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ABSTRACT: On May 18, 2020, an Mw5.1 earthquake occurred in Qiaojia County, Yunnan Province, China. 
This moderate-sized event triggered massive coseismic landslides, resulting in some damage. In this work, 
through visual interpretation of high-resolution (0.8–2 m) Gaofen satellite images before and after the earth-
quake, 167 landslides were delineated, 18 of which were inspected in the field. Using the landslide number 
density (LND) and landslide area percentage (LAP), we characterized the spatial distribution of these land-
slides, and analyzed their possible influence factors and tectonic significance. The results show that these 
landslides are distributed mostly in the NW-SE direction, roughly parallel to the long axis of seismic intensity 
zones and the strike of the Xiaohe-Baogunao fault (XBF). The LND and LAP decrease with increasing dis-
tances to the fault and from the epicenter to fault ends of the XBF. These permit to suggest that the seismo-
genic fault of the Qiaojia earthquake is likely a hidden branch of the XBF. All of the landslides induced by 
this event occurred in the region with the seismic intensity of six degrees or greater of the 2014 Mw6.2 Ludian 
earthquake. Therefore, it was inferred that the 2020 Qiaojia earthquake was probably the subsequent release 
of accumulated elastic strain after the 2014 Ludian earthquake in a same tectonic stress regime.   
KEY WORDS: Qiaojia earthquake, landslide inventory, spatial distribution, seismogenic fault, Ludian earth-
quake. 
 

0  INTRODUCTION 
Many studies have been conducted on the mechanism, spa-

tial distribution pattern, and risk assessment of earthquake- 
triggered landslides (Xu and Xu, 2021; Fan et al., 2019; Xu C et 
al., 2014a; Dai et al., 2011; Khattak et al., 2010). In such re-
search, an integrated coseismic landslide database is very im-
portant (Xu C, 2015a; Xu C et al., 2014a; Harp et al., 2011; 
Keefer, 2002). Wieczorek (1984) pointed out that a detailed 
landslide map can provide information to engineering geologists 
for assessing landslide hazard. Chen S et al. (2020) suggested 
that a coseismic landslide inventory can be used to determine 
the susceptibility of slopes to landsliding after earthquakes and 
provide a valid reference for emergency rescue. Based on field 
investigations, advanced technologies of remote sensing and  
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commonly accepted landslide-mapping principles, many detailed 
earthquake-induced landslide inventories have been established 
for seismic events in recent decades, such as the 1927 M8.0 Gu-
lang, China (Xu et al., 2020), 1999 Mw7.7 Chi-Chi, Taiwan, China 
(Liao and Lee, 2000), 2008 Mw7.9 Wenchuan, China (Xu C et al., 
2014a; Parker et al., 2011), 2015 Mw7.8 Gorkha, Nepal (Kargel et 
al., 2016; Xu et al., 2016), and the 2017 Mw6.5 Jiuzhaigou, China 
earthquakes (Tian et al., 2019). So far, most of work on this issue 
focuses on major events, while moderate-sized earthquakes some-
times can also induce significant slope failure and relevant studies 
remain rare. On May 18, 2020, an Mw5.1 quake happened in 
Qiaojia County, Yunnan, China (hereafter called the Qiaojia earth-
quake). Unexpectedly, this earthquake is more destructive than 
other earthquakes with same magnitude, triggering massive land-
slides. Therefore, it is also necessary to investigate the coseismic 
landslides of such moderate-sized earthquakes. 

In principle, a complete inventory not only records spatial 
locations of landslides, but also contains the influencing factors 
of landslide occurrence. A comprehensive coseismic landslide 
inventory is an important part of earthquake hazard assessment 
(Xu C, 2015a; Guzzetti et al., 2012; Harp et al., 2011). Xu C et 
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al. (2014a) used both the landslide area percentage (LAP) and the 
landslide number density (LND) to correlate landslides triggered 
by the 2008 Wenchuan Mw7.9 earthquake with geological, topo-
graphical and seismic conditions. Cui et al. (2021) linked the 
landslides triggered by 2018 Mw6.6 Hokkaido earthquake to nine 
influencing factors to implement a hazard assessment of coseis-
mic landslides, which contributes to landslide hazard prevention 
and reduction and reconstruction of the affected area. Vanani et 
al. (2021) selected some controlling factors to revise the land-
slides inventory of the 1990 Rudbar-Manjil (Mw7.3) earthquake 
and identified the areas prone to landsliding, using a multimodal 
distribution including LND, LAP, landslide area and landslide 
volume. In general, the influence factors of landslides can be clas-
sified into three categories: geology, topography and seismology. 
Besides, in view of the close relationship between coseismic land-
slide distribution, seismogenic structure, and seismic intensity, it 
is possible to help recognize the seismogenic fault and seismic 
rupture properties using information from landslide inventories 

