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The complexity of strike-slip fault segmentation affects the initiation,
propagation, and termination of earthquake ruptures and the earthquake
magnitude. Studying the fault geometry, kinematics, and segmentation provides
fundamental knowledge for mitigating earthquake hazards along faults. The
Zemuhe, Daliangshan, and Xiaojiang Faults intersect along the eastern boundary
of the Tibetan Plateau in the area fromNingnan in Sichuan Province to Qiaojia in
Yunnan Province. Although few large earthquakes have occurred on these faults,
the relationships between the intersections of these three faults and earthquake
rupture behavior in this region are poorly constrained. The interpretation of
aerial photographs and detailed field surveys revealed the geometric pattern
and fault kinematics in the area of intersection. The distribution patterns and
focal depths near the faults were obtained via analysis of seismic data in the
area of intersection. The northern segment of the Xiaojiang Fault deviates
approximately 25° northwest of Qiaojia, forming a conspicuous bend. The
Xiaojiang Fault continues to extend southeast of the Ningnan Basin, where it
intersects with the southern segment of the Zemuhe Fault, forming a pull-
apart basin approximately 4.5 km wide. The bend and Ningnan pull-apart
basin mark the segmented boundary between the Zemuhe Fault and the
Xiaojiang Fault, whichmay prevent the propagation of large earthquake ruptures
along the eastern boundary fault. Moreover, the lack of obvious geometric
complexity between the Daliangshan Fault and Xiaojiang Fault might hinder the
prevention of earthquake rupture propagation. Additionally, our results suggest
that different earthquake prevention and disaster reduction measures should be
taken for different cities in the region.

KEYWORDS

fault intersection area, geometric pattern, fault kinematics, earthquake rupture, Tibetan
plateau

1 Introduction

The study of fault segmentation in active areas is highly important for quantitatively
evaluating long-term seismic hazards (Aki, 1984; Wen, 2000). Geometrically discontinuous
segments or complex fault patterns, such as steps (Harris and Day, 1993), bending
structures (Nielsen and Knopoff, 1998) or branches (Andrews, 1994), are important marks
representing fault rupture segmentation. As obstacles to strike-slip faulting, these features
are segments of uneven stress distribution in the fault zone, which may affect the initiation,
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FIGURE 1
Seismotectonic map of the study area.

propagation and termination of earthquake rupture and the
magnitude of the earthquake (Sieh et al., 1993; Hamling, et al.,
2017; Jia et al., 2023). Depending on the size, geometry
and type of movement of these barriers, they may become
persistent or nonpersistent rupture boundaries for seismic
propagation (Wesnousky, 2006).

The area of fault intersection is generally considered a geometric
mark of fault segmentation, which can block the propagation of

earthquake ruptures to a certain extent, but there are also cases
of strong earthquakes occurring, despite the segmentation. For
example, destructive twin earthquakes (Mw7.8–7.7) in 2023 ruptured
multiple segments of the East Anatolian Fault System in Turkey,
rupturing multiple geometrically complex segments, including fault
intersections, bends, and steps (Jia et al., 2023), whichwere previously
thought to be possible persistent rupture boundaries on the fault
(Duman and Emre, 2013). Previous studies have focused primarily

Frontiers in Earth Science 02 frontiersin.org

https://doi.org/10.3389/feart.2024.1433148
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Mingming et al. 10.3389/feart.2024.1433148

TABLE 1 Summary of slip rates along the eastern boundary of the Sichuan–Yunnan Block.

Fault Slip rate (mm/yr) References Method

XSH Fault 10–20 Allen et al. (1991) Inferred age

14–20 Chen et al. (2008) Lower terrace age

8–11 Zhang (2013) Reinterpretation of Chen et al. (2008), using the upper terrace age

6.5–12 Chevalier et al. (2017) using their MGT ages along the Ganzi Fault

ANH Fault 3.6–6.2 Ran et al. (2008) Lower terrace age

5.5–7.5 Xu et al. (2003) Lower terrace age

ZMH Fault 4.9 Ren and Ping (1989) Lower terrace age

5.8–8.5 He et al. (1999) Lower terrace age

DLS Fault 2.6–3 Rongjun et al. (2003) Lower terrace age

2.5–4.5 Zhanyu et al. (2012) Lower terrace age

XJ Fault 8–12 Song et al. (1998) Lower terrace age

13–16.5 He et al. (2002) Lower terrace age

7.02 Han et al. (2017) Lower terrace age

FIGURE 2
Geometric pattern and distribution of survey points in the area of fault intersection.
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FIGURE 3
Aerial photographs and interpreted maps near Qiaojia County.

