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The Spatial Distribution, Deformation Characteristics and Underground Engineering Effects of the
Southeastern Segment of the Jiali Fault Zone

Abstract: [Objective] The Tibetan Plateau, as the world's largest and most tectonically active continental
collision orogenic belt, has long been at the forefront of global geoscience research due to its complex tectonic
patterns and ongoing dynamic processes. The Jiali Fault Zone along the southeastern margin of the Tibetan
Plateau serves as the key boundary structure for the southeastward extrusion of plateau materials. Its tectonic
attributes, geometric distribution, and activity are of great significance for understanding the Cenozoic tectonic
evolution model of the plateau, the kinematics of southeastward extrusion of plateau materials, the formation
mechanisms of regional earthquakes and geological hazards, as well as assessing regional engineering risks.
However, the southeastern segment of this fault zone (from Guxiang to Gongrigabu) has long been subject to
controversy regarding its precise spatial location and Holocene activity due to its rugged terrain and dense
vegetation cover. [Method] This study systematically investigated the spatial distribution, structural
characteristics, and activity of the Jiali fault in this critical disputed segment by integrating multiple techniques:
high-resolution remote sensing image interpretation, field geological and geomorphological surveys,
magnetotelluric sounding, and drilling exposure. It further analyzed potential underground engineering effects
triggered by fault activity. [Result and Conclusions] The key findings include: (1) The southeastern segment of
the Jiali Fault Zone extends southeast and is continuously distributed along the line from south of Guxiang,
through Galongla, Jinzhunongba to Langgiunongba. Interpretation of remote sensing data identified different
kind of structural geomorphologies including fault troughs, sag ponds and push-ups, which indicate the activity
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of this fault. Field surveys observed bedrock fault planes, and horizontal striations, demonstrating
predominantly right-lateral strike-slip motion. Geophysical surveys revealed distinct low-resistivity fracture
zones (approximately 200-300 m wide) in the Cuokanongba, Galongla, Jinzhunongba, and Langgiunongba
areas, indicating the Jiali fault dip 60<280<to the southwest. Drilling cores exposed significant fault fracture
zones in Galongla area. Collectively, these evidences confirm the existence of the fault section of Jiali fault and
its NW-SE-trending distribution. In combination with evidence of Holocene activity in the western segment,
offset late Pleistocene—Holocene sedimentary profiles in Gongrigabugqu segment, and new survey results, it is
plausible that the southeastern segment of the Jiali Fault may exhibit Holocene activity. (2) Activity along the
Jiali Fault may trigger the following seven types of underground engineering effects and associated adverse
geological issues: co-seismic displacement (estimated maximum displacement up to 5-6 meters), rock mass
degradation, high stress and rockburst, ground motion amplification, high-pressure water and mud outbursts,
localized geothermal anomalies, and secondary hazards at tunnel entrance. These effects form a complex and
intrinsically linked geological risk chain system, posing significant challenges for deep, long tunnels crossing
fault zones. Accordingly, it is recommended that during the engineering planning and site selection,
underground projects crossing potentially active faults must implement systematic reinforcement designs and
risk control measures corresponding to the above effects throughout their entire life cycle, if avoidance is
impossible or prohibitively costly. [Significance] In complex geological environments where traditional active
detection methods are difficult to implement, this study addressed challenges such as high topographic relief,
deep vegetation cover, and lack of fine-grained Quaternary deposits along the southeastern margin of the
Tibetan Plateau. It focused on remote sensing interpretation, high-precision geophysical surveys, and cross-fault
drilling, establishing a successful model for subsequent active fault exploration and research in similar regions.
The outcomes not only provide critical geological constraints for refining the tectonic model of the southeastern
Tibetan Plateau, but also offer indispensable scientific basis for planning, seismic design, and risk prevention of
major engineering projects crossing active fault zone. Furthermore, the research methodology establishes a
successful model for future active fault investigations and studies in comparable regions.
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Figure 1 Distribution of Jiali fault with its adjacent active faults and earthquakes (modified from Armijo et al., 1989; Zhang et al.,
2021)

Blue vectors are GNSS velocities relative to stable Eurasia (Wang and Shen, 2020). Earthquakes are from the USGS.
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Figure 2 Spatial distribution of the Jiali Fault from Guxiang to Gongjigabu, and the distribution of the main investigated sites

2 FEEWRE 2 EWHRAN R RA L HEL WA

21 HEZEB-HFFEER

BRI TR AR (] 3a) AR (& 3b) i kI, RBUMARERA RN R RE T
W E AR R I i m AL I A, RIS ILARTE . B AR 2 25y AL R B R B AN R R B 1 A
i (& 3b) , HENIPTRE N AW R AT I IS BhIE e NRZ AT A AT A AR B AN,
RS R 7 B0 S AR a3 AR 1 7 R A K FELRE R TD (181 2 J2 8 3b b 1. 2 548D o Kb e I R
REoR, WZAHIEEE. a5 by R B2 PR AEIR RS (B4, BAF T Z AW ERA7E,
AR DA P 0 ) P AL RS PRI YR, DU IR 2 B iy 96 2 24 100-200 mo [EAVER I, 7E 2 5 KHH
HdR THT A, B T R AR R R I VRT3 (LA A AT L A A7 5 F I S, FETAT3E B i 3 TS 1 29 900 m
AIEAFAE S b — 26 FE 40 150 m HRFH S (& 4c. d) , HHEIFT RS N 3E R 2L 85 I ) — 26 0 S 2

