
Drainage reorganization driven by strike-slip faulting along the Xiaojiang 
Fault, Southeastern Tibet: A new explanation for geohazards in the 
Xiaojiang River watershed

Yijia Ye a, Xibin Tan a,b,*, Dongri Song a,b

a Key Laboratory of Mountain Hazards and Engineering Resilience, Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610213, 
China
b Joint Laboratory of Mountain Hazard Prevention and Mitigation, Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610213, 
China

A R T I C L E  I N F O

Keywords:
Drainage reorganization
Drainage-divide migration
Xiaojiang Fault
Geohazards
Jiangjia Ravine
Southeastern Tibet

A B S T R A C T

The Xiaojiang River, located at the southeastern margin of the Tibetan Plateau, is one of the world's most 
landslide- and debris-flow-prone regions. The main trunk of the Xiaojiang River closely follows the Xiaojiang 
Fault, a major block-boundary fault characterized by sinistral strike-slip motion. However, it is still unclear how 
the strike-slip faulting governs the long-term drainage evolution of the Xiaojiang River and, in turn, influences 
the geohazards within the Xiaojiang River watershed. Here we investigate the drainage evolution of the Xiao
jiang River using high-resolution topography and quantitative geomorphic analyses, with a particular focus on 
drainage-divide migration and river capture. Our results reveal that most tributaries within the Xiaojiang River 
watershed are undergoing catchment expansion, primarily driven by fault-induced bedrock weakening. The 
expansion of the Xiaojiang River watershed further promotes soil erosion and landslides in the basin. We further 
identify a river-capture event controlled by the strike-slip faulting, which caused a ~ 400 m drop in the local base 
level and likely contributed to the exceptional concentration of debris flows in the Jiangjia Ravine. These 
findings demonstrate that tectonically driven drainage reorganization is an important control on the spatial 
distribution of regional geohazards. Incorporating dynamic drainage evolution into hazard-assessment frame
works is therefore essential for improving long-term risk mitigation in tectonically active mountain belts.

1. Introduction

River networks are dynamic in response to the combined influences 
of tectonic activity, climate change, and lithologic heterogeneity 
(Bonnet, 2009; Willett et al., 2014; Duffy et al., 2015; Harel et al., 2019; 
Zondervan et al., 2020; Zhang et al., 2022). Through processes such as 
progressive drainage-divide migration and discrete river captures, river 
network reorganization modifies channel network topology and re
distributes drainage area (Bishop, 1995; Willett et al., 2014; Beeson 
et al., 2017; Whipple et al., 2017; Chen et al., 2021a; Stokes et al., 
2023; Bian et al., 2025). These adjustments exert an important control 
on spatial patterns of stream power and river incision, thereby regu
lating sediment production and hillslope processes, including mass 
wasting and slope failure (Burbank et al., 1996; Montgomery and 

Brandon, 2002; Ng, 2006; Reinhardt et al., 2007; Larsen and 
Montgomery, 2012; Blöthe et al., 2015). River capture, in particular, 
can produce rapid geomorphic responses by imposing abrupt base-level 
drop that accelerate upstream incision, enhance basin-wide erosion, and 
destabilize hillslopes (Bishop, 1995; Yanites et al., 2013; Fan et al., 
2018; Baynes et al., 2022; Bian et al., 2025). Such long-term land
scape adjustments may precondition mountain regions to heightened 
susceptibility to landslides and debris flows (Gallen et al., 2011; Larsen 
and Montgomery, 2012), complementing the effects of short-term trig
gers such as rainfall and earthquakes (Lan et al., 2004; Umar et al., 2014; 
Chen et al., 2021b; Zou et al., 2022; Li et al., 2022; Sun et al., 2022; 
Morales et al., 2023; Pei et al., 2023; Qi et al., 2025). However, the 
extent to which drainage-basin evolution governs the spatial distribu
tion and persistence of geohazards remain under-investigated, 
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especially in tectonically active mountain regions.
The Xiaojiang River, located at the deeply incised southeastern 

margin of the Tibetan Plateau, provides an exceptional natural labora
tory for investigating these interactions. The river flows generally 
northward into the Jinsha River and traverses terrain characterized by 
extreme relief, highly fractured bedrock, and frequent seismic activity 
(Fig. 1) (Shen et al., 2003; Hu et al., 2011; Hu et al., 2021; Zhang et al., 
2025). The Xiaojiang River watershed is widely recognized as one of the 

world's most severely affected regions by frequent and catastrophic 
landslides and debris flows (e.g., Jiangjia Ravine), which exert the 
persistent threat to downstream communities, infrastructure, and eco
systems (Scott and Wang, 2004; Hu et al., 2021; Song, 2023; Zhang 
et al., 2025; Wei et al., 2025). This severe hazard environment moti
vates an investigation that extends beyond immediate trigger mecha
nisms toward the deeper, long-term geomorphic processes that regulate 
mass wasting.