FIGURE 4
Phase data selection based on the Wadadi diagram The blue solid line
indicates the fitted mean value, and the dashed lines represent the
±3.0σ threshold lines.

on the effects of fault geometry on the propagation of earthquake
ruptures at fault step locations (Shao et al., 2018; Bai et al., 2018), with
relatively fewstudies conductedon the areasof intersectionofmultiple
branching faults (Zhao et al., 2022).

The Sichuan–Yunnan Block, bounded by the
Xianshuihe–Xiaojiang Fault System to the east and the
Jinshajiang–Red River Faults to the west, is one of the most
tectonically and seismically active blocks in the southeastern Tibetan
Plateau (Figure 1). Historically, approximately 37 strong earthquakes
with magnitudes greater than six have occurred along the eastern
boundary faults (Wen et al., 2008), and the latest Ms 6.8 earthquake

occurred near Shimian in 2022 at the area of intersection of the
Xianshuihe,AnningheandDaliangshanFaults (Yi et al., 2023).Several
intersections have developed in the eastern boundary fault system
of the Sichuan–Yunnan Block. Among these complex features of
strike-slip faults along the eastern boundary, the Ningnan–Qiaojia
partition zone can be identified as a persistent obstacle at the end
of the Zemuhe Fault (Wen, 2000). Moreover, detailed mapping has
been carried out in this area, and previous scholars have noted that
the segmentation of the three faults is near the Jinsha River. However,
insufficient comprehensionof geometric patterns and fault kinematics
based on the fault system makes it unclear whether this zone is the
persistent boundary of ruptures from the propagation of seismic
activity, resulting in great uncertainty in assessing seismic hazards and
understanding the mechanisms of propagation of major earthquakes
in the area of intersection.

Focusing on these problems, a field investigation was carried
out on the basis of detailed aerial photograph interpretation, and
then, the source data of earthquakes were analyzed through accurate
relocation of the 5744 earthquakes in the area of intersection
to provide valuable examples for the analysis of strike-slip fault
segmentation. Additionally, this research can serve as a good
reference for seismic hazard assessments in the region and is crucial
for guiding strategies for active fault avoidance in cities along faults.

2 Geological and seismotectonic
setting

The Anninghe–Zemuhe–Xiaojiang Fault System, as the eastern
boundary fault system of the Sichuan–Yunnan Block (Figure 1),
regulates the sinistral strike-slip movement resulting from the
collision of the Eurasian Plate, leading to southeastward extrusion
of the Qinghai‒Tibetan Plateau (Tapponnier and Molnar, 1977;
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FIGURE 5
Horizontal and vertical error analysis of two randomly selected seismic events (A). Error analysis of the horizontal positioning of an ML1.6 earthquake in
the study area, where the scatter points represent the results of 200 bootstrap relocations. The solid line represents the 90% confidence level error
ellipse, where “azi” indicates the azimuth of the major axis of the ellipse and “major axis” and “minor axis” denote the lengths of the major and minor
axes of the error ellipse, respectively. (B) Statistical analysis of the vertical error for this earthquake, where “mu” represents the average depth of the
seismic source and “std” denotes the standard deviation. (C) Error analysis of the horizontal positioning of an ML2.5 earthquake in the study area. (D)
Statistical results of the depth error.

Wang et al., 1998; Wang and Burchfiel, 2000). As a part of the eastern
boundary of the Sichuan–Yunnan Block, the Anninghe–Zemuhe
Fault and the Daliangshan Fault form a segment that bends between
the Shimian and Qiaojia regions, with a width of approximately
100 km and a length of approximately 300 km. This bend intersects
with the Xianshuihe Fault to the northwest and the Xiaojiang
Fault to the southeast.