(Shao et al., 2019; Wu et al., 2018; Xu, 2015b; Xu and Xu, 2014). 
The epicenter of the 2020 Qiaojia earthquake is only about 

20 km away from that of the 2014 Mw6.2 Ludian earthquake. 
Both are located on the border between the South China Block 
and the eastern margin of the Tibetan Plateau (Fig. 1). The cal-
culation of Coulomb stress suggested that the Ludian earthquake 
has influenced the stress state of adjacent active fault systems, 
and might have triggered subsequent aftershocks (Miao and Zhu, 
2016; Xu X W et al., 2014). While whether the 2020 Qiaojia 
event was associated with such impact remains unclear.   

In this work, based on field surveys and satellite image in-
terpretation, a landslide inventory for the Qiaojia earthquake was 
prepared. Then using two parameters, LND and LAP, the spatial 
distribution of these landslides was characterized. In addition, its 
correlation with ten factors, involving topography, geology and 
seismology, was analyzed. Finally, its tectonic significance, es-
pecially inference of the seismogenic fault of the Qiaojia earth-
quake, was discussed.  

 

 

Figure 1. Maps showing tectonic setting of the 2020 Qiaojia earthquake. (a) The simplified tectonic map of Tibetan Plateau and adjacent regions. Red dashed 

box is range of (b); (b) the tectonic setting and historical earthquakes (Ms>5) of Sichuan-Yunnan rhomb block in southeastern margin of Tibetan Plateau. Dashed 

red box shows scope of Fig. 3 as the study area. 
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1  GEOLOGIC SETTING 
The Qiaojia earthquake occurred at 27.18°N, 103.16°E with 

a focal depth 10 km. The focal mechanism solutions of this event 
show the strike, dip, and rake of the two nodal planes are 
170°/70°/-10° and 263°/81°/-160°, respectively. Its epicenter is 
~20 km to the 2014 Mw6.2 Ludian earthquake that is a conju-
gated strike-slip event with the main rupture plane on a NNW-
trending fault (Cheng et al., 2015; Xu et al., 2015). The 2020 
Qiaojia earthquake and 2014 Ludian earthquake both occurred 
on the western section of the Zhaotong-Lianfeng fault zone and 
east of the Xianshuihe-Xiaojiang fault zone between the 
Sichuan-Yunnan rhomb block and the South China Block (Fig. 
1; Ren et al., 2010; Shen et al., 2005; Deng et al., 2003; Xu et 
al., 2003; Zhang et al., 2003; Wang et al., 1998). 

Associated with the eastward crustal extrusion of the Ti-
betan Plateau, the Sichuan-Yunnan region hosts many active 
faults which generate major earthquakes (Gan et al., 2007). Here 
the Xianshuihe-Anninghe-Zemuhe-Xiaojiang (XAZX) fault 
zone is a sinistral strike-slip fault system with high slip rate of 
~10 mm/yr (Xu et al., 2003) and frequent earthquakes recorded 
(Fig. 1, Wen et al., 2008). The Anninghe-Zemuhe fault with slip 
rate of ~6.5 mm/yr and the Daliangshan fault with slip rate of 
~3.5 mm/yr are in the middle segment of the XAZX fault zone. 
(He et al., 2008; Xu et al., 2003). The slip rate of the Xianshuihe 
fault is distributed onto the above two faults. The NS-trending 
faults west to the Daliangshan fault all have the slip rate <1 
mm/yr, except for the Mabian fault with the thrust slip of 1.5–2 
mm/yr and dextral slip of ~1.1 mm/yr (Ma et al., 2005). There 
are also two parallel NE-trending faults in this area, i.e., the 
Lianfeng fault and the Zhaotong fault. These two faults have a 
low right-lateral slip rate (1–3 mm/yr) with a thrust component 
(4–6 mm/yr in the southwest to 2–3 mm/yr in the northeast), and 
the seismic activities of these two faults are relatively lower than 
the NNW-trending faults (Wen et al., 2013). The 2020 Mw5.1 
Qiaojia earthquake is located in the area where the NNW-trend-
ing sinistral faults and the NE-trending dextral faults co-exist. It 
is also located on the border between the Daliangshan sub-block 
and the stable South China Block (Chang et al., 2014). 