Fig. 1. Topographic and tectonic background map of the study area. The arrows show the GPS velocities field (Wang and Shen, 2020). White line bordered in black 
represents the drainage divide surrounding the Xiaojiang River watershed. Red lines represent the main active faults. Blue lines show the main rivers. The topography 
data (DEM) is obtained from the Alaska Satellite Facility Data Search (https://search.asf.alaska.edu/). ANF: Anninghe Fault; RRF: Red River Fault; XJF: Xiaojiang 
Fault; XSHF: Xianshuihe Fault; ZMF: Zemuhe Fault. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.)
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The Xiaojiang Fault, a sinistral strike-slip fault accommodating the 
southeastward extrusion of the Tibetan Plateau, cuts directly through 
the Xiaojiang River watershed (Wang et al., 1998; Wang and Burchfiel, 
2000; Shen et al., 2005; He and Oguchi, 2008; Wen et al., 2011; Bai 
et al., 2025; Zhang et al., 2026a). Strike-slip faulting can profoundly 
reorganize river networks by altering channel gradients, deflecting flow 
paths and promoting drainage capture and divide migration (Ouchi, 
2005; Duvall and Tucker, 2015; Gray et al., 2018; Dascher-Cousineau 
et al., 2021; Tian and Lin, 2021; Zeng and Tan, 2023; Aránguiz-Rago 
et al., 2025). However, how the Xiaojiang Fault influences the long- 
term evolution of the Xiaojiang River watershed, and further impacts 
the regional geohazards remain under-investigated.

Recent advances in drainage-divide stability analysis provide a 
powerful tool for investigating drainage-basin evolution and its under
lying controls (Willett et al., 2014; Whipple et al., 2017; Forte and 
Whipple, 2018; Zhou et al., 2022a; Ye et al., 2024a; Bian et al., 2024; 
Li et al., 2025). In this study, we first use χ-plots method to measure the 
stability of the primary and secondary drainage divides within the 
Xiaojiang River watershed (Zhou et al., 2022b). We then reconstruct the 
drainage evolution of the watershed and evaluate the relative roles of 
strike-slip faulting, tectonic uplift, climate, and lithologic variations in 
controlling this evolution. Finally, we examine the process-based rela
tionship between long-term drainage reorganization and the spatial 

distribution of landslides, with the goal of clarifying how landscape 
dynamics influence regional geohazard patterns.

2. Regional setting

The Xiaojiang River, located at the southeastern margin of the Ti
betan Plateau, is a major tributary of the Jinsha River, and flows from 
south to north, with elevations decreasing from approximately 2500 m 
in the headwater region to about 740 m at its confluence with the Jinsha 
River. Bedrock within the basin comprises a heterogeneous assemblage 
of volcanic, sedimentary, and metamorphic units (Fig. 2A). Exposed 
igneous rocks are dominated by calc-alkaline basalt, locally interlayered 
with clastic sedimentary strata, including sandstone and mudstone. 
Metamorphic rocks are primarily distributed along the northwestern 
margin of the basin and consist mainly of low- to medium-grade meta
sedimentary units, such as metaclastic rocks and slate. Sedimentary 
rocks are widely developed throughout the basin and consist predomi
nantly of sandstone, mudstone, and limestone. Mean annual precipita
tion across the basin ranges from approximately 750 to 980 mm/yr 
(Fig. 2B).