The distribution of slip rates on the eastern boundary faults
reveals that the Xianshuihe Fault has relatively high slip rates
of approximately 6.5–20 mm/a (Table 1; Allen et al., 1991; Zhang,
2013; Chevalier et al., 2017). This slip rate is distributed southward
along the bend from Shimian to Qiaojia. The Anninghe–Zemuhe
Fault and the Daliangshan Fault have approximately equal slip rates
(Ren and Ping, 1989; He et al., 1999; Xu et al., 2003; Rongjun et al.,
2003; Ran et al., 2008; Zhanyu et al., 2012), whereas the Xiaojiang

Fault to the south has slip rates of approximately 8–13.2 mm/a
(Song et al., 1998; He et al., 2002; Han et al., 2017). Additionally, the
Xiaojiang Fault exhibits a significant normal faulting component
with a rate of extension of approximately 3.7 ± 0.2 mm/a in the
central‒southern segment (Wang et al., 2021).

Owing to the high slip rate and intensity of activity of
the Xianshuihe‒Xiaojiang Fault System, its seismic capacity and
earthquake hazard in the area are both relatively high, leading
to frequent moderate earthquakes. Within the research area,
the northern segment of the Zemuhe Fault produced a 7.5
magnitude earthquake near Xichang on 12 September 1850, and
two earthquakes of magnitude 6.75 occurred in 1489 and 1732.
Additionally, the northern segment of the Xiaojiang Fault produced
a 7.75 magnitude earthquake near Dongchuan on 2 August 1733
(China Earthquake Administration, 1995). Although there are no
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FIGURE 6
(A) Fault geomorphology of the Zemuhe Fault on the Southwest Side of Ningnan County; (B–D) Cross section of fault near Site 1.

historical earthquake records along the Daliangshan Fault, Sun et al.
(2019) and Li et al. (2020) revealed through paleoseismic studies,
deformation data, and seismological data that the Jiaojihe segment
of the southern segment of the Daliangshan Fault has accumulated
energy capable of generating a Mw 7.5 magnitude earthquake,
indicating a high earthquake hazard in the southern segment
of the Daliangshan Fault.

In a study of segmentation from seismic ruptures in the
Anninghe–Zemuhe Fault Zone, Wen (2000) identified two
persistent segment boundaries at both ends of the Zemuhe
Fault, namely, the Xichang Bend Zone and the Ningnan–Qiaojia
partition zone. Within the Ningnan–Qiaojia partition zone, with
a width of approximately 20 km, northeast-trending extensional

faults, northwest-trending normal–strike-slip faults, and two
small late Quaternary basins, the Ningnan and Qiaojia Basins,
are present (Wen, 1983). Owing to the lack of detailed studies on
active faults in the area of intersection, the understanding of the
characteristics of geometric patterns and intersecting relationships
of active faults in the Ningnan–Qiaojia region is still insufficient.

3 Methodology and data

The main approach in this study combines aerial photograph
interpretation with field investigations to explore the geometric
pattern, fault movement, and intersecting relationships of the
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FIGURE 7
(A) Landform of the the Zemuhe Fault in Southwest Ningnan County;
(B, C) Fault Profile of Site 2.

Zemuhe Fault, the Daliangshan Fault, and the Xiaojiang Fault
in the target area. Owing to the construction of the Baihetan
hydropower station on the Jinsha River, large areas of Qiaojia
and Ningnan have been submerged by the reservoir, and large-
scale development and construction have occurred in Qiaojia
County. These factors have limited our study of the geological and
geomorphological characteristics of the area of fault intersection
(Figure 2). Therefore, we collected aerial photographs taken in the
1970s and 1980s and conducted detailed interpretation work on
aerial photographs to obtain the fine geometric patterns of the three
faults before the reservoir was filled (Figure 3). On the basis of
clarifying the geometric patterns of the three faults, we conducted
field investigations of the target faults and obtained the kinematics
of the three faults through field geological profiles, thereby analyzing
the relationships of intersection among them.

In this study, P-wave and S-wave phase time data were collected
from 5744 earthquakes with magnitudes greater than ML1.5
recorded by the Sichuan Seismic Network from 2009–December
2022. A “multistage positioning method” (Long et al., 2015) was
employed to locate these earthquakes precisely. The technique
involved the following steps.

1. First, we selected data within the Wadadi diagram
that were 3.0 times the average standard deviation to

avoid the interference of misidentified outliers on the
positioning accuracy (Figure 4).

