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Study on the activity of the Cuona-Woka Fault Zone, Qinghai-Tibet Plateau, and geological safety

risks and prevention methods

Abstract: [Objective] The Plateau Railway, constructed along the Yarlung Zangbo suture zone on the Qinghai-Tibet
Plateau, crosses the active Cuona-Woka Fault Zone. Coseismic surface rupture caused by the active fault leads to
engineering breaks, tunnel deformation, and geological disasters; it poses a significant geological safety risk during railway
operation. [Methods] Based on remote sensing, field investigation, and published research, this paper analyzes the
development characteristics, activity, and impact of the Cuona-Woka Fault Zone on the Plateau Railway that it intersects.
[Results] The study shows that the Cuona-Woka Fault Zone consists of five northeast-trending branch faults. The western
boundary faults of the Woka Basin (F,.,, F,,) show Late Pleistocene activity, the eastern boundary faults of the Woka Basin
(F».4, Fy5) have Holocene activity, and the F,; fault within the basin is the seismogenic fault of the 1915 Mg 7.0 Sangri
earthquake. Based on the deformation signs caused by fault activity and the types of active faults, it is estimated that future
coseismic surface ruptures of the branch faults of the Cuona-Woka Fault Zone may cause deformation and damage to the
Zangga tunnel and the Sangzhuling tunnel, which cross the fault zone, with an impact width of approximately 16~30 m.
[Conclusion] Therefore, it is recommended to strengthen research on geological safety risk prevention measures for strong
seismic deformation and engineering breaks in the sections of the Plateau Railway crossing the active fault zone.
[Significance] The results of the study provide guidance for safe operation and disaster prevention and mitigation of the
Plateau Railway, as well as a reference for the impact assessment of active fault engineering on other railway lines.
Keywords: Plateau Railway; Cuona-Woka; active faults; geological safety; engineering breaks; risk prevention and control
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Fig. 1  Structural characteristics of the southern Xizang(Tibet) rift system and geological overview of the study area

(a) Schematic plate tectonic diagram of the Qinghai-Tibet Plateau; (b) Distribution map of major active faults, rift valleys, and earthquakes in
southern Xizang(Tibet) (modified after Gao et al., 2024); (c) Geological overview and traffic location map of the study area

F,—Yarlung Zangbo Fault Zone; F,— Cuona-Woka Fault Zone; F;—Lilong Fault Zone; F,—Dongjiu-Milin Fault Zone; Fs—Niyang River Fault
Zone; Fs—Lamaling Fault Zone; F;—Paiqu Fault Zone

ATF—AIltun Tagh Fault Zone; BCF—Bengcuo Fault Zone; BWR—Pulan-Wenbudangsang Rift; CWR—Cuona-Woka Rift; DXR—Dingjie -
Shenzha Rift; GCF—Gyaring Co Fault Zone; GTR—Gangga-Dangreyongcuo Rift; JF—Jiali Fault Zone; JGR—Jiangquzangbo-Gerze Rift;
KF—Karakorum Fault Zone; XF—Xianshuihe Fault Zone; ZTR—Zhongba-Taruocuo Rift
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Fig. 2 Remote sensing interpretation and spatial structural characteristics of the Plateau Railway crossing the Cuona-Woka Fault Zone

(a) Intensity line diagram of the 1915 Sangri earthquake in Xizang(Tibet) (modified after Zhang and Jiang, 1991); (b) Spatial distribution

characteristics of the Cuona-Woka Fault Zone (Remote sensing image and railway location from the National Platform for Common Geo-Spatial

Information Services); (c) Geological profile of the Cuona-Woka Fault Zone
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Fig.3 Linear geomorphic features and activity characteristics of the western boundary fault (F,,, F,,) of the Woka Basin

(a) Linear geomorphic features of F,, to the east of Zengga Village (facing NE); (b) Typical profile of F,, at the northern bank of the Yarlung

Zangbo River in Zengga Village (facing NE); (c¢) F,., fault profile at the Baidui Village quarry (facing N); (d) F,., fault profile on the eastern side

of the diversion channel of Zengqu hydropower station (facing SE)
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Fig.4 The eastern boundary fault (F,,) on the river terrace on the right bank of the Yarlung Zangbo River in Zangga Village

