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The 2022 Luding Ms 6.8 earthquake has drawn attention to the Xianshuihe fault zone. Historically, there was an M 73/4 earthquake in this region in 1786. Because the surface rupture of this historic earthquake was not obvious, there is still much debate over the extent of the surface rupture, which is critical for comprehending tectonic activity and assessing seismic risk for the Xianshuihe fault (XSHF). In particular, the seismogenic structure of this earthquake was connected by three active left-lateral strike-slip faults—the Anninghe fault (ANHF), Daliangshan fault (DLSF), and XSHF—where a large earthquake could cause multi-fault rupture. Given these criteria, we report the results of a series of trenches excavated in the vicinity of the epicenter at the northern section of the DLSF, the northern section of the ANHF, the Zheduotang section, and the Selaha section of the XSHF. We find that 1) three palaeoseismic events have been revealed on the northern section of the ANHF: BE1, ∼1003 AD; BE2, 1000–1182 AD; and BE3, 1536 AD as M 7 earthquakes, and 2) two palaeoseismic events have occurred on the Selaha fault during the last 500 years. The first event corresponds to the AD 1725 Kangding M 7 earthquake, and the latest event may be the AD 1786 M 73/4 earthquake. 3) Three palaeoseismic events occurred on Zheduotang: ZD1, 1215 BC∼315 AD; ZD2, 830 BC∼705 AD; and ZD3, the 1955 AD Kangding M 71/2 earthquake. 4) The 1786 Kangding M 73/4 earthquake was probably a multi-fault rupture event, as evidenced by the trenching profile evidence, nearby offset geomorphic features, and historical earthquake data. Not only the Moxi fault, a seismogenic structure, but also the southern end of the Selaha fault to the north and the Shimian fault (DLSF) to the south simultaneously broke during this earthquake.
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1 INTRODUCTION
Large earthquakes typically occur at the ends of faults or in the region where the fault strike changes (Gkarlaouni et al., 2008; Lozos et al., 2017). The Kangding–Shimian area’s structural node is where the Longmenshan fault (LMSF), Xianshuihe fault (XSHF), Anninghe fault (ANHF), and Daliangshan fault (DLSF) all converge, making the area’s structural features more complicated and prone to earthquakes. The epicenter of the 5 September 2022, Luding M 6.8 earthquake was located near Moxi township, Kangding. Twenty-five individuals remain missing, and ninety-three people died in this earthquake. In 1786 AD, the Kangding M 73/4 earthquake also struck this region. Because the surface rupture of the earthquake has vanished since it occurred more than 200 years ago, there is still controversy about the distribution of the surface rupture. Some studies have suggested that the surface rupture of the 1786 Kangding M 73/4 earthquake was distributed in the Moxi–Selaha segment of the XSHF (Li, 1997; Wen et al., 2008). According to the most recent mapping data, the seismogenic structure of this earthquake is the southern section of the XSHF, and the surface rupture was located between Kangding and Tianwan (Chen et al., 2011, 2016), with a rupture length of approximately 80 km. Generally, it is thought that Kangding is the segmented boundary of the Moxi segment and the central segment (Selaha segment) of the XSHF (An, 2010). The beginning and end positions of an earthquake’s surface rupture are determined by the segmentation boundary of the fault, which has an impact on how strain is accumulated and distributed on the fault as well as how large earthquakes rupture. Recent studies on multi-fault ruptures have altered the previous understanding of fault activity segmentation boundaries (Fletcher et al., 2014; Stirlinghv et al., 2017; Hamling et al., 2017; Chen et al., 2018). The three branches of the Huiyuansi–Kangding segment and the Moxi segment along the XSHF, as well as the ANHF, are seismogenic in their own right (Liang et al., 2020; Ma et al., 2022) and have also experienced M>7 earthquakes throughout history. However, some researchers believe that the Huiyuansi–Kangding segment’s three secondary faults are integrated into the deep crust and have a unified fault surface, which means that these three faults exhibit the tail effect of deep fracture dislocation on the surface (Zhou et al., 2001a). This structure appears to indicate that multiple faults could rupture simultaneously in the southern segment of the XSHF fault and the northern segment of the ANHF and DLSF. Based on previous trenching work, we have excavated several trenches in the northern segment of the DLSF, the northern segment of the ANHF, and the Zheduotang and Selaha segments of the XSHF. In addition to exploring the rupture range of the 1786 Kangding earthquake, we aim to expose and contrast the (previous) earthquake rupture events of these faults which can also provide new basic data for understanding and evaluating the future seismic risk in the Shimian–Kangding area.
2 REGIONAL SEISMOTECTONIC SETTING
