g o
20254F 4 A

#
CARSOLOGICA SINICA

i

5 B Vol. 44 No.2

Apr. 2025

VPGIR, 28 0%, Alieies, 25 LR X A B BE AT R IE B R R (0] AR 5%, 2025, 44(2): 316-327.

DOI: 10.11932/karst20250209

LHERT XaamEs mEHEA R ER

(FHR TR PR G IRFEF

I, Z# #d 232001)

OB LBOE RO DR U B 2 PR O DX A 2 B I 18 S R I T o R W T XU, ™ T
PR RATE o SCEE DI XA 38 38 B O BT 0T B, R 1 6 10 B9 A0 Ml S5 £ L 8300 A0 22 TN 300 A 55
Tk, BEOTE TG AL A 2R BRSO B B L — i T B 2 AR AR, ST TR R 2R R
EIRBAIE MO . SRR W] IR IR B 2 MR R AR | R i KoK ) ) AR AR R, 2T
JEFE ] WA LA KRR IT R H A oA, R BRI R G FERR TR A R R AR AR
B e 2 2 JUY A T A P M K ORI ()M T 2R s A e R A e P B P MR i Xl e R K
e [0] A5 | M AR A B Sk DX R K 1) 42 e, O A2 )R R o Boms K S SRR RS R T, R
T AR M 2 G AR M 2R R P 2R AR R TR 2 1 A R S A A o A X DA R R Skl s

T BT I TR SR g e 2 B AR

RHIR: TR BB A A I s R DN R A B T R X
B HT AR : 0 U T 3 DX U S B TR R P R G, ARAS S T S B A LR, SR IR IR OB SR

PR A PR MG R, 4 1R 1 AR IR A T 3 DX DO o 3 8 I A

HE XS P642.4 X EAFRIAAD: A
XEHS:1001—4810 (2025) 02—0316—12

T

0 35l

R I — B [ N A e v R O SRR
R, 322 F SRR MR R B LIRS |
PR B RALE 07, RUEAs )2 | A o i |
MBS KL H R AR, LR N ARG 3h 3507 1
TR G TE, SEHA AT A B RE A9
WaZe s e ROk AL IGE R, So)md il T B A
it SRS MR K MIE | ALIE LUK JIBE R
WA ELE" . 20 2D 50 4RIk, A2 5
JE X R B IX A ZERE L, 220, IR FLAR S5t
Bea i BBt T i JA A, I LRS54 L Ak A

TR (RIRAR 55) #RIR88 (OSID): |

M 75 R R R DT R T e B T AR R S LR,
Forp R 8l RARK 53T KA AR A v B B
FEFRRZET DR ST A R
H DX IR R I AR — e SRR
AUTAF A, 3 2 Xk 3 [ e AR P e XA A
P, o DX B BAT — AR AR . AN P R 73
DAE, BB SR T O &R 5 A T
AW EERE IR Tz RE" YRRk
VI, A T AR AR R 2%, B SR e e A
ERRRE, 72 Z WM B G B 8 KK R
IKFAER, TR AL 7 A . 72 FARINER 071
PR A B L AR R, A R Bt — B

I H: ER A SRR A -2 BYIH - W B R A R B RHE SO RLERIET (42172279); R A SRRl =L 4 1w B9 BhIH - R

PRSI S 7KK BRI P LI R 5 (42272281)

W—VEERIAN: VLR (1967—), B, -1, B2, WD AE S0, FENFERK SRS SR LAE. E-mail: ggxu67@163.com,
WAFIER: 251999 —), B, Wi AT AR, MK SCHUBARHA T/ . E-mail: lihao4171@163.com,

ks A #1: 2024—04—23


mailto:gqxu67@163.com
mailto:lihao4171@163.com
https://doi.org/10.11932/karst20250209

Faak o2

VPICIRAF RO DA S B A A B B P 317

Ll T B 54 L A A BRI A S A A — < U
AT, Bt T Pl 4 D B L — /28 Ll — i 5
AR S P, 76— R E B U 1% X A 1 K
SCHB TR A, AT EAE LIRSS IERD b, 2P R G
IR BB AR L A R B R, BT
TR DA TR IR AR, DU TR L AR 2R R
S Rl T R e T T R E Y B AR B AR

1 MR

WFFE XA T e 2%, L E B RGEWTZ, 7
FERZRIEWNZ, RIGK FW)Z, ARG B8, h—
e i vh e B0 ZEfEIL . A 4B U T EW [
HINNW [m] 53040, 52 I HLZRF6 T L B SCHT A L
sk A Z Wk s b T VE L, & B ORIRL IR Y, Forp
F By R vp B2 AR LB R ep ) B
T W7 23 A5 A R R 4 7 (AR 00 B 23, A e 7 A oY
& E SN [ AT NNW [ /MKFZ (K 1) .

