 7(G), Section 9(H). The uninterpreted right images are shown for comparison and cropped as the central part of the left images where fault zones occur. See Figure 1D for location. TWT = two-way time.
Through the statistics of the dip angles of F1 and F2, characterizing the two main faults in the South No. 15 strike slip fault zone, line charts of the four main horizons of the two main faults tendencies were obtained, and the trends of these main faults change along the strike trend; mainly, in the south-west direction at the 6–7 and 17–18 sections, the trend of the main fault changes to NE (Figure 9). The frequency distribution of the dip angles of the main faults shows that the dip angles are concentrated between 88° and 96°.
[image: Figure 9]FIGURE 9 |  (A) Plane distribution map of fault zone, Line chart of dip Angle variation of main fault F2 (B) and F1 (B') and Dip frequency distribution diagram of F2 (C) and F1 (C').
According to an analysis of temporal structural maps of the TS surface and TP2 surface, on the TP2 surface, the relative uplift relationship between the strike-slip faults and the strata on both sides is transformed. A long and wide anticline appears to the left of the main fault F2 (Figure 10C); southward, the stratum sandwiched between main fault F1 and branch fault f2 shows a long syncline (Figure 10D), indicating that the properties of normal and reverse faults have changed. On the TS surface, the relative uplift relationship of the stratum on both sides of the main strike-slip fault is reversed (Figures 8E,F). The northern anticline of the F2 main fault appears on the right side, and along the southward direction, an anticline with a small uplift appears on the left side (Figure 10E). These position changes in the anticlines on both sides of the F1 fault are similar to those shown in Figure 10Ebut are more obvious (Figure 10F). This result indicates that along the trend of the analysed strike-slip fault zone, the relative uplift relationship of strata on both sides of the fault changes. These phenomena indicate that the No. 15 strike-slip fault zone has a “dolphin” effect. For strike-slip faults without secondary faults, synclines are developed on both sides of the faults (Figure 10G).
[image: Figure 10]FIGURE 10 | Time structure maps (milliseconds) of the TP2 (C,D) and TS (E–G) seismic surfaces covering the south No.15 fault zone, showing the structural relief along the south No. 15 fault zone at various depths [see (A) and (B) for the locations of (C–G)], The depth data used in the map came from TS and TP2 interpretation data of 3D seismic data in the study area.
STRUCTURAL KINEMATICS OF THE SOUTH NO. 15 FAULT
The kinematic characteristics of a strike-slip fault zone mainly include the strike-slip direction and the strike-slip distance. The horizontal dislocation of the geological boundary between the two plates of the analysed strike-slip fault zone was observed on a temporal slice to determine the strike-slip direction and the strike-slip distance of the strike-slip fault zone. In the horizontal time slice of 2500 ms (Figure 11A), it can be seen that on the TP2 interface, the wavelet signatures of the northeast wall of the fault slid to the right relative to the wavelet signatures of the southwest wall. According to the offset of the wavelet signatures displayed on the horizontal time slice, the offset of fault No. 15 is measured to be 0.782 km (Figure 11A), characterizing a typical right-lateral strike-slip fault, and the stratum in the middle of the fault reflects negative relief. The TS surface at a depth of 3220 ms in the horizontal time slice (Figure 11B) was offset by a strike-slip fault, and the fault offset of fault No. 15 was measured to be 0.462 km (Figure 11B'), indicating left-lateral strike-slip properties. The results show that the No. 15 strike-slip fault zone was a left-lateral strike-slip fault when deposited in Silurian strata but a right-lateral strike-slip fault when deposited in Longtan Strata.
[image: Figure 11]FIGURE 11 | (A) Horizontal time slice at 2500 ms and (B) Horizontal time slice at 3220 ms [see (C) for the locations of (A) and (B)]. (A`) Horizontal time slice at 2500 ms showing the discontinuous strata offset by the northern No. 15 fault and restoration of original continuous strata. (B`) Horizontal time slice at 3220 ms showing discontinuous strata offset by the southern SB5 fault and restoration of original continuous strata [see (A) and (B) for the locations of (A`) and (B`)].
DISCUSSION
The active periods of strike-slip faults are analysed through the intersecting relationships between the strike-slip faults and active events. Since the active period of the analysed faults occurred later than the development period of the cut strata and earlier than that of the strata terminated by faults, the active times of the faults can be determined by determining the oldest cut strata and latest strata terminated by the strata (Wenzheng et al., 2012; Liu Y et al., 2022). The deepest part of the No. 15 strike-slip fault penetrates to the pre-Sinian crystalline basement, and the shallow part ends at the detachment layer of the Triassic Jialingjiang Formation (Figure 12). Therefore, the formation period of the No. 15 strike-slip fault zone was later than the formation period of the pre-Sinian crystalline basement, and the latest active period was earlier than the Early Triassic.
[image: Figure 12]FIGURE 12 | (A) Fault interpretations of cross Section 9 (Figure 3 for the definition of surfaces) and (B)–(D) Schematic model showing the structural evolution of individual strike-slip fault zones within a three-dimensional perspective.