(a) Cross-section of the Yarlung Zangbo River in Zangga Village (Zhu, 2012); (b) T, and T, terraces on the right bank of the Yarlung Zangbo

River (facing SW); (c) Fault-displaced terrace profile (facing SW)
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Fig. 5 Geomorphic features of the eastern boundary fault in the Woka Basin

(a) Linear geomorphic features of the eastern boundary faults (F,, and F,;) of the Woka Basin; (b) Geomorphic features of atriangular fault

surface along the F,; fault (facing NE); (c) Linear features of vegetation coverage caused by the F,s fault crossing the east side of the

Renginggang Temple (facing SE); (d) Sinistral deviation of water channels caused by the F, s fault (facing SE)
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Fig. 6 Activity characteristics of the F,; fault in the interior of the Woka Basin

(a)-(b) Characteristics of seismic wedge profiles formed by the F,; fault crossing the western side of Zangga Village (facing NE); (c)

Characteristics of the surface rupture zone of the F, ; fault crossing a hillside west of Zangga Village (facing S); (d)-(e) Characteristics of the F, 3

fault profile on the western side of Zangga Village (facing NE)
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B 45 (1980) 1A A I vk b 735 2% e 45 A YT K DB 4 7 7
At 1) FE R F7 VB T (0 45 5 5k THMRORI T e B (1991)
T Ay 5 AT AR P ) A 3 R O UK b AR Y 4 R
s, T X R P & T A ALV ) S W T2 AT RE A R
iR Y A R R 5 52 rh it A (2007) 38 1 X IR S A HE



52 SRATHL, A

4 S SIS R 9T O S 5 52 4 SRR B X S 5 300

D31 I8 A B 5, DA IR A T AR 30 T R Ut
UHI SR ) R B R WA

¥ A0 A 25 5 R B, AE A P N 24 500 m b
ALY b, BT By, A o B (& 2b), B T MR
BL b 3% B 24 AF B G Bl 5 (Kl 6) . Horh,
AR AE AT WL b SCA AR5 b R A K 24 500 m, TE
JE e K35 10 m, R BE e KA T 4~5 m, E 7 24 300,
7 b 3% 5 4 IR (18] 6¢), [ R 1] b b 310 26 20 3
WL MR AR L AR R A, b i A B R K
A U SRR 2 2 0 T b nT DL — R 5 W R, R o
P 230°, 5 A 65°~70°, J2 4R A 1Ak ke 24 48 ke
(Kl 6d. 6e) . M4 i 242 VA 45 Hh AE B 1) K 7 1 100 4
W, AR TR 25, R CR 4 T
LN IR B ER £ T, HIER A 2048
P, 0 W1z 40 e DR T 20 4R T MR A DL L
SN R, 191548 3 A 12 H & H M7.0 B 1) & =
W 4 2 TR R A A Fos BT

4 MK FWHRE TEE NG L
MG BT R R

41 SESEFBEDR-XFHASTEZHWEZSHH

I8 — TR IS W 240 0 v Ak B 8 B B fE
F R T AR W LAY [R] R AR R TR AN
Wk IE AR JE | M T O A b T A2 4 R n) (R B A
25,2002, 2007; SR K 54, 2017) o BEAR—TK K W 24
PR &R ST 2 IR Me=7.0 58 5%, 4 51 R 1806 4F- 45 R
At Mg 7.5 M2 AT 1915 4F 52 H M, 7.0 Hb 7%, 2 IR Hb 72
TR DX SN D SR s M L b R L W) B R G AR
5 (ol T ARV AE IE, 19915 J8 28 2255, 1997) , {H X}
T[] 5 b B O T IR TEANIC A, SCE E BT R
i Y 25 TR) R A 506 s v DL R TR T A XU B i S
L ok 4 BT 4685 I — TR % W7 28l o 2K i 1 TR )

BB —IK R W R AT Y O 2 2 NG 3 R A T
0.3~1.9 mm/a, J: H 7] G817 76 Wi 24 1% o) [a] B 00) 5 0%
SR 3] 52 5 P A A, 1915 4R 3 H M, 7.0 M RE AT fE
A% W A AR BN TR B i R B CR b il A
2008) o TE T i S5 AR R A 3 GBS RS T, Bk
% 2 B IS — IR R W 24 B, Hos B B BoA Al e &
e M 7.0 H8 5 E RO MR, PR Bk B 2 o 0 )
T B ) O T M R T AL
42 HESKKE TEEWXESH