The main trunk of the Xiaojiang River basically flows along the 
Xiaojiang Fault, which is characterized by left-lateral strike-slip motion 
(He et al., 1993; Song et al., 1998; Shen et al., 2003; He and Oguchi, 

Fig. 2. (A) Geological map of the Xiaojiang River watershed and the surrounding area. (B) The distribution of mean annual precipitation. Data for the period of 
1970–2000 are download from http://worldclim.org (Fick & Hijmans, 2017). A 30-km-wide swath profile (A-A') reveals that the Xiaojiang River watershed receives 
slightly less precipitation than the catchment to the east and is basically consistent with that to the west.
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2008; Guo et al., 2021). The central segment of the Xiaojiang Fault is 
divided into eastern and western branches (Figs. 1 and 2). Geological 
investigations have estimated late Quaternary left-lateral slip rates of 
~13–22 mm/yr along the Xiaojiang Fault system, with lower rates of 
~6–10 mm/yr along the eastern branch of the central segment (He et al., 
2002; Shen et al., 2003; He and Oguchi, 2008). Geodetic measurements 
indicate present-day left-lateral slip rates of ~7–10 mm/yr across the 
fault system (Shen et al., 2005; Wang et al., 2008; Wen et al., 2011; 
Wang and Shen, 2020). The Xiaojiang Fault exhibits high seismic ac
tivity and has generated numerous large historical earthquakes, 
including the 1733 Dongchuan earthquake (M 7.75) (Min et al., 1995; 
Ren, 2013; Wen et al., 2011; Guo et al., 2021). Owing to active tectonics, 
highly fractured bedrock, and relatively high precipitation, the Xiao
jiang River watershed is recognized as a globally significant hotspot for 
debris flows and landslides (Wei et al., 2025; Zhang et al., 2025). The 
Jiangjia Ravine, a tributary within the watershed, exhibits a particularly 
high frequency of debris-flow activity (Cui et al., 2005; Zhuang et al., 
2015; Chen et al., 2023). A total of 278 debris-flow events were docu
mented in the Jiangjia Ravine between 1961 and 2024 (Wei et al., 
2025).

3. Method

Cross-divide differences in erosion rates control drainage-divide 
migration (Whipple et al., 2017; Willett et al., 2014; Ye et al., 2024b). 
According to the stream-power incision model (Howard, 1994), erosion 
rate (E) is typically expressed in a generalized form (Kirby et al., 2003; 
Kirby and Whipple, 2012): 

E = KAmSn (1) 

where K is erosion coefficient; A is upstream drainage area; S is channel 
gradient; m and n are the area exponent and slope exponent, 
respectively.

By integrating from a base level xb to an observation point x in the 
upstream direction, a transformed elevation profile can be rewritten as 
(Perron and Royden, 2013): 

z(x) = z(xb)+

∫ x

xb

(
E(x)
K(x)

)
1
nA(x)

− m
n dx (2) 

Eq. (2) can be simplified as: 

z(x) = zb +

(
E
K

)
1
n

∫ x

xb

dx

A(x)
m
n

(3) 

To create the transformed river profile with length unit on both axes, 
Perron and Royden (2013) introduced a reference drainage area, A0, to 
make the integrand dimensionless: 

z(x) = zb + ksn(A0)
− m
n χ (4) 

with 

ksn =

(
E
K

)
1
n = SA

m
n (5) 

χ =

∫ x

xb

(
A0

A(x)

)
m
n dx (6) 

A plot of river channel elevation (z) versus integral quantity (χ) is 
commonly referred to as a χ plot (Perron and Royden, 2013; Willett 
et al., 2014). When A0 is set to 1 m2 and a uniform concavity index 
(m/n) is assumed, the slope of the χ plot corresponds to the normalized 
channel steepness (ksn), which is positively and monotonically related to 
erosion rate (Wobus et al., 2006; Ouimet et al., 2009; Kirby and 
Whipple, 2012). River-pair χ plots, constructed from river channels on 
either side of a drainage divide, capture differences in χ-plots slope and, 
consequently, in ksn across the divide, enabling assessment of divide 

stability (Zhou et al., 2022b). In applying the χ-plots method, selecting a 
high base level helps minimize the influence of spatial variations in 
uplift, thereby producing linear or quasi-linear river-pair χ plots suitable 
for comparison (Zhou et al., 2022b). Additionally, river pairs should be 
selected within similar lithologic units to ensure comparable erosion 
coefficients on both sides of the divide. Under these conditions, drainage 
divides are expected to migrate toward the side with larger χ values, 
which correspond to a lower χ-plots slope and lower ksn (Willett et al., 
2014; Zhou et al., 2022b).

