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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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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
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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
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