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Abstract 
In order to discuss the control effect of interlayer slip structure on coal and gas outburst 
in  Baijiao  Coal  Mine.  Based  on  the  characteristics  of  stress   and  macroscopic 
deformation and destruction ，In this paper ，interlayer slip structures were classified 
into two categories (plastic deformation interlayer slip structures, fracture deformation 
interlayer slip structures) and four subcategories (plastic deformation interlayer slip 
structures, fracture deformation interlayer slip structures, sliding-damaged interlayer 
slip  structures,  derived  interlayer  slip  structures).  Combined  with  the  types  and 
distribution characteristics of coal and gas outburst in Baijiao Coal Mine ， conclusions 
are drawn that interlayer slip structure makes coal thickness and coal seam spacing 
change dramatically, forms tectonic coal, and generates a large number of hidden faults. 
It makes the coal and gas outburst parameters change mutationally, and makes the coal 
and gas outburst concentrated and continuous. The interlayer slip structure area is also 
a concentrated area of coal and gas outburst. 
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1  Introduction 

Gas outburst refers to a geological phenomenon in which underground combustible gas is suddenly 
released under the action of ground stress. It is a common type of geological disaster in the construction 
of urban infrastructure such as coal mining, urban underground space development, subway, tunnel 
and underground pipeline construction, roads, Bridges and large buildings. Based on the study on the 
control of gas outburst by stratiform slip structure, this paper not only studies the engineering 
geological problems of coal mine safety, but also hopes to help geological and geotechnical 
engineers better evaluate the stability of underground rock strata through the mechanism of gas 
outburst, and provide reference and reference for the management and control of gas in the design, 
construction and operation of underground engineering. 

 

The interlayer slip structure is very developed in the coal seam and its roof and floor[1],[2],[3],[4] . It 
causes solid staterheology[5],[6]and serious damage to coal seam and roof and floor[7],[8] .  Scholars have 
done a lot of research on the basic characteristics of mine interlayer slip structure[9],[10],[11],[12], the 
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influence of interlayer slip structure on coal seamrheology[13],[14],[15],[16], the influence of interlayer slip 
structure on the change of coal thickness[17]and the control effect of interlayer  slip structure on gas  
outburst[18],[19],[20],[21],[22],[23],[24] . 

 
Baijiao coalmine located at the west end of the Gongchang Anticline, the west end and south wing of 
the Shuanghe Compound Anticline. It generally S-type toppling fan-shaped monoclinic structures 
(see Figure 1), small and medium-sized faults are developed in the field with NE-trending. Abroad 
and gentle anticline spreads in the central part, With NWW-NE undulating strike,dip direction NE , 
and dip angle 7~ 26°. The Upper Permian Xuanwei Formation is the main coal-bearing strata, 
thickness 130m. All of the 5- 14 layers of coal are anthracite. The coal layer belongs to the close 
distance coal seam group, with the B2  and B4  coal seams minable in the whole area, and B3  coal seam 
locally minable. There are 5 districts in the second mining level of Baijiao Coalmine .  

 

Figure 1.  Geological survey and mining area distribution map of Baijiao Coal Mine 

 

Baijiao coal mine, Located in the mountainous area of southwest China, has complicated geological 
structure, and interlayer sliding is common in coal measure strata. A lot of coal and gas outburst occurred 
in the process of coal mine production.Based on the study of the characteristics of coal and gas outburst, 
the characteristics of interlayer slip structure and their relationship, the paper summarizes the control 
effect of interlayer slip structure on coal and gas outburst. In order to provide scientific basis 
for preventing and reducing coal and gas outburst and coal mine safety production. 

 

2     Methods 
 
2.1  Baijiao coal mine interlayer slip structure 

The interlayer slip structure is a special geological structure developed in the coal-bearing strata, 

20 district

0

+300

+150

+450

600

400

200

0

800

600

400

200

0

31°15′211°15′
ZK1302 ZKB7-4

F13

F15

F6

T1j

T1f
P3X3

B4

B2
P3X

21 district
23 district

22 district

24 district

J-K

T3
T1-2

T1-2

T1-2

T1-2

T3

P1-2

P1-2

P1-2

P3

P3

P3
∈～S

T3

J

JJ
T3

 synclineXiangling

 anticlinal

Gongchang

 syncline

 syncline

 sy
ncli

ne

Jianwu

Luochang

Ten
gl

on
g  an

tic
lin

al

Fu
jia

ng

1+2

1

N
1000m

T1f

P3x

P3β

coal and gas concentrated
outburst zones

mine field boundary mine laneway line coal seam floor contour
line

dill hole and number fault

section line coal-smits and weathered
zone

mine laneway profile coal seam syncline anticline

F15

B4

458



 

EUROENGEO 2024 4th European Regional Conference of IAEG 
 

 
refers to the intra-layer crumpling, intra-layer faults and their derived structures caused by interlayer 
slip. It is an interlayer shear deformation and failure zone formed in the ' weak layer ' during 
the development of bending-slip folds. 