In this study, drainage-divide stability was evaluated using the 
χ-plots method (Zhou et al., 2022b). A critical threshold drainage area 
(Ac) of 1 × 105 m2, derived from the relationship between drainage area 
and local slope (Fig. S1), was applied to extract the drainage network 
from 12.5 m resolution ALOS digital elevation models. χ values were 
calculated using an A0 of 1 m2 and a concavity index of 0.45, which 
yields convergence of tributaries and trunk-stream profiles onto a 
common trend in the χ plots (Fig. S2) (Kirby and Whipple, 2012; Perron 
and Royden, 2013). River pairs were then selected from channels 
located on opposite sides of drainage divides, and average ksn values 
were measured from the highest part of the χ plots (Zhou et al., 2022b). 
To quantify divide mobility, we computed the normalized cross-divide 
contrast in ksn (Δksn/ksn), which serves as a metric for the magnitude 
and direction of potential divide migration (Bian et al., 2024; Ye et al., 
2024a). In addition, sensitivity analyses were performed for the con
cavity index (m/n = 0.35, 0.45, and 0.55) to evaluate the reliability of 
the χ-plots results. All topographic analysis and drainage extraction 
were performed using the TopoToolbox (Schwanghart and Scherler, 
2014), whereas χ-plots analysis was conducted using the Topographic 
Analysis Kit (TAK) (Forte and Whipple, 2019), an extension and inte
grated program based on TopoToolbox.

4. Results

To assess drainage-divide stability across the Xiaojiang River 
watershed, 36 pairs of opposing river channels were selected for χ-plots 
analysis (Figs. 3, S3&S4). Bedrock lithology was examined using 
regional geological map for each river pair in the vicinity of the corre
sponding drainage divide (Fig. S3). Bedrock lithologies are similar on 
both sides of most drainage divides, with only five river pairs crossing 
mapped lithologic boundaries (Fig. S3). Although lithologic contrasts 
occur within these five river cases, they do not affect the interpretation 
of divide migration directions (Fig. S3). Furthermore, sensitivity ana
lyses demonstrate that variations in concavity index (m/n = 0.35, 0.45, 
and 0.55) do not alter the inferred drainage-divide stability (Fig. S5).

χ-plots analysis of the 36 river pairs indicates that only 3 pairs show 
stable drainage divides, whereas the remaining 33 exhibit active and 
ongoing divide migration (Figs. 3 and S4). Along the eastern flank of the 
basin, χ plots indicate that the Xiaojiang River watershed is progres
sively expanding eastward into the Yili River watershed. In contrast, the 
western flank exhibits more complex patterns of divide migration: the 
headwater region of the Xiaojiang River watershed shows evidence of 
drainage contraction, whereas the central and downstream sections are 
expanding westward into the Pudu River watershed. Overall, these re
sults indicate progressive outward expansion of the Xiaojiang River 
watershed (Fig. 3).

To further investigate the drainage-divide stability along the eastern 
flank, we conducted a detail comparison of topographic characteristics 
and geomorphic indices, including ksn and χ (Fig. 4). High-resolution 
satellite imagery from Google Earth, together with a topographic 
swath profile, reveals pronounced morphological asymmetry across the 
divide (Fig. 4B and D). Specifically, the western side (within the Xiao
jiang River watershed) exhibits markedly steeper slopes and more 
deeply incised channels than the eastern side (Fig. 4). This topographic 
contrast is also reflected in the spatial distributions of key geomorphic 
parameters (Fig. 4A–C). The ksn map and four representative river-pair χ 
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plots consistently show higher ksn values on the western side (Fig. 4B and 
C). These systematic cross-divide contrasts in topography, ksn, and χ 
collectively suggest that the eastern flank of the Xiaojiang River 
watershed is actively expanding eastward into the Yili River watershed.

In addition to the basin-scale analysis, we evaluated the stability of 
drainage divides surrounding the Jiangjia Ravine, an interior tributary 
characterized by an exceptionally high frequency of debris flows relative 
to other parts of the Xiaojiang River watershed (Fig. 5A and B) (Wei 
et al., 2025). Analysis of eight χ plots reveals that in seven river pairs, 
the drainage divides are migrating outward, indicating that the Jiangjia 
Ravine is expanding its contributing area through headward erosion 
from adjacent basins (Fig. 5A and S6). Notably, regions located to the 
south of the Jiangjia Ravine, such as the Laobaidi Valley, show a 
markedly lower incidence of landslides and debris flows (Fig. 5B–D).