T 3 W 24 45 20 S b R i LR IR T B, 1

L5 e i P A BR o T 2 | 1 b R 3R o
B2 RS B 241 <30 m, 4 v 7 58 W W7 S BT 5 i O
W7 2 A0 3 7 )2 5 S 1) i 7R L 3 A S5 3 RSP 3
B <50 m, H HA L&, &5 E T &
B 2~4 £ (Zhou et al., 2010; 18} i %5, 2016; 4 T 1
A5, 2023) o, AR A [F] W7 24 24 R0 ke Ak B3R ok Hb 2 b
FEWE AT M R B, R LS Sk . AR TR
AV AT I S W Sk L, A RSO T B B 24 Ok 1Y
A o SO R B NG A (2023) 42 1 B IE W E I
BN R AN - i /N W A - (S R S TR B O
BRI R RE M o S T IE WR T S, kiR
B (D) WA (D) I
Dy =D, (D
MHEF Y T IEWZE LA, #EiE R (D) B
X (2) IR

Dy+Hy,xcota @O

D”={ Do+ (H,+H,)xcota @ 2)

AR (D ()%, D— LW ZBER L F . W20
£ 3300 90°H} () 3BE 11 E B, m; D,— 3 (44 550 9 7% Wi
2 E SRR B, my D () LW AE K2 T 4%
(4 38 11 B B my H—# (H) 584 19 b L VR, my
H—Wr )2 70 8 3k % %, my a— Wi 2 Wi A, (°); A=K
(2) h O MY F-3H 551, @3RI )2 BEIR & 14«

W 24 B0 A % 2 £ £ 2% B0 24 0 1 3R A
B MK, R, 76 31580 A R T 88 77 28 0 28 T2
A TR B, AT 2l W S B AR T 2L, H TR0 my A
6 B W 2 22 2 W S AL, HL 4% B8 S A 2 £% ki 4
B BB T B s B A 0L 3 7 2 A S PR BE L Bk
LB A1 L0 S B i B Sk o . Rk B R BT . B
T b 7w LA B A 25 sk, o R B R e el
Sk JG W )2 BE SR & B ORI LR SF3H, ) H=0 m. A I,
Bl X 55 4k 5 HH 52 T SN IE W2 0, )2 TS S Y
S 1R 31 ] 2 2 B e D8 ) 1 o st L BB ) B
JE o BeBE, Wi2E BT AR R R Y R Y (D) AT
AR AKX (3)ITESH .

D =2D, +H, 3

e B8 4 7 i 1E W7 2 D=15 m, B 5087 i 1E W 2
Dy=8 m % J&, BBk K Bl R T8 A 4 HH 3 Bl W 2 mT
AE 72 A 1 5% W Y Bl D=30 m+H,, T B 5 5 3% 5
ZE0T R 77 A Y 52 RS El D=16 m+H, .

TR & R (R 1), JE R IR R W 24707 (F,) X
BR335SR, LI 240 5 Bk i B 1 T T
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BLAHAE, 7 BT T G v L AR TR A AU . IR -
IR AR W0 244 9 W7 24 3% 30 5% e 3 L 9E O 16~30 m,
AR X 4k I RV Bk S N SR BR S B G R AR R L 1%
Wi 24447 F 1915 4 & A 3 M 7.0 372 (5K T+ AR VT A

M, 1991), Hy 2 W] Ul [a] 52 M 2 e 217, 00 R oK 9%
Wi 47 A5 T B & 2R M 7.0 H5 5 R G b AR
A S Ao L i T S BR U % G W 2R 5 G B X

Bt AT AR I8 W

®1 BR-KRFHRFHEEFINSRERLEZWITNR
Table 1 Evaluation of the impact of fault activity on the Plateau Railway project in the Cuona-Woka Fault Zone
WA TR G s ik e WIPERE RS WPRAR I /m AR m R B

RRAMPGLAMR  F,,  mAUREREACERRE AL 1EWT e STt 0 16
RRAMPGLAMR  F,, mdURAFEIGER  BARRE IEHT g SR 1L 0 16 FRIE R T
KRR AR T2 F,  AUZRR AR 1) W A 0 30
RRAMAGL AR F,  mAUREFEEIGER AR ey IEWT o 1IN 0 30 e
RRAADAMR  F, mdUREERAGER AL iy 1EWT iy 0 30

