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Regional-scale fault systems are important in adjusting intracontinental deformation. Closure of the Paleo-Tethys, Paleo-Pacific subduction, and India-continent-continent collision have all interacted to shape the Meso-Cenozoic tectonics of South China. The Ziyun-Luodian fault (ZLF) straddles across the Guizhou region in southwestern China. New petrographic and structural studies were conducted to reveal the structural evolution of the ZLF and regional deformation. At least three distinct deformation events are identified within the fault zone: During the Indosinian orogeny, dextral thrusting occurred along the ZLF, accompanied by moderate regional uplift in Guizhou, as evidenced by the Upper Triassic-Lower Jurassic disconformity. The main tectonic framework across Guizhou was established during the Yanshanian orogeny. Driven by the west-dipping Paleo-Pacific subduction (Middle Jurassic-Early Cretaceous), sinistral transpression occurred along the ZLF and NE-to N-S-trending fold belts in central-eastern Guizhou, and the NW-striking folds west of the ZLF were developed in under nearly E-W-directed compression. In the late Cenozoic, the ZLF may have undergone sinistral strike-slip movement, similar to the sinistral Ailaoshan-Red River shear zone. The Ziyun-Luodian fault plays an important role in accommodating the Meso-Cenozoic regional deformation in SW South China.
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1 INTRODUCTION
The South China Block (SCB) has experienced multiphase tectono-magmatic events, in response to the Phanerozoic convergence, subduction, and collision of tectonic terranes, making the SCB a natural laboratory for understanding intracontinental orogeny (e.g., Li, 2000; Zhou et al., 2006; Zhang and Cai, 2009; Wang et al., 2013; Li et al., 2014). The Mesozoic is a key period for the tectonic evolution of South China, including the Triassic (Indosinian) and Jurassic-Cretaceous (Yanshanian) orogenesis, during which spatially prevalent fault systems and fold belts were developed to accommodate crustal deformation (Wang et al., 2013 and references therein). In the Cenozoic, the India-Eurasia continental collision has driven the growth of the Tibetan Plateau and extended the deformation into the SCB (e.g., Yin & Harrison, 2000; Tapponnier et al., 2001), and existing structural features were tectonically reworked/reactivated in response to its far-field impact (e.g., Li et al., 2005; Shen et al., 2012; Wang et al., 2020). Therefore, the Meso-Cenozoic tectonic evolution is recorded in these large fault and fold systems/belts, which provide insights into the regional deformation patterns and geodynamics.
Comprehensive structural, petrological, geochronological, and geochemical studies have been conducted in the past decades and achieved great advancements in understanding the tectonics and dynamics of the SCB (e.g., Jahn et al., 1990; Charvet et al., 1994; Shu et al., 1998, Shu et al., 2009; Wang et al., 2005, Wang et al., 2013 and references therein). The SCB is connected with the Qinling-Dabie orogenic belt to the north, which were characterized by intense fold-and-thrust belts and HP-UHP metamorphic zone (e.g., Zhang et al., 2013). Its western boundary is the Longmenshan thrust fault, which was formed by the Triassic convergence between the Songpan-Ganze and Yangtze Blocks (e.g., Liu et al., 1995). The SCB is separated from the Indochina Block by the Ailaoshan-Red River shear zone along its southwestern margin (Figure 1; e.g., Zhong, 2000). The Ziyun-Luodian fault (ZLF) is an important tectonic boundary separating the Nanpanjiang basin and Xuefengshan domain in SW China (Zhang et al., 2013). It straddles over several hundreds of kilometers, and is parallel to the well-studied Ailaoshan-Red River shear zone (Figure 1; Wang et al., 2016, Wang et al., 2020). However, little is known regarding its geometry, kinematics, and deformation sequences, especially those in the Meso-Cenozoic.
[image: Figure 1]FIGURE 1 | Tectonic framework of the South China Block with major fold and fault systems (after Zhang et al., 2013). The SCB was squeezed by the North China Block and Indochina Block, and subsequently affected by the Pacific subduction-accretion.
Here, we report new petrologic and structural observations from field investigations along the ZLF. Based on these data, we examine the geometric features and kinematics of the ZLF and determine its deformation sequence. We also analyze the regional structural features in the Guizhou. Our results contribute to understanding the Meso-Cenozoic tectonic evolution of Guizhou and the role of the ZLF in accommodating regional deformation.
