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Characteristics of geological hazard development and disaster-inducing environment of the M;6.2

earthquake in Jishishan, Gansu Province

Abstract: [Objective] The M6.2 earthquake that struck Jishishan County, Gansu Province, on December 18, 2023,
triggered a series of secondary geological disasters, including landslides, collapses, and debris flows. This earthquake is
considered one of the most devastating seismic events in China in recent years. The study aims to analyze the
characteristics of seismicity-induced disasters in the region and identify the underlying geological factors contributing to
these secondary geological hazards. Specifically, the research focuses on how the geological environment influences the
development of these disasters, particularly landslides, collapses, and debris flows. This understanding will help to develop
better disaster prevention and mitigation strategies for similar seismic regions. [Methods] To investigate these issues, the
study uses a combination of field investigations, remote sensing image interpretation, and the analytic hierarchy process
(AHP). The AHP was employed to evaluate the relative importance of five key factors—faults, lithology, vegetation cover,
slope, and precipitation—in the formation of secondary geological hazards. The analysis also includes a detailed spatial
distribution study of these factors and how they interact under seismic conditions. This multi-method approach provides a
comprehensive understanding of the complex geological environment in Jishishan. [Results] Based on the integrated
analysis, the secondary geological hazard zones of the study area are primarily concentrated along the front edge of
Lajishan, closely aligned with the VIII seismic intensity zone of the Jishishan M6.2 earthquake. Fewer hazard zones are
located at the northern edge of Lijia Village, Guantan Village, and Manisigou Township. The higher-risk areas are centered
around Jishishan County, extending eastward toward Lijia Village and Hanji Town. The secondary geological disaster
points are concentrated in Jishishan County and the area surrounding it, particularly in valleys where Quaternary strata are
abundant, forming a band-like distribution. Landslides are most prevalent in Jishishan County and Dahejia Town, where
steep terrain, fragile geological structure, and significant rock weathering make the area vulnerable. The lack of vegetation
exacerbates surface instability. Debris flows mainly occur in Baizang Town and around Jishishan, where steep slopes,
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concentrated rainfall, and abundant loose materials create ideal conditions for disaster. These debris flow sites are located
near rivers or lakes, indicating that water flow and increased soil saturation are key factors triggering such events.
Landslide sites are generally scattered but concentrated in areas of significant topographic change, following the
Quaternary strata in valleys. These sites are denser near the Lajishan fault zone, showing the influence of fault proximity
and rainfall on landslide occurrence. Each type of geological disaster exhibits distinct spatial patterns: landslides and debris
flows are more likely to occur in areas with steep slopes and proximity to water bodies, while collapses tend to occur in
exposed rock areas, influenced by local lithology. Evidently, the distribution of secondary geological hazards in the study
area is primarily influenced by weak geological conditions, with seismic activity, vegetation, topography, and precipitation
compounding the risk. Hazard zones are concentrated along the front of Lajishan, matching the VIII seismic intensity zone.
The disaster sites are primarily located in valleys with dense fourth-level strata, confirming the consistency between the
simulated and actual hazard zones. [Conclusion] To conclude, lithology was found to be the most significant factor
influencing disaster formation, with a weight of 42%, followed by fault zones (26%). While precipitation had the least
impact, contributing only 6%, it still played a role in increasing the risk of landslides and debris flows. The high-risk
disaster areas correspond closely to the seismic intensity zone VIII, particularly around the earthquake epicenter, where the
geological conditions are most conducive to these hazards. The distribution of secondary geological disasters in Jishishan is
primarily controlled by the weak geological conditions of the region. Besides, compared to the Wenchuan earthquake,
where disasters were concentrated along the hanging wall of reverse faults, the disaster sites in Jishishan were mainly
located in the down-thrust areas of fault zones. Additionally, fewer disaster points were observed in aftershock zones,
suggesting that the main shock alleviated a significant amount of tectonic stress, leading to regional stabilization.
[Significance] This study highlights the relationship between geological factors and seismicity-induced secondary
disasters in Jishishan, emphasizing the need for targeted monitoring and protective measures in areas with loose Quaternary
deposits and steep slopes. The results provide valuable insight for disaster prevention strategies in Jishishan and other
seismic regions with similar geological conditions.