 

The interlayer slip structure has caused drastic changes in coal thickness and coal seam spacing, 
formed a shear zone along the coal seam and deriving a large number of hidden faults in Baijiao 
coalmine. According to the characteristics of coal seam stress, macroscopic deformation and failure 
characteristics, the interlayer slip structure is divided into two categories : interlayer slip deformation 
structure and interlayer slip failure structure ( see Table 1). and the interlayer slip deformation structure 
is divided into plastic deformation interlayer slip structure and rupture deformation interlayer 
slip structure, the interlayer slip failure structure is divided into sliding failure interlayer slip structure 
and derived interlayer slip structure. 

 
Table 1. Type of interlayer slip structure in Baijiao coalmine  

Type Graphs Features 

plastic 
deformation 

interlayer slip 
structures 

plastic  
deformation 

interlayer slip 
structures 

a 

low damage degree of 
coal strata, Flow 

plasticity 

fracture 
deformation 

interlayer slip 
structures 

b 

no sliding section, no 
relative isplacement, 

mylonitic coal seam is 
formated, Brittleness  

fracture 
deformation 

interlayer slip 
structures 

 sliding-damaged 
interlayer slip 

structures 

c 

 a certain obvious sliding 
surface,    

coal rock is broken, 
Brittleness  

derived interlayer 
slip structures 

d 

 
e 

 independent fault 
systems, the coal seam 
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damaged, Derivative 

structure 
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2.1.1 Plastic deformation interlayer slip structure 

This kind of interlayer slip structure is mainly characterized by flow plasticity and low damage 
degree of coal strata ( see Table 1.a ). The soft coal strata between the hard strata are bent, resulting 
in plastic flow deformation. The whole form is banded similar to waves sliding along a certain 
direction without sliding surface, and the horizontal extension is not far. The horizontal fold in the 
layer can be formed when the sliding is strong. 

 
2.1.2 Fracture deformation interlayer slip structure 

This kind of interlayer slip structure is mainly characterized by brittleness, mylonitic coal seam is 
formated in the layer by coal rock deformation and coal structure failure. There is no sliding section, 
no relative displacement, and the roof and floor of the coal seam are complete. Such as the 14112 
working face is atypical case ( see Table 1.b). 

 
2.1.3 Sliding-damaged interlayer slip structures 

This kind of interlayer slip structure is mainly characterized by brittleness, the coal rock layer is 
staggered along a certain obvious sliding surface, and the coal rock is broken. The layer sliding surface 
is mostly developed along the layer, and the occurrence is basically consistent with the coal seam. The 
sliding zone is narrow while the coal thickness gradually changes and extends far, and the horizontal 
displacement is small in a short distance. 

For example, a wavy shear zone along the coal seam is formed in B4 coal seam (see Table 1.c ), 
where the coal thickness and seam spacing of "weak section" change greatly by interlayer shear action. 

 
2.1.4 Derived interlayer slip structure 

This kind of structure is a derivative structure, which is mostly manifested as a hidden fault. There are 
independent fault systems in the upper and lower layers of coal respectively match with the interlayer 
slip structure, and the coal seam and rock layer are damaged to varying degrees near the fault. 

For example, There area group of small reverse faults at K3 bottom carbon plate in 1172 working face. 
When they extending to the interlayer slip surface, the faults no longer extend upward and 
disappear quickly, forming a special phenomenon of K3 coal seam floor complex and normal in 
the layer (see Table 1.d). 

Another example is that there is a normal fault developed in the overlying Feixianguan Formationthe. 
The interlayer slip phenomenon is remarkable, the fault plane (belt) is closed and the fault disappears 
when he close to or enters the coal measure interlayer slip tectonic belt (see Table 1.e). 
 

2.2  Gas dynamic phenomenon in Baijiao Coalmine 
 

2.2.1 Types of coal and gas outburst in Baijiao Coal Mine 

There are 229 coal and gas outbursts have occurred since June 1966 in Baijiao coalmine ，including 211 
medium and small outbursts ( see Table2) . Large and extra-large outbursts mainly occur at the 
second mining level. The average amount of outburst coal is 164.93 t per time,and the gas is 12038.04 
m3  . The maximum amount of coal outburst is 2777 t, and the gas is 497513 m3. The maximum distance 
of gas countercurrent is 1340 m. Rock cross-cut coal uncovering  outbursts is not much but the strength 
is large. the coal and gas outburst in Baijiao Coalmine can be divided into four types : sudden dumping 
of coal, sudden pressing of coal, coal and gas outburst, gas ejection. 
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Table 2. Coal and gas outburst intensity statistics of Baijiao coalmine 

coal and gas 
outburst scale 

Outburst coal and 
rock quantity/T 

Number of outbursts / times 

excavation face 
Mining Working 

Face total 

small outburst ＜100 120 39 159 

medium outburst 100~500 46 6 52 

Large outburst 500~1000 11 0 11 
Extra-large outburst ≥1000 7 0 7 

total  184 45 229 

 
 
