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Remote sensing image characteristics and seismic hazard of the Baiganhu Fault on the south side of
the central Altyn Tagh Fault

Abstract: [Objective] Accurately delineating the spatial distribution and geometric scale of active faults is essential for
understanding crustal deformation and assessing regional seismic hazards. While the Altyn Tagh Fault (ATF) has been
extensively studied, its adjacent secondary structures—such as the Baiganhu Fault—remain poorly constrained regarding
their geometry, slip history, and seismic potential. This study aims to systematically characterize the offset geomorphology
of the Baiganhu Fault, establish its segmentation, and evaluate its potential for generating large earthquakes, including
multi-fault cascading ruptures with the ATF. [Methods] Using multi-source high-resolution satellite imagery and digital
topographic data, we conducted detailed geomorphic mapping of the Baiganhu Fault. Displaced landforms (e.g., offset
gullies, alluvial fans, pressure ridges, and sag ponds) were measured. We constrained displacement variations at individual
measurement points using Gaussian cumulative probability density (COPD) distributions to interpret the displacement
accumulation pattern and evaluate coseismic slip. [Results] The Baiganhu Fault extends for approximately 247 km along a
general northeast—east (NEE) strike, displaying prominent left-lateral strike-slip geomorphic features. Based on fault
geometry and deformation patterns, it is divided into western, central, and eastern segments. The central segment hosts a
well-preserved ~50-km-long surface rupture zone with an average coseismic displacement of 4.8 m. Statistical analysis of
99 offset gullies yields an average horizontal offset of 4.3-4.8 m for the most recent event, corresponding to a moment
magnitude of My 7.4+0.3. A full-segment rupture could generate an earthquake of My 7.8+0.3. Furthermore, the ~5-km-
wide stepover separating the Baiganhu Fault from the main strand of the ATF is unlikely to act as a permanent barrier,
making a cascading rupture mechanically plausible. [Coneclusions] The Baiganhu Fault is a highly active left-lateral
structure capable of generating My 7.4 events. Regional seismic hazard models must incorporate the scenario of cascading
ruptures between the Baiganhu Fault and the Altyn Tagh Fault to avoid underestimating seismic risk to surrounding

infrastructure. [Significance] This study provides critical quantitative constraints on the geometry, slip behavior, and
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seismic potential of a previously under-studied secondary structure within the ATF system. By highlighting the potential
for multi-fault cascading ruptures, our findings underscore the need to update regional seismic hazard models, which is
vital for risk mitigation and infrastructure safety in the region.

Keywords: active tectonic block; strike-slip fault; Altyn Tagh Fault; Baiganhu Fault; seismic surface rupture
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Seismotectonic setting of the Baiganhu Fault

(a) Active tectonic block division of China and adjacent regions (modified from Zhang et al., 2025); (b) Seismotectonic map of the northern

Tibetan Plateau (modified from Yuan et al., 2024); (c) Structural map of the Baiganhu Fault
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Fig. 2 Geological sketch map showing the segmentation of the Baiganhu Fault
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Fig. 3 Typical offset landforms along the western segment of the Baiganhu fault

(a) Remote-sensing image of fault valley; (b) Interpreted image of the fault valley; (c) Remote-sensing image of fault saddle; (d) Remote-sensing

image of offset gully

The red solid lines and relative displacement arrows denote faults and fault kinematics. In (c), the red arrow points to the fault saddle, the blue

dashed line outlines the geomorphic feature. In (d), the white arrows indicate offset gullies, the red arrow marks a secondary fault, and the

numbers represent the horizontal offset values of the gullies.
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Fig. 4 Typical offset landforms along the central segment of the Baiganhu fault

(a) Remote-sensing image of offset gullies; (b) Remote-sensing image of large-scale faulted gullies and shutter ridges; (c) Remote-sensing image
of offset gullies and alluvial fans; (d) Close-up of the western gullies; (¢) Close-up of the the eastern offset gullies

Red solid lines and relative- displacement arrows represent faults and their kinematics; blue dashed lines outline gullies, with blue arrows

indicating flow directions; white arrows point to gully offsets, and numbers give offset magnitudes.

232m, BHEM TP (862 m) MR B (375 m) . FRAF T 455 B W5 Mo B A A, AT ok w300 ) 107 45
VOB S AR BB LA B, RMOX BBk Z 8 SR 2 BRI, H T 0 IR R e (0 B0 2 )
AT B B M B s TR BEBE AU T R R, AR AR s S (R B ) fr B I Sl R A AR D 22



926 R H 5 https://journal.geomech.ac.cn 2026

89°35'E 89°55'E

89°45'E

38°16'N

38°12'N

e | P

38°16'N

38°12'N

38°13'15'N
38°13'15"N

38°12'13"N
38°12'13"N

89°33'37"E 89°34'57"E 89°36'17"E 89°33'37"E 89°34'57"E 89°36'17"E

IO C]E B O B 0 &=

Fanl Fan2 Fan3 Fan4 Fan5 Fan6 J OM,, O Pt ZEGENWIZ  WHZEBEK
IELRIR IS

O—HL B 523 Pt—o0 1 T 5 OM,,—H Fi 200 g 26 1 2% 475 Fanl—Fan6 1R 3 ik B AN [a] 1 ¢
a—7R B Jay 8 L B2 1T (A7 K 45 1) 2R P DB 05 30 300 ) 5 bR B 80 128 Pl 5 ol U0 800 ) 0L U e S AR 115 0t AU i 128 T

B 5 & T ¥ R Bt A B 4 AR 45 AE

Fig. 5 Typical offset landforms along the eastern segment of the Baiganhu fault

(a) Local hillshade map of the eastern segment (arrows indicate linear fault landforms); (b) Local interpreted map of the eastern segment; (c)
Remote-sensing image of dissected alluvial fan; (d) Interpreted map of the alluvial fan in panel ¢

O-Ordovician; Pt—Proterozoic; OM,,—Ordovician ophiolitic mélange; Fanl to Fan6 represent successive alluvial fans
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Fig. 6 Typical seismic surface rupture features along the Baiganhu fault

(a) Remote-sensing image of pressure ridges and extensional fissures; (b) Interpreted map of pressure ridges and extensional fissures; (c)
Remote-sensing image of large offset gully and linear extensional fissures; (d) Interpreted map of large offset gully and linear extensional
fissures; (¢) Remote-sensing image of en échelon strike-slip ruptures; (e) Interpreted map of en échelon strike-slip raptures

Fanl to Fan4 represent successive alluvial fans, red horizontal arrows indicate the direction of rupture, black circles mark oftset gullies, with

numbers denoting their offset magnitudes.
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