This region has been struck by many moderate-sized earth-
quakes in recent years, such as the Ms5.0 and 5.1 Ludian earth-
quakes in 2003, Ms5.6 Ludian earthquake in 2004, Ms5.1 Yanjin 
earthquake in 2006, Ms5.7 and 5.6 Yiliang earthquakes in 2012, 
Ms5.3 and 5.0 Yongshan earthquakes, and Ms6.5 Ludian earth-
quake in 2014. In the history, the two greatest events, the 1974 
M7.1 North Daguan and the 1216 Ms7.0 Mahu earthquakes, oc-
curred at inter sections between the Mabian fault and the 
Zhaotong-Lianfeng fault (Han et al., 2009; Zhang et al., 1994; 
Zhu and Chen, 1976). In addition, the Daliangshan fault is a rel-
atively young structure without records of historic earthquakes 
greater than Ms6.5 (He et al., 2008; Xu et al., 2003). 

This area was a relatively intact peneplain before Miocene 
time and has evolved into a mountainous landscape due to many 
times of tectonic movements since the end of Miocene. In the 
study area, the strata of the Sinian, Cambrian, Ordovician, Silu-
rian, Devonian, Permian, Neogene, and Quaternary are exposed, 
while Mesozoic and Carboniferous formations are not seen. The 
area of Permian strata is largest, dominated by limestone and 
basalt. The Neogene strata (conglomerate and clay rock) and 

Quaternary sediments (clay, sand, gravel and silt loam) are spo-
radically distributed in the study area. Devonian and Silurian 
strata crop out in bands, mainly including quartz sandstone, 
mudstone, siltstone with argillaceous shale, and argillaceous 
limestone and dolomite. Ordovician and Cambrian strata devel-
oped in a relatively vast area, dominated by dolomite and shale 
with siltstone. Sinian strata appear in the southeast and northwest 
of the Qaiojia epicenter, with quartz sandstone, dolomite and 
phyllite (Chang et al., 2016; Geological and Mineral Bureau of 
Yunnan Province, 1990).  

 
2  DATA AND METHODS 
2.1  Data 

Immediately after the 2020 Qiaojia earthquake, a field in-
vestigation was undertaken to examine its geologic effects in-
cluding co-seismic landslides. Meanwhile post-quake satellite 
images were compared to pre-quake ones to identify slope fail-
ure by the shaking. These satellite images were obtained by fus-
ing Gaofen multispectral images and Gaofen panchromatic im-
ages. The multispectral images have four bands of spectra (near-
infrared: 0.77–0.89 μm, red: 0.63–0.69 μm, green: 0.52–0.59 
μm, blue: 0.45–0.51 μm). Gaofen panchromatic images have 
only one band of spectra (0.45–0.90 μm) with a resolution of 
0.8–2 m. The fusion images retain four bands of spectra with 
resolution of 0.8–2 m, which permitted to recognize small land-
slides and produce a high-quality inventory map. The pre-quake 
images were acquired between February 7 and May 15, 2020 and 
post-quake images were acquired between May 19 and May 20, 
2020, close to the occurrence time of the Qiaojia earthquake, 
which permitted to effectively distinguish the coseismic land-
slides and the landslides already existing before the earthquake. 
The images covered an area exceeding ~1 410 km2 in the study 
area. 

In this study, three types of factors, including topography 
(elevation, and slope angle, aspect and curvature), seismology 
(seismic intensity and the distance to the Qiaojia earthquake ep-
icenter) and geology (vertical and parallel distances to the 
Xiaohe-Baogunao fault, and strata lithology), were considered in 
statistics of the 2020 Qiaojia earthquake landslides. Topography 
factors were extracted from the digital elevation model (DEM) 
with a 90-m resolution from Shuttle Radar Topography Mission 
(SRTM, http://www.gscloud.cn/search). Stratum and fault data 
were extracted from a 1 : 200 000 geological map (Geological 
and Mineral Bureau of Yunnan Province, 1990). 
 
2.2  Methods 

Based on the site survey and visual interpretation of satellite 
images, a coseismic landslide inventory of the Qiaojia event was 
prepared using the common procedures (Xu C, 2015a). In the 
process of visual interpretation, first, satellite images are pre-
cisely geographically registered on ArcGIS platform; then land-
slides are identified by comparing the color and vegetation dif-
ferences between pre- and post-quake images with true-color 
composite, combining the characteristics of landslides observed 
in the field investigation. In general, a landslide is represented 
by a point that defines the location of the landslide or delineated 
as a polygon that depicts the scale of the landslide (Harp and 
Jibson, 1995). In this work, the landslides were delineated as 
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some polygons according the shapes of landslides. 
The elevation in the study area was classified into 8 grades 