5. Discussion

5.1. Mechanisms for the expansion of Xiaojiang River watershed

Strike-slip faulting accommodates predominantly lateral shear 

displacement and produces fault damage zones characterized by 
extensive rock fragmentation (Kim et al., 2004; Mitchell and Faulkner, 
2009; Savage and Brodsky, 2011; Rempe et al., 2013; Song et al., 
2020; Wu et al., 2021). Within these zones, fractured bedrock exhibits 
reduced rock strength, making it more susceptible to weathering and 
fluvial erosion (Molnar et al., 2007; Roy et al., 2016; Zhang et al., 
2026a). In the Xiaojiang River watershed, the main trunk channel fol
lows the trace of the Xiaojiang Fault, whereas tributaries are oriented 
approximately perpendicular to it, underscoring the dominant structural 
control of strike-slip faulting on drainage network geometry (Figs. 1 and 
2) (Roy et al., 2015). Moreover, the reduced bedrock strength within the 
fault damage zone likely enhances channel incision and headward 
erosion, thereby promoting outward migration of the drainage divide 
surrounding the Xiaojiang River watershed (Fig. 3). A representative 
example is the Jianshan River, a tributary of the Xiaojiang River, which 
is actively expanding into the adjacent Yili River watershed (Figs. 3 and 
4). At present, the main stem of the Yili River lies only ~2 km from the 
headwaters of the Jianshan River, and the pronounced topographic 
contrast across the drainage divide indicates that the landscape is in a 
state of geomorphic disequilibrium (Fig. 4). Based on the current 

Fig. 3. Results of the drainage-divide stability obtained by χ-plots analysis. The vectors in magenta represent the drainage-divide migration direction and normalized 
cross-divide difference in ksn (Δksn/ksn). Black arrows represent the stable divides. The detailed results of the χ plots are provided in Supplementary Materials Fig. S1 
and Table S1. Thirty-three river-pair χ plots show that the drainage divide is moving, while three river-pair χ plots show the drainage divide is stable. (For inter
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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geomorphic configuration and observed patterns of divide migration, 
the Jianshan River appears likely to eventually capture the Yili River. 
However, the timing of such a capture event remains highly uncertain as 
divide migration rates are poorly constrained and may vary over time in 
response to changes in tectonic activity, climate, and other geomorphic 
processes.

In addition to weakened bedrock, strike-slip faulting along the 

Xiaojiang Fault induces an asymmetric local base-level response within 
the Xiaojiang River watershed (Ye et al., 2025). Owing to long-term 
sinistral displacement, tributary confluences on the eastern flank have 
been shifted downstream along the trunk channel, lowering the local 
base levels. This base-level fall further intensifies fluvial incision and 
headward erosion on the eastern flank, thereby favoring eastward divide 
migration. Conversely, upstream displacement of tributary confluences 

Fig. 4. (A) χ map with a base level elevation of 1800 m along the eastern flank of the Xiaojiang River watershed. The “eye” symbol depicts the viewing direction of 
the landscape shown in Panel B. (B) Perspective views of Google Earth image mapped with ksn -analysis river channels. The topography on the western side is steeper 
than that on the eastern side. (C) χ plots for four pairs of river channels across the divide. Blue lines represent channels within in the Xiaojiang River watershed 
(aggressors) and red lines represent channels within the Yili River watershed (victims). The underlined numbers in the χ plots are the average ksn values. (D) Swath 
profile with 2 km width along A-A′. The drainage divide is migrating toward the Yili River watershed. JSR: Jianshan River. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.)
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on the western flank has resulted in localized base-level rise, reducing 
erosional efficiency and leading to drainage contraction in some head
water tributaries (Fig. 3).

Tectonic uplift has been shown to drive drainage reorganization 
across the southeastern Tibetan Plateau, primarily manifested by a 
progressive shift from southward- to eastward-flowing rivers (Clark 
et al., 2005; Tian et al., 2015; Zhou et al., 2022b; Ye et al., 2024a; 
Cao et al., 2025). However, all major rivers in the study area flow pre
dominantly northward. Alternatively, if the Xiaojiang River watershed 
had experienced lower uplift rates than the adjacent catchments to the 
east and west, differential uplift could also have promoted the expansion 
of the Xiaojiang River watershed. However, recent thermochronological 
data indicate that both sides of the Xiaojiang Fault have experienced 
balanced uplift since 13 Ma (Zhang et al., 2026b). Therefore, although 
tectonic uplift has enhanced the fluvial incision, it cannot adequately 
explain the observed expansion of the Xiaojiang River watershed.

