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Analysis of historical seismic parameters based on geological hazards from the Xiaonanhai

earthquake

Abstract: [Objective] As the largest historical seismic event in the Chongqing region, the Xiaonanhai Earthquake holds
significant scientific value for deciphering seismogenic parameters to inform regional seismic hazard assessment and anti-
seismic fortification standards. This study addresses the critical challenge of scarce observational data in historical
earthquake research. [Methods] A novel methodology for inverting seismic parameters through characteristic earthquake
relics has been developed, systematically reconstructing the historical seismic parameters of the Xiaonanhai Earthquake.
The interpretation of high-precision remote sensing and field investigations of seismically induced geo-hazards reveal a
dominant near-N-S spatial distribution of the landslide clusters triggered by the Xiaonanhai Earthquake, consistent with the
elliptical major axis direction of historically documented felt areas. [Results] This spatial congruence suggests that the
NNW-striking Yangtoushan Fault is the seismogenic fault. Detailed remote sensing analyses of landslide orientations,
sliding directions, and deposit distributions demonstrate, for the first time, coherent SE-directed motion features across
multiple landslide masses, indicating a southeastward coseismic rupture propagation. A comparative analysis of the spatial
correlation between geo-hazards and seismogenic structures observed in the Ludian Earthquake, coupled with
seismotectonic mechanisms in southeastern Chongqing, further validates the rationality of the derived seismic parameters.
[Conclusion] This study innovatively identifies a "karst—tectonic" composite mechanism: Under persistent NW—SE
tectonic stress, bead-like karst caves developed along the fault zone or dominant joint directions form natural weakening
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zones, inducing stress concentration and ultimately triggering left-lateral strike-slip motion with thrust components. This
dual mechanism explains the unique seismic characteristics blending tectonic rupture and karst collapse. [Significance]
The proposed "geo-morphodynamic inversion" methodology advances the reconstruction of historical earthquake
parameters and provides critical insights for the evaluation of seismic risk in karst terrains.

Keywords: Xiaonanhai Earthquake; geological disaster; seismogenic fault; dynamic processes; seismogenic mechanism
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Fig. 1 Seismotectonic map of the Xiaonanhai Region (modified from the 1:200,000-scale geological map)
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Table 1 Summary of the regional stratigraphic lithology

A, 32 R i A 3 R A 5T O (R ) 2 T )
BO™E (E MG AE, 2016), BT B 18060 18 35 R 35 35t
i, B TE D s S I R A T A UE A

i E 4 RS JEL S /m Eoyis
o +4 P.c, Pow 192~241 ERERT KA R T DU B
—IE 7N
T4 P.m, Pig, P\l 236~547 TR R A I BT
AR ) B
FAIRFR LR C,l 0~6 REPEREA A
RHFR 48 Dss 0~92 VIR A A TEb A
LR S,lr 805~1147 SIS . T
R
T4 S\in 320~612 B EARERE TS
+4 Ow, Oyl 2.8~26 VTR 5 5 DU TR b A
LAGES LR 0,b, Oss 28~80 A REREA TR BT KA
TR )
T4 0,d, 0,1, Of, O 315~447 JEZ A A nE BT
5 Eym, Eg 389~412 JERRIRE . s
FER R LRES E.p, Exm 593~941 BRI Hat
Tg Es, Eit, Ewsp, Eis, Exm 584~886 JRIERIE . B Jeqib

N\

2 EHEFH BN

21 HERBE

JJ7 S i 7% 2 2 B0 MR A B R DA N R R AL
FIfige AT 0 LS, RS D b MR R ZUE | b
MR RN KRR R LSS
MR o ZR IR 45 (2018) AR JI 75 Hh B S i e & | F
i B T AR | AT a3 T B b X B A AT, X R R
FURE HEAT TR AN 0B UE, B8 T 75 RE h B O IXBE 4%
PETF (77 A R T ke A0 SE W0 ), R Rl ol 5.5~
6.9 G (B R 6.2 90), TREEN 5~12 km(H1{E Ky 8km),
TR L E AT /N T . E T s ke SR
R AN P L 20 0 2R T 22 it B DX B 3 7 5
M8 4t Z R H R, 800 5 R 25 S 0T A
— o PR, S A AT X M R T R R AR X
Hi R R R A R R BIL R A AR E AT IR IR
I M S5 38t 0 R AR R, T bR M L b R4k
B B A5 80 30 1) 2 5 A AT, ST MR S H S Hb K
T AR O R o BRI S UL 2,
22 REMEBHFESH