with a spacing of 500 m. Slope angle was classified into 6 grades 
with a spacing of 10°. Slope aspect was classified into 9 grades. 
Specially, the flat area is horizontal with a zero slope (Jenness et 
al., 2013). Slope curvature, which means the amount that slope 
is curved, was divided into 6 classes. There were eight ages of 
strata in the study area, i.e., Quaternary, Neogene, Permian, De-
vonian, Silurian, Ordovician, Cambrian, and Sinian. Because the 
XBF is closest to the epicenter, with a 5-km linear distance, ver-
tical distance to the XBF and parallel distance along the XBF 
were considered as influencing factors with an interval of 2 km, 
to examine their correlations with the landslide distribution. Ad-
ditionally, when examining the effect of the 2014 Ludian earth-
quake, we chose not only Qiaojia earthquake intensity and the 
distance to the Qiaojia epicenter, but also Ludian earthquake in-
tensity as seismic factors. The buffers were established around 
the epicenter with a 2 km interval. 

The correlations of these factors with the distribution of the 
coseismic landslides were examined. Furthermore, we identified 
the most influential factors and inferred the probable seismo-
genic fault and the relationship between the Ludian earthquake 
and Qiaojia earthquake through statistical analysis based on In-
tersect Function in ArcGIS. 

 
3  RESULTS 
3.1  Landslide Inventory 

Based on the field survey, 18 major landslides were posi-
tioned, which damaged houses (Figs. 2a, 2b) and blocked roads 
(Figs. 2c, 2d). All the debris slides occurred on steep slopes 
along rivers and roads (Figs. 2e, 2f). Under the strong ground 
motion, many imminent falling rocks with ruptures appeared on 
hillslopes (Figs. 2g, 2h), threating the safety at the foot of the 
mountain. 

Combining field investigations with visual interpretation of 
satellite images, we eventually prepared an inventory with 167 
coseismic landslides for the 2020 Qiaojia earthquake. They were 
distributed in a region of ~1 410 km2 (Fig. 3). The total occupied 

area of the landslides is only 1.81×105 m2. According to the re-
lation between the volume and area of landslides (V=1.314 
7×A1.208 5, Xu et al., 2016), the total landslides volume was esti-
mated to be 2.97×106 m3. The largest landslide is 8 345.17 m2. 
There are 102 landslides with an area less than 1 000 m2. The 
LND and LAP of this study region are 0.013 km-2 and 0.12%, 
respectively. Figure 4 shows some landslide interpretation cases 
by comparing post- and pre-earthquake satellite images. These 
results imply majority of the landslides are small- and medium-
scale rockfalls and debris slides. 
 
3.2  Correlation between Landslide Distribution and Influ-
ence Factors 

We show the correlation of landslides spatial distribution 
and various factors by LND and LAP. Using above two indexes, 
the distribution pattern of the landslides triggered by the 2020 
Qiaojia event were characterized by statistics with aforemen-
tioned influence factors. 
 
3.2.1  Topographic factors 

The elevation in the study area ranges from 513 to 4 026 m. 
The peaks of LAP and LND both appear in the range of 1 000–
1 500 m with values of 0.038% and 0.3 km-2, respectively (Figs. 
5a, 5b). There are ~33% of the total landslides occurred within 
~13% of areas with elevations of 1 000 to 1 500 m in the study 
area. The values of LND in the ranges of <1 000, 1 500–2 000, 
2 000–2 500 and 2 500–3 000 m are all about 0.1 km-2, and those 
in the ranges of 3 000–3 500, 3 500–4 000 and >4 000 m are 
smaller further. The curvilinear tend of LAP is generally con-
sistent with that of LND for the elevation factor (Fig. 5b).  

The slope angle ranges 0–76.7°, and the areas of each 
class decrease with increase of the slope angle in the study 
area. The LAP has generally positive correlations with the 
slope angles, while the LND firstly increases with the growing 
slope angle and then decreases from 50°–60° (Figs. 5c, 5d). 
The range with slope angles greater than 60° has the largest 
LAP and the smallest LND, which is attributed to individual 
large landslides. 

 

 

Figure 2. Pictures showing landslide hazards during 2020 Qiaojia earthquake. (a) and (b) damaged houses by rockfalls; (c) and (d) blocked roads by rockfalls; 

(e) and (f) debris slides; (g) and (h) imminent falling rocks with ruptures. 

(a)

(f)(e)

(c) (d)

(g)

(b)

(h)
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Figure 3. Map showing study area (dashed ellipse) and distribution of landslides by the 2020 Qiaojia earthquake. 