The study area, located at the boundary of the Bayan Har block, the Sichuan–Yunnan block, and the South China block (Deng et al., 2002; Zhang et al., 2003), is connected by three active left-lateral strike-slip faults, the ANHF, DLSF, and XSHF (Figure 1B). The XSHF shows a NE-trending protruding arc in a plane shape, which can be roughly divided into three major geometric segments bordered by the Qianning Basin and Kangding County, known as the NW segment, middle segment, and SE segment (Long and Deng, 1986; Li, 1997; Wen, 2000; Wen et al., 2008; An, 2010).
[image: Figure 1]FIGURE 1 | Regional tectonics and seismicity in south-eastern Tibet. (A) Geotectonics of the study area. (B) Characteristics of seismicity in the study area. The blue rectangle in Figures 1A indicates the study area located at the boundary of the Bayan Har block, Sichuan–Yunnan block, and South China block. The blue circles of different sizes indicate epicenters of earlier documented historical earthquakes (Department of Earthquake Disaster Prevention, 1995; Department of Earthquake Disaster Prevention, 1999). Dotted lines indicate the intensity map of the 1786 AD earthquake (Gu, 1983; Wang and Pei, 1998). The bands of different colors represent the surface rupture range of historical earthquakes: the rupture extent of the 1536 AD earthquake obtained from Wang et al. (2014) and Ran et al. (2008a); the rupture extent of the 1786 AD earthquake obtained from Wang and Pei (1998) and Chen et al. (2011); the rupture extent of the 1955 AD earthquake obtained from Zhou et al. (2001a); and the rupture extent of the 1725 AD earthquake obtained from Han et al. (2022). The Hillshade map is generated from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (ASTGTM) (90-m resolution). Abbreviations of the active faults: ATF, Altyn Tagh fault; HF, Haiyuan fault; XF/XSHF, Xianshuihe fault; JLF, Jiali fault; RRF, Red River fault; BLF, LMSF, Longmenshan fault; DLSF, Daliangshan fault; ANHF, Anninghe fault; and ZMHF, Zemuhe fault.
The middle segment of the XSHF has a complicated geometric structure. This segment separates into three secondary faults—the Yalahe fault, the Selaha fault, and the Zheduotang fault—between the southern Huiyuansi Basin and southern Kangding. The three secondary faults have historically experienced earthquakes of M≥7 (Liang et al., 2020; Ma et al., 2022). The Selaha fault is the seismogenic structure for the 1725 Kangding M 7 earthquake, and the surface rupture of this earthquake can still be seen (Han et al., 2022; Long & Deng, 1986). The Yalahe fault may have been the source of the 1700 North Kangding M 7 earthquake (Liang et al., 2020). An M 7 earthquake struck the Zheduotang fault in 1955 (Zhou et al., 2001a; Wen et al., 2008).
The south-eastern portion of the XSHF (Moxi Segment) is distributed from Kangding to Shimian. The Moxi segment’s surface morphology consists of a single structure with a straightforward form. The most widespread and damaging earthquake ever recorded in the XSHF’s history was the South Kangding M 73/4 earthquake that struck the Moxi region in 1786 (Chen et al., 2011; Chen et al., 2016).
Although various researchers have obtained varied findings about the late Quaternary activity rate of each segment of the XSHF, the overall trend indicates that the southeast segment’s late Quaternary activity rate is approximately 6–10 mm/a, and the center segment’s late Quaternary activity rate is typically 3–8 mm/a (Qian et al., 1988; Zhao et al., 1990; Allen et al., 1991; Li, 1997; Zhou et al., 2001b; Xu et al., 2003; Wen et al., 2008; Chen, 2006).
The ANHF was divided into two segments by Mianning (Ran et al., 2008a). The results of the field investigation indicate that the left-strike slip rate of the northern segment of the ANHF is 3.6–4.0 mm/a, while the southern segment’s slip rate since the Holocene is approximately 4.4–6.5 ± 1 mm/a (Wang et al., 2018; Xu et al., 2003), and the Xichang earthquake of magnitude M 71/2 occurred on the ANHF fault in 1536 AD (Ran et al., 2008b; Wang et al., 2014).
The DLSF is a structural belt with a total width of approximately 15 km, consisting of six secondary faults (He et al., 2008). The Gongyihai fault and the Shimian fault make up the northern segment (Institute of Geology, CEA, 2019). Since the late Pleistocene, the Gongyihai fault has been a weakly active fault according to the most recent geological and geomorphological surveys. High-precision geomorphological observations and satellite interpretation indicate that the late Quaternary left-strike rate of the Shimian fault is 1.5–3.3 mm/a, which is consistent with the fault’s relatively intense late Quaternary activity (Sun et al., 2015). Although the DLSF lacks historical earthquake records, palaeoearthquake research has shown evidence of intense seismic activity, indicating that earthquakes of M 7 or above have occurred and will occur in the future (Gao et al., 2016; Sun et al., 2019; Feng et al., 2021).
3 METHODS
Generally, earthquakes with a magnitude greater than M 63/4 will produce surface rupture (Deng et al., 1992). The surface rupture traces of large earthquakes in geological records can be revealed according to the palaeoearthquake research (Ran et al., 2012a; 2012b). Based on the comparative analysis of palaeoearthquakes in different locations, the rupture range of historical earthquakes can be found, and then, the rupture mode of faults can be clarified (Scharer et al., 2017; Onderdonk. et al., 2018; Yuan, 2018; Wang et al., 2018). In this regard, to explore the rupture range of the 1786 earthquake, we excavated four trenches in the vicinity of the 1786 earthquake epicenter in the northern section of the DLSF, the northern section of the ANHF, the Zheduotang section, and the Selaha section of the XSHF.