43 BIFESE TEHE XK R R

R b 3 X R D Ak B T A AR DR XL S 52 i) 3 R
G3 BT, B R RS IR — IR S W 240 2 B Y R 1 B T R S
PR % 18 2 AR B AR O

(1) 7% J& 3] W 24 W 5 4 1T AT R - 350 Ui 24 79 0
TR & A Y U1 AR Y, e Wi 24 2 18 B iy Bk i) o ) 3 4 2
AN P B, DT 38 30 9 8T A 5 i s )
4, 22 E IH 4 1 San Andreas W 248 28 #% HE K BE R, R
JH bt 7% W 2h 8 HE A AL HE A T 1989 4F Loma Prieta
M, 7.1 #17= (Eisenberg and Treadwell, 2015) .

(2) 7% JE BN 58 —IK - W 24707 3% 20 X DB
TS5 P RE 8 AR 2 5 ), TSN R G N SR B
W % T () 25 A 52 00 L AR IE AT RO R I . FEHE T
HEJEE . HE B K A HE A 5 0 ) A% 8, WD A R
KAl WY A5 A8 N T AR AR 5 A AR IE 88 = 1 6 B 1
Ko 3l Ak A il A4S I Aol ) 45 A4 A8 T 1 0, T 284 2 i
RS B AT 1 O 2 A TR A AT A8 T W o i R R M
Bk 18 RN S 2R 0 % G L Al D R Y e 2 B L i,
2022 4F ] Y5 M 7R 3 A 228 e Bk OR SR R 1B R A T AR
BT, R IR TR PR R T RE AT R W B
) 25 18 2 W5 0 45 2 T Be R 47 K % 5 B 22
(%K FF, 2023) .

5 i

()RR =K - W 287 Hy 5 2% 70 S 244 1L, 7
5 9 TR R PG 30 W2 (Foa s Fao) L IR REMBZR
W FEWT R (o Fos) MR R 2B AT (Fyp) o
L, Fo W I RGN A DA I TR 15 Fo B S 5F DU 48

T Sl AN B S, JE T B R TR S W S Fa W
ST B W 25 Foyy Fos W7 2425 () R AR5 AE AR B,
Yo E W )2, o Fo W SRR A0 e E T o i, X
2 AW 24 4B T S W

(2) iR H2 | b 3% 0k 244 55 7 A i S0 AR AE R
Foy Wi 24 1915 4F 35 H Mg 7.0 M1 72 1Y & 72 W 245 7
T S MR R 1 A B RS A T, e D Ak T 2k
/N R A A, Hiz B WA T Re i 9 Mg 7.0 £ 2 8
TR R PR UL Ak 0B 7 U R T L ) SG E Hb

(3) 5 A2 5 50 N A58 — K I I 22445 019 1 24 52
70 [ 58 BE S 16~30 m, Wr 24407 15 4k B R | R
PR U Bk T8 3T T A 5C, T B 5 Ak I 4R L 4 o T
LI BE | i R R R A A X BE A AR W T A
B PERAXRSF (7)) RARKE., PER
FRAFRERHNFHARIZ T ERR T AR
BT A TA; P ERAHAF R F R
EleREEFAE, KKEF IR AEFAMT
HoHsr RiAEIAE; REHEIHAAAE, N E
EMEHMAAFBFELLT IR AFAET F 45
B e —3f & 7 B,

References

BIAN S, YU Z Q, GONG J F, et al., 2021. Spatiotemporal distribution and
geodynamic mechanism of the nearly NS-trending rifts in the Tibetan
Plateau[J]. Journal of Geomechanics, 27(2): 178-194. (in Chinese with
English abstract)

CHEN P, GENG P, CHEN J, et al., 2023. The seismic damage mechanism of
Daliang tunnel by fault dislocation during the 2022 Menyuan Ms6.9



%24

SOBTIN ., S TS DR R IR I 30 P M R 52 4 LR B B X 5 5 311

earthquakes based on unidirectional velocity pulse input[J]. Engineering
Failure Analysis, 145: 107047.

DALGIC S, 2002. Tunneling in squeezing rock, the Bolu tunnel, Anatolian
Motorway, Turkey[J]. Engineering Geology, 67(1-2): 73-96.