2 Geological setting
The SCB consists of the Yangtze Block in the northwest and the Cathaysia Block in the southeast, which are characterized by different basements (e.g., Wang et al., 2007, Wang et al., 2013; Yu et al., 2010). These two blocks were likely amalgamated before ∼820 Ma, forming the Jiangnan orogenic belt. The ophiolite mélange was situated along the Jiangshan-Shaoxing fault (e.g., Charvet et al., 1996; Shu and Charvet, 1996; Wang et al., 2013). The SCB may have experienced three main regional tectono-thermal events in the early Paleozoic, early Mesozoic, and late Mesozoic, as evidenced by the regional unconformities and Ar-Ar ages of syn-kinematic minerals from major deformation zones (with three age clusters at 440–410 Ma, 240–200 Ma, and 145–95 Ma; Wang et al., 2013 and references therein). Most early Paleozoic structures are tectonically reworked (Wang et al., 2005). Charvet et al. (2010) documented Ordovician flower structure in the Wuyi Mountains, recording the early Paleozoic crustal deformation.
The SCB collided with the North China and Indochina block to the north and south in the Triassic, respectively, establishing the main tectonic framework of the SCB (Wang et al., 2013). The N-S-directed shortening may have occurred in the early Triassic (∼250–225 Ma), and may have resulted in dextral thrusting along a series of the WNW-/W-trending fault and fold systems (Figure 1; Wang et al., 2021). Sinistral transpression may have occurred along the NE-trending fold and fault belts in the SCB interior (ca. 230–190 Ma; Figure 1; Wang et al., 2021). Affected by the west-dipping Paleo-Pacific subduction and subsequent rollback, these NE-trending structures were reactivated and experienced multiple stages of deformation in the late Mesozoic (e.g., Wang et al., 2013, Wang et al., 2021; Li et al., 2014). Furthermore, widespread extensional (half-)grabens with red bed sedimentation, dome structures, and magmatism were developed in the Cretaceous, reflecting regional extension (e.g., Faure et al., 1996; Shu et al., 1998; Zhou et al., 2006; Shu et al., 2009; Chu et al., 2019). Due to the far-field effect of the India-Asia continental convergence, compressional deformation and accelerated regional exhumation were identified across the SCB in the late Oligocene to early Miocene (Wang et al., 2020 and references therein).
The Guizhou region is tectonically located in the SW margin of the Yangtze Block, and is bounded by the Jiangnan orogen to the east, the Sichuan Basin to the north, the Sanjiang orogenic belt to the west, and the Nanpanjiang basin to the southwest (Figure 2). Fold and fault systems are widespread with different kinematic and geometric characteristics, indicating multistage structural superimposition and overprinting (e.g., Li, 2012). The NW-trending ZLF extends across the Yunnan, Guizhou, and Guangxi Provinces in SW China (from Weining to Ziyun for ∼350 km in Guizhou) and joins the Nandan fault in the southeast (Figure 2; Zhang et al., 2013). The ZLF may be originated from a late Paleozoic continental rift, and was reactivated in the Meso-Cenozoic (e.g., Wang and Yin, 2009; Han, 2010; Wu et al., 2012).
[image: Figure 2]FIGURE 2 | Geological map of the Guizhou Province and adjacent regions. The Guizhou Province is tectonically located in the SW margin of the Yangtze Block, adjacent to the Jiangnan orogen to the east, the Sichuan Basin to the north, the Sanjiang orogenic belt to the west, and the Nanpanjiang basin to the southwest. The NW-trending Ziyun-Luodian fault runs across the Yunnan, Guizhou, and Guangxi Provinces in SW China.
3 Stratigraphy
Upper Paleozoic to Mesozoic strata are exposed along the ZLF, albeit being variably deformed by fault movements (Figures 3, 4). Devonian strata are exposed in the southeastern fault segment, including the Huohong, Liujiang, Wuzhishan formations (D1-2h, D3l, and D3C1wz; Figure 4). They are mainly gray-black mudstone intercalated with fine-grained quartz sandstone, thin-medium-bedded chert interlayered with thick limestone. Carboniferous rocks are mainly composed of the Xiangbai (C1x), Jiusi (C1j), Shangsi (C1sh), Weining (CP1w), Nandan (CP1n), Baizuo (Cb), Huanglong (C2h) formations (Figure 4). They are mainly gray-black thin-medium-bedded limestone and dolomite interlayered with mudstone (Cb), black shale with silty mudstone (C1dw), fine-grained sandstone and quartz sandstone (C1x), medium-thick-bedded limestone, argillaceous limestone and dolomite (e.g., the Nandang, Jiusi, and Shangsi formations). The Permian strata in the southeastern fault segment comprise mudstone, carbonaceous shale, limestone, chert, and clastic rocks (e.g., the Sidazhai and Linghao formations).