2. We initially located the events via HYPOINVERSE 2000
(Klein, 1989), with a velocity model of western Sichuan
by Zhu and Zhang, (1987)bib_zhu_and_zhang_1987. From
the preliminary location results, we selected observation
reports of events with records from six or more stations
and azimuthal gaps less than 150°. VELEST (Kissling, 1988;
Kissling et al., 1994; 1995) was then employed to study the
local minimum one-dimensional velocity model and station
corrections in the study area.

3. The inverted velocity model and station corrections that were
obtained were then re-entered into HYPOINVERSE2000 for
relocation.

4. Finally, a double-difference relocation (Waldhauser and
Ellsworth, 2000) was applied with a search radius of 10 km
to correct the hypocenter positions.

Five hundred seismic events were randomly selected, and 200
bootstrap analyses for each event were conducted. The statistical
results revealed average positioning errors of 800 m horizontally
and 1500 m vertically (Figure 5). During the double-difference
relocation process, the positions of lost seismic events were replaced
by the results from HYPOINVERSE 2000.

Through the analysis of the geometric patterns, kinematic
properties, distributions and hypocenters of small earthquakes in
the area of fault intersection, we further combined the rupture
distributions of the 7.75 magnitude earthquakes in Dongchuan in
1733. Moreover, we propose a geometric segmentation scheme for
the area of the Zemuhe–Daliangshan–Xiaojiang Fault intersection.

4 Geometric pattern and
characteristics of fault activity

4.1 Zemuhe Fault

The Zemuhe Fault is connected to the Anninghe Fault Zone
to the north; the fault starts from Xichang in the northwest,
extends southeast through Puge to near Ningnan, and crosses the
Ningnan Basin to the Xiaojiang Fault Zone, with a total length of
approximately 110 km (Wen, 1983). The NNW-striking fault has a
consistent trend overall. Since the late Quaternary, fault deformation
has manifested mainly as left–lateral strike-slip movement, followed
by extensional fault movement.

The Ningnan Basin is present at the end of the Zemuhe Fault.
Two branch faults of the Zemuhe Fault have developed in the
piedmont on the southwest side of the basin, manifesting as two
nearly parallel fault scarps (site 1, 102°43′12.54″E, 27°3′24.87″N;
Figure 6A). Faulted colluvium strata are observed in the profiles
across the fault scarp (Figures 6B–D). The Zemuhe Fault trends
northeast and exhibits extensional kinematic properties.

Cutting across the Yinchang gully, the fault continues to extend
southeastward, manifesting as well-defined linear bedrock scarps.
At the outcrop of the fault, two sets of nearly parallel fault planes
can be observed (site 2, E 102°43′51.68″, N 27°2′35.24″; Figure 7).
The main fault acts as the boundary between the bedrock and
the Quaternary strata, and the Quaternary strata are faulted.
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FIGURE 8
(A) Fault geomorphology of site 3 on the Xiaojiang Fault near Qiaojia County; (B) Fault plane of the site 3.

FIGURE 9
(A,B) Profile of Site 4 on Xiaojiang Fault Branch Fault near Qiaojia County.

FIGURE 10
(A) Fault plane at Site 5 in Southeast Ningnan County; (B) vertical striation.
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FIGURE 11
(A–C) The Geomorphic Features of the Daliangshan Fault on the South Bank of the Jinsha River; (D) Fault Profile of Site 6.

Branch faults have developed both within the bedrock and within
the Quaternary strata, exhibiting overall extensional kinematic
properties.

4.2 Northern segment of the Xiaojiang
Fault

The middle‒northern segment of the Xiaojiang Fault, which
is the Dongchuan boundary, can be divided into northern and
southern sections. From Dongchuan to Qiaojia, a single fault
extends approximately 75 km (Figure 1). It mainly appears in
the valleys of the Jinsha River and Xiaojiang River and features
sinistral strike-slip and reverse steep scarps. Toward southern
Dongchuan, the fault branches into two segments with widths of
approximately 15 km. The western branch is the surface rupture
zone of the 1833 M8 Songming earthquake, whereas the eastern
branch corresponds to the surface rupture zone of the 1733 M7.75
Dongchuan earthquake (He et al., 2002).