We also evaluated the potential influences of climate and lithology. 
Precipitation gradients can influence drainage-divide migration by 
producing differences in erosional efficiency between neighboring 
catchments (Bonnet, 2009; Bian et al., 2024; Gao et al., 2025). In this 
region, precipitation is higher to the east of the Xiaojiang River water
shed (Fig. 2B), a pattern that would tend to drive divide migration 

toward the drier Xiaojiang River watershed—opposite to the observed 
eastward migration of the drainage divide. Lithologic contrasts likewise 
do not appear to exert a first-order control, as variations in bedrock type 
across drainage divides show no systematic relationship with migration 
direction (Figs. 2A and 3).

Collectively, these observations suggest that regional uplift, precip
itation, and lithology may modulate the course of drainage evolution but 
are insufficient to explain the spatial pattern of drainage expansion and 
contraction documented here. Instead, sinistral strike-slip deformation 
along the Xiaojiang Fault offers the most consistent explanation, as it 
simultaneously account for both the widespread catchment expansion 
through fault-related bedrock weakening and the contrasting drainage 
evolution of the eastern and western flanks through asymmetric base- 
level adjustment.

5.2. Drainage-divide migration impacts regional geohazards

The spatial distribution of landslides within the Xiaojiang River 
watershed closely corresponds to the patterns of drainage-network 
evolution: expanding catchments generally exhibit higher landslide 
densities, whereas shrinking basins contain comparatively fewer land
slides (Fig. 6). In rapidly expanding catchments, river channels show 

Fig. 5. (A) Stability of the drainage divide surrounding the Jiangjia Ravine. The vectors in magenta represent the migration direction and normalized cross-divide 
difference in ksn (Δksn/ksn). The Jiangjia Ravine is expanding into the surrounding catchments. The detailed results of the χ plots are provided in Supplementary 
Materials Fig. S2 and Table S2. (B) Google Earth imagery. The stars indicate the location of the Panel C and D. (C–D) Field survey photographs. Geohazards are more 
prevalent in the Jiangjia Ravine than in the Laobaidi Valley. JJR: Jiangjia Ravine; LBDV: Laobaidi Valley. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)

Y. Ye et al.                                                                                                                                                                                                                                       Catena 274 (2026) 110529 

7 



incision depths of up to ~160 m, indicating substantial fluvial down
cutting and active geomorphic adjustment (Fig. 6C).

Strike-slip faulting along the Xiaojiang Fault enhances fluvial erosion 
through both the fault-related bedrock weakening and base-level 
adjustment, thereby promoting divide migration and catchment 
expansion. As expanding basins progressively capture additional 
drainage area, the resulting increase in discharge and stream power may 
further enhance fluvial erosional capacity, establishing a positive feed
back in which enhanced incision promotes further divide migration and 
drainage reorganization (Willett et al., 2014; Whipple et al., 2017). 
Sustained channel incision increases local relief and triggers hillslope 
adjustment, raising susceptibility to slope failure as gradients approach 
or exceed critical thresholds (Ouimet et al., 2009; Burbank et al., 1996). 
Beyond its effects on channel processes, fault-related fracturing can 
directly weaken hillslope bedrock and create structural discontinuities, 
further reducing slope stability. Collectively, these tectonically driven 
processes create favorable geomorphic conditions for landslide occur
rence within expanding catchments, where hillslopes are continuously 
adjusting to enhanced river incision (Burbank et al., 1996; Montgomery, 

2001; Montgomery and Brandon, 2002; Larsen and Montgomery, 2012).
While tectonic deformation and river incision set the long-term 

conditions for hillslope instability, short-term perturbations—such as 
intense rainfall and earthquake shaking—may act as immediate triggers 
for slope failures in expanding drainage basins. Moreover, landslide- 
derived sediment can modulate the efficiency of channel incision, 
either by supplying abrasive tools for bedrock erosion or by promoting 
transient channel aggradation. Through their influence on sediment 
transport and channel dynamics, these hillslope-channel feedbacks may 
in turn affect long-term drainage evolution and divide migration, 
although their relative importance remains to be quantified.