 

 

Figure 4. Two representative cases of landslides from interpretation by comparing post- and pre-earthquake satellite images. Pre-earthquake ones were acquired 

on February 7, 2020, and post-earthquake ones on May 19 or 20, 2020. Red dotted lines show identified landslides. 
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Figure 5. The landslide distribution in classifications of topographical factors (left) and their correlations (right) described by LAP and LND. LAP. Landslide 

area percentage; LND. landslide number density; CA. classification area. 
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The area of each class of the slope aspect is relatively mean, 
except the flat aspect that is almost nothing. The peak of LND is 
on the east-facing slopes, followed by that on the southeast- and 
northwest-facing slopes, while the LAP on the south-, southeast- 
and east-facing slopes are obviously larger than other aspects 
(Figs. 5e, 5f). It means that the scales of landslides on south-
facing slopes are relatively larger than those on northwest-facing 
slopes.  

Slope curvature is also a topographic factor affecting the 
distribution of landslides. Negative curvature indicates a con-
cave slope and positive curvature indicates a convex slope. A 
slope, with zero or near zero curvature, is a straight plane. As 
shown in Figs. 5g, 5h, most of the slopes are on straight slopes. 
The LAP and LND in the range of -2– -1 of the curvature are 

slightly larger. The larger LAP in the range of >2 of the curva-
ture is due to individual landslides with relatively large area. It 
seems that there is almost no correlation between landslide dis-
tribution and slope curvature. 

 
3.2.2  Geologic factors 

As shown in Figs. 6a and 6b, the Permian strata dominated 
by limestone and basalt take up the largest area in the study area, 
with few landslides The LND and LAP both are relatively larger 
in Ordovician and Cambrian strata (Figs. 6a, 6b), the lithologies 
of which are characterized by more dolomite and shale with silt-
stone. However, it is hard to clarify whether this is due to differ-
ent lithologies, because other strata also contain dolomite and 
siltstone. 

 

 

Figure 6. Landslide distribution in categories of geological factors (left) and their correlations (right). (a) and (b) stratum; (c) and (d) vertical distance from the 

Xiaohe-Baogunao fault (XBF); (e) and (f) parallel distance along the Xiaohe-Baogunao fault (XBF). LAP. Landslide area percentage; LND. landslide number 

density; CA. classification area. 
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Figures 6c and 6d show the landslide distribution in the 
bands parallel to the Xiaohe-Baogunao fault (XBF) (location 
shown in Fig. 3). Obviously, the landslides concentrate on both 
sides of the fault. The LAP and LND generally decrease as the 
vertical distance to the fault increases, though there are some 
small fluctuations. Their peaks occur in the band with distance 
less than 2 km from the fault, with values of 0.51 km-2 and 
0.057%, respectively.  

The LAP and LND in the strips vertical to the XBF are 
displayed in Figs. 6e, 6f, which indicate the landslide distribu-
tion varies along the fault. The most of landslides are present in 
the strips close to the epicenter (within 6 km) and the peaks of 
LND and LAP are in the band within distance 2–4 km to the 
epicenter. From the distance of 4 km, the scale and number of 

 

landslides generally decrease as the distance from the epicenter 
increases. The LND and LAP shapely increase in the largest 
distance, which may attributed to the stress concentration effect 
at fault ends, or because of the small classification area in sta-
tistics. 

 
3.2.3  Seismic factors 

Figures 7a and 7b show the most landslides occurred within 
2–8 km to the epicenter instead of the proximity area. Particu-
larly, the range of 4–6 km to the epicenter has the largest LAP 
and LND values. From the distance of 6 km, the scale and num-
ber of landslides generally decrease as the distance from the ep-
icenter increases, while the values in the range of 0–2 km to the 
epicenter are smaller than those in the range of 8–10 km.  

 

 

Figure 7. Landslide distribution in categories of seismic factors (left) and their correlations (right). (a) and (b) distance from the epicenter of Qiaojia earthquake; 

(c) and (d) intensity of Qiaojia earthquake area; (e) and (f) Ludian earthquake intensity. LAP. Landslide area percentage; LND. landslide number density; CA. 

classification area. 
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Apparently, the scale and number of landslides in the VI 
degree zone of the Qiaojia earthquake intensity are dominant, 
although the area of the V degree zone is obviously larger than 
that of the VI degree zone (Figs. 7c, 7d). In the study area, the 
classification areas decrease with increase of the Ludian earth-
quake intensity, while the LND and LAP in the VII degree zone 
of the Ludian earthquake intensity are slightly larger than other 
zones (Figs. 7e, 7f). 