(1) DX 35 b 7% 4 3 2% 1

VT X M A 4 M B 55 VT i Ll R A, 32
Z W H 1 32 Bl & B2 m (3l L 0T A6 PE —TE AR 1) BF

FE . B R 50 b R ) T LA L AR 1) 7
HER AR ARG N I R R A TR TR
Wi L FAR T SE IS WT S 2 ], R R R &, LUAEAR
S e S T e [ e SO O e Y R+ O
Ti) 5% FE T G 1) 306 1T )2 LA A0, 38 40 A1 K IE T2 (R 2)
5B T B AR AR T s b L g, 0 R 2
TS5 VUS4 3% 8 . %ML AR Y K R )2 R b 2R 1
F14) A T 6 i DRI 4 308 2 b b 7 1) A sk L 72, H AT
AT FE7E A 380 (X B HE 25, 19815 X1 £ 2%, 2009; F %8 %
85, 2018) 0 X PIBRER AU A A, e R L R
H, EEASHANTHEKEE, HohduR m oy B 5 8
45%, VA7 F X SR T E 1 (CAndR i w2, JE L4 By
B4 7 A6 PG 1 1 B 30%, 5 X 8 3 R S 5 1)
(68— 7R ) AT, Bk By & & b 3 R 7 s
5 15%, Z )5 R s . THE AL S
T T B SR M 4 BT R G R, el e e —
A 7R [ 5 b 2R 1) 2690 59 5 11, B 1 hr A 0
1 b e A S b P e sk Y B TS A, T K R
) 0 7 R ol i F TR 2~ 5 %, ) 3 T BR X TR
& 2~15 eon (440 3k 1L BB 22 ), KL Py 3 70 B 4 L4
J 28 Ry =, T AT BB A 3 A 55 Ak, aX o bR
S M B AR S 2 1) R 6 A (T Y, 2014)
(2) M 7% IX 5 40 el ) 8 A R AiE



% 34 BT, e TR A K 0 7 B R 349

S
(%, 2018)

4%/ R

HFEHTOR ERBUCHIE | ypmesant iy

Lol g

K2 FmEREAE
Fig.2 Methodology flowchart

X3 R AR
HoJ= A ERFE

‘{ TR }

" HERR oA

IR
HRRHT BT 1]

EA RN L

= A
HLEES

W AR P R
TEFREE

*2 XEWEBELRE%®x (B\BEEE, 1975; TELEAMEZE, 2004 1250
Table 2 Summary of regional faults (modified from Wei, 1975; Ding and Li, 2004)

5 BEAR KEAm A1) A RUSENG) WA i

FI SWIBIERZE 37 NIOE NW  50~70 T ULAT4 AT, A ULAIRE, A a A o0 W1, K/IVEIR, T kS Akt

F2 JeEILERIR 32,5 N30~45E SE  65~70 WiJZH9E100~200m, WLt £imgay, AWy g i1k b1

F3 SEMHNKIZ 39 N39E NW 70~76 HIEMURERE, /NG, BECEL, S B BN BEAAE S IR AT R

F4 MLz 12 350 SW  70~80 WA, LENWALE | MRE | I B r A1 ek W AT
F5 R R 6  N30E NW 30~40 WiEBH R ERE, R E FEALPE R
F6 JERHIIEWTZ 54 N30~70~30E NW 50 W% 5820 m, RSATRE R T . BEVCA R HBT WINTZ IR AR B FTA skt

F7 RUNEWWIZ 35 N30E NW 28~45 WiZPIHTRIREL TE M — ROV SRR 4%, A BLR S, I TAT FITALE R

F8 HBLLIEMT)Z 53 N40~30E NW 50~90 Wi 830~50 m, Wil AN T4, MRk L&, b AW, R/NEE, 2Rl skl Pk