Keywords: Jishishan earthquake; disaster-prone environment; landslide; mudflow; spatial analysis
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Fig. 1 Regional tectono-geological map (modified after Lu et al., 2024)

The active fault data are from Zhen et al.,2019 and Yuan et al., 2004a. The earthquake data and focal mechanism solutions are from the USGS,

and the GPS data are from Wang et al., 2020.
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Fig.2 Gradient and slope orientation statistics for the Lajishan-Jishishan area

(a) Gradient frequency in the Lajishan-Jishishan area; (b) Slope direction frequency in the Lajishan-Jishishan area
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(a) Geotectonic map of the region; (b) Topographic section of the region and the distribution of aftershocks. The earthquake intensity data are
from https://www.mem.gov.cn/, and the aftershock data are from Guo et al., 2024. The fault activity intensity data are from Wu and Zhou, 2018.


https://www.mem.gov.cn/
https://www.mem.gov.cn/

1 RERFes, 55 HORBUG L Ms6.2 M52 8b BT 9K 5 R & RRAE S 42 9 3R 855 43 B 145
196 2% 2%
19.76%
RS A G
Wt W vt B oRsEs [0 ket [ i
Wyt [0 #+ [ st ks B s ms T RS
B4 KA A E R A A
Fig. 4 Distribution of soil types and land use
1 RALXESEABSRUAEHHEHER
Table 1 Table of historical earthquakes of magnitude 5 or greater in the area around Jishishan
5 i ] Higk [ P Al 2%k
1 13714:129H THEIL 5 VI RIS, 2008
2 19014F: = P [ X R 5 VI B, 2008
3 194445 SRR 5 VI I, 2005
4 159047 H SRR 5 VI R4, 2005
5 1821—18504F Ttk 5 VI FHFIAE, 2005
6 18784E10H i e 5 VI ZEHI51, 2008
7 16294F =M 5% VI ZEII8, 2008
8 187542 H6 H—18754:3 H7H [y 5% Vil FIAFASE, 2005
9 1890421 17H PITAR 5% VIl I, 2005
10 18934F6 1 H PiT R 5% VIl AP, 2005
11 196841222 H ferEDY 54 VI FHFIAE, 2005
12 18194F2 424 H ferE 5% VIl FIHFIAF, 2005
13 18474E7 4 12H [N 5% VI FIEPHAE, 2005
14 15904E7H7H KRR 6 VIII I, 2007
15 ATCAO6LE frh 258011 6 Vil B, 2001
16 14404E 11 H4H KA 6Y% VIII FEHS1, 2008
17 19364F: HESR 6% X 3K 4, 2015
18 ATCI384E SI-PEvE 6% IX FEIEPHAE, 2004b
19 11254:8 430H =M 7 X FEIBPHAE, 2002
20 19274F: R 8 X1 LA, 2014

A5 O B8 A T S0 ) 3t R 0l 2 T R T S B 4 (K D

4, 2015) o

g b, A e P S M R A

3

W e (5

FH45, 2005), Hh 7236 sh 2 45 . U R0 1L B 24347 K



146 ¥R 55 54 https://journal.geomech.ac.cn

2025

7
[=)}
|

3 e -

T
1900 1910 1920 1930 1940 1950

H e T
1960 1970 1980 1990 2000 2010 2020

ARG

A5 1900—2024 44 # L) R H AP X o — 38 E B R0 E (M-T) A
Fig. 5 Magnitude-Time (M-T) diagram for moderate to strong earthquakes in Lajishan and neighboring areas from 1900 to 2024