 
4  DISCUSSION 
4.1  Influence Factors of Landslide Occurrence 

In this work, the distribution pattern of the landslides in-
duced by the 2020 Qiaojia earthquake was characterized con-
cerning varieties of influence factors. Among topographical fac-
tors, most landslides occurred in the regions with elevations of 
1 000 to 1 500 m (Figs. 5a, 5b), but these areas have no distinc-
tive features that can affect the occurrence of landslides. The 
LAP and LND seem to increase with the increasing slope angles, 
which is likely attributed to that the area of each grade reduces 
with increase of the slope angle (Figs. 5c, 5d). It is clear that 
there is almost no correlation between landslide distribution and 
slope curvature (Figs. 5g, 5h). Uniquely, the number or scale of 
landslides on E-, SE-, and S-facing slopes is relatively larger 
(Figs. 5e, 5f), which probably resulted from the effect of previ-
ous earthquakes (this will be discussed in section 4.3). 

For geological factors, according to variations of the LAP 
and LND in different strata and the detail of stratigraphic lithol-
ogy (Figs. 6a, 6b), it is hard to see the relationship of lithology 
and landslides occurrence. However, it is obvious that the 
Xiaohe-Baogunao fault is closely related to landslide occur-
rence; the landslides concentrate on two sides of the fault (Figs. 
6c and 6d) and the number and scale generally decrease from the 
epicenter to fault ends (Figs. 6e, 6f).  

For seismic factors, the landslides are mainly distributed 
near the epicenter (Figs. 7a, 7b) and within the zone of maximum 
seismic intensity of the Qiaojia earthquake (Figs. 7c, 7d). What 
calls for special attention is the correlation between the 2014 
Ludian earthquake intensity and landslide occurrence; most 
landslides are in the VII degree intensity zone of the 2014 Ludian 
earthquake (Figs. 7c, 7d), where the damages are relatively seri-
ous by the Ludian and Qiaojia earthquakes. 
 
4.2  Seismogenic Fault of the Qiaojia Earthquake 

There are many methods to infer seismogenic faults, each 
has its own advantages and disadvantages. In seismic moment 
tensor inversion, two possible fault planes (nodal planes) corre-
sponding to the best double couple can be obtained, but it is dif-
ficult to confirm which one is the real seismogenic fault. While 
it is possible to confirm the seismogenic fault according to the 
waveform residuals from inversion based on trying two couple 
nodal planes one by one (Zhang Y et al., 2014). In general, the 
seismogenic fault can be identified by combination of focal 
mechanism solutions, aftershock distribution, and seismic rup-
tures on the surface. Such an approach is suitable for large earth-
quakes because of the clear fault parameters, obvious band-like 
distribution of aftershocks, and the large rupture length (Zhang 
Y et al., 2014). In general, it is difficult to determine the seismo-
genic fault of medium-sized earthquakes. First, medium-sized 

earthquakes are likely to occur on secondary or small faults, and 
usually cannot produce surface ruptures visible. Second, prelim-
inary positioning of the aftershocks of such earthquakes is often 
scattered, easy to blur the direction of rupturing. And third, the 
signal-to-noise ratio of medium-sized earthquakes at teleseismic 
distances is low, thus difficult to distinguish the rupture direction. 

For the 2020 Mw5.1 Qiaojia earthquake, the strike, dip, and 
rake of the two nodal planes are 170°/70°/-10° and 263°/81°/-
160°, respectively, according to focal mechanism solutions from 
China Earthquake Networks. The seismic intensity map of this 
event released by the Yunnan Seismological Bureau shows el-
liptical isoseismal lines with a long axis striking SSE160° (Fig. 
3). Zhao et al. (2020) used the horizontal peak ground accelera-
tion (PGA) values recorded by stations near Qiaojia to perform 
geometric averaging, yielding horizontal PGA contours spread-
ing in the NW-SE direction. The peak acceleration reduces as the 
distance to the epicenter increases, of which variation tendency 
has a strong similarity to the trend of the seismic intensity map 
prepared by the Yunnan Seismological Bureau. Li et al. (2020) 
showed that the aftershock distribution within 24 h after the 
mainshock of the Qiaojia event has a long axis in SSE175°, 
which largely accords with the SSE nodal plane in the focal 
mechanism solutions and the long axis direction of the seismic 
intensity contours. With these constraints, it is inferred that 
source rupture of the Qiaojia earthquake should be the nodal 
plane (stroke 170°, dip angle 70°, slip angle -10°) with sinistral 
strike-slip. Among the faults around the epicenter of the 2020 
Qiaojia Mw5.1 earthquake, the XBF is the closest, with a straight 
distance of only 5 km, which trends in NW. According to the 1 : 
200 000 regional geological map of the Ludian Sheet, the fault 
trace is not continuous, and there are many secondary echelon 
faults with an acute angle on two sides of the main fault zone, 
and the motion of the XBF is mainly sinistral strike-slip (Cheng 
et al., 2015; Xu et al., 2015). 