3.1 Trench excavation and identification of palaeoearthquakes
To investigate palaeoearthquakes along the strike-slip faults in the Sichuan–Yunnan area, fault troughs and sag-ponds are emerging as the best trench sites (Ran et al., 2012a). We have chosen four trenching sites that favor fine-grained deposits. During excavation, trenches were required to be 2.5 m deep and 2.5 m wide, and each wall was virtually vertically excavated and then meticulously cleaned, gridded in squares of 1×1 m, photographed, and printed for thorough field mapping. According to Ran et al. (2012a, 2012b), the main criteria for identifying strike-slip fault palaeoearthquake events with strike-slip faults can be summarized as follows: sedimentary sequence characteristics (such as sedimentary evolution and sedimentary interruption), the relationship between faults and strata, strata deformations (such as bending and dislocation), tension-filled wedges, and infilled and void fissures.
3.2 Radiocarbon dating
In all trenches, several radiocarbon samples were taken from both faulted and unfaulted strata. These samples came from organic sediment, wood, and charcoal, which have all been advocated as excellent sources for determining the sedimentation age of stratigraphic units. All samples were sent to Beta Analytic, Inc., United States, for accelerometer mass spectrometer dating. Using the OxCal 4.4 technique procedure (Ramsey, 2009; Reimer et al., 2013), the sample ages were adjusted to two-sigma calendar ages (95.4% confidence interval).
4 PALAEOEARTHQUAKE INVESTIGATION
4.1 Baichunshu trench
Evident fault activity indications and micro landforms, including fault troughs, steep ridges, fault ponds, and abandoned gullies, were found along the northern section of the ANHF in the region from Ganhaizi to Shimian County. The linear image characteristics of fault activity in the late Quaternary are particularly obvious close to Baichunshu village, with a linear distribution of fault troughs and slope trough landforms (Figure 2). The trench was excavated at a slope trough approximately 1 km north of Baichunshu village, and the valley topography favors continuous deposition with fine-grain deposits carried by a hillside stream (Figure 2B). The trench profile reveals that the underlying materials are mostly clay materials of static water accumulation or faulted ponds, as opposed to the overlying materials, which are primarily sand gravels of deluvial facies (Figure 3). Based on the differences in composition, structure, color, and sedimentary facies, these clays and gravel layers are divided into five units, including six subunits (Table 1).
[image: Figure 2]FIGURE 2 | Fault geomorphology and trench layout in Baichunshu. (A) Field photo of the faulted landforms around trench. (B) Local enlarged photograph of (A).
[image: Figure 3]FIGURE 3 | Photographic mosaic (upper) and interpretation log(lower) of the Baichunshu trench. (A) Photographic mosaic of the north wall of the trench; (B) interpretation log(lower) of the trench. 1) Gravel; 2) depositional unit sequence and stratigraphic boundary (dotted line indicates the unclear boundary); 3) fault trace; 4) speculate fault; and 5) location and dating of 14C samples.
TABLE 1 | Units and descriptions exposed by the Baichunshu trench.
[image: Table 1]By analyzing the deformation evidence revealed by the Baichunshu trench, two faults can be identified. On the eastern wall, the fault events are clear. Unfortunately, the timing of palaeoseismic events in Table 1 cannot be well constrained due to the absence of sedimentary sequences. On the western wall, faulted events are also very clear (Figure 3). According to the relationship between stratigraphic characteristics and faulted deformation, three palaeoseismic events were revealed, namely, BE1, BE2, and BE3, from the oldest to youngest.
The BE1 event occurred before U3b and after U2c. The main evidence is as follows: ①F2-1 faulted layer U2-1 (Figure 3); ②sedimentary facies had changed after U2c; U3b, which is only distributed on the west side of the profile, is the hydrostatic sedimentary environment, with sag-pond sedimentary characteristics, while the U2c layer is deluvial facies with the continental sedimentary environment.
The BE2 event occurred after U3b and before U4a. The main evidence is as follows: ①sedimentary facies had changed after U3b; ②there are differences in the deformation degree—the dragging deformation of U3b is very strong, while the deformation of U4, especially the upper part U4b and U4c, is weaker, and the dislocation of U4b is only 20 cm.
The BE3 event occurred between U4c and U5a, and the main evidence is that U5a was not faulted and deformed, while U4c was dislocated by F3-1.
At the 95.4% confidence interval (Table 4), the calendar ages of the three events from OxCal 4.4 are as follows: Event BE1, ∼1003 AD; Event BE2, 1000–1182 AD; and Event BE3, after 1535 AD.
4.2 Yalaxiang trench