[image: Figure 3]FIGURE 3 | Geological map and cross-sections of the Ziyun-Luodian fault and adjacent regions.
[image: Figure 4]FIGURE 4 | Stratigraphic column and typical photos of rock units outcropped along the Ziyun-Luodian fault.
In the northwestern segment, the Permian rocks comprise mainly medium-thick limestone and dolomite intercalated with mudstone (e.g., Qixia and Maokou formations), and Emeishan basalt (Figures 3, 4). Triassic strata (e.g., Luolou, Xuman, Feixianguan, and Guanling formations) are widely distributed along the fault zone, including mainly terrigenous clastic rocks (thin mudstone, silty mudstone, and sandstone) and carbonate rocks (grey dolomite, limestone, and marl). The Jurassic strata are locally distributed along strike (Figure 3). It is mainly composed of fluvial and lacustrine silty mudstone and fine sandstone, with minor lacustrine limestone and marl. They are in disconformity contact with the underlying Triassic strata (Figure 4). The Cretaceous rocks (e.g., Maotai Formation, K2m) do not outcrop along the ZLF, and are locally documented in Guizhou. The Maotai Formation is a set of alluvial red conglomerate, gravel-bearing sandstone and mudstone. The gravel is mainly composed of Carboniferous and Permian limestone (Figure 4).
4 Structural analysis
4.1 Geometry
The NW-striking ZLF can be traced from Weining to the east of Ziyun in the Guizhou region (Figure 2), and is confined by several NE-trending faults at its northeastern end. The fault becomes difficult to trace toward the southeast near Ziyun (Figure 3). Based on the different geometric features along strike, the ZLF can be subdivided into the Weining-Shuicheng, Shuicheng-Guanling, Guanling-Ziyun segments (Figure 3). The northwestern segment (Weining-Shuicheng) strikes 290–320° and consists of several parallel, closely-spaced branches. Most fault branches were developed in the anticlinal core of the Carboniferous limestone (Figure 3). Fault planes dip toward the NE or SW at various angles, forming back-thrust structures. In the middle segment, it branches southeastward into two strands west of Shuicheng. The general strike of the fault zone changes to N20°W, and then turns to N40-60°W west of Liuzhi. Most faults dip toward the NE at high angles. At the intersection with the Guiyang fault, dozens of WNW-trending faults were developed at various scales, which crosscut or confined the ZLF (Figure 2). The ZLF is mainly developed in the anticlinal core of the Permian limestone between Liuzhi and Guanling (Figure 3). In the southeastern segment, several sub-parallel faults were developed southeast of Guanling, mostly dipping toward NE at high angles (Figure 3). Further southeast, although highly fractured bedrock outcrops are identified, we cannot delineate a continuous fault structure.
4.2 Deformation sequence
In order to explore the kinematics and deformation sequence of the ZLF, we present new structural observations along the fault zone. At least three distinct deformation events are identified, dextral thrusting (D1), sinistral transpression (D2), and sinistral shear (D3).
4.2.1 Dextral thrusting (D1)
The deformation fabrics preserved in these upper Paleozoic to Triassic rocks reflect the kinematics from upper-middle structural levels. D1 deformation is best expressed by shortening and transpression structures. Thrust faults were mainly developed within the Carboniferous and Permian strata, e.g., two thrust faults in the Carboniferous limestone (Figure 5A; C1d Datang Formation). The limestone contains medium-thick layer with interbedded mudstone and shows an occurrence of 56°∠60°. A NE-dipping fault damage zone (∼1 m thick) was developed along F1. The limestone wallrock was strongly sheared to form penetrative cleavages dipping toward N55°E at 54°, exhibiting S-C fabrics. Together with asymmetric folds of calcite veins in the fault zone, they all indicate top-to-the-SW thrusting (Figure 5A). In addition, the calcite veins were sheared to form asymmetric boudins in the Y-Z plane, pointing to a dextral strike-slip component. F2 is located >10 m southwest of F1. It was developed along a mudstone layer in the limestone. Penetrative cleavages, asymmetric folds and veins are also identified within the fault zone, indicating the same kinematics. In the northwestern segment, the Emeishan basalt is in fault contact with the overlying Permian Qixia Formation limestone. The fault dips toward the NE at 43–60° (Figure 5B). The Permian limestone and Emeishan basalt are intensely fractured on both sides, and the original bedding is difficult to distinguish. Fault gouge (up to 0.5 m thick) was identified adjacent to the fault plane, and contains clasts of various sizes in a greyish-green rock-powder matrix. NW-plunging slickensides were developed on the fault plane, indicating dextral thrusting of the NE wall (Permian limestone) over the SW wall (Emeishan basalt).