Superposing the magnitude and the distribution area of 
landslides for the Qiaojia earthquake on the map showing corre-
lation between the distribution area of coseismic landslides with 
the magnitude (Xu et al., 2014b), we found that the distribution 
area of the Qiaojia coseismic landslides is larger than that of the 
events with same magnitude, while the 2014 Ludian earthquake 
is within the envelope (Fig. 8a). From the diagram showing the 
correlation between the magnitude and the number of coseismic 
landslides (Alfaro et al., 2012; Keefer, 2002), the number of the 
Qiaojia coseismic landslides is greater than that of the earth-
quakes with same magnitude, while the Ludian earthquake are 
close to the fitted line (Fig. 8b). Combining the results of field 
investigations and remote sensing interpretation, it is clear that 
the Qiaojia earthquake landslides are large in number, small in 
scale, and distributed in a large area, and the overall distribution 
is in the NW-SE direction (Fig. 3). Based on the analysis of the 
correlation between the landslide distribution and fault factors 
of this earthquake (Figs. 6b, 6c, 6e and 6f), the landslides mainly 
occurred symmetrically along both sides of the XBF, decreasing 
with the increasing distance from the fault, and gradually de-
crease along the fault from the epicenter to both ends of the fault. 
Based on the aforementioned relationship between the seismo-
genic fault and coseismic landslides distribution, combined with 
the nodal planes of focal mechanism, seismic intensity, PGA  
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Figure 8. The distribution area and number of landslides induced by 2020 Qiaojia earthquake compared with other events. (a) The relationship between the 

earthquake magnitude and the landslides distribution area (modified from Xu et al., 2014b); (b) the correlation between the earthquake magnitude and the land-

slides number (modified from Alfaro et al., 2012). 

 
contours, and the predominant direction of aftershocks, it is in-
ferred that the XBF has a close correlation with this earthquake. 
However, considering the small difference among nodal planes 
of the Qiaojia earthquake, the long axis trend of the isoseismal 
line, the dominant earthquake sequence tendency and the main 
strike of the XBF, we suggest that the seismogenic structure of 
the Qiaojia earthquake may be an echelon-shaped secondary and 
buried fault branch of the XBF.  
 
4.3  The Relationship between the Qiaojia Earthquake and 
Ludian Earthquake 

The epicenter of the 2020 Mw5.1 Qiaojia earthquake is only 
20 km away from the 2014 Mw6.2 Ludian earthquake. The land-
slides by the Qiaojia event are all within the VI–VIII degree 
zones of the Ludian earthquake intensity, mostly in the VII zone. 
The focal mechanism solutions of the Ludian event (Chen et al., 
2020b; Xie et al, 2015; Zhang G W et al., 2014) show a nodal 
plane with 162°/70°/-14° (according to Global GMT), which is 
similar to that of the Qiaojia earthquake (170°/70°/-10°). The Qi-
aojia earthquake landslides are largely distributed on the SE- and 
E-facing slopes and the scales of the landslides on the S- and SE-
facing slopes are relatively large (Figs. 5c, 5g). The slopes facing 
these directions may be affected by the 2014 Ludian earthquake 
in the southeast. Additionally, all of the Qiaojia earthquake land-
slides happened in the region with the intensity greater than six 
degrees of the seismic intensity of the Ludian earthquake; par-
ticularly in the VII intensity zone (Figs. 7e, 7f), where the dam-
ages were probably maximally superimposed by the Ludian and 
Qiaojia earthquakes. The strip-like distribution of aftershocks in 
the N30°W direction, the long axis of intensity (IX) zone in 
NNW-NW-direction, and seismic ruptures in the episeismic 
zone suggest that the 2014 Ludian earthquake’s seismogenic 
fault is also the NW-trending XBF (Cheng et al., 2015; Xu Z J 
et al., 2015; Wang et al., 2014; Xu X W et al., 2014). The focal 
mechanism solutions indicate that the seismogenic fault of the 
Ludian event is dominated by sinistral strike-slip, with a small 
normal faulting component (Xu L S et al., 2014; Zhang G W et 

al., 2014), which accords with the 2020 Qiaojia earthquake. 
These imply that the 2020 Mw5.1 Qiaojia earthquake may be re-
lated to the 2014 Ludian Mw6.2 earthquake. 

