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Identification and risk assessment of coal mining-induced landslides in Guizhou Province by

InSAR and optical remote sensing

Abstract: The Zongling landslide group in Guizhou Province is characterized by strong regularity of disaster
formation, concentrated development and severe threat. It is represented in the coal mining-induced geological
hazards in western Guizhou and eastern Yunnan. In this paper, InSAR and optical remote sensing were used for
nuanced identification to obtain the regional landslide information, and the landslide deformation-failure mode in
the Zongling region was summarized. Based on this, the volume-distance statistical formula suitable for landslide
risk assessment in this region was established, and the typical disaster bodies ware calculated. Some important
insights are gained: Underground coal mining is the major contributor to the deformation of the edge of Table
Mountain in Zongling. InSAR observation results show that the deformation in the Zongling area has prominent zonal
characteristics, and the annual average deformation velocity is between —20. 4~10. 2 ¢m/a, which corresponds well
with the lower goaf. The areas with great displacement are concentrated in the edge zone of cuesta, with coal
mining subsidence and slope gravity superimposed; There are 64 deformations in the Zongling area, including 37
landslides, 27 cracks, and 2 dangerous deformed bodies. Landslides mainly occur in the dark grey limestone strata
and dark purplish-red argillaceous siltstone strata of the Feixianguan Formation. According to the lithology and
deformation characteristics of the slip source, the landslides can be classified into two types: pull-toppling and pull-
clipping, and the former is distinguished by large particle size, long movement distance, and severe threat. The

formula for calculating the slip distance of rock landslide debris flow has good applicability to the slip distance of
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coal mining-induced landslide developed in the “upper hard and lower soft” strata in the Zongling area, and the
verification error is less than 5%. The formula is used to calculate the dangerous deformed bodies of Zuojiaying and
Jingjiao in the study area, and the danger avoidance distance is predicted to be 220~386 m. The proposed method
of coal mining-induced landslide risk assessment based on differential interferometry and optical image play an
exemplary role for the prevention and control of coal mining-induced landslides in western Guizhou and eastern
Yunnan.

Key words: Zongling landslide group; optical remote sensing; InSAR; landslide slip distance; risk assessment
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Fig. 1  General situation of the Zongling landslide group

(a) Location of the Zongling landslide group and the coverage of PALSAR-2 images; (b) Geological map; (c¢) Geological profile of
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Table 1  Optical and radar data sets used in the study
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Fig. 3  Optical interpretation of the landslide distribution in the study area
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Fig. 4 Multi-period surface deformation of the Zongling landslide group derived from D-InSAR
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from 6 August 2017 to 12 November 2017; (d) Interferogram from 12 November 2017 to 24 December 2017; (e) Interferogram from
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Fig. 5 Average annual deformation rate of the Zongling landslide group

The landslide boundary is the result of optical interpretation. The deformation rate ribbon shows the results calculated by InSAR
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Fig. 7 Deformation pattern of pull-clipping landslide

(a) Fracture development; (b) Formation of dangerous rock mass; (c¢) Slope failure



276

W FFR https ; //journal. geomech. ac. c¢n

2022

4 fa e HEIEM
4.1 ENTERBHEBENBEERETHMAR
18 3l PR B 0 A O fE M PR B G
MR . W A 28, B s HLEE, B AL Y
Mk, AU YR B ShIE B R Ok T M, &
SR B R T 3 A2 B BE S B R AR £, (H R W A
FEUR i 338 3t 702 10 A 52 o 0 8 e 3 2 00 TR 3 oM F
FEM PGS S R R AR, H T O A AR Z g R
TR ARy, #E ST TR 5 s sh iR
BB R (B SR, 2017 B — A,
2018; FEAREE, 2018) , X Vo M X AR 1) 2 o
W TR X — U E A, FBAE (2019) @t
BEEE SRR R, NN, BRLLE
FVECHE 09 55 7 i, #RS7 T W SRR B 5 i
FRUACRL AR 55 4 1 PO AA Z= 25 M 38 R T 5 0T e
J& i 0932 S E B R A

11 =31.623 x (E) x (VH)"® x (tana)**®

(D)
AR VO TR B R d R RIX A

Jrl A Z B R R 2E; o B IR X 5T E
TS BE AR A W A A 3 7% [y B 2 5 5 R
B 1 o ROKFiz s, @ O i AT 4
5 5 PR s i 2 1) B KPR L 2% SFE B
PRAVKR T 107 m® DL LA i 38 K 5 B A ik i 52
P, AETH S BB /N B A U O I A SR = OR
JES, 2019) , CHBESE H Y AE TR BGE T L
(0 O = R A = N S e o I IV <O 7 /= IR
T T WY SO U RE R — MR ER L,
LN PSS G NS IR /A W B N 6 I & D
HRBGHEAT M, FHT VY R 3 DX R Y | R 4K
HETRWE-EE R R EEE, NAXHETE
1B, R —FE T LT AR R E RN
- A et A G HOF R R R A —
AR IS 22 RS IR B WY S T B dle B A T
b= NN OV = ) B SN o AR 5 PN TR E
R BLYLRE | WY R BOUORE I WY SR AR (TR AR )
AR AKX B RRK Pz (BIE
B 00 fED) 58 8 DR I B KK P B S S b
KFIZEEEE (N P E) THRRZE, e 2=
PEAT ¥, FRBCGHCHE R B0 R ARG R =
EJR R R BACA L 2L, I F B2 08 IX 48k it 7Y

Kkife, HAEABWHEPA P R R ER; H  WESERIEA R WS, S58F 8%
NEKRIEHB R, KA & RIAS L3k 2,

*2 BREBERANBHESH
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Fig. 8

InSAR deformation rate map and field survey photo of the Zuojiaying deformed slope

(a) Deformation rate of the Zuojiaying deformed slope; (b) UAV aerial photo of the Zuojiaying deformed slope; (¢, d) Field

photos of the Zuojiaying deformed slope (c: towards 25°, d: towards 280°)
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Fig. 9 InSAR deformation rate map and field photo of the Jingjiao deformed slope

(a) Deformation rate of the Jingjiao deformed slope; (b) UAV aerial photo of the Jingjiao deformed slope; (c, d) Field photos of

the Jingjiao deformed slope (c¢: towards 9°, d: towards 11°)
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