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4ISTerre, Université Grenoble Alpes
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Abstract

The Xianshuihe fault in eastern Tibet is one of the most active faults in China, with the next large earthquake most likely

to occur along its SE part near Kangding. Quantifying its slip rate along the three parallel branches (Yalahe, Selaha and

Zheduotang) as well as along the Moxi fault is essential to evaluate regional earthquake hazard, necessary to the construction of

the Chengdu-Lhasa railroad. Here, we expand our previous work on the Selaha fault to the Zheduotang and Moxi faults, with

observations on the Yalahe fault and the newly discovered Mugecuo South fault zone. Using tectonic-geomorphology approaches

(LiDAR, UAV and 10Be dating), we had determined late Quaternary slip rates of 9.75±0.15 and 4.4±0.5 mm/yr along the NW

and SE Selaha fault, respectively, hence had inferred a ˜5 mm/yr rate along the parallel Zheduotang fault. Here, using the same

methods, we confirm such rate (4.5[+0.9/-0.8] mm/yr, ZDT moraine site) thus suggest a total slip rate of >8.9±1.4 mm/yr in

the SE Xianshuihe fault. Our rate along the Moxi fault (12.5[+2.3/-2.1] mm/yr, MX moraine site) is higher than those along

the Ganzi (6-8 mm/yr) and Xianshuihe (˜10 mm/yr) faults farther NW, which reinforces our earlier finding of a southeastward

slip rate increase, in agreement with the eastward decrease of GPS vector values (with respect to Eurasia) located north of the

fault. Our study reveals a high regional earthquake hazard (Mw6.5 to 7.3) in the near future, which adds to the challenge of

building the new railroad in such mountainous area.
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 18 

Highlights 19 

-The Zheduotang and Moxi fault slip-rates are 4.5(+0.9/-0.8) and 12.5(+2.3/-2.1) mm/yr, 20 

respectively 21 

-The slip-rate increases towards the SE along the Xianshuihe fault system until at least Moxi 22 

-Earthquake hazard is high in the Kangding region of the SE Xianshuihe fault 23 
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The Xianshuihe fault in eastern Tibet is one of the most active faults in China, with the next 26 

large earthquake most likely to occur along its SE part near Kangding. Quantifying its slip rate 27 

along the three parallel branches (Yalahe, Selaha and Zheduotang) as well as along the Moxi fault is 28 

essential to evaluate regional earthquake hazard, necessary to the construction of the Chengdu-29 

Lhasa railroad. Here, we expand our previous work on the Selaha fault to the Zheduotang and Moxi 30 

faults, with observations on the Yalahe fault and the newly discovered Mugecuo South fault zone. 31 

Using tectonic-geomorphology approaches (LiDAR, UAV and 
10

Be dating), we had determined late 32 

Quaternary slip rates of 9.75±0.15 and 4.4±0.5 mm/yr along the NW and SE Selaha fault, 33 

respectively, hence had inferred a ~5 mm/yr rate along the parallel Zheduotang fault. Here, using 34 

the same methods, we confirm such rate (4.5[+0.9/-0.8] mm/yr, ZDT moraine site) thus suggest a 35 

total slip rate of >8.9±1.4 mm/yr in the SE Xianshuihe fault. Our rate along the Moxi fault 36 

(12.5[+2.3/-2.1] mm/yr, MX moraine site) is higher than those along the Ganzi (6-8 mm/yr) and 37 

Xianshuihe (~10 mm/yr) faults farther NW, which reinforces our earlier finding of a southeastward 38 

slip rate increase, in agreement with the eastward decrease of GPS vector values (with respect to 39 

Eurasia) located north of the fault. Our study reveals a high regional earthquake hazard (Mw6.5 to 40 

7.3) in the near future, which adds to the challenge of building the new railroad in such 41 

mountainous area. 42 

 43 

Plain Language Summary 44 

The left-lateral Xianshuihe fault in eastern Tibet is one of the most active faults in China, 45 

with the next large earthquake most likely to occur along its SE part near Kangding city. Studying 46 

its activity and slip rate is essential to evaluate regional earthquake hazard, especially because it 47 

crosses Kangding city and because of the construction of the Chengdu-Lhasa railroad. Here, we 48 

expand our previous work on the Selaha fault to the Zheduotang and Moxi faults, together with key 49 

observations on the Yalahe fault and the newly discovered Mugecuo South fault zone. We find that 50 

the rate over the last ~100,000 years increases southeastwards along the Xianshuihe fault system, in 51 



 

 

agreement with the eastward decrease of GPS vector values (with respect to Eurasia) located north 52 

of the fault. The fast slip rates and their complex spatial distribution in the Kangding region reveal a 53 

high earthquake hazard (Mw6.5 to 7.3) in the near future, which adds to the challenge of building 54 

the Chengdu- Lhasa railroad in such mountainous area. 55 

 56 

1. Introduction 57 

The eastern margin of the Tibetan Plateau is an important, active, tectonic boundary with 58 

numerous active faults which can accommodate slip due to the eastward motion of the plateau, as 59 

well as shortening with respect to the less deformed Sichuan Basin to its east (e.g., Molnar and 60 

Tapponnier, 1975; Tapponnier and Molnar, 1977; Wang et al., 1998; Wang and Burchfiel, 2000; 61 

Tapponnier et al., 2001) (Fig. 1). Eastern Tibet belongs to the “eastern Tibet seismic belt” or “N-S 62 

tectonic zone” (Deng et al., 2003; Zhang, 2013) along which an extremely large number of M>7 63 

earthquakes occurred in history, particularly along the NW-striking, ~1400 km-long Xianshuihe 64 

(hereafter XSH) fault system, which consists of the Yushu/Batang, Ganzi, Xianshuihe and Moxi 65 

fault segments from NW to SE (e.g., Allen et al., 1991, Fig. 1): 16 M>7 and 26 M>6.5 earthquakes 66 

have ruptured almost its entire length since 1700, with three M>7.3 earthquakes along just the 67 

Xianshuihe fault segment since 1923 (Allen et al., 1991; Wen, 2000) (Fig. 2A). It has been 68 

suggested that following the 2008 Mw7.9 Wenchuan and 2013 Ms7 Lushan earthquakes, the 69 

seismic risk near Kangding increased by a factor of two (e.g., Parsons et al., 2008; Toda et al., 2008; 70 

Shan et al., 2013; Yang et al., 2015). The energy accumulated has since only partly been released by 71 

the 2014 Kangding earthquake sequence (Mw5.9 and 5.6) along the Selaha and NW Zheduotang 72 

faults near Kangding (Fig. 2A), with a remaining seismic gap that has not been filled since the 1955 73 

Mw7.5 Kangding earthquake which occurred on the Zheduotang fault (Jiang et al., 2015a; Xie et 74 

al., 2017). Indeed, Bai et al. (2018), using their slip rate on the Selaha fault (~10 mm/yr) at a ~20 ka 75 

timescale, and moment accumulation rate since the 1955 Kangding earthquake, suggested that a 76 

M6.5 to 6.8 earthquake may strike the Kangding region in the near future. An increasing body of 77 



