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Geological environment and main geological safety challenges in the northern segment of the

southeast Xizang (Tibet) power transmission corridor

Abstract: [Objective] Southeast Xizang(Tibet) boasts a wealth of hydroelectric resources, attributed to its distinctive
topography, geomorphology, and climatic conditions. This study aims to safeguard the geological route selection,
construction, and operation of the northern segment of the southeast Xizang(Tibet) power transmission corridor.
[Methods] We conduct a comprehensive review of literature from both domestic and international sources, and elaborate
extensively the regional geological conditions and significant geological safety challenges encountered along the corridor.
Furthermore, this study presents sound recommendations for the further disaster identification and monitoring of the
southeast Xizang(Tibet) power transmission corridor. [Results] The results are: (1)The transmission corridor in southeast
Xizang(Tibet) exhibits pronounced structural activity, well-developed active faults, frequent strong seismic events, notable
variations in topography and geomorphology, and distinctive regional geological conditions characterized by structural
degradation of rock and soil; all of which have the potential to cause geological safety challenges. (2)The primary
geological safety challenges in the northern section of the southeast Xizang(Tibet) power transmission corridor include
landslides, collapses, debris flows, snow (ice) avalanches, glacial lake outburst floods, and frost heave settlements. (3)The
development of geological safety issues along the route is controlled by extremely steep topography, complex
geomorphological conditions, warming and snowmelt due to climate change, intense fault activity, frequent earthquakes, as
well as the coupling of internal and external dynamics that induce high-altitude and long-distance disaster chains.
[Conclusion] By deeply integrating the advantages of soft measures including InSAR technology, optical remote sensing,
UAYV photogrammetry, airborne LiDAR technology, and online field monitoring the issues of misinterpretation, oversight,
and imprecision in hazard assessment for the southeast Xizang(Tibet) power transmission corridor can be effectively
overcome. [Significance] The research establishes a theoretical foundation for the prevention and control of geological
safety risks in the planning and implementation of hydroelectric projects in southeast Xizang(Tibet), holding substantial
practical value for the sustainable development of the region.
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Fig. 1 Tectonic sketch of the Qinghai-Tibet Plateau and the location of the power transmission corridor
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Fig. 2 Distribution of major active faults and historical earthquakes (Ms=6.0) along the southeast Xizang (Tibet) power transmission corridor
MTF—Muotuo Fault; APLF—Apalong Fault; YZF—Yarlung Zangbo Jiang Fault; CYF—Chayu Fault; JLF—1Jiali Fault; BLF—Bianba-Luolong
Fault; NJF—Nujiang Fault; LCF—Lancang River Fault; JSF—lJinsha River Fault; MSF—Maisu Fault; BLF—Baqing-Leiwuqi Fault;
XSF—Xianshuihe Fault; LTF—Litang Fault; YNF—Yunongxi Fault; ANF—Anninghe Fault; DLF—Daliangshan Fault; JPF—Jinpingshan
Fault; ZDF—Zigasi-Deqin Fault
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Table 1 List of major active faults in the southeast Xizang(Tibet) power transmission corridor

R MEAR WEER mHt SRR e SR

1 HES G VLR AR B A e T Aofitit BRI R ABX LUK AR 6.0~7.0 1.0~4.0 k%, 2010

2 AN ABEEWAS R AR 19504 8.6 R — —  EBEAF, 2018

3 AERUTRIRBL AT LW SR 20174 KRG 9GP AR 13 2.9 ZEGELE, 2021; BT A, 2021
4 ZERBMIR ZelieE SOF HSIULMEIIE R A T SUCH R 2.0~4.0 5.1~62 BT, 2021

5 IR RERTR FEREE W LB 16424 ET OSRAN 79I 67 2078 — — ISR, 2022

6 RILITAL AT W R 1930415 w6, 02 7% 19504E 35 PR5.SPUME  3.2~6.4 3.9~5.7 BhT%, 2022

7 EEHE-SROFTMR GEWAGMEE 2R 20204E TS 1905 0.9~1.7 1.0~1.6 Renetal., 2022

8 HIBILIIA Wik Soprtit WITC6H LA LM RE I R 2.7~4.6 17~2.0 Renetal., 2022

9 BUNLIKIZ AR M AN ISR 19504 L PGB 650 RE; 19764FRE R 7.2  33~4.1 02  Renetal, 2022

10 LB e S 18704ELLHET LSRR 3.0~40  —  TRIEES, 2021 kAR, 2021
11 FEMTREARE:  ZEBEENIE i ATl 194847 35UE 32~44 o1 TREIES, 2005