DENG Q D, ZHANG P Z, RAN Y K, et al., 2003. Basic characteristics of
active tectonics of China[J]. Science in China Series D: Earth Sciences,
46(4): 356-372.

DOWDING C H, ROZAN A, 1978. Damage to rock tunnels from earthquake
shaking[J]. Journal of the Geotechnical Engineering Division, 104(2):
175-191.

EISENBERG Y, TREADWELL D D, 2015. San Francisco's southwest ocean
outfall[M]. Coastal Engineering: 1982. 2418-2435.

GAO Y, WU Z H, ZUO J M, et al., 2024. Spatial-temporal activity of qua-
ternary faults at southern end of Nyalam-Cogen rift, southern Tibet[J].
Earth Science, 49(7): 2552-2569. (in Chinese with English abstract)

GUO C B, ZHANG Y S, JIANG L W, et al., 2017. Discussion on the envir-
onmental and engineering geological problems along the Sichuan-Tibet
railway and its adjacent area[J]. Geoscience, 31(5): 877-889. (in Chinese
with English abstract)

HA G H, WU Z H, HE L, 2018. Late Cenozoic sedimentary strata of Qiong-
duojiang graben, South Tibet: preliminary constraint on the initial rifting
age of the SN- trending rift[J]. Acta Geologica Sinica, 92(10): 2051-
2067. (in Chinese with English abstract)

HA G H, WU Z H, 2021. Discussion of the seismogenic structure of the 1901
M 6% Nyemo earthquake [J]. Journal of Geomechanics, 27(2): 218-229.
(in Chinese with English abstract)

HEERMANCE R, SHIPTON Z K, EVANS J P, 2003. Fault structure control
on fault slip and ground motion during the 1999 rupture of the Chelungpu
Fault, Taiwan[J]. Bulletin of the Seismological Society of America,
93(3): 1034-1050.

LING Y C, 2023. Seismic damage characteristics and repair technology of
railway tunnels crossing active fault zone[J]. Chinese Journal of Under-
ground Space and Engineering, 19(3): 1027-1037. (in Chinese with Eng-
lish abstract)

PENG B Z, YANG Y C, 1996. Physical geography and natural resources in
the Nanga Bawa area[M]. Beijing: Science Press: 1-380. (in Chinese)
ROCKWELL T K, BEN-ZION Y, 2007. High localization of primary slip
zones in large earthquakes from paleoseismic trenches: observations and
implications for earthquake physics [J]. Journal of Geophysical Research:

Solid Earth, 112(B10): B10304.

SHAN X J, LIU J H, MA C, 2004. Preliminary analysis on characteristics of
coseismic deformation associated with M=8.1 western Kunlunshan pass
earthquake in 2001[J]. Acta Seismologica Sinica, 26(5): 474-480. (in
Chinese with English abstract)

SONG G Z, ZHANG Y H, 2021. Development types and risk assessment of
high-steep dangerous rock mass at the entrance of Lhasa-Linzhi railway
tunnel [J]. Railway Engineering, 61(1): 88-92. (in Chinese with English
abstract)

TANGR C,LITT, LIJ C, 1980. Preliminary understanding of the geologic-
al and structural background and causes of the Dangxiong 7.5 earth-
quake[J]. Journal of Seismological Research(1): 87-96. (in Chinese)

TAPPONNIER P, MERCIER J L, ARMIJO R, et al., 1981. Field evidence for

active normal faulting in Tibet[J]. Nature, 294(5840): 410-414.

TAPPONNIER P, XU Z Q, ROGER F, et al., 2001. Oblique stepwise rise and
growth of the Tibet Plateau[J]. Science, 294(5547): 1671-1677.

TAYLOR M, YIN A, 2009. Active structures of the Himalayan-Tibetan oro-
gen and their relationships to earthquake distribution, contemporary strain
field, and Cenozoic volcanism[J]. Geosphere, 5(3): 199-214.

