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Abstract  Objective The dam-break floods triggered by rock-ice avalanches in the river channel are highly destructive to
downstream towns and major hydropower projects. To reveal the relationship between the dynamic erosion of rock-ice disaster
chains geomorphic evolution and river damming ~ Methods taking the Sedongpu Gully in southeastern Xizang as an example
the study employed multi-source and multi-temporal optical remote sensing image interpretation DEM differencing UAV aerial
surveys and field investigations to explore the process of icerock chain movement transformation and its geomorphic effects.
Results The research indicates that since 2010 the source areas of rock-ice avalanches have mainly been concentrated on steep
slopes above 4 000 meters in altitude with a maximum cumulative erosion depth of approximately 75 meters. In the valley
section at an altitude of 3 000~4 000 m erosion is predominant. The maximum cumulative erosion depth in the 5 km long valley
is approximately 300 m and the maximum widening width of the valley exceeds 500 m. The area below 3 000 m is a flowing
accumulation zone where the maximum cumulative accumulation thickness exceeds 50 m and the accumulation blocking the
riverbed has caused it to rise by more than 40 m. Influenced by the curved terrain of the valley debris flows/mudflows not only
erode the base but also exhibit strong lateral erosion on the bank slopes. The cumulative volume of unstable bank slopes on the
concave bank exceeds 4x10” m®  with a re-migration rate of the accumulation body reaching 75% providing a material supply for
the volume amplification effect of the disaster. Conclusion During the long-distance movement of ice-rock debris flows their
high-speed impact not only causes rapid erosion and deepening of the valley floor but also leads to erosion damage and widening of
the concave bank slope due to centrifugal force at bends. The result ing landslide deposits are subsequently scraped and entrained
again amplifying the disaster volume accelerating the transportation of valley materials and promoting geomorphic evolution.
Keywords: rock-ice avalanche; Sedongpu Gully; debris avalanche/flow; lateral erosion; geomorphic evolution; landslides;

influencing factors; disaster chain
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Table 1  Statistics of historical river blocking events induced by high-altitude geohazard in Sedongpu gully

/m?
1 1961 2x107
2 1979 5x10°
3 2014 12 <1x107
4 2017 10 3x10°
5 2017 12 1. 1x107
6 2018 10 17 2.05%107
7 2018 10 29 1x107
8 2019 1x10°~3x10°
9 2021 3 1x10°~3x10°
10 2021 8 1x10°~3x10°
11 2022 8 1x10°~3x10°
12 2023 9 1x10°~3x10°
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Fig. 1 Topography and geology of the study area
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Fig.2 Mean annual precipitation and temperature in the study area
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Fig. 3 Multiperiod remote sensing images of Sedongpu gully
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Fig. 4 The movement and phase transition process of ice-rock geohazard
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Fig. 5 Changes in erosion of material sources in Sedongpu gully
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6 ( 5)
Fig. 6 Characteristics of topographic profile and thickness variations in the main ditch of Sedongpu

gully( See Fig. 5 for profile line locations)
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Fig. 7 Comparison of material changes in Gully
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Fig. 8 Photographs of deposits at the mouth of the Sedongpu gully
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Table 2 Characteristics of landslide development on both sides of the main ditch of Sedongpu gully
/ /m /m /m /m /m /10*m’
H, 3 480 3 861 381 685 400 1 100
H, 3299 3 541 242 343 465 600
H; 3188 3400 212 286 405 505
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Hg 3 560 3926 366 495 375 990
Al ( H2
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Fig. 9 Remote Sensing Interpretation and Location Distribution of the landslides in the Sedongpu gully

N P 50°
5x10° m’, o
H, H, H, 5
515 m 237 m 282 m 200 m H; H,
5.64x10° m*; 40° H; 495 m 375 m
366 m 9.9x10° m’ H, ;
. . . H,

( ) 57 2026 2 265



/1

60° \% .
4x10" m’ N .
110" m* 3l
75% . 32
5 o /
5.1 .
Y ~ o /
( 10) ° N
( 11) .
10

Fig. 10  Relationship between gully geomorphologic evolution and the dynamics response of the high-altitude geohazard chain
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Fig. 11 Deposition photographs of debris avalanche /flow
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Fig. 12 Evolutionary patterns of failure on the concave bank slopes
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