After multiple periods of tectonic evolution, a variety of vertically contraposed tectonic styles formed under different stress states in each multistage active period (Figure 12). By analysing the superimposed development mode of the vertical structural style of the strike-slip fault zone, the formation and evolution stages and the stress properties of different stages of the strike-slip fault zone can be qualitatively analysed. According to different tectonic styles and different stress field conditions, it can be concluded that the No. 15 strike-slip fault zone has experienced at least three active stages of superimposed deformation.
The Middle Ordovician
During the Middle Ordovician, the Jiangnan-Xuefeng uplifted orogenic belt formed on the south-eastern margin of eastern Sichuan due to Act I of the Middle Caledonian Movement, and a strike-slip fault began to develop in the basement of the study area. A series of faults and anticlines developed above the TЄ interface (Figures 11B’ 12B). In these sections, strike-slip faults are characterized by near-vertical faults and the formation of flower structures (Figures 6,8,12A).
Notably, the deformation amplitude of the strata above the TЄ interface is significantly greater than that below the TЄ interface, and both positive and negative flower structures developed simultaneously. This phenomenon may be related to the presence of the gypsum-bearing lower-to middle-Cambrian Longwangmiao and Gaotai Formations.
The Late Ordovician
The strike-slip movement that occurred during the middle Act II of the Caledonian movement during late Ordovician deposition was the most intense. The pre-existing fault, a left-lateral strike-slip fault, on mid-Caledonian Act I continued to extend upward and develop inherently (Figure 12C), with the same strike direction as the deep fault. Multiple anticlines developed between multiple branch faults (Figures 10E,F), and the branch faults usually end at the upward TS interface; this characteristic is related to the existence of mud shale in the lower Silurian Longmaxi Formation (Figure 3).
The Lower Triassic
In the middle and late Hercynian study area during the Lower Triassic sedimentary period, the SN compression stress was the main action. The No. 15 strike-slip fault zone has undergone dextral strike-slip movement to reshape the pre-existing faults and is characterized by a series of faults and synclines near the TP2 interface. In these sections, strike-slip faults are characterized by flower-like structures (Figures 6,8,12A). The fault terminated upward at the plaster rock detachment layer of the gypsum-bearing lower to middle Triassic Leikoupo and Jialingjiang Formations, and then the strike-slip movement stopped.
The deep strata experienced multistage tectonic superimposed deformation. The striking difference between the strike-slip fault distance between the TS interface and TP2 interface is due to the different structural stages and strengths. The structural movement experienced by the same strike-slip fault in the later period can transform the strike-slip distance and reverse of the strike-slip fault formed in the early period due to its different strike-slip direction and strike-slip strength. as shown in Figure 11, the existing left-side strike-slip distance of the TS interface is 0.462 km (Figure 11B), and the existing right-side strike-slip distance of the TP2 interface is 0.782 km (Figure 11A). When describing the horizontal fault distance of the No. 15 strike-slip fault zone during the Late Ordovician deposition, the influence of right-lateral reconstruction should be eliminated. Because the No. 15 strike-slip fault zone terminated upward in the strata near the TP2 interface, the left-lateral strike-slip fault distance of the No. 15 strike-slip fault at the end of Act II of the Middle Caledonian Movement must eliminate only the influence of the right-lateral strike-slip movement that occurred in the middle to late Hercynian period; thus, the left-lateral strike-slip fault distance should be 1.244 km.
CONCLUSION
The South No. 15 fault zone has experienced multistage tectonic evolution and thereby displays complex structural styles. The controlling effect of the regional detachment layer causes the fault zone to be layered vertically, thereby displaying complex structural styles. In the cross-sectional view, the strike-slip faults are generally characterized by subvertical fault segments at depth (of Sinian to middle lower Cambrian age) and positive negative flower structures in the shallower strata (of Middle upper Ordovician to Permian age). Due to the existence of the detachment layer of the Jialingjiang Formation at the bottom of the overlying Triassic, the strike-slip fault did not continue to develop upward. In the later stage, the faults were inherited and developed, and the late structural deformation to the pre-existing structures, including the positive flower structures and negative flower structures, overlapped vertically. In map view, along-strike zones producing push-up or pull-apart structures can be commonly observed. In three-dimensional space, the dolphin effect and ribbon effect unique to strike-slip faults are also clearly displayed.
The South No. 15 fault zone experienced at least three strike-slip movements during the Palaeozoic. The first strike-slip movement occurred during the Middle Ordovician and was characterized by folding strata and the occurrence of subvertical fault segments. The second movement occurred during the period from the Late Ordovician. At this time, the strike-slip movement was the most intense, represented by the formation of a positive flower structure on the TS seismic surface. The third movement occurred during the period from the Late Silurian to Early Triassic and was characterized by the development of a negative flower structure cutting through the TP2 surface above the South No. 15 fault zone.
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