[image: Figure 5]FIGURE 5 | Typical deformation associated with dextral thrusting and sinistral transpression. (A) A series of thrust faults developed in the Carboniferous limestone. Deformation fabrics indicate a top-to-the-SW sense of thrusting with a component of dextral strike-slip motion. (B) The Permian limestone was thrust over the Emeishan basalt. (C) A thrust fault developed in the limestone of the Baizuo Formation, which is cross-cut by a steeply-dipping F2. (D) The northeast wall was thrust over the southwest wall in the Triassic dolomite.
4.2.2 Sinistral thrusting (D2)
D2 is also characterized by crustal shortening, but with a clear component of sinistral shearing. For example, a thrust fault was found in the Baizuo Formation limestone, with the NE wall thrust over the SW wall (orientation of F1: 25°∠37°). The bedrock is highly fractured, and fault breccia with (sub)angular limestone clasts is identified in the core of fault zone. The clast alignments indicate thrust faulting. The slickensides are SE-plunging, indicating sinistral shearing. It is worth noting that F1 is cut by the steeply-dipping F2 which strikes N70°W. Sub-horizontal striations and steps are observed on the F2 plane, indicating later sinistral shearing. The former SE-plunging striations are also tectonically reworked (Figure 5C). A sinistral thrust fault is identified in the Permian Qixia Formation. The fault plane is steeply ENE-dipping, and the wallrocks are highly fractured. SE-plunging striations indicate sinistral thrusting of the ENE wall over the WSW wall (Figure 5D).
4.2.3 Sinistral strike-slip faulting (D3)
D3 deformation formed penetrative and steeply-dipping planar fabrics, sub-horizontal striations, and linear geomorphic features. For example, in the central fault segment, Permian and Triassic strata are sinistrally displaced 6–7 km along two NW-trending fault branches (Figure 6A). A linear valley and prominent fault cliffs were developed along strike (Figure 6B). Penetrative fault cleavages were formed in a ∼10 m-wide cataclastic zone (Figure 6C). Sub-horizontal fault striations and steps indicate sinistral strike-slip movement (Figure 6D). In the northern fault segment, a linear valley is identified on the satellite and DEM images, which strikes WNW. A fault zone was found to develop in the Carboniferous Baizuo Formation limestone (Cb), with an orientation of 47°∠71°. The main fault plane strikes N30°W and dips steeply to the NE (Figure 7A). The fault core zone consists of fault gouge and partially-cohesive breccia. The fault gouge is 10–20 cm thick and weakly foliated. The breccia flanking the fault gouge is mainly composed of angular to subangular clasts. The sub-horizontal striations and steps are observed, indicating sinistral strike-slip faulting (Figure 7A). The cataclastic zone consists of strongly deformed limestone with extensive fractures and cleavages. Adjacent to Weining, the thick Baizuo Formation limestone are gently dipping, and are cut-through by a series of strike-slip faults. Multiple branch faults bifurcate upward, striking N20-30°W and dipping to NE or SW steeply. They also show a component of normal faulting, forming a negative flower structure (Figure 7B).
[image: Figure 6]FIGURE 6 | Offset geological units and typical deformation fabrics associated with sinistral strike-slip shearing. (A) Permian and Triassic strata are sinistrally displaced by 6–7 km along two NW-striking fault branches. (B) A linear valley and prominent fault cliffs developed along strike. (C) Penetrative fault cleavages formed in the cataclastic zone with a width of ∼10 m. (D) Sub-horizontal striations and steps on the fault plane indicate sinistral strike-slip movement.
[image: Figure 7]FIGURE 7 | Typical deformation fabrics associated with sinistral strike-slip shearing. (A) Steeply dipping fault planes, sub-horizontals striations, and linear valleys indicate sinistral strike-slip movement. (B) A negative flower structure developed in the thick Carboniferous limestone of the Baizuo Formation.