 

 

evidence from geophysical and geological studies suggests that the Kangding region is the most 78 

dangerous section of the entire XSH fault (e.g., Allen et al., 1991; Jiang et al., 2015a; NSPRC, 79 

2016; Shao et al., 2016; Wang and Shen, 2020), which would be tragic not only due to infrastructure 80 

damages but also because of landslides and mud flows due to the very steep slopes surrounding this 81 

large city (population = ~150,000).  82 



 

 

 83 



 

 

Figure 1: The Xianshuihe fault system (XFS) in the frame of the India–Asia collision zone: Tectonic 84 

map of SE Tibet with digital elevation model (DEM) in the background. Horizontal GPS velocity 85 

field with respect to the stable Eurasian plate (W. Wang et al., 2017), focal mechanisms of 86 

instrumental earthquakes with Mw>6 (CMT catalog 1976–2019) (2008 Wenchuan, 2010 Yushu, 87 

2013 Lushan and 2017 Jiuzhaigou), as well as earthquakes from USGS and CEA (1995), main 88 

peaks, cities, active faults (those of the Xianshuihe fault in red), tectonic blocks and rivers. 89 

LMS=Longmenshan, GYF= Ganzi-Yushu fault, XSHF=Xianshuihe fault, LTFS=Litang fault system, 90 

GS=Gongga Shan. Inset shows the Xianshuihe fault system (XFS) within Asia, EHS=Eastern 91 

Himalayan syntaxis, RRF=Red River fault. 92 

 93 

In order to better understand continental tectonics and assess regional seismic hazard in this 94 

particularly active region of eastern Tibet, precisely constraining the active fault slip-rates is 95 

essential. As slip-rates may vary temporally and/or spatially along a particular fault (e.g., Friedrich 96 

et al., 2003; Chevalier et al., 2005), it is important to estimate them at various timescales from a few 97 

tens of years (using geodetic techniques such as GPS or InSAR), to a few tens of ka (using tectonic-98 

geomorphology approaches), to a few Ma (using geologic tools). Our previous work on the XSH 99 

fault system allowed us to suggest a southeastward increase of the late Quaternary slip rates 100 

between the Ganzi fault (~6-8 mm/yr, Chevalier et al., 2017) and XSH fault (~10 mm/yr, Bai et al., 101 

2018) (Fig. 1), using tectonic-geomorphology approaches (
10

Be cosmogenic dating of offset 102 

geomorphic surfaces). Bai et al. (2018) suggested that this increase may be due to the presence of 103 

the NE-striking, reverse/dextral Longriba fault system to the north, which marks the limit between 104 

the fast-moving Bayan Har block to the NW and the slow-moving Longmenshan block to the SE, as 105 

observed by GPS data (e.g., Gan et al., 2007; W. Wang et al. 2017, 2020; Y. Wang et al., 2017), 106 

hence resulting in faster slip-rate along the XSH fault compared to that on the Ganzi fault (Fig. 1). 107 

Such a SE increase of slip rate along the Xianshuihe fault system has also been documented using 108 

GPS data (Zhang, 2013; W. Wang et al., 2017, 2020; Y. Wang et al., 2017). However, at the longer-109 

term timescale, the rate seems spatially constant at 7±1 mm/yr since the fault initiation at ~9 Ma 110 

(Zhang et al., 2017; Bai et al., 2018).  111 



 

 

 112 

Figure 2: The Xianshuihe fault. (A) Post 1700 A.D. earthquakes distribution (+ the 1327 113 

earthquake) (e.g., USGS, Wen et al., 2008; Cheng et al., 2011) along the Xianshuihe and SE Ganzi 114 

faults. (B) Landsat satellite image of the SE Xianshuihe fault (box in A), where the main trace of the 115 

active Xianshuihe fault splays into the Yalahe, Selaha and Zheduotang faults before reconnecting as 116 



 

 

the Moxi fault farther to the SE. Location of main geographic and topographic features indicated, 117 

in addition to approximate location of study sites from others. (C) Simplified geologic map of the SE 118 

segment of the Xianshuihe fault, with the Gongga-Zheduoshan batholith and its geologic offsets 119 

(following Liu et al., 1977; Chen et al., 1985). 120 

 121 

Near Kangding, the main, linear, XSH fault splits in the SE into three parallel segments: 122 

Yalahe, Selaha and Zheduotang (Fig. 2B). Following Bai et al. (2018) who determined the Selaha 123 

fault’s late Quaternary horizontal slip-rate at three locations, in this paper, we constrain that of the 124 

other fault segments in the SE XSH fault near Kangding: the Zheduotang and Moxi faults, 125 

respectively located NW and SE of Kangding city. We use the same approach as in Bai et al. (2018) 126 

and study two moraine sites to 1) assess Bai et al. (2018)’s rate hypothesis along the Zheduotang 127 

segment and 2) assess whether the rate keeps increasing toward the SE along the Moxi segment. We 128 

also present preliminary observations on the activity of the central Yalahe fault, as well as of that of 129 

the newly discovered 'Mugecuo South' fault zone located between the Selaha and Zheduotang 130 

faults, on the NE slopes of the Zheduoshan Range. Finally, we discuss the rates distribution in the 131 

SE XSH fault in the framework of eastern Tibet, and assess regional seismic hazard. Our work also 132 

provides valuable data to the highly challenging Chengdu-Lhasa railroad construction, with 80% of 133 

this route underground, crossing all fault segments near Kangding (Fig. 2B). 134 

 135 

2. Geological setting  136 

The XSH fault system consists of a series of left-lateral strike-slip faults located in eastern 137 

Tibet, which separate the Bayan Har and Qiangtang/Chuandian blocks to the NE and SW, 138 

respectively (Fig. 1). It can be divided into four main segments: the Yushu/Batang fault at the NW 139 

end (where the 2010 Mw6.9 Yushu earthquake occurred), the Ganzi fault in the NW, the XSH and 140 

Moxi faults in the center, and the Anninghe-Zemuhe-Xiaojiang faults in the SE (Fig. 1). The active 141 

XSH fault has a single, linear, trace in the NW but splits into three right-stepping en-echelon 142 

segments towards the SE near Kangding: the Yalahe, Selaha and Zheduotang faults (Fig. 2B). These 143 



 

 

active faults more or less follow geological faults that left-laterally offset the Gongga-Zheduoshan 144 

granite batholith (Chen et al., 1985) (Fig. 2C) and may be connected at depth (e.g., Allen et al., 145 

1991; Jiang et al., 2015a; Li et al., 2020). While the Selaha and Zheduotang faults show evidence of 146 

recent activity along most of their traces, with numerous clear scarps, sag ponds, and left-lateral 147 

(with minor vertical) offsets of mostly moraines and gullies, such clear evidence are lacking along 148 

the Yalahe fault where parallel to the Selaha fault (Allen et al., 1991; Bai et al., 2018). This led 149 

Zhang et al. (2017) to suggest that the sharp decrease in the Zheduoshan exhumation rate since 4 150 