The Selaha fault along the northern Kangding faults is a sequence of moraine ridges, fluvioglacial accumulation platforms, and fluvioglacial terraces, yielding structural landforms such as linear troughs and fault ponds. On the south side of Chongcaoping, we excavated a trench in the fault trough, which spanned the entire fault depression. This trench’s north wall collapsed during excavation, while the south wall was in good shape (Figure 4). The trench profile reveals that there are multistage fault pond sediments and alluvial–pluvial deposits on the eastern side, while the alluvial deposits along the slope dominate the western side. According to the sedimentary characteristics, it can be roughly divided into four sets of strata, including six sublayers (Table 2).
[image: Figure 4]FIGURE 4 | Fault traces and locations of trenches. Faulted landforms near Yalaxiang township (A,B). (C) photographic mosaic of the south wall of the trench; (D) interpretation log(lower) of the trench. 1) Gravel; 2) depositional unit sequence and stratigraphic boundary (dotted line indicates the unclear boundary); 3) fault trace; 4) speculate fault; 5) location and dating of 14C samples; and 6) structural wedge.
TABLE 2 | Units and descriptions exposed by the Yalaxiang trench.
[image: Table 2]Two palaeoseismic events, SL1 and SL2, can be identified by stratigraphic evidence according to the relationship between faulting and sedimentation in the sedimentary sequences of the fault depression, and the times of the two events were restricted to between U2-2 and U3-1 and U3-2 and U4-l, respectively.
The main evidence of event SL1 is as follows: ①the stratigraphic boundary is very clear: layer U2-2 is fine sand, while the bottom of U3 is an organic clay layer with gravel, which means that the sedimentary facies of the strata has changed; ② the topographic uplift on the eastern side of the trench is caused by fault F2-1/F2-2/F2-3, which faults layer U2-2. Layer U3-1 is a local gravel layer that formed quickly in front of the ridge (Figure 5B).
[image: Figure 5]FIGURE 5 | Close shots of the local topical partial trench wall and the details of the fault. (A) the fault trace of F3-2/F3-1. (B) the fault trace of F2-3.
The main evidence for SL2 is as follows: ①clear stratigraphic and sedimentary boundaries; ②layer U3-1 is deformed and faulted along faults F3-2 and F3-1, and it is arched and faulted along fault F3-3 (Figure 5A), whereas layer U4 above it covers it firmly and without any deformation.
Four carbon debris samples were obtained and sent to Beta Laboratory for accelerated mass spectrometry (AMS) dating. At a 95.4% confidence interval (Table 4), the calendar ages of the two events from OxCal 4.4 are as follows: SL1, 1272–1720 AD; SL2, 1703–1929 AD.
4.3 Zheduotang trench
The Zheduotang fault delineates a string of ridges from Zheduoshan to Zheduotang village, creating fault ponds, fault troughs, and slope ridges. The surface rupture of the 1955 M 71/2 earthquake formed a 1.8 m reverse scarp on alluvial–diluvial terrace T1 along the fault, which is distributed on the right step near Zheduotang village. The Zheduotang trench crosses the fault scarp (Figure 6). On the western side of the trench, there is a sandy gravel layer of terrace alluvium and diluvium with a lenticular sand layer, while on the eastern side, there are deposits from many stages of fault depression (Figure 7). Because of gurgling and flooding in the low-lying section of the western wall, only a portion of the walls was kept. According to the sedimentary characteristics, the site can be divided into five sets of strata, including three sublayers. The strata are shown in Table 3.
[image: Figure 6]FIGURE 6 | Fault field photographs of the fault traces near the Zheduotang Village. (A) Representative faulted landforms. (B) The location of Zheduotang trench.
[image: Figure 7]FIGURE 7 | Photographic mosaic (A–B) and interpretation log (C) of the Zheduotang trench. a, photographic mosaic of the north wall of the trench; b, close shots of the local topical partial trench wall; and c, interpretation log(lower) of the trench. 1) Gravel; 2) depositional unit sequence and stratigraphic boundary (dotted line indicates the unclear boundary); 3) fault trace; 4) speculate fault; 5) location and dating of 14C samples; and 6) structural wedge.
TABLE 3 | Units and descriptions exposed by the Zheduotang trench.
[image: Table 3]There was a fault zone with a width of approximately 1 m that ruptured upward to the ground surface (Figures 7A, B), which should correspond to the 1955 M 7 earthquake. The strata in the sag-pond have experienced faulting, fold deformation, and fracture filling to varying degrees since the fault zone governs these processes. Based on this deformation evidence and depositional sequences, three events can be identified.
Event ZD1 occurred after U2-3 and before U3. The main evidence is as follows: ①the boundary of strata deposition is very clear; U2-3 is an organic layer rich in carbon debris, and there is a sedimentary phase change with U3, which does not include carbon debris; ②F1 faults layer U2 and is covered by layers U3.
Event ZD2 occurred after U3 and before U4-1. The main evidence is as follows: ①F2-1 faults U3, dragging it into the structural zone, and U4-1 fills the gap along the fracture (Figure 7C); ②along fault F2-2, which causes U2 and U3 bending deformation, the gravels are directionally arranged, and U4 covers it (Figure 7C).
