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induced by underground mining in the Longtan formation coal mine
group in Guizhou
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(1. 111 Geological Party, Guizhou Bureau of Geology and Mineral Exploration & Development,
Guiyang, Guizhou 550081, China; 2. Guizhou Geological Survey, Guiyang, Guizhou 550081, China)

Abstract: For a long time, experts and scholars engaged in the analysis of the causes of mine geological disasters have primarily
studied two aspects: natural factors and human factors. Natural factors refer to natural causes such as topography, geological

structures, karst processes, rainfall, weathering, and plant root splitting. Human factors refer to human activities such as mining.
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However, the main and secondary causes of geological disasters triggered by these factors have not been thoroughly
investigated. This paper takes AH coal mine as an example and, through field investigations, engineering surveys, and
comprehensive analysis, summarizes the characteristics of geological disasters induced by the mining of the Longtan formation
coal mines in Guizhou. The main geological disasters observed include ground subsidence and collapse. The subsidence pits are
all developed in the Quaternary system and are of small-scale. Collapses (hazardous rock masses) are developed in the
Changxing formation limestone, characterized by well-developed rock cavities, and controlled by steeply inclined fractures.
They are classified as medium-sized hazardous rock masses based on volume and as intermediate hazardous rock masses based
on relative elevation. Using theoretical calculations and graphical methods, a quantitative analysis is conducted from two
dimensions: the safe depth of coal mining and the range of influence of goaf (the area left behind after coal extraction). The
research indicates that the formation of ground subsidence within the coal mine area is primarily caused by underground coal
mining while the perilous situation of rockfall masses is mainly induced by underground coal mining, with natural conditions

playing a secondary role. This study contributes to the improvement of theoretical analysis of the causes of similar mining
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geological hazards and provides theoretical guidance for the prevention andcontrol of similar mine geological disasters.

Keywords: Longtan formation; coal mining; geological disaster; safety depth; displacement angle
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Fig. 1 Three-dimensional topographic map of the mining area
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Fig.2 Plan view of the impact area of coal seam mining
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Fig. 3 Typical ground collapse site photos in mining area
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Table 1 Characteristic table of dangerous rock mass in AH coal mine area
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Fig. 4 Characteristic site photos of perilous rock mass

3 HERRERES

I Mo T HR B (P A b 24 5% ) | B 38 45 R E 1Y
KA, MR HOE HA . s BTkl 3 AR L BERT . KUk
VEFIH: AR EFAE A SRR, ORI 1 T RN
NI AH b 5T R HE Y AR 2 AH RO R
ZIETFEA, TN R TR TR | SRS X5 M 1
B 2 Y B RS SR UE R R — i 2K B
1 DX 3 ) i A
3.1 BRI RELRE
311 CRERBHE

S RCERFY) . K PR S RIS
FEREFE R FLR Y2, 3 S v JRARE () J2 IR IR S 2R
JE LR T EE T 150, (5 2 K () 2 B SR IR

507 ZRIB IR T 200 A5, AH B0 5 7 )2 AR
2, 24 280 K BUE R 200,
3.1.2 BREEEAEREE R

PRI R B TS B SR G E R . R
It (ol 7 0™ 52 WP, 5 G AR TR BE 3807
& L — )2 REE A HIERT T 2 REZHE
TG — 2R Z B A4 R, B M=M, (5% F I

— R RIEEMLEEAERIREE) . &ERENLEE1ERR
FEH A
M, =m,_+C-M, D
X M— LB EHEE /m, M, =m,,. M, } 5 b 1 —
BRI R Ve R B
m—WREJR 5T my



2025 4 BORR A SON R AL P TR K0 K R A S AL S 187 -
n——HREG M——25 5 AR R /m;

C—— PR Z W 1 B 5 — 2R
FEAELAY BR, mT A 2

x2 R CEXR
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Table 3 Calculation table safety depth in AH coal mine
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Fig.5 Cross-sectional view of the impact area of coal seam mining
1—TF =BH KR 2— B E KM 3— B G 42 R 5—H 2R 6—fua R K s T—Hu RS g 5
8—MZRAS X 9— B KGE mBE B fiT; 10— F LA S

B AR PR b 5 0 A R RN T IR IE R
Reas X, B RS KBS R, B JZ TR A 2 7 2k &
SCEERAT SN L WL Y5, N SR A, SR ERNY
Ao TR VS P8 R b 5] & R 2 X R AR AR TE | f
Y EBIR, R X A )E A R A RS A R
Bl AR REEE SR P2, BI555), B2 2 i T
U, 17 7 )2 00 3 R R 3 1) M 1T 5 T2 i e T 358 (°F
A b AE ), 7 Hh R BE BRI A T Ak 5 Y B S8 A R &
A 350 b JBTK

ZE LR, AH 5 DX L P9 M T8 B (TX 1 —
TX28) K A 3 24 4% (DLF1) Al T B IR Ay i SR s
B TG B R (WY 1—WY6) Y B 175 T B, HC I PR Ay
TORBE FEIFERFR . AR IR ER R, WELE
AVERRIZE S . AR o Hh Tk R A e ) S R
M IR 28 KR, [FIFEEIEX —4518 .