Ma may be due to a transfer of activity from the Yalahe to the Selaha fault, so that the Yalahe fault 151 

may have become inactive since that time.  152 

 153 

2.1. Slip rates review 154 

Geologic rate estimates along the XSH fault vary between ~3.5 and 30 mm/yr, depending on 155 

whether the ~60 km geologic offset of several markers (Jinsha and Xianshui Rivers, Proterozoic and 156 

Permo-Triassic basement rocks, main Cenozoic thrusts) (e.g., Wang et al., 1998; Wang and 157 

Burchfiel, 2000; Yan and Lin, 2015) is matched with initiation ages that vary from 2 to 19 Ma (e.g., 158 

Wang et al., 1998; Roger et al., 1995; Yan and Lin, 2015; Wang et al., 2012). We however favor the 159 

~9 Ma age of Zhang et al. (2017) hence its long-term slip-rate of ~7 mm/yr, as discussed in Bai et 160 

al. (2018).  161 

At the late Quaternary timescale, Allen et al. (1991) inferred a rate of 15±5 mm/yr for the XSH 162 

fault, followed by quantitative studies with rates as high as ~20 mm/yr (e.g., Chen et al., 2008; 163 

Zhang et al., 2016). However, most of these rates represent maximum values because they have 164 

been obtained using the ‘lower terrace age reconstruction’ (as a riser may constantly be refreshed by 165 

the river until the lower terrace is abandoned, the age of the lower terrace corresponds to a 166 

minimum age of the offset thus to a maximum slip rate) in contrast to the ‘upper terrace age 167 

reconstruction’, which yields a maximum age for the offset thus a minimum slip rate. Ideally, one 168 

should date both the lower and upper terraces in order to bracket the slip rate (e.g., Mériaux et al., 169 



 

 

2012). Bai et al. (2018), using appropriate offset-age reconstructions of terrace risers from sites 170 

published by others (e.g., Chen et al., 2008; Zhang, 2013), in addition to data from their own 171 

moraine and levee sites, found rates close to 10 mm/yr along the XSH fault. At a more detailed 172 

level, what occurs NW of Kangding, where the active XSH fault splits into the three en-echelon 173 

segments is more complex. Between the Huiyansi basin and Taizhan, the active Yalahe fault is 174 

oblique to the general trend of the geologic fault (Fig. 2C), with Quaternary, left-lateral/normal, 175 

slip-rates on order of 0.6 to 2.2 mm/yr (Allen et al., 1991; Zhou et al., 2001; Chen et al., 2016). No 176 

rates yet exist farther to the SE, along the active (Allen et al., 1991; Liang et al., 2020) central part 177 

of the Yalahe fault, which is parallel to the geologic fault, nor along its SE part closer to Kangding. 178 

Along the Selaha fault, which was inferred to be the main active segment of the SE XSH 179 

fault, Bai et al. (2018) studied three sites where the fault offsets levees and moraines: two sites NW 180 

of the Selaha pass (TG and SLH) and one site to the SE (YJG) (Fig. 2B). Using 
10

Be dating and 181 

offset-age reconstruction, they determined late Quaternary slip-rates of 7.6(+2.3/−1.9) mm/yr at TG 182 

and 10.7(+1.3/−1.1) mm/yr at SLH, hence ~10 mm/yr assuming that the rate should be similar at 183 

these two sites located only 9 km apart. This is similar to what Allen et al. (1991) (7.2 mm/yr) or 184 

Chen et al. (2016) (6.7±3 mm/yr) had inferred between these two sites. At YJG, Bai et al. (2018) 185 

determined a much lower rate of 4.4±0.5 mm/yr, which they suggested was most likely due to the 186 

presence of the Zheduotang fault which is roughly parallel to the SE Selaha fault (Fig. 2B) hence 187 

most likely sharing its slip rate with the Selaha fault. They had thus inferred a rate of ~5 mm/yr on 188 

the Zheduotang fault, corresponding to the difference between rates at along the NW and SE Selaha 189 

fault. Other studies on the Zheduotang fault suggest slip-rates of 3 to 10 mm/yr (Zhou et al., 2001; 190 

Chen et al., 2016; Zhang et al., 2016; Yan et al., 2018). 191 

The linear and continuous, ~50 km-long, Moxi fault located SE of Kangding, merges with the 192 

Selaha fault (Allen et al., 1991; Jiang et al., 2015a; Bai et al., 2018), similarly to the XSH fault NW 193 

of the three en-echelon segments. Almost all studies used 
14

C dating from trenches located <9 km 194 

SE of Kangding, NW of the Xuemenkan pass (Fig. 2B), to determine the age of historical 195 



 

 

earthquakes and suggest late Quaternary slip-rates along the Moxi fault of ~8-10 mm/yr (e.g., Zhou 196 

et al., 2001; Chen et al., 2016; Zhang et al., 2016; Yan et al., 2017). Here, we use a different 197 

approach (tectonic-geomorphology rather than paleoseismology) and technique (
10

Be rather than 198 

14
C dating) to constrain the late Quaternary slip-rate of the Moxi fault. 199 

At the geodetic timescale, while InSAR rates along the XSH fault are on the same order (7-12 200 

mm/yr) as the late Quaternary rates (e.g., Wang et al., 2009; Jiang et al., 2015b; Ji et al., 2020), GPS 201 

data are slightly higher, ranging from 8 to 17 mm/yr (e.g., Shen et al. 2005; Gan et al., 2007; Zhang, 202 

2013; W. Wang et al., 2017; Y. Wang et al., 2017), even though recent estimates based on the 203 

longest GPS record (Zheng et al., 2017) suggests a constant rate of 8 to 10 mm/yr. The most recent 204 

study using elastic block (n=17) modeling of GPS data (541 stations) in SE Tibet suggests rates of 205 

11.8±0.6 mm/yr along the Ganzi and NW Xianshuihe faults (west of its intersection with the 206 

Longriba fault), 14.5±0.9 mm/yr along the Xianshuihe fault (east of its intersection with the 207 

Longriba fault), decreasing to ~5-6 mm/yr along the Anninghe, Zemuhe and Daliangshan faults 208 

south of Moxi, and increasing again to 13.2±0.2 mm/yr along the Xiaojiang fault to the south (Wang 209 

et al., 2020) (Fig. 1). A more local GPS study across the SE XSH fault suggests rates of ~1-4 mm/yr 210 

along the Yalahe fault (Li et al., 2019; Li et al., 2020), ~6-9 mm/yr along the Selaha fault (Li et al., 211 

2019, 2020), ~0.4-3.4 mm/yr along the Zheduotang fault (Li et al., 2020), and ~4-15 mm/yr along 212 

the Moxi fault (Li et al., 2019, Li et al., 2020).  213 

 214 

2.2. Past earthquakes in the Kangding region 215 

One M7 earthquake in 1700 has been reported along the Yalahe fault, with 41 km of surface 216 

ruptures (Wen et al., 2000, 2008), with ~10 km of surface rupture reported in the central part of the 217 

fault just north of Yala Mountain from remote sensing analyses and field investigation, with co-218 

seismic horizontal offsets of gullies on order of 2.5-3.5 m (Liang et al., 2020). Along the Selaha 219 

fault, two historical earthquakes, M7 in 1725 (exact location unclear) and M6.7 in 1748, have been 220 

reported with 50 and 40 km of surface ruptures, respectively (Wen et al., 2000, 2008; Papadimitriou 221 