Through aerial photograph interpretation, two fault planes
can be observed near Qiaojia in the northern segment of the
Xiaojiang Fault Zone, primarily exhibiting characteristics of sinistral
strike-slip and extensional movement. The main fault manifests
topographically as a northeast-trending reverse trough valley,
displaying well-defined linear features. Along the Fault Zone,
several springs have formed, and clear bedrock fault surfaces
can be observed at excavation sites (site 3, E 102°56′41.97″, N
26°52′42.60″; Figure 8).

Furthermore, on the western side of the main fault, a
synthetic fault plane can be observed within the alluvial fan,
characterized by faulted gravel layers (site 4, E 102°56′11.24″, N

26°52′43.45″; Figure 9). This fault developed within the early to
middle Pleistocene gravel layers, and due to the lack of exposed
overlying strata, the most recent period of activity of this fault plane
remains unclear.

The fault extends northwestward across the Jinsha River north of
Qiaojia County town, with its trend shifting from north–northwest
to northwest, with an approximate deviation of 25°. On the southeast
side of NingnanCounty, an approximately 80-m-wide fault–fracture
zone is visible, within which multiple fault planes have developed
(site 5, E 102°51′28.80″, N 26°58′51.37″; Figure 10). Vertical
striations are also visible on the exposed portions of the fault
fracture zone. The fault manifests as a southwest-dipping normal
fault, indicating that the kinematics of the Xiaojiang Fault at this
location exhibit a prominent normal fault component.

4.3 The Daliangshan Fault

The Daliangshan Fault starts from near Shimian in the north
and extends southward through Yuexi, Puxiong, Zhaojue, and Buto
to join the Xiaojiang Fault Belt in Qiaojia, with a total length
of approximately 280 km (Figure 1). The Daliangshan Fault is a
young fault belt that plays a role in “shortcutting” the middle
section of the Xianshuihe‒Xiaojiang Fault System and consists of
six oblique branch faults. From north to south, they are the Zhuma
Fault, Gongyihai Fault, Yuexi Fault, Puxiong Fault, Butuo Fault,
and Jiaojiehe Fault (He et al., 2008). Among them, the Butuo Fault
and Jiaojiehe Fault in the southern segment exhibit dextral stepped
fault distributions, with lengths of 60 km and 70 km, respectively
(Zhanyu et al., 2012). The geometric pattern and kinematics of the
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FIGURE 12
Distribution of small earthquakes and source depths along the fault in the study area.

Jiaojiehe Fault, as it crosses the Jinsha River to the south, are still
open issues to explore (Figure 2).

The movement of the southern segment of the Jiaojiehe Fault
is characterized by both strike-slip faulting and normal faulting.
On the northern bank of the Jinsha River, the Jiaojiehe Fault
shows northeastward-trending extension with tensile motion. The
triangular facets of the fault are exposed, extending continuously
to the southern bank of the Jinsha River (Figures 11A–C). At the
point at which the Jiaojiehe Fault trend turns, the profile of the late
Quaternary reddish-brown clay layer that is cut by the fault is visible
(site 6, E 102°54′17.77″, N 27°1′19.92″; Figure 11D). From the point
of the bend southward to the Qiaojia vicinity, the fault gradually
diminishes in size.

Field surveys provide support for revealing the geometric
distributions of faults and provide important information for
understanding the characteristics of fault activity in this area. First,

through interpretation of aerial photographs, the geometric patterns
of three faults were analyzed, on the basis of which, a field survey
was carried out. As a consequence, fault profiles on all three
faults and their branching faults were observed via field surveys,
which confirmed that the fault positions interpreted from aerial
photographs are accurate, providing a solid foundation for revealing
the geometric fault pattern in the area of intersection. Second,
vertical faulting can be observed in the field sections of the Zemuhe
Fault and Daliangshan Fault, and even vertical striations can be
observed on the fault Xiaojiang Fault plane. This demonstrates
significant normal faulting components in the kinematics of the
three faults in the intersection zone, indicating an extensional
tectonic zone.The results provide a basis for revealing the kinematics
of faults in areas of intersection. Third, both the Xiaojiang Fault
and the Zemuhe Fault have branching faults, as shown in Figure 10.
The fracture zone of the northern segment of the Xiaojiang Fault is
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FIGURE 13
(A-A’, B-B’, C-C’) denoted the cross-fault seismological profiles in the study area. The buffer zone is 10km on both side of the profile. The Gray line at
the bottom indicates the depth at which 95% of the seismicity is above and 5% is below.

approximately 80 m long, whichmay be related to the complex stress
at the fault intersection zone.