Event ZD3 occurred after U4-2 and before U5. The gravels in F3 are directionally organized to the surface, with clear fault traces. A scarp can be observed on the surface, which should be associated with the 1955 AD earthquake.
Six carbon debris samples were obtained and sent to Beta Laboratory for accelerated mass spectrometry (AMS) dating. At a 95.4% confidence interval (Table 4), the calendar ages of the two events from OxCal 4.4 are as follows: ZD1, 1215 BC ∼ 315 AD; ZD2, 830 BC ∼ 705 AD. The latest event, ZD3, is after 1500 AD.
TABLE 4 | Radiocarbon samples and dating results for the four trenches.
[image: Table 4]4.4 Lianhecun trench
From the Zhuma basin to the Huilong uplift, several faulted landforms, including the fault trough, water system, ridge dislocation, and minor fault depression, were formed along the Shimian fault. The fault trough and tiny fault depression are very visible at Lianhecun, where the left-lateral dislocation of the gully is approximately 107 m. Two trenches (Feng et al., 2021) were excavated across one of the small fault ponds. Four events were revealed: E1, 20925–116850 BC; E2, 15265 BC ∼ 1785 BC; E3, 360 AD ∼ 1475 AD; and E4, 1655 AD ∼ 1815 AD.
The latest event that the trench showed is quite obvious. Between U5 and the primary fault zone F1 on the southern wall (Figure 8A), there is wedge-shaped filling (AW). The black soil in layer U5 was filled into the AW, and overlying layer U6 had not deformed. On the northern wall, there was a bottom gravel layer in U6 (Figure 8B), which indicates a change in the sedimentary environment. There were approximately 70 cm vertical dislocations along the fault. Seven samples of carbon debris from U4 and U5 were sent to the Beta Laboratory in the United States for AMS dating. The initial date was adjusted using the age correction program OxCal4.44 (Table 4), and the event occurred between 1655 and 1815 AD.
[image: Figure 8]FIGURE 8 | Close shots of the local topical partial trench wall and the details of the latest event in the Lianhecun trench. (A) Details of the south wall of Lianhecun TC1 (Feng et al., 2021); (B) details of the north wall of Lianhecun TC2; 70 cm indicates an apparent vertical dislocation.
5 DISCUSSION
As a result, the latest event of the northern segment of the Anninghe fault revealed by the Baichunshu trench occurred after 1535 AD The latest two events, SL1: 1272–1720 AD and SL2: 1703–1929 AD, in the Selaha fault were revealed by the Yalaxiang trench. The latest event of the Zheduotang fault occurred after 1500 AD by the Zheduotang trench. The latest event of the Shimian fault was exposed by the Lianhecun trench between 1655 and 1815 AD. Additionally, the Xingyulin trench found that the Moxi fault’s most recent event occurred between 1280 and 1850 AD (Gao et al., 2021), while the Yalahe fault’s most recent event may have been the 1700 AD earthquake (Liang et al., 2020) (Figure 9).
[image: Figure 9]FIGURE 9 | Palaeoseismic sequence from trenching at different sites and compared with historical record earthquakes. The gradient area represents the range of palaeoseismic events revealed by different trenches. The orange vertical line is the upper limit of the event, while the black vertical line is the lower limit of the event.
Since 1700 AD, four earthquakes of M≥6.5 have been recorded in the history of the area from Kangding to Shimian in the order of the 1725 AD M 7 Kangding earthquake, the 1748 AD M 61/2 earthquake in northwest Kangding, the 1786 AD M 73/4 earthquake in southern Kangding, and the 1955 AD M 71/2 Kangding earthquake (Department of Earthquake Disaster Prevention, 1995). Among them, the elapsed time of the 1955 AD M 71/2 Kangding earthquake is the shortest. This earthquake left a surface rupture zone of about 30 km along the Zheduotang fault (The Chengdu Seismic Brigade, 1972). According to prior knowledge and earthquake cases, an earthquake’s magnitude that results in a surface rupture on the Chinese mainland is often greater than M 63/4 (Deng et al., 1992). There were only few kilometers of ambiguous surface rupture from the Luding M 6.8 earthquake in 2022 AD (Li et al., 2022; Han et al., 2023). It is concluded that the 1748 AD Kangding M 61/2 earthquake may not have produced a surface rupture. A 100 m-long ground fissure was discovered on the moraine gravel platform at Chongcaoping, the epicenter of the AD 1725 Kangding M 7 earthquake, and the gravel there exhibited clear twisting marks (Wang, 1992; Li, 1997). It is possible that event SL1 revealed by the Yalaxiang trench, which was excavated 500 m south of Chongcaoping in the meizoseismal region of the 1725 earthquake, was the earthquake. However, the meizoseismal region of the 1786 AD earthquake extends from Kangding to Shimian (Department of Earthquake Disaster Prevention, 1995). The prior study results and the Xingyulin trench indicate that a surface rupture occurred during the earthquake in the Kangding–Moxi region (Gao et al., 2021). Some investigations have suggested that the northwest end may extend to the vicinity of Mugecuo, and the southeast end may reach the Tianwan area (Wang and Pei, 1998; Zhou et al., 2001b). Yalaxiang trench data show that the most recent incident SL2 closely matches the 1786 earthquake. According to the degree of bending