 

 

et al., 2004). The recent 2014 Mw5.9 and 5.6 Kangding earthquake sequence also occurred along 222 

that fault (Jiang et al., 2015a). Along the Zheduotang fault, the 1955 Mw7.5 Kangding earthquake 223 

produced 35 km of surface ruptures (Wen et al., 2000, 2008; Zhou et al., 2001; Papadimitriou et al., 224 

2004), recently re-evaluated by Yan et al. (2019) as only Mw7 with 43 km of surface ruptures that 225 

extend farther SE towards Moxi (‘Moxi rupture’ in Fig. 2B). Along the Moxi fault, two large M7.5 226 

and M7.7 earthquakes occurred in 1327 and 1786, respectively, the latter having produced 70-90 227 

km of surface ruptures and 2-5 m of co-seismic offsets (Zhou et al., 2001; Wen et al., 2008; Cheng 228 

et al., 2011), as well as a landslide dam across the nearby Dadu River, whose rupture ten days later 229 

following a strong aftershock, caused one of the most disastrous landslide dam failure in the world 230 

with ~100,000 casualties (e.g., Dai et al., 2005). 231 

  232 

3. Methods 233 

 We used field investigation, as well as Google Earth and Bing high-resolution satellite 234 

imagery to map active faults and offset geomorphic features to then select the best sites along the 235 

Zheduotang (ZDT moraine) and Moxi (MX moraine) fault segments of the SE XSH fault. Offsets 236 

were precisely measured on Digital Elevation Models (DEM) obtained from Unmanned Aerial 237 

Vehicle (UAV aka drone, DJI Phantom 4 Pro) surveys at both sites and from additional surveys 238 

using a Riegel VZ1000 terrestrial LiDAR (Light Detection and Ranging) (angular resolution of 239 

0.02° for raw data, set to 0.5 m between two data points after process) at the MX site.  240 

We collected nine samples from the lateral moraine crest at the ZDT site, 11 samples from 241 

that at the MX site, and another five samples from an inner moraine crest at the MX site, from the 242 

top few centimeters of large, stable, well-embedded granite boulders (1-4 m in diameter, Figs. S1-243 

S3) using chisel and hammer. Collecting such a large number of samples on individual moraine 244 

crests has been our team's moto, which greatly increases the likelihood to date the actual age of the 245 

moraine (Chevalier et al., 2011, 2019). We use cosmogenic 
10

Be surface-exposure dating (e.g., Lal, 246 

1991; Gosse and Phillips, 2001) to constrain the moraine abandonment ages (i.e., the onset of 247 



 

 

deglaciation) following mineral separation and quartz cleaning procedure modified from Kohl and 248 

Nishiizumi (1992). Model ages were calculated using CRONUS v3 (Balco et al., 2008) with the Lm 249 

(Lal [1991]/Stone [2000]) and LSDn (Lifton et al., 2014) production rate models (Table 1) and we 250 

refer to the Lm ages (Lal [1991]/Stone [2000]; time-dependent) in the text. We then combine the 251 

moraine abandonment age with their offsets to reconstruct the space-time evolution of the faults and 252 

determine their late Quaternary slip-rates (median rates are calculated using the Gaussian 253 

uncertainty model of Zechar and Frankel, 2009).  254 

 Ideally, one wants to sample boulders that have been exposed on moraine crests since 255 

deglaciation, with no rolling, shielding or surface erosion since deposition (which tend to skew the 256 

ages toward values younger than the actual age), and no exposure prior to deposition (which tends 257 

to skew ages toward older values). These old ages however, are thought to be occasional (e.g., 258 

Hallet and Pukonen, 1994; Putkonen and Swanson, 2003; Heyman et al., 2011), especially since 259 

rocks have been pulled off from the glacial valley, crushed, and eroded before settling on a 260 

moraine's crest. Such outliers may be singled out and discarded using statistical tests such as 261 

Chauvenet (Bevington and Robinson, 2002) or Peirce criteria. Four (three young and one old) 262 

outliers were found on MX main crest, one young one on MX inner crest and two old ones on ZDT 263 

crest. After rejecting them, we assign a class (A for well-, B for moderately- and C for poorly- 264 

clustered ages) to each moraine, using reduced Chi-square analyses (see Chevalier and Replumaz, 265 

2019; following Heyman, 2014). While the average age is taken to represent the most likely 266 

abandonment age of Class A moraines, the oldest age is instead taken for Classes B and C moraines 267 

(Heyman, 2014) because even though moraines are relatively stable landforms over the long term, 268 

crests are slowly adjusting following their abandonment, with boulders being gradually exhumed to 269 

the surface (hence their younger ages), thus representing multiple stages of exhumation as the 270 

surface lowers due to erosion of the matrix (e.g., Chevalier and Replumaz, 2019). Therefore, and 271 

because we assume zero erosion and did not correct for snow and vegetation cover, the apparent 272 

ages we calculate are minimum ages. Eventually, we assign a Marine oxygen Isotope Stage (MIS) 273 



 

 

(e.g., Lisiecki and Raymo, 2005) to each moraine which indicates the climatic period during which 274 

the moraine was deposited and abandoned. 275 

 276 

4. Sites description and results 277 

We describe the faults and study sites from NW to SE along the SE XSH fault. First, we 278 

introduce our preliminary results attesting of the central Yalahe fault activity, just north of Yala 279 

Mountain, then describe the newly discovered 'Mugecuo South' fault zone trace located on the NE 280 

flank of the Zheduoshan Range between the Selaha and Zheduotang faults. We then present the two 281 

study sites, ZDT moraine along the Zheduotang fault and MX moraine along the Moxi fault. 282 

 283 

4.1. Yalahe fault 284 

The Yalahe fault constitutes the NE branch of the right-stepping en-echelon faults of the 285 

active SE XSH fault (Fig. 2B). It runs from the eastern Huiyuansi basin where it strikes ~N110°E, 286 

cuts across the slopes of the Taizhan valley and merges with the ~N140°E-striking Yalahe geologic 287 

fault along the northern side of Yala Mountain (peak at 5820 m), where it more or less follows the 288 

Yalahe valley for 18 km until it reaches Kangding city (Fig. 2B,C). The Yalahe geologic fault 289 

extends 130 km NW of Taizhan before merging with the XSH fault. Near Taizhan, the granitoids 290 

are affected by a ~1.3 km-wide zone of ductile and brittle deformation linked to the left-lateral 291 

Yalahe fault (Chen et al., 1985). The northern boundary of the Gongga-Zheduoshan batholith shows 292 

an apparent minimum offset of 15 km but the offset of the southern boundary may be as large as 50 293 

km (Bai et al., 2018) (AA’ and BB’ in Fig. 2C). 294 

The active NW part of the fault bounds the SE Huiyuansi basin, which was created thanks to 295 

the significant oblique (left-lateral/normal) component of motion along the fault, in agreement with 296 

its oblique strike direction compared to that of the main XSH fault (e.g., Allen et al. 1991) (Fig. 297 