5 Earthquake sequence and
seismogenic structure analysis

By accurately locating the small earthquakes in the study area,
we obtained their distribution patterns and focal depths near
the faults (Figure 12). Given that this area is where three faults
intersect, to avoid interference from seismic data for other faults,
we conducted statistical analyses and calculations of focal depths
for small earthquakes within different ranges on either side of the
faults. Specifically, near the Ningnan Basin, we conducted focal

depth statistics for small earthquakes within a 5 km range on either
side of the fault. Similarly, at the Daliangshan Fault and Xiaojiang
Fault locations, we selected small earthquakes within 7 km and
8 km ranges on either side of the faults, respectively, for focal depth
statistics.

To further reveal the deep structural characteristics of the
distribution of seismic activity along the faults, three cross-
sectional lines, A-A′, B-B′, and C-C′, were designated, and
earthquakes within a 10 km range were projected on either side of
these lines (Figure 13).

The distribution and focal depth data of small earthquakes also
confirm that the Ningnan Basin is a pull-apart basin with a width
of approximately 4.5 km. Small earthquakes near the Ningnan Basin
have occurred primarily between the boundary faults on either side
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FIGURE 14
Distribution of faults and small earthquakes near the Ningnan Basin.

of the basin. This graben is formed by the left-step extension and
left-lateral movement of the Zemuhe Fault and the Xiaojiang Fault,
both of which exhibit significant normal fault components on either
side of the basin (Figure 14).

Focal depth profile A-A′ reveals that the Zemuhe Fault on
the northwest side of the Ningnan Basin is a steeply dipping fault
trending in the northeast direction. The focal depths of small
earthquakes near the basin are relatively deep, with an average
focal depth of 8.9 km, which is related to the tectonic movement
of the pull-apart basin. Between Ningnan in Sichuan and Qiaojia
in Yunnan, the Xiaojiang Fault undergoes a noticeable bend in its
strike, deviating from NNW to NW and forming a bend segment of
approximately 25°. Small earthquakes have occurred mainly on the
west side of this bend of the Xiaojiang Fault, with relatively shallow
focal depths averaging only 6.7 km in this area. Moreover, small
earthquakes near the Daliangshan Fault occur primarily on the east
side of the fault, with an average focal depth of 7.9 km.

6 Discussion

In a study on the segmentation of seismic ruptures along the
Anninghe–Zemuhe Fault Zone, Wen (2000) suggested that the
Ningnan–Qiaojia partition zone was a persistent boundary of
the fault segment at the end of the Zemuhe Fault that regulated

the southward horizontal movement of the western block of the
Xiaojiang Fault Zone by developing extensional fracturing and fault
depression basins, whereas on the western side of the partition
zone, localized compressional uplift regulated displacement from
the western side of the Zemuhe Fault Zone. However, this work
reveals, through detailed interpretation of aerophotographs and field
surveys, that the northern segment of the Xiaojiang Fault deviates
approximately 25° northwest of Qiaojia, forming a conspicuous
bend structure. The fault continues to extend southeast of the
Ningnan Basin, where it intersects with the southern segment
of the Zemuhe Fault, forming a pull-apart basin approximately
4.5 km wide. The bend structure and Ningnan–Qiaojia pull-
apart basin collectively constitute the Ningnan–Qiaojia pull-
apart zone. Moreover, the Daliangshan Fault experiences a
minor bend across the Jinsha River and gradually connects
with the Xiaojiang Fault near Qiaojia, with no apparent barrier
between the two.