W T Ao — YR R e, (FL 9% X3 R AR A
22 HIESIRMRERERFE

MR R A TR, AR R R G R R
TR BE DL R DX 3 Ml 57 2 0 45 i RS T, 2351k 22 Floith, o
WAETCE i e Ca) % . BUA L —a B b
TE A . 7K SC A SRR IR, Z MR R, W 51k
JUE R A K L SRRl 2 RGeS T I M X
AR LT ORI M B A UCE | NS TT 138 A 4 - Bl VY
6% ML= o 1125 4F 22N 7 b iR 5, X B b 2¢ | 5 3
SR OCE T KUK M R M S T S B A K SR T b el
W, 5 g R R BE T . W M e S I o
i (5238 FH A%, 20025 R 5 855, 2007) . 1936 4F JE 4k
64 b 7% I, e B ELiC 2R R D B L IR AR 4 AR
7 005 B AR . RINBCAE B A I0 Sk R AR T LB R 1Y)
M ZLAE | A IR DA R b 7R I A 7 IR A K

MR KA TR BRI DRRE B 1 b Y Hb SR RN
KA, EHl R ERARE . Lk HE T
KWW A ICE FE A W MR (F 6), H
R RS A R E 7S b, T 72 4b, R EAE R TR
DX (R L B ) R HE J 3 oy 1 X, 0 B0 F 3z 5 78
TR I 52 4 s R TT B A (T 7)o i B R X 2
BWAERE, BAILE . #TESMERI S 2
HA IR 5 O T A M X T B A T RLA B/
Ko MXNES Fh, MRREERD, FEEFT
T P BT 1 R R B . SR PE R A (2022) BIF ST A
S B L DX YR U Y R AR R A AR R R X
R SERRE DB, I X2 K L g O Bl
RMGEAHMERK, 5 R . BHEKRE, KEKR
AT A MR A L M T 3 R K SRR
P i, 3 b5 X3 b B A BT (4 F 2 AR 6 (3 7 i

45, 2022; 1575, 20245 SRERAE, 2024; FREEREAE, 2024;
R, 2024) .

DX 35 DAY i 4 R 3 33 ) S b 43 A L7 A
JEZH R LR PR RBR Rk = A [ 1
RS, BHEEBEENT, X045
7 A U 2 IR (R R R A, 2022; 5 B A
2024; FB 5 BEAE, 2024) o AL B E Y X, Wil
T2 Hb T A BRI 0 O R R, 2 O JeAE I R
TR MR SN R T ER O, R T K E . R
LR AR RUE LT A SRR A, H R AR 2 X
i B0 R K ST A L, B IS - E KO R R S BB
FHTHE A, PRAE T W AU TR IR, T 7E R S
FRE, BB AU | R R M R Y R S (o
RS, 2022) . RMAORE, MR K AR TCE A K
A3 A B B T Ml R AR AR R s, b ) A T L
TV e BE Bk SC A% A A SR R P s T b ot U AR 0 1Y
S K AE N4> A FRAE o

Zr TR, Ik R A AR B L s ke
TREWRAERE, THEREMEY, FEEPT
YRR K SRR A H M IX R, S S ik 2 b
JoT 5 A A b R A T A v e 55 1 R B O A R
A B R S FIZE T8 S 02 IR AR R E o B
DI, B W T 2 T B 5 i 55, ) A7 b S ) S
ORI R S R . REEXIN AR S AR
ELA5 70 B 7R P I DX SRR A R E A A, B
149 Ml T 4T3 1 3 6 b XA 68 v 1 9 3 XU o 2 MDA
A DX B AR B R R I, LY B 1Y) & A R B b AR I
G 7% o 13X 2 X S Rl AE P A T OR R AR e, B
Wk A, M2 Ak . YRR R K SCA RS A b e T IR
AU E T Ty K R ROy A RRAE, R R R B R £ 2