2B). From aerial photograph analyses (Allen et al., 1991) and field investigation (Liang et al., 298 

2020), it is clear that the central part of the fault between ~Taizhan and Yala Mountain is also active. 299 



 

 

The fault can be followed for ~7 km on satellite images, and during our own field investigation, we 300 

found a ~1 m-high fault scarp for ~2.4 km (Fig. 3), i.e., a total of at least ~10 km, as recently 301 

reported by Liang et al. (2020), who also found several co-seismic (2.5-3.5 m) as well as one 302 

cumulative (~15 m) horizontal offsets along that section. Just SE of Yala Mountain however, in the 303 

large U-shaped Yalahe valley (Fig. 3B), the fault trace cannot easily be followed on satellite images, 304 

either because this section may be inactive at present with activity having been transferred to the 305 

Selaha fault (e.g., Zhang et al., 2017; Bai et al., 2018), or because of the dense vegetation making 306 

remote sensing analyses difficult. Extra field work is clearly necessary to constrain the behavior of 307 

the Yalahe fault along that SE section. While Allen et al. (1991) found no evidence of the Yalahe 308 

fault farther SE closer to Kangding, most likely due to the numerous villages in that valley 309 

hindering precise aerial mapping due to human modifications, Liang et al. (2020) reported it from 310 

cross-sections at a few locations (Fig. 2B). 311 



 

 

 312 

Figure 3: The Yalahe fault. (A) Google Earth image of the Yalahe fault between the Huiyuansi 313 

Basin and Yalahe valley. Legend as in Figure 1. (B) View looking south along the Yalahe fault, with 314 

clear, linear, fault scarp. Farther south, the fault trace becomes hard to follow. (C-E) Fault trace 315 

along the glacial lakes and farther to the NW. 316 



 

 

 317 

4.2. Selaha fault and Mugecuo releasing bend 318 

 While the Selaha fault is thought to be the main active branch of the SE XSH fault (Bai et 319 

al., 2018), its trace between the Selaha pass and Mugecuo Lake is not as clear as that farther NW 320 

and SE (Fig. 2B). To the NW, morphological evidence for active faulting abound along a linear 321 

N150° trend along which the TG and SLH sites of Bai et al. (2018) are located (Fig. 2B), following 322 

the geological fault that separates the Gongga-Zheduoshan batholith from Triassic sediments (Chen 323 

et al., 1985) (Fig. 2C). The fault left-laterally offsets the batholith edges by ~15 km (Roger et al., 324 

1995; Bai et al., 2018) (CC’ in Fig. 2C). To the SE, the fault is continuous and linear again where 325 

Bai et al. (2018)’s YJG site is located (Fig. 4A,E), trending N154° and corresponding to the limit 326 

between two granitoids of the batholith (Fig. 2C). Between these two linear fault splays, Mugecuo 327 

Lake (Fig. 4A) now fills what is considered as a 5 km-long releasing bend (Allen et al., 1991; Bai et 328 

al., 2018), but individual fault traces were not clearly documented until now. The steep topographic 329 

slope marking the north bank of Mugecuo Lake corresponds to the morphological expression of a 330 

more recent normal fault trending N120° and is cut by several topographic scarps that we interpret 331 

as secondary faults (Fig. 4A). South of the lake, the NE slope of the Zheduoshan Range is less steep 332 

but our UAV surveys (Fig. 4B,C) followed by Pan et al. (2020)’s field survey (Fig. 4D), revealed for 333 

the first time, countless topographic scarps up to ~10 m-high that can be followed for ~22 km (Fig. 334 

4A). We interpret these scarps as the morphological expression of active normal faults trending 335 

N110° to N140° and termed the ‘Mugecuo South fault zone’ (Pan et al., 2020). These observations 336 

confirm that the Mugecuo Lake area is a releasing bend between the two linear splays of the Selaha 337 

fault, located within a large-scale push-up (e.g., Gaudemer et al., 1995). 338 



 

 

 339 

Figure 4: Mugecuo South fault zone and releasing bend. (A) Google Earth image of the Selaha, 340 

Zheduotang and Mugecuo South fault zone strands between the Selaha pass and Kangding. Legend 341 

as in Figures 1 and 2. (B,C) UAV photos of faults from the Mugecuo South fault zone highlighted by 342 

red triangles and arrows. (D) Field photo of a ~5 m fault scarp along the Mugecuo South fault 343 

zone. (E) UAV photo of the YJG site from Bai et al. (2018), taken from the Mugecuo South fault 344 

zone. 345 

 346 

4.3. The Zheduotang fault and ZDT site 347 

 The ~N145°-striking Zheduotang fault left-laterally offsets the western boundary of the 348 



 

 

Gongga-Zheduoshan batolith by ~10 km (Bai et al., 2018) (DD’ in Fig. 2C). Its morphological trace 349 

is clear for ~27 km: ~13 km on the SW slopes of the Zheduoshan Range, from Kangding airport 350 

(third highest airport in the world, 4280 m) to the Zheduoshan pass, before becoming hard to follow 351 

in the valley due to the Kangding-Lhasa highway (and its numerous emergency side accesses), until 352 

it reaches the mountain slopes on the other side of the valley (Fig. 4A). There, the Zheduotang fault 353 

sharply cuts about half-way for ~7 km, the NE-facing, steep (~34°), slopes on which numerous 354 

rockslides are present (Fig. 5A,D). It is along that section that the fault best displays left-lateral 355 

offsets of moraines (Fig. 5A-C). Farther to the SE, the fault reaches the valley again at Zheduotang 356 

village and cuts the mountain slopes for another ~2 km before it becomes hard to follow (Fig. 5A). 357 

The fault has a slight normal component of motion with SW (uphill)-facing scarps, resulting in 358 

numerous sag ponds along the fault, particularly impressive along the section between the highway 359 

and Zheduotang village where the scarps can reach 8-10 m-high (Fig. 5D,E).  360 



 

 

 361 

Figure 5: Zheduotang fault and ZDT site. (A) Panoramic UAV photo of the SE segment of the 362 

Zheduotang fault with white lines highlighting the offset moraine crests. (B) Photo looking 363 

downstream at the ZDT lower crests and the 65 m left-lateral offset. (C) UAV photo of the ZDT 364 

moraine with white circles and numbers representing collected samples. (D) Photo of the uphill-365 

facing fault scarp where numerous sag ponds are present. (E) Photo of an uphill-facing, 8-10 m-366 

high, fault scarp. 367 

 368 

 The remote Zheduotang (ZDT) moraines are located along that section, ~ 10 km due west of 369 

the city of Kangding, at ~3860 m of elevation (Figs. 2B and 5). Their sub-rounded crests are ~1 km-370 

long and are covered with medium-sized granite boulders (~1 m of diameter) (Fig. S1). While the 371 

upper crest is only covered with small bushes and occasional trees, the lower crest is covered with 372 

denser vegetation, especially on its outer slope (Fig. 5C). The Zheduotang fault cuts and left-373 