4 #ip

(1) BE T SEHIE R A M JZ 0 TR 51 A By i 5
AL IZHLRI TR SR | M T 5 e (R A i 2R
B) . iR 2 R TR E, O AT (AR A8 ) 1
RE THMER, WAL /N s (A 1) kB HZ
FYER TGRS (Pyo) fE A I, BA MU
NRE 32 BEMUR B H S5 45 ki, E2OA/NIfE A, IR
N EIE, OO fE o IR AR R A T
SR e 14 b i 0 v LA R 1 AR

(2) 7381 1 5 e T 2 3 2 A R 5| A ) L Jo
TN AH B 7 R AR 8 LA AR N T
HZZ AR, W 5 FAL T HR 28 B A B s
12 o DRI, St T3 B CRF AR 548 ) AR B DR D
ORI Al A B (FE AR 25 A DR 3R O T SR
W BRZRE, B LR B fE IS SR



2025 4E

B AR ST BRI TR T | A 00 M o R 5 B B P AL - 189 -

(3) Bt X B M e P A b J= AT T 2R 51 A Y 3 o K
WL I T | AR AR AL, TR
WAL KA NG B2, SR L0 B ARARE CA
AN o Horp R A NSRRI ZUE 3 n] AR DA %,
VTR I B AT 5 2 B DR AP AT

(4) AU TEA BT 5838 A 11 i o 45 bk
FERA 3T RS, X TR LK E B TAER
AR FE L BT LU RIFTSE T, BEAT R
A AR R T SRR B4 0 R AR R, DL — 2
RALH™ L 3t o 5 S LB BT 5

2 2% Lk (References) :
(1] RS RMEABARREWAME [T SRS

[2]

[3]

[5]

(6]

B, 2012, 40(5): 1 — 5. [ TANG Xiangui. Occurrence
regularities of coal resources in Guizhou Province [ J | . Coal
Geology & Exploration, 2012, 40(5): 1 — 5. (in Chinese with
English abstract) ]

RELG, BN, PR, AL BN A L M BT R B
WhE A fizss [ R] .2016. [ ZHU Yaoqiang, PEI Yongwei,
YOU Jun, et al. Investigation report on mine geological disasters
and geological environment in Guizhou Province [R].
2016.(in Chinese) |

TSI A8 G e B 5R 0 v i M TR R AL K
FEMETEM [ D] . C#B: B T.R %, 2013. [ TAN Ning.
Failure mechanism and stability evaluation of the Zhongling high
slope deformation on mine area in Nayong County [ D] .
Chengdu: Chengdu University of Technology, 2013. (in Chinese
with English abstract) ]

X, e, B R, %2017 4 8 H 28 H 8 M 41 % 5 3k
G0V B I R A B R S R AL B SE [ T] . TR M
Ji 244, 2018, 26( 1) : 223 —240. [ ZHENG Guang, XU Qiang,
JU Yuanzhen, et al. The Pusacun rockavalanche on August 28,
2017 in Zhangjiawan Nayongxian, Guizhou: Characteristics and
failure mechanism [ J] .
2018, 26( 1) : 223 —240. (in Chinese with English abstract) ]
Vi R, BRBRT, O 2 [ 3k T M RR AR 5 0 5 N 9 2
W - W A8 B AR AR AT [ 0] L b R R E S B IR A
iz, 2020, 31(2): 1 — 8. [ XU Shimin, YIN Yueping, XING

Journal of Engineering Geology,

Aiguo. Characteristic analysis of the Nayong rock avalanche’s
kinematics based on seismic signals [ J ] . The Chinese Journal
of Geological Hazard and Control, 2020, 31(2): 1 — 8. (in
Chinese with English abstract) |

FAN Xuanmei, XU Qiang, SCARINGI G, et al. The “ long”
runout rock avalanche in Pusa, China, on August 28, 2017: A
preliminary report [ J ] . Landslides, 2019, 16(1): 139 — 154.
YIN Yueping, SUN Ping, ZHANG Ming, et al. Mechanism on
apparent dip sliding of oblique inclined bedding rockslide at

[11]

[12]

Jiweishan, Chongqing, China [ J] . Landslides, 2011, 8(1):
49 - 65.