WANG S, LYU T Y, WU Z H, et al., 2023. Research on the applicability of
electron spin resonance dating of the late Quaternary sinter deposits in the
rift valley, southern Tibet[J]. Journal of Geomechanics, 29(2): 276-289.
(in Chinese with English abstract)

WEILM, XU X W, LIF, et al., 2023. Theory and application of setback dis-
tance from active faults[J]. Coal Geology & Exploration, 51(12): 69-82.
(in Chinese with English abstract)

WEN Y L, SONG Z P, YUH Y, etal., 2016. Current large earthquake risk on
the eastern Himalayan belt and compared to the seismicities before 1950
Motuo M 8.6 earthquake [J]. Progress in Geophysics, 31(1): 103-109. (in
Chinese with English abstract)

WU ZH, ZHANG Y S, HU D G, et al., 2007. Quaternary normal faulting and
its dynamics of the Oiga graben in south-eastern Tibet[J]. Acta Geolo-
gica Sinica, 81(10): 1328-1337. (in Chinese with English abstract)

WU Z H, ZHANG Y S, HU D G, et al., 2008. The quaternary normal faulting
of the Cona-Oiga rift[J]. Seismology and Geology, 30(1): 144-160. (in
Chinese with English abstract)

WU Z H, 2024. The earthquake-controlling process of continental collision-
extrusion active tectonic system around the Qinghai-Tibet Plateau: a case
study of strong earthquakes since 1990[J]. Journal of Geomechanics,
30(2): 189-205. (in Chinese with English abstract)

XIE P, TANG F T, LIANG X H, et al., 2017. Late quaternary movement
characteristics of Lilong fault at the west side of Namcha Barwa
syntaxis[J]. Technology for Earthquake Disaster Prevention, 12(3): 480-
490. (in Chinese with English abstract)

XUX W, YUGH, MA W T, etal., 2002. Evidence and methods for determ-
ining the safety distance from the potential earthquake surface rupture on
active fault[J]. Seismology and Geology, 24(4): 470-483. (in Chinese
with English abstract)

XU X W, YU G H, CHEN G H, et al., 2007. Near-surface character of per-
manent geologic deformation across the mega-strike-slip faults in the
northern Tibetan Plateau[J]. Seismology and Geology, 29(2): 201-217.
(in Chinese with English abstract)

XU X W, WEN X Z, YE J Q, et al., 2008. The M, 8.0 Wenchuan earthquake
surface ruptures and its seismogenic structure[J]. Seismology and Geo-
logy, 30(3): 597-629. (in Chinese with English abstract)

XU X W, GUO TT, LIU S Z, et al., 2016. Discussion on issues associated
with setback distance from active fault[J]. Seismology and Geology,
38(3): 477-502. (in Chinese with English abstract)

XU Z Q, LT H B, YANG J S, 2006. An orogenic plateau: the orogenic col-
lage and orogenic types of the Qinghai-Tibet plateau[J]. Earth Science
Frontiers, 13(4): 1-17. (in Chinese with English abstract)

YUH T, CHEN J T, BOBET A, et al., 2016. Damage observation and assess-
ment of the Longxi tunnel during the Wenchuan earthquake[J]. Tunnel-
ling and Underground Space Technology, 54: 102-116.

ZHANG P Z, WANG M, GAN W J, et al., 2003. Slip rates along major act-


https://doi.org/10.1016/j.engfailanal.2023.107047
https://doi.org/10.1016/j.engfailanal.2023.107047
https://doi.org/10.1360/03yd9032
https://doi.org/10.1038/294410a0

312 ¥R 55 54 https://journal.geomech.ac.cn 2025

ive faults from GPS measurements and constraints on contemporary con-
tinental tectonics[J]. Earth Science Frontiers, 10(S1): 81-92. (in Chinese
with English abstract)

ZHANG P Z, DENG Q D, ZHANG Z Q, et al., 2013. Active faults, earth-
quake hazards and associated geodynamic processes in continental
China[J]. Scientia Sinica Terrae, 43(10): 1607-1620. (in Chinese with
English abstract)

ZHANG S L, JIANG Z X, 1991. The 1915 7.0-magnitude Sangri earthquake
in Tibet[J]. Northeastern Seismological Research, 7(1): 131-132. (in
Chinese)

ZHANG W, LIM, JI Y P, et al., 2022. Analysis and enlightenment of typical
failure characteristics of tunnels caused by the Menyuan M6.9 earthquake
in Qinghai Province[J]. China Earthquake Engineering Journal, 44(3):
661-669. (in Chinese with English abstract)

ZHANG Y S, SUN P, SHI J S, et al., 2010. Investigation of rupture influ-
enced zones and their corresponding safe distances for reconstrution after
5.12 Wenchuan earthquake[J]. Journal of Engineering Geology, 18(3):
312-319. (in Chinese with English abstract)