 

 

laterally offsets the ZDT moraines by 65±10 m (Figs. 5 and 6). The steep slopes, extremely dense 374 

vegetation at lower elevations, numerous rockslides with extremely large, angular, boulders, and the 375 

large stream at the base of the mountain slopes (difficult to cross), all made this site extremely 376 

challenging to reach. We eventually were able to collect a total of nine samples from the NW crest: 377 

five upstream from the fault (ZDT-1-4) and five downstream (ZDT-6-10) (Fig. 5C). Ages range 378 

from 12.7±1.0 ka to 30.0±2.4 ka (Fig. 7 and Table 1). Applying statistical tests allows to discard the 379 

two oldest samples, with the remaining seven samples being well-clustered (moraine is Class A), 380 

ranging from 12.7±1.0 to 15.9±1.2 ka. Therefore, the average age, 14.3±1.1 ka, is taken to represent 381 

the moraine's abandonment age. Combining offset and age yields a left-lateral slip-rate of 4.5(+0.9/-382 

0.8) mm/yr.  383 



 

 

 384 



 

 

Figure 6: Offset at the ZDT site. (A-D) Google Earth images and (E-H) DEM obtained from our 385 

UAV survey of the ZDT moraine and their offset reconstructions. 386 

 387 

 388 

Figure 7: 
10

Be cosmogenic surface-exposure ages of the ZDT and MX moraines, calculated using 389 

CRONUS v3 (Balco et al., 2008), with 'Lm' production rate model (Lal (1991)/Stone (2000) time-390 

dependent model). Outliers (in open symbols) were determined using Chauvenet and Peirce criteria 391 

(see text for details). 392 

 393 

Table 1: Analytical results of 
10

Be geochronology and surface-exposure ages along the Zheduotang 394 

and Moxi faults. 395 

Sample name Lat (°N) Long (°E) Elev. shielding 10Be(at/g) Lm ages (yrs) Int. Uncert. LSDn ages (yrs) Int. Uncert. 

ZDT site          

upstream 

ZDT-1 
 

30.007218 
 

101.853394 
 

3938 
 

0.97 
 

582604±9527 
 

14523±1132 
 

241 
 

14815±922 
 

246 

ZDT-2 30.007075 101.852399 4024 0.97 569669±11427 13748±1083 280 13920±881 283 

ZDT-3 30.007142 101.85266 3998 0.97 506680±9258 12655±990 234 12908±808 239 

ZDT-4 30.007173 101.853023 3954 0.97 544843±12160 13643±1083 309 13863±888 314 

downstream 

ZDT-6 
 

30.008677 
 

101.855455 
 

3818 
 

0.97 
 

588013±11776 
 

15418±1217 
 

314 
 

15771±1000 
 

321 

ZDT-7 30.00863 101.855689 3813 0.97 604810±11605 15863±1249 310 16259±1027 318 

ZDT-8# 30.008681 101.856037 3831 0.97 1018291±17250 24910±1968 434 25226±1591 439 

ZDT-9# 30.009041 101.856574 3796 0.97 1222029±15333 30046±2360 389 30494±1901 395 

ZDT-10 

Moxi site 

30.00918 101.856736 3779 0.97 534327±9037 14453±1129 248 14817±924 255 

upstream 

MX-0 
 

29.88182 
 

102.009519 
 

3877 
 

0.99 
 

644968±14438 
 

16099±1282 
 

373 
 

16434±1056 
 

382 

MX-1a 29.881898 102.009739 3879 0.99 651371±19511 16231±1334 504 16556±1115 516 

MX-2a# 29.881799 102.00999 3879 0.99 941220±19057 22354±1779 472 22654±1448 479 

MX-3a# 29.881875 102.01018 3868 0.99 448416±10022 11810±936 273 12148±777 281 

MX-4a 29.881813 102.010269 3870 0.99 620232±14033 15559±1240 365 15905±1022 374 

downstream 

MX-6 

 
29.883161 

 
102.011295 

 
3865 

 
0.99 

 
726534±15952 

 
18029±1437 

 
411 

 
18470±1186 

 
421 

MX-7 29.883558 102.010804 3887 0.99 666039±21318 16481±1368 548 16866±1153 560 

MX-8 29.880397 102.011228 3881 0.99 686869±13617 17022±1345 350 17392±1103 358 

MX-9 29.882661 102.012665 3862 0.99 636352±12761 16002±1264 333 16361±1038 340 

MX-10# 29.882107 102.0135603 3838 0.99 196027±6791 5748±478 204 6031±415 214 

MX-11# 29.879169 102.016253 3777 0.99 290547±8810 8329±680 260 8714±584 273 

inner moraine 

MX-1 

 
29.881255 

 
102.007344 

 
3908 

 
0.99 

 
643607±13986 

 
15815±1256 

 
357 

 
16179±1035 

 
364 

MX-2 29.881301 102.00653 3929 0.99 618110±11154 15107±1185 282 15372±964 288 

MX-3 29.881281 102.008223 3900 0.99 637961±11949 15744±1238 306 16107±1015 312 

MX-4 29.881281 102.009237 3876 0.99 618939±19361 15486±1280 502 15821±1075 514 

MX-5# 29.880635 102.009737 3862 0.99 171435±6838 5113±437 209 5325±381 217 

Samples were processed at the Institute of Crustal Dynamics, China Earthquake Administration, Beijing, and the 396 
10Be/9Be ratios were measured at GNS Science in New Zealand. 397 

Ages are calculated with the CRONUS v3 calculator (Balco et al., 2008). Sample names with # represent outliers that 398 
were statistically rejected (see text). All samples are granite (density 2.7 g/cm3); Shielding factor is 0.99 and 0.97 for 399 



 

 

Moxi and ZDT sites, respectively. Thickness is 5cm. 400 

No erosion rate was applied. Standard used at GNS is '01-5-4', with 10Be/9Be = 2.851e-12. 401 

Lm=Lal (1991)/Stone (2000) time-dependent production rate model; LSDn=Lifton et al. (2014) production rate model. 402 

 403 

4.4. The Moxi fault and MX site 404 

The NNW-striking Moxi fault runs from Kangding to Moxi cities, lying between the Proterozic 405 

Kangding igneous complex and slivers of Paleozoic rocks (Lu et al., 1975; Liu et al. 1977). The 406 

fault shows evidence of recent faulting along its northern section where it cuts through the western 407 

slopes of the Lamo-She Range, crosses the Xuemenkan pass (~4000 m) then cuts through the 408 

eastern slopes of the Daxue Range (where Gongga Shan lies) (Fig. 8A). It is along that section that 409 

the fault is the clearest, with numerous offsets of moraines, gullies, and alluvial fans, forming sag 410 

ponds at places thanks to its slight normal component of motion, with NE-facing scarps to the north 411 

and SW-facing scarps to the south. While the main Moxi fault lies quite low on the mountain 412 

slopes, numerous other fault strands are present higher on the slopes near the Xuemenkan pass (Fig. 413 