deformation and elevation in the trench profile, the trench site should be located near the northernmost end of the surface rupture. In recent years, some new evidence has been obtained in the southeastward of the rupture, which shows that the rupture extends at least to the south of Tianwan (Chen et al., 2011, 2016). The results from the Lianhecun trench indicate that the most recent event in the Shimian fault occurred between 1655 and 1815 AD. Since 1500 AD, the historical earthquake data of M≥7 in this area have been complete (Huang and Li, 1994). Except for the 1786 Kangding earthquake, no unambiguous written records of earthquakes have been discovered in Shimian since the Ming and Qing Dynasties, according to historical earthquake records (Gu, 1983; Department of Earthquake Disaster Prevention, 1995; Sun, 2010). So, the 1786 earthquake should be considered the most recent seismic event on the Shimian fault, which is constrained by the Lianhecun trench.
By excavating the trench groups in Zimakua, Ganhaizi, and Dahaizi, Ran et al. (2008) proposed that the northern segment of the ANHF can be separated into two distinct subsections, namely, the Dahaizi–Ganhaizi section and the Zimakao–Yejidong section. In the northern part of the Zimakao–Yejidong section, three palaeoseismic events occurred: 280–550 B.P., 1030–1050 B.P., and 1634–1811 B.P. The three events disclosed by the Baichunshu trench correspond to the most recent three occurrences at the site of the Zimakua trench (Figure 9). Wang et al. (2014) examined palaeoseismic data from the southern and northern parts of the ANHF and determined that the 1536 Xichang M 71/2 earthquake ruptured the whole length. The latest event (after 1535 AD) revealed by the Baichunshu trench may correspond to the 1536 Xichang M 71/2 earthquake. However, due to the lack of historical records, it cannot be completely ruled out that the latest event revealed by the Baichunshu trench may also be the 1786 earthquake (Figure 9).
In summary, the latest event limited by the Baicunshu and Zheduotang trenches cannot rule out the 1786 AD earthquake. This earthquake ruptured the Shimian fault (the northern section of the DLSF) and the southern segment of the XSHF, with a total length of approximately 120 km from the northern end near the Yalaxiang trench to the southern end on the south side of the Lianhecun trench. Similar to the Ms 8.0 2008 Wenchuan earthquake and the Mw 7.8 2016 Kaikōura earthquake (Tan et al., 2013; Hamling et al., 2017), this earthquake is also a complex earthquake with a multi-fault rupture.
According to the empirical relationship between the length of the surface rupture of the strike-slip fault type and the magnitude of earthquake occurrence,
[image: image]
where M is the magnitude of the earthquake, SRL is the surface rupture length, and the values in brackets are the error coefficients (Wells and Coppersmith, 1994). If the length is 120 km, the magnitude of the earthquake is approximately M 73/4, which is equivalent to the estimated result of historical earthquake intensity.
Furthermore, according to historical records, there was an aftershock of magnitude 6 or greater on June 2 after the major earthquake of magnitude M 73/4 on 1 June 1786 AD, and there may have been an earthquake of magnitude 7 or greater near Detuo on June 10 (Sun, 2010). It also reflects that the 1786 AD M 73/4 earthquake along the XSHF may have triggered the rupture of the Shimian fault, resulting in multi-fault rupture behavior.
6 CONCLUSION
Four trenches, excavated in the vicinity of the epicenter in the northern section of DLSF, the northern section of the ANHF, the Zheduotang fault, and the Salaha fault of the XSHF, revealed the depositional sequences and deformation evidence in the palaeoearthquakes. The major results are given as follows:
1) From trenching and 14C ages, two palaeoseismic events have occurred on the northern section of the ANHF: BE1, ∼1003AD; BE2, 1000–1182AD. We associate the most recent event BE3 with the historical records of 1536 AD M 7.
2) Two palaeoseismic events have occurred on the Selaha fault in the last 500 years, SL1, 1272–1720 AD; SL2, 1703–1929 AD. We associate two young events with the historical records of the 1725 AD Kangding M 7 earthquake and the 1786 AD Kangding M 73/4 earthquake.
3) Three palaeoseismic events have occurred on the Zheduotang: ZD1, 1215 BC ∼ 315 AD; ZD2, 830 BC ∼ 705 AD; and ZD3, 1955 AD Kangding M 71/2 earthquake.
4) The 1786 AD Kangding M 73/4 earthquake was probably a multi-fault event, based on the trenching profile evidence, the nearby offset geomorphic features, and the historical earthquake data. This earthquake’s seismogenic fault is the Moxi fault, which triggered the southern end of the Selaha fault to the north and the Shimian fault (DLSF) to the south. The total rupture length is approximately 120 km.
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‘The light-green pebbly clay is formed by piedmont alluvial-pluvial facies. It can be divided into three sublayers from top to bottom. The top is
brown-yellow clay (U2a), containing a small amount of gravel; middle U2b grayish white mud layer, controlled by fault; The top is U2c black organic
clay layer, in which a carbon fragment is collected, and the AMS dating result is 3010 30 BP