ZEBRIL AT o U e —R 1t B I B, e 2

U R A ol A AR L B R )R,

WAL 40 5% M B R IR MR S HEBL IR M i A
RO, MR S A —E e, BRI Y, R A 2
1BUFI DA 850180k 2 20°, XA 4 ZE e — IR 1l —i7 Hi i

AmER, BRBREAWZE. BB K R E
R, Pt AFADRAELR P AR =& R
i 2 R R iR, B e R VA IR
MR AR 7™ A 5% A B 1 FH L 75 2 20 A0kt B3 1 LR 3%
ABER B R WE R A — 2 BRI

FENA B, 3 A A Rty A IR . 75 1 &
LMYl RHR ERRBHAR ARRE &R
S5 2, Hb 2 TE 6] 3 NNW ), i pE b, BLlE
LT 2N B, 3 R 28 B TE AT AL T AR T2 —
B LSRR A AS [R) b J5 B B, T 2 b J22 A I R
)2, Wif A 20048 4, JE A U2 B . XN
Wi b s & B, EE A E NNE, NW 245, 1
25V L2 05 50 DU R ok I G RN A 55, MR
JEHE R 10~15 m, 2 A H R G S K B (] 2) .

AR DXl Ab SR R R AT 3 A, AR R K
969 mm, FEHREE X IR SR A 12, 1552 KA %
IR ELAEANG, T M R A A R LA B B R L
AT, T N T AR TRAY, AN R AN B2 T 5
MR WIS K2 fERHLIX, REMBKABG,
2T SR A I A AR A T AS DR VR ol R B TR
bR, R SRR, U AR I R TR
1R BB 2825 T K2, I T J2 1 sy T B A T
Mo I, KA G HEF A 5 K2 R KK AL

fLEEH"

7777777

0 2.7 5.4 km

R ez Bl v = 7 [ 2] e e ) e e sk NI A Lk

B 22080 ezt [ 2 me g T mwz [ O ki

o~
30°

MRk ] ST R R A 2R

BB =708 etz [ Qb Hrng [ wwiz | O | Rtk
D sz Bl etz v [Anmmne [ oz | ]| rsmz

| @ | b

1 R XA KSR E

Fig. 1 Hydrogeological map of bedrock in the Huainan area
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Fig.2 Geological profile of typical section in the Huainan area
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Fig. 3 Relationship between distribution of karst collapse group and stratum trend
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Distribution characteristics and genesis model of karst collapse in the
Huainan area of Anhui Province

XU Guangquan, LIHao, YANG Tingting, ZHANG Haitao, HE Biao
( School of Earth and Environment, Anhui University of Science and Technology, Huainan, Anhui 232001, China )

Abstract Karst collapse is one of the geological disasters in shallow karst regions during coal mining in North China.
This phenomenon is influenced by factors such as stratum occurrence, lithology composition, geological structures,
and hydrodynamic conditions. It is primarily induced by mine drainage, pressure reduction and urban construction in
the mining area. Karst collapse is mainly developed in Cambrian and Ordovician carbonate strata. The mining area in
Huainan is located in the southern margin of the North China Coalfield. Since the 1950s, more than 131 karst collapses
have occurred in the southern coalfield as a result of drainage and depressurization caused by coal mining and urban
construction. These collapses exhibit a clustered occurrence pattern, mainly concentrated in areas such as in Fengtai
county, Kongji, Tubazi, Liyingzi and Shungengshan. These collapses have severely affected residents’ lives in the
mining area and hindered urban development. Therefore, conducting further systematic study on the formation
conditions, distribution, and influencing factors of karst collapse in the mining area is of great practical significance.
This study is essential for gaining a comprehensive understanding of the karst hydrogeological conditions, the
mechanisms of karst collapse disasters, and the effective prevention and control of such phenomena.