8A) (Yan et al., 2019), with W to SW-facing scarps damming sag ponds. Seven km SE of the pass, 414 

the fault trace becomes harder to follow because it reaches the Moxi valley filled where large 415 

streams (coming directly from Gongga Shan), huge fluvio-glacial terraces and rockslide deposits 416 

abound.  417 



 

 

 418 

Figure 8: Moxi fault and MX site. (A) Google Earth image of the Moxi, SE Zheduotang and Selaha 419 

faults. Legend as in Figures 1 and 2. (B-E) UAV photos of the MX moraines and their 420 

interpretation. (F) Fault trace and offset of southern moraine. (G) Fault trace and sag pond about 2 421 

km south of the MX site. 422 

 423 



 

 

The ~1.5 km-long Moxi (MX) moraines are located along the segment just SE of the 424 

Xuemenkan pass, ~ 15 km SE of Kangding, at ~3850 m of elevation (Fig. 8). While the main MX 425 

moraine crosses the Moxi fault, the inner moraine does not. The moraine crests are sub-rounded and 426 

covered with small bushes, and with medium (on the main moraine) to large (on the inner moraine) 427 

granite boulders (Figs. S2 and S3). A landslide removed part of the main moraine downstream from 428 

the fault (Fig. 8). Thanks to the left-lateral motion on the Moxi fault, two sag ponds at the base of 429 

the resulting SW-facing scarps formed, larger at the base of the northern crest (north of the stream, 430 

Fig. 8). The main northern and southern (south of the stream) MX moraine crests are left-laterally 431 

offset by 205±30 and ~170 m, respectively (Fig. 9). A smaller offset for the southern crest is 432 

excepted due to the sense of motion of the Moxi fault, with the stream in between, whose offset is 433 

~160 m at present, constantly refreshing the lateral slopes.  434 

 435 

Figure 9: MX site offsets. (A,B) Google Earth and (C,D) LiDAR DEM of the MX moraine and their 436 

offset reconstruction. 437 

 438 

 We collected 16 samples at the MX site along the northern crests, five on the inner moraine 439 

crest (MX-1-5), five upstream from the fault on the main MX crest (MX-0, MX-1a-4a) and six 440 



 

 

downstream (MX-6-11) (Fig. 8B,D). Ages on the inner crest range from 5.1±0.4 to 15.8±1.3 ka and 441 

those on the main crest range from 5.7±0.5 to 22.3±1.8 ka (Fig. 7 and Table 1). Applying statistical 442 

tests allows to discard the youngest sample on the inner crest as well as the three youngest and the 443 

oldest samples on the main crest. It is interesting to note that all the young outliers are located the 444 

farthest downstream, most likely reflecting material removal due to the landslide, which has 445 

reshaped the crest to its present-day geometry. The original crest may thus only be preserved close 446 

to the fault, where samples MX-6 to 9 are located. The four and seven remaining samples on the 447 

inner and main crest cluster very well and the moraines are Class A. Therefore, their average age is 448 

taken to best represent their abandonment age: 15.5±0.3 ka for the inner moraine and 16.5±0.8 ka 449 

for the main moraine. Combining the offset and the age of the main, northern moraine yields a left-450 

lateral slip-rate of 12.5(+2.3/-2.1) mm/yr. 451 

 452 

5. Discussion 453 

5.1. Slip distribution in the SE Xianshuihe fault and southeastward rate increase 454 

In the SE XSH fault near the Huiyuansi Basin, the geometry of the XSH fault changes 455 

dramatically from a single, linear and continuous trace to the three en-echelon faults discussed here. 456 

Bai et al. (2018), using the same technique as in this paper, determined rates of 9.6-9.9 (TG and 457 

SLH sites) and 4.4±0.5 (YJG site) mm/yr along the NW and SE parts of the Selaha fault, 458 

respectively. This led them to infer that the Zheduotang fault, which is parallel to the SE Selaha 459 

fault, may slip at ~5 mm/yr in order to match the total slip rate in the SE with that along the NW 460 

Selaha fault. Our study at the ZDT site allows us to determine a late Quaternary (~15 ka) rate of 461 

4.5(+0.9/-0.8) mm/yr, in agreement with Bai et al. (2018)'s inference, suggesting that recent motion 462 

on the NW Selaha fault is partitioned between the SE Selaha fault and the parallel Zheduotang fault. 463 

However, at a more detailed level, the slip rate along the XSH fault and NW Selaha fault (~10 464 

mm/yr) appears ~1 mm/yr faster than that farther to the SE, across both the SE Selaha and 465 

Zheduotang faults (~9 mm/yr). This difference may be absorbed by the Yalahe (if active closer to 466 



 

 

Kangding) and Mugecuo South fault zone and releasing bend, where numerous, mostly normal with 467 

minor left-lateral component, fault strands are present. The total rate is similar to the present-day 468 

rate (11.7±1.5 mm/yr across the Yalahe, Selaha and Zheduotang faults, Table 2) suggested by Li et 469 

al. (2020) from a 2D elastic dislocation model based on GPS velocities (2004-2017), and assuming 470 

a locking depth of 15 km. SE of Kangding, where the fault becomes linear and continuous again as 471 

the Moxi fault, we determined a rate of 12.5(+2.3/-2.1) mm/yr at the MX site. This rate should be 472 

considered as a minimum because several minor fault strands are located upstream (west) from our 473 

site, and most likely also absorb part of the deformation. 474 

 475 

Table 2: Slip rates summary along the SE Xianshuihe fault. 476 

Segment Slip-rate (mm/yr) Reference Method 

Yalahe fault 

 
 

Selaha fault 

 

 

 
 

Zheduotang fault 

 

 

 

 
 

Moxi fault 

2.3±1.5 

2±0.2 

0.6-1.5 

7.5±1.6 

6.14 

5.5±0.6 

9.75±0.15 

4.4±0.5 

1.9±1.5 

8.5±2 

5±1 

3.5±0.3 

3.4±0.4 

4.5(+0.9/-0.8) 

7.2– 14.7 

4.41 

9.9±0.6 

9.3±1 

8.47±0.92 

~10 

Li et al. (2020) 

Zhou et al. (2001) 

Chen et al. (2016) 

Li et al. (2020) 

Li et al. (2019) 

Zhou et al. (2001) 

Bai et al. (2018) 

Bai et  al. (2018) 

Li et al. (2020) 

Chen et al. (2016) 

Zhang et al. (2016) 

Zhou et al. (2001) 

Yan et al. (2018) 

This study 

Jiang et al. (2015b) 

Li et al. (2019) 

Zhou et al. (2001) 

Chen et al. (2016) 

Zhang et al. (2016) 

Yan et al. (2017) 

GPS + earthquake relocation 

thermoluminescence and 14C ages 

one thermoluminescence age 

GPS 

Gravity and GPS data 

thermoluminescence and 14C ages 

10Be (TG and SLH sites, NW Selaha fault) 

10Be (YJG site, SE Selaha fault) 

GPS 

one 14C, one OSL age 

14C 

14C 

14C 

10Be (ZDT site) 