‘The light-green pebbly clay is formed by piedmont alluvial-pluvial facies. It can be divided into three sublayers from top to bottom. The top is
brown-yellow clay (U2a), containing a small amount of gravel; middle U2b grayish white mud layer, controlled by fault; The top is U2c black organic
clay layer, in which a carbon fragment is collected, and the AMS dating result is 3010 + 30 BP

A grayish green clay layer, with a clear boundary line with the underlying strata, accumulated along the ridge, a stable layer thickness of grayish black
clay layer, mixed with small gravel blocks, which can be divided into two sublayers Ua and U4b according to the content of organic matter. AMS.
dating result of a carbon fragment at the bottom s 1340 30 BP; Ub s a grayish black clay layer, containing a large amount of organic matter. Two
carbon fragments were collected from this layer, and the AMS dating results are 600 + 30 BP and 910 + 30 BP, respectively. Now, it represents the
development of soil layers and grass roots

A grayish green clay layer, with a clear boundary line with the underlying strata, accumulated along the ridge, a stable layer thickness of grayish black
clay layer, mixed with small gravel blocks, which can be divided into two sublayers Ua and U4b according to the content of organic matter. AMS
dating result of a carbon fragment at the bottom s 1340 30 BP; Ub s a grayish black clay layer, containing a large amount of organic matter. Two
carbon fragments were collected from this layer, and the AMS dating results are 600 + 30 BP and 910 30 B, respectively