Xu et al. (2014b) used the elastic mid-space model (Okada, 
1992) and the coseismic kinematics data of the XBF to calculate 
the Coulomb stress change at the depth of 10 km caused by the 
2014 Ludian earthquake. The results show that the increase of 
static Coulomb stress is most obvious in an around 70% area 
near the XBF, up to 70 kPa. Miao and Zhu (2016) obtained the 
similar results. Most of the aftershocks of the Ludian event are 
in the region of increased Coulomb stress resulting from the 
main earthquake, implying the Ludian earthquake has a trigger-
ing effect on the subsequent aftershocks (Fig. 9). According to 
previous work, the 2014 Ludian earthquake expanded from the 

 

 

Figure 9. Map showing landslides triggered by 2020 Mw5.1 Qiaojia earth-

quake, epicenters, seismogenic fault, and static Coulomb stress change and 

aftershock distribution of 2014 Mw6.2 Ludian earthquake (modified from 

Miao and Zhu, 2016). 
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deep to the shallow crust in the SSE direction, and a seismic 
surface rupture appeared in the southeast of the XBF (Xu X W 
et al., 2014). The 2020 Qiaojia earthquake epicenter and the 
most of coseismic landslides are located in the north-central 
section of the XBF where the static Coulomb stress has increased 
significantly, which might result from the 2014 Ludian earth-
quake event (Fig. 9). The distribution direction of the Qiaojia 
earthquake-induced landslides is overall consistent with that of 
aftershocks of the Ludian earthquake in SE-NW direction, while 
the former seems to be the extension of the later development 
toward northwest (Fig. 9). 

Both the 2014 Ludian and the 2020 Qiaojia earthquakes 
happened in the southeast of the Qiangtang Block and the east 
border of the Sichuan-Yunnan rhomb block, with the sinistral 
strike-slip XBF in the east of the XAZX fault zone. The XBF is 
a secondary active fault near the main boundary fault zone of the 
Sichuan-Yunnan rhomb block, which has not been noticed be-
fore the earthquakes. These two events may indicate that the 
Sichuan-Yunnan rhomb block, especially the central Yunnan 
sub-block, continuously moves to SE, leading to continuous ac-
cumulation of elastic strain in the block boundary zones and their 
vicinity. Because the scale of the secondary active faults is small, 
and its earthquake-generating capacity is relatively weak, the 
earthquakes produced by them are often medium-sized. There-
fore, although we cannot assert that the 2020 Mw5.1 Qiaojia 
earthquake is an aftershock of the 2014 Mw6.2 Ludian earth-
quake, it can be inferred that the Qiaojia earthquake is the sub-
sequent release of the stress accumulation after the 2014 Ludian 
earthquake under the background that the rhomb block keeps 
moving towards SE. The reason why the landslide hazard in-
duced by the Qiaojia earthquake is more serious than others with 
the similar magnitude is probably due to the effect of the 2014 
Ludian earthquake on the stability of the slopes in this area. 

 
5  CONCLUSIONS 

Based on field investigations, visual interpretation of re-
mote sensing images based on ArcGIS, a detailed inventory of 
the landslides induced by 2020 Mw5.1 Qiaojia, Yunnan China 
earthquake was prepared. The correlation of spatial distribution 
with possible influence factors involving topography, geology 
and seismology and tectonic significance of these landslides 
were studied. The conclusions are as follows. 

(1) In total, 167 coseismic landslides of the 2020 Qiaojia 
earthquake were delineated, with a distribution area of ~1 410 
km2 and landslide-occupation area of 0.18 km2, respectively. 
They are distributed in a relatively broad area, smaller on the 
scale for individuals and larger in the number compared to those 
of other events with same magnitude. 

(2) For topographical factors, the number and scale of land-
slides on S-, SE-, and E-facing slopes are relatively larger. For 
geological factors, the correlation between faults and landslide 
occurrence is more significant than that between stratum lithol-
ogy and landslide occurrence. The LAP and LND generally re-
duce with increasing vertical distance from the fault, and gradu-
ally reduce from the epicenter to both ends of the Xiaohe-
Baogunao fault. For seismic factors, landslides are mostly con-
centrated near the epicenter and within the zone of maximum 
seismic intensity. Meanwhile it is noted that all the landslides are 

in the VI–VIII degree zones of intensity map of the 2014 Ludian 
earthquake. 

(3) Combining landslide distribution, the long axis of the 
maximum intensity zone, aftershocks, PGA, and focal mecha-
nism solutions, it is inferred that the seismogenic structure of the 
2020 Qiaojia earthquake is likely a secondary hidden structure 
of the Xiaohe-Baogunao fault (XBF). Under the regional seis-
motectonic background, the 2020 Qiaojia earthquake may be the 
inheritance of the 2014 Ludian earthquake in stress release. The 
relatively serious geohazard by the Qiaojia event is probably as-
sociated with the aftermath of the 2014 Ludian earthquake.  
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