3D visco-elastic model with InSAR and GPS data 

Gravity and GPS data 

14C 

14C 

one thermoluminescence age 

14C 

 12.5(+2.3/-2.1) This study 10Be (MX site) 

 477 

From NW to SE, the late Quaternary slip rate along the Xianshuihe fault system increases 478 

from ~6-8 mm/yr along the Ganzi fault (Chevalier et al., 2017) to ~10 mm/yr along the XSH fault 479 

(e.g., Bai et al., 2018, this study), to ~12.5 mm/yr along the Moxi fault. It has been suggested that 480 

part of this increase is linked to interaction with the Longriba fault (Bai et al., 2018; Wang et al., 481 

2020). Indeed, the GPS vectors with respect to Eurasia (e.g., W. Wang et al., 2017, 2020; Wang and 482 

Shen, 2020; Xu et al., 2020) located north of the Longriba fault show that the Bayan Har block 483 



 

 

moves faster towards the east, than the Longmenshan block located SE of that fault (Fig. 1). 484 

Similarly, the Longmenshan block itself moves faster to the east than the Sichuan Basin located 485 

farther SE of the Longmenshan (LMS in Fig. 1). By contrast, motion of the Chuandian block SE of 486 

the XSH fault is more homogenous, thus resulting in a faster rate absorbed by the Moxi fault 487 

compared to the XSH fault, itself faster than the Ganzi fault (Fig. 10). South of Moxi, it is debated 488 

whether the rate increases, decreases, or remain rather constant along the Annighe-Zemuhe-489 

Xiaojiang faults of the Xianshuihe fault system (e.g., He et al., 2009; Zheng et al., 2017; Wang et 490 

al., 2020).  491 

 492 

Figure 10: Conceptual 2D model of the Xianshuihe fault following the India–Asia collision 493 

(modified from Bai et al., 2018). Red arrows show the southeastward slip rate increase, with rates 494 

from Chevalier et al. (2017) along the Ganzi fault (GZF), Bai et al. (2018) along the 495 

Xianshuihe/Selaha fault (XSHF), and this study along the Zheduotang and Moxi (MX) faults. 496 



 

 

LFS=Longriba fault system, LMS=Longmenshan. Orange dashed line shows how well a small 497 

circle whose pole of rotation is located in the eastern Himalayan syntaxis fits the trace of the 498 

Xianshuihe fault system. Grey arrows show GPS vectors relative to stable Eurasia (W. Wang et al., 499 

2017). Green and blue arrows show the block movement on each side of the Xianshuihe fault system 500 

with their appropriate lengths according to the GPS velocities. Red arrows show slip rates on each 501 

segment of the Xianshuihe fault system, with their respective values indicated. Yellow and blue stars 502 

show location of sites from Bai et al. (2018) and this study, respectively. 503 

 504 

5.2. Seismic hazard in the Kangding region 505 

Satellite images analysis and field investigation confirmed that at least the NW and central 506 

segments of the Yalahe fault are active with recent, as well as cumulative, offsets, while the 507 

potential activity along the SE part needs to be assessed. Taking a ~1 mm/yr rate (as suggested for 508 

the NW part), a slip deficit of only ~30 cm would have accumulated since the last large earthquake 509 

in 1700 (M7). This would correspond to a Mw6.5 to 7.2 earthquake hazard at present if the entire 510 

~75 km of the fault would rupture (Wells and Coppersmith, 1994), or to a Mw6.5 to 6.9 earthquake 511 

hazard considering a similar rupture length (41 km) as that of the 1700 earthquake (Wen et al., 512 

2000).  513 

Our recent field investigation along the Mugecuo South fault zone revealed numerous fault 514 

strands as well as cumulative fault scarps up to ~10 m-high (Pan et al., 2020). Although its 515 

geometry is different from that of the more linear and continuous traces of the Yalahe, Selaha, and 516 

Zheduotang faults, the numerous faults at the surface may connect at depth, so that large 517 

earthquakes may still occur, especially because of the regional Coulomb stress increase following 518 

the 2008 Wenchuan earthquake (e.g., Parsons et al., 2008), as well as because the energy 519 

accumulated in the region since the 1955 Mw7.5 Kangding earthquake was only partly released 520 

during the 2014 Mw5.9 and 5.6 Kangding earthquake sequence (e.g., Jiang et al., 2015a; Xie et al., 521 

2017). In any case, geophysical studies all indicate a high seismic hazard in the Kangding region 522 

(e.g., Jiang et al., 2015a, NSPRC 2016; Wang and Shen, 2020), with a possible M6.5-6.8 earthquake 523 

risk at present determined from geologic studies (Bai et al., 2018), which would be especially 524 



 

 

catastrophic due to the steep slopes surrounding the city, resulting in landslides and mud flows, as 525 

observed after the Wenchuan earthquake (e.g., Gorum et al., 2011). Lastly, taking our ~12.5 mm/yr 526 

rate would correspond to a slip deficit of ~3 m since the last large (M7.75) earthquake along the 527 

Moxi fault in 1786, which produced 70-90 km of surface ruptures (e.g., Zhou et al., 2001). This 528 

would correspond to a potential earthquake as high as Mw7.3 at present, which would devastate 529 

Moxi town, which, despite currently being less populated than Kangding city, continuously expands 530 

to cater to increasing tourism, thanks to its location at the base of Gongga Shan. 531 

  532 

6. Conclusion 533 

By studying four locations along the three en-echelon faults of the SE Xianshuihe fault, the Yalahe, 534 

Selaha and Zheduotang faults, as well as along the Moxi fault to the SE, we: 535 

(1) Determined that the late Quaternary slip rate along the Zheduotang fault is 4.5(+0.9/-0.8) 536 

mm/yr, hence confirming Bai et al. (2018) inference. 537 

(2) Determined that the minimum rate across the SE Selaha and parallel Zheduotang faults is 538 

~8.9±1.4 mm/yr, to which one may add that across the Mugecuo South fault zone, where a series of 539 

active faults with mostly normal (and left-lateral) component of motion absorb part of the 540 

deformation. 541 

(3) Suggest from field investigation, that the central part of the Yalahe fault is active, with clear 542 

fault scarps that can be followed for ~10 km. While slip rates are still lacking, it may also slightly 543 

contribute to the total slip rate of the SE Xianshuihe fault. 544 

(4) Determined that SE of Kangding, the late Quaternary slip rate along the Moxi fault is 545 

12.5(+2.3/-2.1) mm/yr, which is larger than the ~10 mm/yr along the Xianshuihe fault, and larger 546 

than the ~6-8 mm/yr rate along the Ganzi fault. This southeastward rate increase until at least Moxi 547 

is in agreement with the observed eastward rate decrease observed from GPS vectors located north 548 

of the Xianshuihe fault system, from the Bayan Har block to the Longmenshan block, as well as 549 

from the Longmenshan block to the Sichuan Basin. 550 



 

 

(5) Suggest that high seismic hazard exists in the SE Xianshuihe fault, with a possible Mw6.5-7.3 551 

earthquake risk near Kangding city, confirming predictions from the numerous geophysical studies. 552 
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