FFAMEEAE 2 B R AT PE 4 3km 4k (95.491565F, 29.893127N) , MAMEAT FE A1 T1 [
R IAFAE LA RFAE LU R 3 B ST 2 IR, Rt b A ST R SR (8 3c. d) o /NETE AN
52 I 25 SR 45 H 0 AL JEOK 0 43 2R IR RSN 52 8 S B 7w AR AR (DEMD (7, LA (R BEALLIT J 2= [l
A 5 NW-SE FE [al 5, SELEEL I E mTT E-W, 55U £/ BEARAS, K554 %0 20m F1 5-6m
(B 3d) o HHEM 2 A (R 28 M T RS RN B 6, 1 2 72 B BT R A T S Bh 45



e Je Al

e
~ -

S~
L
)

>KF -l — R
R

> 'iﬁf('

X = : ST L e —
BRI NI B ZE T R R AR A AT BT IE | 1A TR 1R () M1 DEM [E(b); o 2 r fMIA 54 w5 T Bt 1 SR AbL i
W2 ARG R s Bl (€) Bk T/ TE AHL DEM S2A8 ik 3151 (d)
K3 & 2H-#H FHFCHAZREMRIEDZR RIS
Figure 3 Satellite image and geomorphological features of Jiali fault near South of Guxiang to Cuokanongba
Satellite image (a) and DEM map (b) show river courses and mountain ridges were dextrally offset by the Jiali fault near the
Cuokanongba river. Field photo (c) and tectonic and geomorphic interpretation of DEM (d) showing fault trough and push-up on

T1 terrace along the southern bank of the Parlung Tsangbo River, south of Guxiang town.
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Figure 4 Inversion results and Geological interpretation of magnetotelluric profiles 1 and 2 across Jiali fault
near Cuokanongba (locations of the profiles are shown in Figure 2)

a, ¢- Inversion results of magnetotelluric profiles 1 and 2; b, d- Geological interpretation of profiles 1 and 2.
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Figure 5 Tectonic Geomorphology and deformation of bedrock along Jiali fault near Galong temple

a-Linearly distributed platform on the slope; b-Fault trough on the northern slope of Galongla Range; c-Fault plane developed in
bedrock; d-Slickensides and fault steps; e-Mountain pass formed by faulting process and black gouge in the fault core;

f-Right-laterally offset ridge.
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Figure 6 Inversion results and Geological interpretation of magnetotelluric profile 3 across Jiali fault near in Galongla basin
(location of the profile is shown in Figure 2)

a- Inversion results of magnetotelluric profile 3; b- Geological interpretation of profile 3
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Figure 7 Drilling core fragmentation characteristics of horizontal borehole (a, b) and vertical borehole (c, d)

a- Fragmentation characteristics of the drilling core from horizontal borehole; b-Foliation characteristics of the drilling core from
horizontal borehole; c- Fragmentation characteristics of the drilling core from vertical borehole; d- Slickensides of the drilling

core from vertical borehole horizontal borehole
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Figure 8 Steep bedrock surface developed north of Jinzhunongba river

NHE— I HE BRI RT I BRI E, BT 120 KB 1.9 km (R LT - 45 R 5
7, (EFREE SRR 1000-1100m  (IAZE, AR NI A (0 HL B =R B R AR PN A3t st e, BB T



500-800 Q-m, HEM YT B A & Al i 2 A (1 9) o DA KIIE sh & S 20b = 1 52 Bk
AL —1EAR 72, YR BT B BN A K Bt T K& B, AT 51 RS B B R A BRI . 3K —UE4f P 1)
PRAE W57 BT T RE 28 1 BRI LD 48, R ARSEIA AR F S

1600 1200 800 400 0

2700 = ==
(a0 1600 1800
M 5 B FE/m

E31001——~__  RWNRRLEE J—
523000 e B

T s B b L )7 SRR S L /

2900 | wHHLH IR L b s

2800| KRR, TUEA g nbEmR, ik

2700
(b)O 200 400 600 800 1000 1200 1400 1600 1800
I 55 B2 /m

a -4 -5 DR P B ) T ST 225 L5 -4 5] T o At 3 P&

F9 ZHeRhFEALNAT AN EHIE (FIELELE2)

Figure 9 Inversion results and Geological interpretation of magnetotelluric profile 4 across Jinzhunongba valley (location of the
profile is shown in Figure 2)

a- Inversion results of magnetotelluric profile 4; b- Geological interpretation of profile 4
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Figure 10 Tectonic geomorphic features of the Jiali fault near the Langqiu glacier revealed by satellite image (a) and UAV

photograph (b).
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Figure 11 Fault plane and slickensides developed in bedrock near Langqiu glacier

a-Fault plane in bedrock; b, c- Horizontal fault striations on the fault plane
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Figure 12 Inversion results and Geological interpretation of magnetotelluric profiles5 and 6 across Jiali fault near Langqiu glacier
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(locations of the profiles are shown in Figure 2)

a, ¢- Inversion results of magnetotelluric profiles 5 and 6; b, d- Geological interpretation of profiles 5 and 6
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