5 Regional deformation patterns
Field investigation and structural analysis of 1:20,000 and 1:50,000 geologic map reveal various types of folds, faults, and strain zones across Guizhou. The most striking features in northeastern Guizhou are a series of Jura-type folds, which exhibit narrow synclines together with open and gentle anticlines (Figure 2). These linear folds mostly strike N-S or NNE (Figure 8). Triassic or Jurassic rocks formed tight synclinal cores (several km wide) and extend for over a hundred kilometers. The limbs dip steeply on both sides. The box-like anticlines are composed of Paleozoic rocks. The strata in the fold core are mostly horizontal or gently dipping. These fold belts are accompanied with numerous sub-parallel thrust faults, which generally dip toward the east (Figure 8). In the southeastern Guizhou, Alpine-type folds were developed in the Precambrian units. These folds mostly strike NE to NNE, with their axial planes being nearly vertical or slightly west-dipping. A series of thrusts also extend NNE parallelly. Linear fold belts are also identified in central Guizhou, which are NNE- or N-S-trending. Along or adjacent to the ZLF, Mesozoic to upper Paleozoic strata formed anticline-syncline pairs, which generally strike NW. The strata on limbs are gently or moderately dipping, and are locally offset by the thrust faults. In addition, dome-shaped folds were developed on both sides of the ZLF. The youngest strata in these folds are Jurassic (Figure 4). Their long axis strikes NW to the west of the ZLF, but mostly strikes NE to the east. The regional fault systems (incl. thrust and normal faults with strike-slip components) are distributed across Guizhou, and displaced or cut the upper Paleozoic to Mesozoic strata. Thrusts are generally NE-to NNE-striking to the east of the ZLF, but change to NW-trending to the southwest, parallel to regional fold belts (Figure 8). The normal faults are developed mainly east of the ZLF, extending parallel to the thrust fault systems and fold bels. This indicates crustal extension after shortening and thickening.
[image: Figure 8]FIGURE 8 | Structural pattern of the Guizhou Province.
6 Tectonic evolution
Three distinct episodes of deformation in the Meso-Cenozoic including dextral thrusting, sinistral transpression, and sinistral strike-slip movement have been recognized along the NW-trending Ziyun-Luodian fault, respectively. The deformation sequence of the ZLF is compatible with the regional structural framework. Therefore, in the following part, we integrate existing structural, stratigraphical, and chorological data to constrain the timing of the Meso-Cenozoic tectonic evolution of the ZLF and Guizhou region.
D1 dextral thrusting is inferred to occur in the Triassic, which may be related to a broader tectono-thermal event in South China. The major tectonic framework of South China may have been established in the Indosinian orogeny (e.g., Zhang et al., 2013; Wang et al., 2013 and references therein). Closure of the Paleo-Tethyan and continental collision with the North China Block may have caused the nearly N-S-directed crustal shortening across the SCB (Wang et al., 2021). Accordingly, Wang et al., 2013, Wang et al., 2021 proposed that WNW-/W-striking fault systems (e.g., Hechi-Liucheng, Turong-Jianyang, Nanling, Luoyuan-Mingxi, Xianyou-Zhangping, Fogang-Fengliang, Gaoyao-Huilai and Changjiang-Qionghai) and fold-and-thrust belts (e.g., Shimen-Linxiang, Anhua-Liuyang, Longshan-Liling, Jiuling, Wugongshan, Wudianmei and Guposhan-Huashan) may have developed since the Early Triassic across the SCB, based on petrographic, structural, and 40Ar/39Ar geochronologic evidence. The ZLF may have also been affected by the northward convergence of the Indochina Block in the Triassic. The dextral thrusting along the fault zone may have occurred in response to the N-S-directed compression. In addition, the Triassic and Jurassic strata are in conformable or disconformable contact across the Guizhou region. Therefore, regional uplift and moderate deformation likely occurred during the Indosinian orogeny (Figure 9).
[image: Figure 9]FIGURE 9 | Tectonic model of the Ziyun-Luodian fault and the Guizhou Province during the Meso-Cenozoic. At least three stages of deformation including dextral thrusting, sinistral transpression, and sinistral strike-slip movement have been recognized along the ZLF in the Meso-Cenozoic.