ZHANG Y S,REN S S, GUO C B, et al., 2019. Research on engineering geo-
logy related with active fault zone[J]. Acta Geologica Sinica, 93(4): 763-
775. (in Chinese with English abstract)

ZHANG Y S, WU R A, GUO C B, et al., 2022. Geological safety evaluation
of railway engineering construction in plateau mountainous region: ideas
and methods[J]. Acta Geologica Sinica, 96(5): 1736-1751. (in Chinese
with English abstract)

ZHOU Q, XU X W, YU G H, et al., 2010. Width distribution of the surface
ruptures associated with the Wenchuan earthquake: implication for the
setback zone of the seismogenic faults in postquake reconstruction[J].
Bulletin of the Seismological Society of America, 100(5B): 2660-2668

ZHOU R J,MA S H, GONG Y, et al., 1997. Recent activity of the fault from
Cuona to Zegucuo in Tibet and the Cuonai earthquake with magnitude 7%z
in A. D. 1806[J]. Earthquake Research in Sichuan(3): 35-39. (in Chinese
with English abstract)

ZHU 8§, 2012. River landform and geology environment evolution in the
Yarlung Zangbo River valley [D]. Beijing: Chinese Academy of Geolo-

gical Science. (in Chinese with English abstract)

Bt o 325 38 Sk

T, TR, RN, S, 2021, T R T G b 2 A 1Y R A 4
A R AE S 3h J1 AL (3], Hb B ) 2% 244, 27(2): 178-194.

AAR, 5 1A%, #58 HE, 45, 2002. o [ G SR 3 S AR AR (0], R E
2% D 4. HERFRF, 32(12): 1020-1030.

B, R, R, %, 2024 I B PR - BN M AR B U2
E W7 2 V5 T 09 B 2 R AE (7). st BR B 2%, 49(7) : 2552-2569.

B, SRR, $ R ST, S5, 2017, 11K T AR K AR IX BR B TR
Hb 5T ) REARE 3 (7). SRAC ML T, 31(5) : 877-889.

W, SR AT AR, 2018. JE RS X 22 VT M B A R AR AR TURR Hb )2

Beoxd e b T 24 T A AR w0 2 R E (] H 5 A A, 92(10):

2051-2067.

W, SRR, 2021, P HJE AR 1901 4F M 6%alth 7E 1 % 7 A 1 B )
(3. Hb G ) 2% 244, 27(2) : 218-229.

A K AR, 2023, %8 BT B 0 2405 B I R G AR AR B B R [T
H R 28 ] 5 AR AR, 19(3): 1027-1037.

AN, iR W, 1996. R i IR W HE X H AR HL B 5 AR R (M.
de 5t Bl At 1-380.

HECH:, 3K I, 2021, R 6 BE TE R DR AL BE S A A R E 2
K KR DA LI0. 4k H#E5, 61(1): 88-92.

FEoR B, 2R, 2, 1980, 24 M 7.5 9% M 7 b R o T R R H
BR300 2 AR (0], MR BFSE (1) « 87-96.

TR, B, B, 45, 20230 5% B S A X AR U 428 SR R Y
ESR 4738 FAMEAF 53 (90, Hb )5 J1 2422 41k, 29(2) : 276-289.

BUE NG, R, 2R, 45, 2023, 15 B W72 Bk L R S A A A B IS S
Tt 55 1 FH S5 48] LI 8 1 3 i 5 30 4¢, 51C12) : 69-82.

Serhig, SRR R, BGE I, 45, 2007, PSR 0 BK R M AR R O
TF W0 J2 3% 8 B AL 383 (00, 3B 24, 81(10) : 1328-1337.
SR, R XL, 8 T, 45, 2008. 98 R A IS - IR R 244 AR DU 22 1E

W 2 A B B FLAR A (0] i 7% 4 T, 30( 1)+ 144-160.