12 ZTIELEE  ZAGERAGERT 2R 19524R R T k6 SR 3.1~33  1.5~1.7 JEZRES, 2001

13 Ktz ZEREENRY Sptit 19444EHRBES! L b 3.0~40  — MBS 2015

14 TAAWIH FEREE W SOFH 19754 EE 6.2 b g 1.0~20 <10 #2013

15 HRbEILigrRL i S D7 sk 1 TJE6.0% A I rE — <10 REA, 2022




%1

FEABLSC 6 R 0 0 T X P 25 9 2 4 o 05

R L R 5, R Lk 2 SR AR A & B (Cui
et al., 2022; & ¥ %5, 2023) . Hi [ = F£ £ 7€ 3000~
4500 m, Hz = oA B S A L K %) e RO 0, R AR
ST T AT VTR Ui T A M M R 25 Bk

2

31°

30°

29°

= i
Ikt i FE/m
A [llm/%; [1295~1100 mm2401~2800 mm3701~4000mm 4601~4800

vrop. EE1101~1600mm2801~3100 1 4001~4200 M 4801~5000
o T 1601~2000Em3101~3400 14201 ~4400 M 5001~726 1

O

94° 95° 96° 97° 98°

(FE3, B 4) o JAR PN AT TRV VTR 4 VDT 3 2 3
A, VIBWR YN AR KT, s . W 3 RTe A 55
b 5T 0 0B BB AL T b b 5 2% 74 (Molnar et al.,
1993; R 4EHR 5, 2013) .

99° 100° 101° 102°

7

N 2001~2400 @9 3401~3700E20 4401~460

K3 BAEREERAHHARREETRLA
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Fig. 4 Topographic profile of the southeast Xizang(Tibet) power transmission corridor
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Fig. 5 Formation of major geological safety problems along the power transmission corridor in southeast Xizang(Tibet)
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Fig. 6 Distribution of landslide and collapse hazards along the power transmission corridor in southeast Xizang(Tibet) (the source of the

landslide and collapse distribution data is Wang et al., 2019)
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Fig. 7 Typical long run-out landslides along the power transmission corridor in southeast Xizang(Tibet)

(a) Yigong landslide; (b) Lannigou landslide; (c) Chada landslide; (d) Luanshibao landslide

I —High-altitude uplift area; Il —High-speed movement area; Il —Accumulation area
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Fig. 8 Distribution of debris flow hazard along the power transmission corridor in southeast Xizang(Tibet) (the source of the debris flow

distribution data is Wang et al., 2019)
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Fig. 9 Optical images of typical debris flows along the power transmission corridor in southeast Xizang(Tibet)

(a) Guxiang gully debris flow; (b) Tianmo gully debris flow; (c) Sedongpu debris flow; (d) Peilong gully debris flow; (e) Midui gully debris
flow; (f) Zhibai gully debris flow
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Fig. 10 Percentage of avalanches induced by different factors in the

high mountainous areas of the Qinghai-Tibet Plateau (modified from

Hao et al., 2021)
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Fig. 11 Distribution of glacial lakes and glacial lake outbursts along the southeast Xizang(Tibet) power transmission corridor and neighboring

areas (the glacial lake distribution data are from Chen et al., 2019)
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Fig. 12 Distribution of frozen soil along the southeast Xizang(Tibet) power transmission corridor (the frozen soil distribution data are from Ran

and Li, 2018)
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Fig. 13 Evolution mechanisms of disasters such as landslides,
collapses, and debris flows in alpine canyon landforms (modified
from Zhao et al., 2023)
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Fig. 14 Variations in annual precipitation and mean annual air temperature over the past six decades at typical meteorological stations in

southeast Xizang(Tibet) (the meteorological data are from Yu et al., 2024)

34 MM ABE

AR B b DX A M 580 Bl | W2 T Bl R R A
B3 R AR . k| s . TORR SRS B AR
AT ARA TS, 507 72 0 3 . e R E
TP R 2 Hosm B sh Ji/E F AR X A K
FAE I E) R =S A B A WYY B AR PR (Xu et al,

2014) o 4N, 32 & A G FE A i 9 E L Ve A T AN vk
Tot e 85— Fh ok 22 Fh MR G B SR AR L, B T AR
B sl A2 145 3 I A UK/ A SRR S W R, AT
RETE B o A (UK/35 ) Al — 0 3 - T o™ 1 ok A
(Zhou et al., 2022), H Z 7] G8 & J& R “w& i & (vK/
) A — T B — R i I — VK e — kK VR A TR R B



102 ¥R 55 54 https://journal.geomech.ac.cn 2025

W15 & (/T ) -7 3w 8 -k ¥ 3 e — K- 7 i K F 4% E (LiL # (3 Westoby etal., 2014 5% )

Fig. 15 Evolution of the rock (ice/snow)-landslide-debris flow-glacial lake outburst-flood-mudslide hazard chain (modified from Westoby et

al., 2014)
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Fig. 16 Schematic representation of the impact of different geological safety problems on transmission towers

(a) High-position avalanche; (b) Avalanche and landslide; (c) Glacial lake outburst; (d) Frost heave settlement
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