Overall, these observations suggest that drainage evolution and 
catchment-scale geomorphic adjustment play an important role in 
shaping the spatial pattern of geohazards within the Xiaojiang River 
watershed. Expanding basins exhibit enhanced geomorphic adjustment, 
where higher landslide densities likely reflect intensified channel inci
sion and associated topographic disequilibrium (Fig. 6A and C). In 
contrast, shrinking basins progressively lose contributing area, which 
reduces drainage area, discharge and channel erosional capacity, 

Fig. 6. (A) Landslides distribution in the Xiaojiang River watershed and three-dimensional perspective view of the shrinking and expanding basins. The expanding 
catchments (aggressive catchments) exhibit significantly higher landslide densities than shrinking basins (victim catchments). The green circles represent the 
inhabited areas. The white circles indicate the areas of slope instability. The “eye” symbol depicts the viewing direction of the landscape shown in Panel B. The stars 
indicate the location of the Panel C. (B) Google Earth imagery of the shrinking basin. The basin exhibits a lower landslide density, supporting large human pop
ulations. (C) UAV photo of the expanding basin. River incision depth reaches up to ~160 m. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)
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thereby limiting channel incision and contributing to comparatively 
lower landslide activity (Fig. 6A and B).

5.3. Strike-slip faulting drives the internal drainage reorganization

Strike-slip faulting can progressively offset and elongate river 
channels oriented perpendicular to the fault trace (Hubert-Ferrari et al., 
2002; Ouchi, 2005; Duvall and Tucker, 2015; Tian and Lin, 2021; 
Aránguiz-Rago et al., 2025). Continued fault slip frequently leads to 
drainage reorganization through divide migration and stream capture 
(Duvall and Tucker, 2015; Zeng and Tan, 2023). On the eastern flank of 
the Xiaojiang River watershed, the drainage network exhibits anoma
lous planform geometry: the river channels within the Laobaidi Valley 
flow southward for approximately 11 km across a low-relief surface 
before making an abrupt bend to join the north-flowing Xiaojiang trunk 
stream (Fig. 5A). Combining these observations with the drainage- 
divide stability analysis of the Jiangjia Ravine (Fig. 5), we propose an 
evolutionary model of tectonically driven drainage reorganization in the 
eastern Xiaojiang River watershed in response to the sinistral strike-slip 
displacements along the Xiaojiang Fault.

Before substantial fault-driven channel elongation occurred 
(~1.1–1.8 Ma, estimated from fault slip rates and channel offset), 

eastern tributaries drained directly into the main channel of the Xiao
jiang River (Fig. 7A). Progressive sinistral displacement along the 
Xiaojiang Fault subsequently offset tributary channels, progressively 
elongating river channels in both the Jiangjia Ravine and Laobaidi 
Valley (Fig. 7B). This fault-induced channel elongation increased the 
steady-state elevations of the river channels, making the affected 
channels increasingly susceptible to capture by adjacent streams (Willett 
et al., 2014; Ye et al., 2024b). Continued divide migration ultimately 
enabled the capture of the paleo-Jiangjia River by a neighboring captor 
river, resulting in a substantial local base-level fall that enhanced 
channel incision and promoted further basin expansion (Fig. 7C). 
Although geomorphic evidence supports the occurrence of this river- 
capture event, its timing remains poorly constrained because quantita
tive estimates of erosion coefficients and independent chronological 
constraints are currently unavailable. Future integration of geomorphic 
analyses with chronological data will help constrain the timing of river 
capture and refine the evolutionary history of the Xiaojiang River 
watershed.

Fig. 7. Diagrams of drainage evolution driven by strike-slip faulting. (A) Before significant fault-driven channel offset (1.1–1.8 Ma), eastern tributaries flowed 
directly into the main channel of the Xiaojiang River. This timescale is estimated based on the late Quaternary slip rate of the eastern Xiaojiang Fault and the 
observed ~11 km elongation of the Laobaidi Valley river channel. It represents the duration required for cumulative sinistral displacement to produce the observed 
channel configuration and geomorphic disequilibrium, rather than the precise timing of the river-capture event. (B) Sinistral strike-slip motion offset and elongated 
the river channels. (C) The Jiangjia River has been captured by the neighboring river channel. The base-level fall enhanced erosion rates and facilitated basin 
expansion. (D) Schematic of the model scenario for post-capture profile incision. The solid light blue curve indicates the modern Jiangjia River profile, the solid 
purple curve indicates the modern beheaded river, and the solid orange curve indicates the reversed river channel. The dashed black curve indicates the Paleo- 
Jiangjia River and the dashed green curve indicates the captor river. The red vertical bar represents the capture point and the black vertical bar represents the 
location of the modern drainage divide. The blue area on the profile represents the decline of river channel, whereas the yellow area represents the uplift. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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5.4. Sudden fall of erosional base level triggered geohazards in Jiangjia 
Ravine