F9 b k)2 325

N15~50E NW 35~80 PiREA A HEAS AR BLG, Wit & 7 BEbcs R ek, RBk T TR

/N TR b 2 B R X Ak g 1 DX L, R R A
Ab TR 1 BT, TOK SN, VAR R, Hb BT E A
Ko KT WG/ b 52 R B R AR S A
i, 2R A B B8 TR 0 Mo B 2 (8] B4R = (http//www.
gscloud.cn/) i 3% $2 fit B9 Landsat-8 T3 &2 /= 5 B 4w, Xt
HEATRCIE L BT . P Beml G . EIMRY 0R S AR R
Gr A AE AL T B, R A ) A3 HER (15 m), 3R
Hb Wy B RRE (1] 3a), 44 JHE O 3% A AR 0 HL 4% 915
KAK . REBE BB AT A2 SR WOR: BR T K
SR L 0 A T RE Y W BOE U, KEE A H T
IR AR ol B N A 16 3 3 KR S BR 8, T RE 45 T A

BRI (K 3b) o e Ah, S5l 47 3 b B 3o b = A
FTF B U A CH S h HA WY A 82 i e o A
(151 3¢), g BE M JE Hi 72 o ja J3E 45 3 MO, 3 TS K
S 0 (L ok B T LA R B AR I B9 2~3 4% (Ma et al,
2025) o Rk, i — 20 ) 0 i S0 B O, A B
T 3 22 0 A1 A5 200~ 50°H 35 B X, T 35 5 45K A
BERE, th T HoATEZ MBI A, B e, AR IE
JE 3

NEEG B AT B R YA R, T
ARCGIS Kt 3 4> [ JZ= SCAF A7 & it 50, 1 35 5
FRAEASF BT — 2 ™ 8 (l 4a), (HERSF 7E M B AT


http://www.gscloud.cn/
http://www.gscloud.cn/

350 ¥R 55 54 https://journal.geomech.ac.cn 2025

108" 40°0"E

108" 50" 0"E 108° 40° 0”E 108° 50" 0°F

a—Hg i b BLR 1) 22 0 i 18 S 155 b— B T I AR AOE 10 AR 0 2 03 S5 o T A R £ 343 4

K3 IThEBgFESHBHRRMMER

Fig. 3 Results of satellite imagery interpretation and topographic—geomorphic analysis

(a) Enhanced multispectral remote sensing imagery; (b) Spectral feature-based object classification; (c) Elevation data-based slope extraction
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Fig. 4 Integrated analysis of geomorphic interpretations and historical documentations

(a) Distribution map of meizoseismal areas; (b) Seismic intensity map
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Fig. 5 Satellite imagery and geomorphic interpretation of the Dakuayan—Xiaokuayan Landslide

(a) Satellite imagery of the Dakuayan—Xiaokuayan Landslide; (b) Geomorphic interpretation map of the Dakuayan—Xiaokuayan Landslide
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Fig. 6 Satellite imagery and geomorphic interpretation of the Zhangshangjie Landslide

(a) Satellite imagery of the Zhangshangjie Landslide; (b) Geomorphic interpretation map of the Zhangshangjie Landslide
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Fig. 7 Satellite imagery and geomorphic interpretation of the Shepanxi—-Wangdahai Landslide

(a) Satellite imagery of the Shepanxi—Wangdahai Landslide; (b) Geomorphic interpretation map of the Shepanxi—Wangdahai Landslide
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Fig. 8 Interpretation of the Huolongping Landslide and genetic analysis of ground fissures

(a) Satellite imagery of the Huolongping Landslide; (b) Internal structure of karst fissures; (c) Geomorphic interpretation map of the

Huolongping Landslide; (d) Location of exposed karst caves
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Fig. 9 Comparative analysis of seismic cases and regional seismotectonic context

(a) Distribution map of geological hazards and seismic intensity zonation of the Ludian Earthquake; (b) Seismotectonic map of southeastern

Chongqing
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Fig. 10 Seismogenic model of the Xiaonanhai Earthquake

(a) Planar distribution map of seismogenic structures; (b) Geological profile (1:200,000-scale); (c) Geological profile (1:1,000,000-scale)
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