ak VAR, E 5, A 5N KO8 1L B Y B B ) R
PE T 5 B B R BORSE B (7] B R S B
6 %4, 2023, 34(3): 1 - 7. [ ZHANG Lei, ZHOU Yinpeng,
ZHUANG Yu, et al. Dynamic analysis and prediction of rear
slope affected area of the Jianshanying landslide in Shuicheng
County, Guizhou Province [ J] . The Chinese Journal of
Geological Hazard and Control, 2023, 34(3): 1 — 7. (in
Chinese with English abstract) ]

MEE, g, Ph o, S5 R A U T B A B8 8 L B
g2 [J] . T8 Hb B 2% 4l , 2015, 23(3): 408 — 414. [ LIN
Feng, FENG Liang, SUN Chi, et al. Formation mechanism of
rockfall controlled by intensively developed karst [ J | . Journal
of Engineering Geology, 2015, 23(3): 408 — 414. (in Chinese
with English abstract) ]

ZE, I, R, AT R A A BEABUZ R A AR
REPLRIBISE [T] a5 A 125 TR AR, 2015, 34(6):
1148 — 1161. [ LI Bin, WANG Guozhang, FENG Zhen, et al.
Failure mechanism of steeply inclined rock slopes induced by
underground mining [ J] . Chinese Journal of Rock Mechanics
and Engineering, 2015, 34(6): 1148 — 1161. (in Chinese with
English abstract) |

TRAR, FRAL, MR, LT E A 2 R R Y

Kz Wb RS E A [T] o E K F S5 BiA

24, 2020, 31(6): 116 — 121. [ GUO Song, GUO Guangli,
LI Huaizhan, et al. Goaf-collapse sites stability evaluation based
on principal component hierarchical clustering model [ J ] . The
Chinese Journal of Geological Hazard and Control, 2020,
31(6): 116 — 121. (in Chinese with English abstract) |

XA, WK, BB, L R E R A X A R

TERHIE BB E [ J] 52441, 2016, 41(6) - 1369 -
1374. [ ZHAO Jianjun, LIN Bing, MA Yuntao, et al. Physical
modeling on deformation characteristics of overlying rock mass
above mined-out area in gently inclined coal seam [ J ] . Journal
of China Coal Society, 2016, 41(6): 1369 — 1374. (in Chinese
with English abstract) ]

VoL R, Hh R, AR AL, SF LV AR R OR R BT L

BT ICHE BUR S B HCR (1] SRR, 2017, 42(2):
276 — 285. [ FAN Limin, MA Xiongde, LI Yonghong, et al.
Geological disasters and control technology in high intensity
mining area of Western China [ J | . Journal of China Coal
Society, 2017, 42(2): 276 — 285. (in Chinese with English
abstract) |

W, LW, PNIMOE, SR R AS AR T A BT a1 A

AR BRI —— LRV KA e (1]

b 0% 5 B iR 2 4, 2018, 29(3): 12 - 17. [ ZENG Rui,

JIANG Mingshun, SUN Linkui, et al. Toppling failure


https://doi.org/10.3969/j.issn.1001-1986.2012.05.003
https://doi.org/10.3969/j.issn.1001-1986.2012.05.003
https://doi.org/10.3969/j.issn.1001-1986.2012.05.003
https://doi.org/10.3969/j.issn.1001-1986.2012.05.003
https://doi.org/10.1007/s10346-018-1084-z
https://doi.org/10.1007/s10346-010-0237-5

VA 24, 2022, 33(3): 68 — 76. [ JIN Peng, SHEN Li, HAN
Xiaoji, et al. Spatial-temporal distribution characteristics and

influencing factors of geological disasters in the open-pit mining

- 190 - Hh T 5 A S BT R oA AR 51
mechanism of rock slope induced by heavy rainfall: A case study area of western Fushun, Liaoning Province [ J ] . The Chinese
of the Zhaojiayan rockfall in western Hubei [ J | . The Chinese Journal of Geological Hazard and Control, 2022, 33(3): 68 —
Journal of Geological Hazard and Control, 2018, 29(3): 12 — 76. (in Chinese with English abstract) |
17. (in Chinese with English abstract) ] [20] "t ARILAEE - ®EI. Rk E ARG, DZ/T