%1

RERrEG, % HONAUA L Ms6.2 R b iR 3 A & R AR M 22 KER BT 70 A 147

B [INEE

a— AT 1L B 2R G 0 3 55 i R 5 b— 1 1) 2 AR R DR AL s o— AR L B 7R T 0 2 B 5 d— SRR SR AL 0 DL A 48 VR A

He6 MmBARERERHIAEA

Fig. 6 Images of geological hazard sites

(a) Ground cracks in the southeast of Jishishan County; (b) Mudflow in the southeast of Zhongchuan Township; (c) Landslides in the southeast of

Jishishan County; (d) Avalanches in the north of Dajiahe Town
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Fig. 7 Distribution of post-earthquake disaster sites and statistical tables for the Jishishan earthquake in Gansu Province (the disaster site data
are from the Gansu Provincial Environmental Monitoring Institute; https://gsigem.gsdkj.net/ )

(a) Map of the regional distribution of secondary seismic hazards; (b) Histogram of secondary disasters of earthquakes

F1-1: West branch of the Lajishan Fault Zone; F1-2: East branch of the northern margin of the Lajishan Fault Zone; F1-3: Reverse fault of the
east branch of the north margin of the Lajishan Fault Zone; F2: South branch of Lajishan Fault Zone
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Table 2 Description of selected factors and their data sources
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Table 3 The AHP judgement matrix from 1 to 9
[ e TR s Hi 2
£/ 1.000 0.500 0.333 0.250 0.200
e 2.000 1.000 0.500 0.333 0.250
[T 3.000 2.000 1.000 0.500 0.333
e 4.000 3.000 2.000 1.000 0.500
A 5.000 4.000 3.000 2.000 1.000
z4 FER
Table 4 Factor weights
Tt REAE FEE B R RHIEH CIfE
[/ 0.312 6.238%
g 0.493 9.857%
PR 3 0.805 16.105% 5.068 0.017
s 1.309 26.179%
HJZE A 2.081 41.621%
=5 KEHL—HMEIER
Table 5 Stochastic consistency indicators
n [ 3 4 5 6 7 8 9
RIfH 0.5200 0.8900 1.1200 1.2600 1.3600 1.4100 1.4600
n [ 10 11 12 13 14 15 16
RIfH 1.4900 1.5200 1.5400 1.5600 1.5800 1.5900 1.5943
n by 17 18 19 20 21 22 23
RIfE 1.6064 1.6133 1.6207 1.6292 1.6358 1.6403 1.6462
n B 24 25 26 27 28 29 30
RIfH 1.6497 1.6556 1.6587 1.6631 1.667 1.6693 1.6724
6 CRETHER-BMEEERR
Table 6 Calculation of the CR value and result of the consistency test
T RFHEAR ClH RIH CRIH — BRI
5.068 0.017 1.120 0.015 id it

RTINS 0 A 0 G AN B [ 5 (AR S e ST
JZZ 098 4 X, Ot AL L 2 BROR, M E T O AR R

R H R TE S A A AR R E R R
LW o 4 22 S A 23 5 o DX b AR E
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Table 7 Evaluation indicators and their scores

T FE R FEbRor R SE L SHE PR G
Ei D 9 3.78

HbJZ LR 2 0.84 'y}
B TR 1 0.42
<5km 9 2.34
5~15km 7 1.82

(e 26
15~30km 3 0.78
=30km 1 0.26
AHIF A 9 1.44
JEE . TH 45 3 0.48

it % B, R 2 0.32 16
it 1 0.16
7K 8 0 0
=40° 9 0.9
30°~40° 7 0.7

Wi 20°~30° 5 0.5 10
10°~20° 3 03
<10° 1 0.1
=43mm 9 0.54
40~43mm 7 0.42

G/ 37~40mm 5 0.3 6
32~37mm 3 0.18
<32mm 1 0.06
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Fig. 8 Comprehensive evaluation of secondary, post-earthquake disasters in Jishishan, Gansu Province (the disaster site data are from the

Gansu Provincial Environmental Monitoring Institute; https:/gsigem.gsdkj.net/)
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