Surface layer; the development of soil layers and grass roots
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Unit Description

ul Clay-containing gravel layer, containing boulder can be divided into two sublayers according to the content of clay. Ul is an carthy yellow gravel
layer, semiconsolidated, and formed by the accumulation of alluvial facies; U1-b is a dark-yellow clay layer with gravel and slope accumulation

[} Fault pond sedimentation, both sides controlled by faults, the strata appear bowl-shaped, can be divided into two sublayers. U2a is a black organic soil
layer, and the AMS dating result of a carbon chip at the top is 730 + 30 BP. U2b is a fine gray—yellow sand layer with horizontal layers

U3 ‘The clay layer, which can be divided into two sublayers. U3a is a black organic soil layer with a thin layer; AMS dating results were 200 30 BP and
170 30 BP, respectively; U3b is a gray gravel-bearing clay layer

[ ‘The light-yellow clay layer can be divided into three sublayers according to color and sedimentary characteristics, Usa is an carthy yellow gravel-
bearing fast clay layer, and the carbon-like AMS dating result is 880 % 20 BP. Uab is a light earthy yellow clay layer, and the carbon-like AMS dating
result is 495 + 25 BP. Udc is an earthy yellow clay layer, and the carbon AMS dating result is 360 + 40 BP.

us “The black clay layer, which contains a large amount of organic matter in the middle of the trough, and the MS dating result of 1carbon chip at the
bottom is 130 + 30 BP.
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‘The yellow-brown slightly gray gravel layer, the gravel particle size is large, ranging from 1 cm to 20 cm, the sorting s poor, and it is an alluvial
accumulation

u3

U4

Us

Us

A clay gravellayer containing silier gravel, which i slope sediment. It can be divided into three sublayers, U2a s a brownish-yellow slope flood gravel
layer, the gravel diameter i less, there is a certain rounding, and the boundary with the lower strata is clear, and it is stacked before the ridge; U2bisa
mixture of bluish-gray gravel and clay, containing boulders; U2C is a brownish-red gravel-bearing clay layer

Gray gravel-bearing clay layer with clear boundaries from the upper and lower strata. According to the gravel content, it can be divided into two
sublayers, U3a is a gray gravel clay layer; U3bis a blue—gray carbon-containingsilt layer and clay layer, and the top is partially laminated carbon chips.
and carbon mud, and the carbon AMS dating result obtained in this layer is 1045 & 5 BP.

Pale yellow clay layer, which can be divided into three sublayers according to color and sedimentary characteristics, Uda is an earthy yellow gravel-
bearing fast clay layer, and the carbon-like AMS dating result is 880 & 20 BP; Ub is a light earthy yellow clay layer, and the carbon-like AMS dating
result is 495 + 25 BP; Udc is an carthy yellow clay layer, and the carbon AMS dating result is 360 + 40 BP.

‘The surface clay layer, which has a clear stratigraphic boundary with the underlying stratigraphy, showing unintegrated contact, and the Ua layer is
a gray-black clay layer; USb is a surface tillage soil layer

Gray-black topsoil layer rich in plant roots, containing a small amount of small gravel particles. Some large gravel particles are only visible near the
fault at the northern end of the eastern wall
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