This study employs methods including karst field geological surveys, statistical analysis and multi-factor analysis
to systematically investigate the distribution development characteristics, and genesis of karst collapse in the Huainan
area. The results show that karst collapses are mainly formed in the Ordovician and Cambrian strata, which are
distributed along the Quaternary overburden area in the piedmont. This phenomenon is the result of multi-stage
tectonic processes and prolonged groundwater dissolution. According to the controlling conditions, such as collapse-
inducing factors, groundwater dissolution, and stratum occurrence, three types of karst collapse modes induced by
vacuum suction erosion have been proposed: (steep inclination, gentle inclination, and inversion). Additionally, a
collapse mode resulting from gravity load due to the overburden of urban construction has also been identified. The
main results are as follows.

(1) Karst collapses in the study area are mainly distributed in the carbonate strata of Cambrian Zhangxia
formation and the Ordovician Majiagou formation, spanning Fengtai county, Kongji, Tubazi, Liyingzi and Jiulonggang
of Shungengshan to Datong.

(2) Karst collapses of steeply inclined strata are distributed in the Datong and Kongji areas of Huainan. Influenced
by the Shungengshan thrust-nappe structure and the Shanwangji tensional fault, high-angle strata have developed.
Karst formations are concentrated at the intersections of structural fissures and karst fissures that are either
perpendicular or oblique to the stratigraphic direction. The water drainage and depressurization from the surrounding
coal mining operations results in a decrease in pore water pressure within the rock and soil mass decreases, increasing
the hydraulic gradient and disturbing the loose sand and water-soil mass filling in the karst. Such disturbances disrupt
the original stress equilibrium, ultimately leading to collapses.

(3) Karst collapses of gently inclined strata are mainly distributed in the Tubazi area of Huainan. Influenced by
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tectonic activities, vertical or oblique fissures have developed along the rock surface, which are filled with Quaternary
loose materials. As a result of water drainage from the mining operations, the capacity of groundwater to transport
loose rock and soil mass increases, leading to the continuous expansion of soil caves and an imbalance in the
surrounding loose rock and soil mass. Specifically, the effective stress of soil particle framework and pore water
pressure decrease, resulting in karst collapses under the overburden load.

(4) Karst collapses of the inverted strata are mainly distributed in the Liyingzi area. Influenced by the thrust nappe
of Shungengshan mountain, the strata are overturned at the turning point of the fault, leading to the development of
multiple vertical and oblique tensile fissures along the ground level. These fissures are filled with Quaternary loose
materials at their intersections. Due to infiltration from atmospheric precipitation and groundwater, a unified karst
groundwater system has formed in the Ordovician and Carboniferous strata. Subsequently, water drainage from mining
operations reduces pore water pressure, causing an imbalance in the loose water and soil mass, which ultimately results
in collapses.

(5) Karst collapses, resulted from gravity load, mainly occur in Fengtai county, which are underlain by Quaternary
Cambrian and Ordovician karst strata. Influenced by the Shanwangji normal fault, as well as weathering and
denudation processes, karst has been developed in carbonate rock sections. Urban construction increases the
overburden load, which alters the pore water pressure and effective stress of the filling in the caves. This alteration
disrupts the equilibrium between the rock, soil, and water, leading to karst collapses.

The main conclusions of the study are as follows.

(1) The study area is influenced by the nappe structure, with karst collapses densely distributed along the
stratigraphic direction, fault zones or their intersections. Karst collapses occur from the outcrop area to the shallow-
buried area, specifically within the Cambrian Zhangxia formation and the Ordovician Majiagou formation. The
distribution pattern of karst collapses is related to the stratigraphic occurrence. The planar shapes of these collapses are
mostly circular, elliptical and elongated, and they are primarily filled with loose sandy soil.

(2) Karst collapses occur in soluble rock strata, faulted tectonic fractured zones, areas with strong hydrodynamic
conditions, and locations with a thin overburden of loose layers. Based on the genesis and triggering factors, karst
collapses in the study area can be categorized into three different modes, steeply inclined, gently inclined and inverted,
and a mode resulted from gravity load.

(3) The future risk of karst collapses in the Huainan area will continue to be concentrated in the areas of
Datong-Jiulonggang, Bagongshan, and Fengtai county. These areas remain susceptible to karst collapses and require

enhanced monitoring and preventive measures.

Key words the Cambrian and Ordovician periods, karst collapse, controlling factors, collapse mode, the Huainan
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