River capture can reorganize fluvial networks by shortening channel 
lengths and modifying sediment-routing pathways (Bishop, 1995; 
Duvall and Tucker, 2015). Such perturbations commonly induce a sharp 
local base-level fall at and upstream of the capture point, triggering 
enhanced channel incision and the upstream knickpoint migration 
(Whipple and Tucker, 1999; Gallen et al., 2011; Fan et al., 2018). During 
this transient adjustment phase, increased incision may destabilize 
adjacent hillslopes, promoting slope failures and debris-flow activity 
(Burbank et al., 1996; Bigi et al., 2006; Ng, 2006; Korup and 
Schlunegger, 2007; Reinhardt et al., 2007; Gallen et al., 2011; Larsen 
and Montgomery, 2012; Baynes et al., 2022). In addition, drainage 
capture increases contributing area and discharge within the captor 
river, which can further enhance river downcutting and soil erosion. 
Collectively, these processes provide a plausible mechanistic framework 
for interpreting the elevated geohazard activity observed in the Jiangjia 
Ravine.

In the study area, capture of the paleo-Jiangjia River is inferred to 
have produced an estimated ~400 m drop in local erosional base level, 
based on present-day topography and reconstruction of the pre-capture 
longitudinal river profile (Fig. 7D). This magnitude of base-level change 
would be expected to promote rapid channel incision and associated 
hillslope destabilization. Consistent with this interpretation, the Jiangjia 
Ravine has experienced a pronounced concentration of geohazard ac
tivity, with 278 documented debris-flow events between 1961 and 2004 
(Wei et al., 2025), whereas no comparable debris-flow records have 
been reported from the adjacent Laobaidi Valley, which has not been 
captured (Figs. 5 and 6). Given the close proximity of the two basins, 
contrasts in lithology and precipitation are limited (Figs. 2 and 5B). The 
spatial correspondence between capture-driven incision and concen
trated geohazard occurrence therefore suggests that drainage reorgani
zation (i.e., river capture) has played an important role in controlling 
recent landscape instability in this region.

Ongoing divide migration in the Jiangjia Ravine suggests that 
additional river capture involving the Laobaidi Valley tributaries may 
occur, indicating that drainage reorganization on the eastern flank of the 
Xiaojiang River watershed remains an active process (Figs. 5 and 7). 
Continued evolution of the drainage network may further modify local 
base levels, discharge distribution, and sediment-routing pathways in 
the Laobaidi Valley, with potential implications for future geohazard 
activity. The Xiaojiang River watershed provides a distinctive example 
of how active strike-slip faulting, drainage reorganization, and the 
geohazard distribution are dynamically coupled through long-term 
landscape evolution. More broadly, this case study suggests that, in 
tectonically active mountain belts, drainage reorganization is not merely 
a passive response to tectonic forcing but also an active process that 
modulates erosion patterns and influences the spatial distribution of 
geohazards. Incorporating dynamic drainage evolution into regional 
hazard-assessment frameworks is therefore essential for understanding 
landscape adjustment and improving long-term geohazard risk 
assessment.

6. Conclusions

We measured the drainage-divide stability in the Xiaojiang River 
watershed using χ-plots analysis. Combined with field investigation and 
quantitative topographic analyses, we evaluated the controls on 
drainage reorganization and their implications for the spatial distribu
tion of geohazards in the Xiaojiang River watershed. The principal 
findings are as follows: 

(1) The Xiaojiang River watershed is undergoing widespread catch
ment expansion, primarily controlled by fault-related bedrock 
weakening associated with the Xiaojiang Fault. This expansion is 

especially pronounced among the eastern tributaries, where long- 
term sinistral strike-slip displacement has shifted tributary con
fluences downstream along the trunk channel, thereby enhancing 
fluvial incision and driving eastward divide migration.

(2) Geohazards are more densely distributed within expanding trib
utary basins than within shrinking basins. This spatial relation
ship indicates that drainage evolution—particularly changes in 
watershed boundaries—plays an important role in governing the 
distribution of geohazards.

(3) At the sub-basin scale, the Jiangjia Ravine has experienced a 
river-capture event driven by the sinistral strike-slip motion 
along the Xiaojiang Fault. This capture induced an abrupt local 
base-level fall of ~400 m, accelerating channel incision and 
contributing to the development of severe geohazards in the 
Jiangjia Ravine.
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