D2 sinistral transpression is inferred to occur in the Yanshanian orogeny. NE-/NNE-striking ductile shear zones, thrusts, and fold belts have long been recognized across the SCB, and are attributed to the Paleo-Pacific subduction (e.g., Li and Li, 2007; Zhang and Cai, 2009; Wang et al., 2013, Wang et al., 2021; Li et al., 2014). Older WNW-/W-striking structures were also reactivated. The ZLF may have experienced sinistral transpression under a nearly E-W-directed shortening (Figure 9). The NNE- or N-S-trending Jura-type fold belts and linear anticline-syncline pairs east of the ZLF also indicate ESE-to E-W-directed compression. The youngest strata in the fold belts are the Middle-Upper Jurassic rocks. The Upper Jurassic and Lower Cretaceous strata are mostly absent across Guizhou. The Upper Cretaceous rocks are locally distributed, and are in angular unconformity with the underlying deformed Jurassic and Triassic strata. Therefore, the sinistral transpression along the ZLF and formation of extensive fold belts may have occurred coevally in the Late Jurassic to Early Cretaceous.
It is worth noting that the fold geometry changes spatially across Guizhou. The linear fold belts (Jura- or Alpine type) were mostly developed in the central and eastern Guizhou, and generally change to dome-shaped folds in the western part. The similar deformed strata in these folds suggest that they may have formed at the same stage. However, such geometric variance suggests that the driving force may have originated from the eastern side. Furthermore, the fold long axis is mostly NE-/N-trending and NW-trending in the eastern and western side of the ZLF, respectively (Figure 8). The anticline-syncline pairs are mostly gentle folds in or near the ZLF, except for some locations affected by fault movements. Despite different geometry, we argue that these NW-striking folds were developed coevally with NE-to N-trending folds, since the Middle Jurassic rocks were also involved into the folding. Those observations suggest that the ZLF played an important role in accommodating regional strain during the Yanshanian orogeny.
D3 sinistral strike-slip faulting may have occurred in the late Cenozoic because (Figure 9): 1) subvertical fault planes, sub-horizontal striations, and geomorphic features (such as linear valleys and fault scarps) are present in the fault zone, indicating strike-slip movement. Combined with crosscutting relationship, sinistral shearing represents another deformation episode which is distinct from the early sinistral transpression featured by shortening structures and NW- or SE-plunging striations; 2) to the southwest of the ZLF, several large-scale fault zones were developed sub-parallelly in Yunnan, such as the Ailaoshan-Red River, Chuxiong-Qujiang, Wuliangshan, and Lancang-Genma faults (e.g., Wang et al., 2014, Wang et al., 2022; Li et al., 2020). Published structural analysis and geochronologic data indicate that sinistral strike-slip shearing may have occurred along these faults in the early Oligocene to early Miocene (e.g., Leloup et al., 2001; Liu et al., 2012; Zhang et al., 2014; Wang et al., 2016, Wang et al., 2020, Wang et al., 2022). Based on the similar geometry and kinematics, we infer that the ZLF and the regional NW-trending faults were formed under a uniform tectonic regime to accommodate the SE extrusion of the Indochina block. Therefore, we infer that the sinistral motion along the ZLF likely commenced since the early Oligocene. Interestingly, these NW-striking fault systems mostly experienced kinematic reversal (from sinistral to dextral) since the late Miocene (Wang et al., 2017, Wang et al., 2020, Wang et al., 2022). We cannot determine if dextral motion also occurred along the ZLF due to the limited information, but we deem that possible since modern stress field (derived from oil and gas exploration) adjacent to the fault zone point to N-S-directed maximum horizontal principal stress (Cao et al., 2020).
7 CONCLUSION
Based on our investigations of the geometry and kinematics of the Ziyun-Luodian fault and regional structural analysis, we conclude that:
(1) At least three Meso-Cenozoic deformation stages, including dextral thrusting, sinistral transpression, and sinistral strike-slip movement occurred along the ZLF.
(2) The Guizhou region may have experienced regional uplift during the Indosinian orogeny. Extensive crustal shortening occurred in a nearly E-W-directed compressional regime in the Late Jurassic and Early Cretaceous, forming Jura-/Alpine-type and dome-shaped folds.
(3) The main tectonic framework in Guizhou was established during the Yanshanian orogeny. The ZLF is a key structure accommodating regional strain and separates different tectonic domains.
(4) The ZLF is characterized by sinistral strike-slip shearing in the late Cenozoic, similar to the NW-trending fault systems in the SE Tibetan Plateau.
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