From the perspective of segmentation from seismic ruptures,
whether earthquakes can propagate through fault junction zones
determines the magnitude and destructiveness of earthquakes.
Wesnousky (2006, 2008) collected data from 22 strike-slip
earthquakes worldwide, with rupture lengths ranging from 10 km
to 420 km. His research results revealed that two-thirds of the
termination points of surface ruptures of strike-slip faults were
related to the fault step area or the fault trajectory termination

Frontiers in Earth Science 12 frontiersin.org

https://doi.org/10.3389/feart.2024.1433148
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Mingming et al. 10.3389/feart.2024.1433148

point, indicating a critical width (∼4 km). Generally, strike-
slip seismic propagation cannot pass through a step area of
more than 4 km. Moreover, numerical simulation results show
that when strike-slip faults have a turning point of more than
20°, the resulting structure would block seismic ruptures to
varying degrees so that some fractures from seismic activity can
pass through, whereas others cannot (Duan and Oglesby, 2005;
Kame et al., 2003; Lozos et al., 2011). The Xiaojiang Fault and
the Zemuhe Fault are obstructed by bends and pull-apart basins
simultaneously, which could serve as boundaries of segments
hindering the propagation of seismic ruptures, thereby impeding
the spread of earthquake energy. In contrast, the connection
between the Xiaojiang Fault and the Jiaojiehe Fault is closely
linked, with no apparent geometric segmentation at the fault
junction. Consequently, for earthquakes occurring on these faults,
the seismic rupture can easily propagate through each other. This
was evident in the map showing the distribution of intensities of
the earthquake that occurred near Dongchuan on 2 August 1733
(Figure 1) (China Earthquake Administration, 1995). The surface
rupture zone was located near Dongchuan but extended northward
to Qiaojia without deviating toward Ningnan, indicating that the
major earthquake near Dongchuan failed to propagate across
the approximately 4.5 km wide Ningnan Basin and bend toward
the Zemuhe Fault. Instead, it propagated through the junction
between the northern segment of the Xiaojiang Fault and the
Daliangshan Fault.

By studying the geometric patterns and kinematic characteristics
of active faults in the area of intersection, the segmental features
of seismic ruptures are analyzed, providing a basis for predicting
the types and characteristics of strong earthquake disasters in cities
along fault lines. The area of intersection of these faults poses a
significant risk of major earthquakes. This area encompasses two
counties, Ningnan County and Qiaojia County. Ningnan County is
located primarily within the Ningnan pull-apart basin, with active
faults distributed mainly on both sides of the basin and no apparent
active faults traversing through the interior of the basin.With respect
to strong earthquakes in this area in the future, attention should be
given to the effect of amplification of thickly layered Quaternary
deposits within the basin on strong ground motion, leading to
structural damage in Ningnan County, but without the hazard of
fault displacement or the need to address issues of active fault
avoidance.

On the other hand, the town of Qiaojia is situated on an active
fault, with many residential buildings and schools located along
its course, necessitating active fault detection. Additionally, the
northern segment of the Xiaojiang Fault has experienced severe
landslide disasters, with multiple ancient landslides occurring in
the area, among which the town of Qiaojia is located on one
such ancient landslide body (Liu et al., 2022).Therefore, considering
the avoidance of active faults in Qiaojia, the potential impact of
landslide disasters must also be considered. With the completion
and impoundment of the Baihetan hydropower station, the town of
Qiaojia has undergone relocation and reconstruction, establishing
multiple centralized residential resettlement communities primarily
consisting of mid-rise and high-rise buildings. These resettlement
communities are located relatively close to the reservoir, and any
landslide disaster would result in significant losses and increase the
difficulty of rescue efforts.

7 Conclusion

Through aerial photograph interpretation, field surveys,
and seismic data analysis, research is conducted with respect
to the geometric pattern, characteristics of movement, and
segmentation of ruptures in the fault intersection zone of the
Dalingshan–Zemuhe–Xiaojiang Fault from Ningnan to Qiaojia.
This area experienced an extensional stress environment, with the
three faults exhibiting left-lateral strike-slip movement combined
with a dip-slip sense ofmovement.Moreover, the bend structure and
the Ningnan Basin developed in the Ningnan–Qiaojia pull-apart
zone.TheDaliangshan Fault gradually intersects the Xiaojiang Fault
near Qiaojia, and there is no obvious boundary of the fault segment
between them.

With respect to severe earthquake events in the region, bends
on the Xiaojiang Fault and the Ningnan pull-apart Basin are
highly capable of impeding the propagation of seismic ruptures.
Furthermore, due to the lack of prominent geometric barriers
between the Dalingshan Fault and Xiaojiang Fault, the propagation
of seismic ruptures during a great earthquake may have traversed
both faults. Since active faults pass through urban areas of Qiaojia,
it is vital to implement active fault detection in urban areas to
guarantee safety.
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