S P, 2024, 75 5 SRR R4 - Y S O R R R R AR LU
1990 4 )oK 5k 7% 75 3h 4 61 (0], 3 5 J1 24 24 42, 30(2) : 189-205.
WA, T oA, o0y, 4 2002, 75 W2 A2 A w2 ek

B B A RO AR B 5 07 1k (00, b RR ML IR, 24(4) : 470-483.
W, T oA, BRAEAE, 45, 2007, 75 5w B AL 3 O B S 0k
I i 3 b, 50 7 T A RRAE 43 (7). 3 RE M T, 29(2) : 201-217.
W, BRI, X s, A 2016, 1% Bl W2 LR AR 3¢ ) Y 8
(J]. b 7% H 5, 38(3): 477-502.
VERRZE, I I, fp 2 4, 2006. 3% 1LY 5 B 7 R R E R 1 B
Wt A R 3 1L 2R [0] bR 2%, 13(4) : 1-17.
Sk, THL, H D, 4, 2003, GPS NI A9 75 3l 7 24 9 3h kR %
HOE A KB 25 77 7B R 0 249 (0], M 2% AT 2%, 10(S1): 81-92.
TR, A AR, TRATEL, &, 2013, [ SR G 3 T | R e
K Hzh Fpad A2 (], i E Rk HER B2, 43(10) @ 1607-1620.

Tk TEAR, YT AEME, 1991, 1915 4F PG K 58 H 7.0 9 i 7% (7). 4 b b 722 B
5%, 7(1): 131-132.

AR, 2R, s 7, S, 2022, 95 T TR M6.9 b 7% SR B A IR
HE 20 M 45 18 7R (0], MR TR 2R, 44(3) : 661-669.

AR, AN P, A, A, 2010, 01| H AR 2R 0 2 A R A& S
57 3 Ml s L 5 PR (0], TR M A, 18(3) 1 312-319.

TR, AT =41, BB 5, 45, 2019, 3 3 I 24A T 7 1B A5 (U], b
Ji2E 4R, 93(4): 763-775.

TR, S H 2, SRR T, A, 2022, 3 JE 1L DX Bk TR A R 0 R
AP B 5k ). w241, 96(5) : 1736-1751.

v [ b 72 R b BRI T T, 2013, J11 R A B % A A2 B TR U R
405 B PR TEAN B AR 3 S 80X R R [R]. Jb AT o AR R i
Jo I 5 T

JR R, Ty BT, A 1997, VG A A8 — 90 o A5 67 200 H IS B
55 1806 4F 558 745 b 7Z [T]. U )1 #0578 (3) : 35-39.

BTG, 2012, 5 580 Af VIR 4% 3 AR 5 b BT BR 4 3 Ak [D]. Jb st h
Hiy 5T Bl 2 B


https://doi.org/10.12090/j.issn.1006-6616.2021.27.02.018
https://doi.org/10.3969/j.issn.1000-8527.2017.05.001
https://doi.org/10.3969/j.issn.0001-5717.2018.10.007
https://doi.org/10.12090/j.issn.1006-6616.2021.27.02.021
https://doi.org/10.3969/j.issn.1003-1995.2021.01.22
https://doi.org/10.12090/j.issn.1006-6616.2023016
https://doi.org/10.12363/issn.1001-1986.23.11.0768
https://doi.org/10.3321/j.issn:0001-5717.2007.10.003
https://doi.org/10.3969/j.issn.0253-4967.2008.01.010
https://doi.org/10.12090/j.issn.1006-6616.2023186
https://doi.org/10.3969/j.issn.0253-4967.2002.04.001
https://doi.org/10.3969/j.issn.0253-4967.2007.02.002
https://doi.org/10.3969/j.issn.0253-4967.2016.03.001
https://doi.org/10.3321/j.issn:1005-2321.2006.04.002
https://doi.org/10.3969/j.issn.1004-9665.2010.03.004
https://doi.org/10.3969/j.issn.0001-5717.2022.05.014

	0 引言
	1 区域地质背景
	2 错那−沃卡断裂带空间展布特征与第四纪活动特征
	2.1 沃卡盆地西边界断裂（F2-1、F2-2）
	2.2 沃卡盆地东边界断裂（F2-4、F2-5）
	2.3 沃卡盆地盆内断裂（F2-3）

	3 1915年桑日MS7.0地震发震断裂厘定
	4 错那−沃卡断裂带工程错断风险分析与防控对策研究
	4.1 高原铁路穿越错那−沃卡断裂带影响因素分析
	4.2 高原铁路工程错断风险分析
	4.3 高原铁路工程错断风险防控对策

	5 结论
	参考文献