[15] SR, mEE, XH o, 5. 1R R ah T & IR KR BA 0284—2015 [ S] .dtat: EFRUEH AL, 2015, [ Ministry
IR AT R R AE [T ] L K SCHb BT TR ML, 2020, 47(4) of Land and Resources of the People’s Republic of China.
97 = 106. [ ZHONG Zuliang, GAO Guofu, LIU Xinrong, et al. Specification of dynamic survey on geological hazards: DZ/T
Deformation response characteristics of karst mountains with 0284—2015[S] . Beijing: Standards Press of China, 2015.
deep and large fissures under the condition of underground (in Chinese) ]
mining [ J] . Hydrogeology & Engineering Geology, 2020, [217 e AR e 0 [ b 08 T o 3 7 v T I 0 3
47(4): 97 — 106. (in Chinese with English abstract) ] DZ/T 0218—2006 [ S] .4t 50: o [ 7 1 B 4L, 2006,
B g b A L = ub L b 2 P LU pe e
L16] HEI5MG. BUHR, AR, 5. 2 PRI JF R fi A [ Ministry of Land and Resources of the People’s Republic of
- N P JHE e T 2 b .
Wz Jy ot HEBLAR B SE [0 ] EBAL 4 A, 2023, 51(2): China. Specification of geological investigation for landslide
317-333. [ CUI Fangpeng, WU Qiang, L1 Bin, et al. Dynamic stabilization: DZ/T 0218 —2006 [ S] . Beijing: Standards
formation mechanism of a karst landslide triggered by mining of Press of China, 2006, (in Chinese) ]
Itiple-1 & shallow-seated coal J] . Coal Sci . e
multiple-layer & shallow-seated coal seams [ J ] . Coal Science (221 R B T B I B2 4L - DBSO-143-2003 [ S . 2003,
and Technology, 2023, 51(2): 317 — 333. (in Chinese with L : : . N
[ Specification of geological disaster prevention engineering
English abstract) | . o o
D171 B, T I SR I 1A ML e B B [ 1 ] investigation: DB50-143-2003 [ S ] .2003. (in Chinese) ]
17 R T . B PEE IR =y 2 T A R EUTR T . _ "
. . [23] I, BREISC, B A R 28 X B R e B [ ) E oF
o I 4t 5 F 5 B IR 4 4R, 2020, 31(3): 50~ 57. [ CHEN . o
L . . N R——LUH R LR BRG] [T] K SCH B T8 i
Tao. Discussion on formation mechanism and instability mode of
) . . . Jii, 2015, 42(3): 156 — 160. [ LUO Chuan, CHEN Jianwen,
Qingkou dangerous rock in Wulong District, Chonggqing
. . . GUAN Zaiping. Subsidence in a slope terrain above the mined-
City [ J] . The Chinese Journal of Geological Hazard and
t T A tudy of the mini bsid in Shenji
Control, 2020, 31(3): 50 — 57. (in Chinese with English out area case study of The mining subsidence in Shenjia
abstract) ] Mountain [ J ] . Hydrogeology & Engineering Geology, 2015,
[187] A We . S TR, T ok S, A W T B AR A AR SR BRI 42(3): 156 — 160. (in Chinese with English abstract) ]
5l 5% 27 g = =% il = r‘fhk.:/‘ S 3
TR H R e (1] . vh E b RRkE 5P [24] ERLLEWELR, BEET 2 WR, BRERR, & &
S 4. 2021, 32(4): 40 - 46. [ LIU Xiangfeng, GUO Ziyu CUN Y NCY 3. ES SIS ST A S e ST
g A P4 ML =) .. .
WANG Laigui, et al. Analysis on the slope stability of Fushun Z W e (2017066 %5 [S ] 2017. [ State Administration
west open-pit mine under superimposed action of rainfall, mine of Safety Supervision, State Administration of Coal Mine
and earthquake [ J ] . The Chinese Journal of Geological Hazard Safety, State Energy Administration, et al. Buildings, water,
and Control, 2021, 32(4): 40 — 46. (in Chinese with English railway and main roadway coal pillar remaining and mining
abstract) | pressed coal regulations: Safety Supervision General Coal
(197 HFMS, W Jy, b Wetl, 55 30 7 0074 5% K 0 3 B K 55 I Loading [2017] No.66 [ S ] .2017. (in Chinese) ]
25 A A REAE RS R AT [ ] . A R O 5 [25] MR, M. 7 g sl F M [M] . db st s BTl

R #t, 1989. [ TIAN Xumin, TIAN Li. Manual of Local Coal
Mines [ M | . Beijing: Geological Publishing House, 1989. (in
Chinese) |



	0 引 言
	1 AH煤矿矿区地质环境
	2 地质灾害特征
	2.1 地面塌陷（伴生地裂缝）
	2.2 崩塌（危岩体）
	2.2.1 凹岩腔较为发育
	2.2.2 受陡倾裂隙控制


	3 地质灾害成因分析
	3.1 煤层开采安全深度
	3.1.1 安全系数的确定
	3.1.2 煤层综合作用厚度的确定
	3.1.3 安全深度的确定

	3.2 采空区影响范围
	3.2.1 移动角的确定
	3.2.2 采空区影响范围


	4 结 论
	参考文献