2.2.2 Distribution characteristics of coal and gas outburst in Baijiao coalmine 

Coal and gas outburst in Baijiao coalmine has the characteristics of shallow initial outburst depth, 
independent layer in vertical direction and concentrated distribution in plane. 
The initial outburst depth only 128 meters, the outburst frequency and intensity increase rapidly with 
the increase of buried depth. For example, Among the seven extra-large coal and gas outbursts, the 
second level ( + 450m ~ + 300m elevation ) occurred six times, and the first level ( above + 450m 
elevation ) occurred only once. 

Vertically, coal and gas outbursts have occurred in all mined coal seams. The first B4 mining coal seam 
with 156 outbursts(accounting for 68.1%) is the most likely to outbursts. The outburst strength of B2 
coal seam is large once the outburst occurs, mostly at the most concentrated part of the ground stress 
and mining stress under the coal pillar of B4 coal seam.( for example, the 2074 conveyor lane 
occured 6 outbursts is excavated in the structural area and under the coal pillar, with an average strength 
of 494t and a maximum strength of 2266t. Where the coal thickness increases to 6m locally). 
The outburst risk enhance and strength Increase when the upper and lower coal seams change 
sharply or the coal spacing less than 1.0moreven combined. (for example,A large outburst occurs when 
the coal is uncovered in 20102 material return airway, with the outburst intensity 2777t and the 
gas emission 179.15m3 / t. That’s because The B2 and B4 coal seams combined and folding broken 
seriously due to the interlayer slip structure, and coal thickness increases sharply.). 

On the plane, the coal and gas outbursts mainly ( 89 % ) occurred in 6 concentrated outburst zones ( 
see Figure  1). Not only the outburst intensity is large, but also the points are dense ( 94 % of the 
outbursts above 100t occur in the concentrated zone ). The outbursts concentrate at the bottom of 
valleys, cliffs and geological structures, and often approximately parallel to the fault zone. 

 
 

3     Results 
 

The interlayer slip effect is one of the main driving forces for the formation of ' tectonic coal ' in 
Baijiao Coal Mine, which leads to the destruction of coal structure, the decrease of strength, the 
increase of porosity and the increase of gas pressure. It has a certain control effect on the distribution 
of coal and gas outburst danger zone ( zone ), and is the culprit leading to coal and gas outburst. 

 
3.1  Interlayer slip structure influence on coal seam texture and structure 
 
3.1.1 Coal thickness and coal spacing changes 

Affected by the interlayer slip structure, the coal thickness and spacing of Baijiao coalmine changed 
sharply and abruptly, the B4 coal seam thickness increased from 0.64 m to 4.20 m, and B4 ~ B3 
coal seam spacing changed from 0.00 ~ 11.80 m( see table3). 
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Table 3. Coal seam thickness and spacing list of Baijiao coal mine 
 

Coal seam coal seam thickness（m）  coal seam distance（m）  

number&  
parameter B4 B3 B2 B1 B4~B3 B3~B2 B2~B1 

Min~Max 0.64~4.20 0~2.20 0.64~4.30 0.20~1.50 0~11.80 0.20~9.20 1.40~14.0 

Average 1.10 0.92 2.04 0.50 3.50 2.50 6.00 

 

Gas accumulate easyly near the coal ridge formed by the coal seam wrinkles and thickens. the 
tectonic  stress concentrated due to a dramatically changes in layer  spacing, and the outburst 
risk increases also . More than half of the coal and gas outbursts ( 119 times, accounting for 51.9 % ) 
occurred in  the high fluctuation region, or the transition area of coal thickness from thick to thin 
orthinto thick. And, the thickness is more than 2.0 m of large outburst and super large outburst. 

For example, the interlayer slip structure starting from Fs27 normal fault (H =8 ~10m) and sliding 
along the top of B2 coal seamand bottom carbon extends to form a interlayer slip structure zone with 
a length of 1000 m and a width of about 80 ~ 100 min 2092 wind lane. The interlayer slip structure 
zone forming a serious coal and gas outburst zone where the distance between B2 and B4 coal seams 
changed from 10 m to combined layer, and the thickness increased. And there are  15 outbursts 
where the coal seam spacing decreased suddenly from 10.0 m to 2.0 m in about  100 m near the east 
wing of the 2092 mining working face( see B-B ' section in Fig. 2 ). 

 

 
Figure 2.  Interlayer slip structure and gas outburst of 2092 mining working face 

 
 

3.1.2 Forming tectonic coal 

In Baijiao coalmine,the coal fracture, the coal particles surface area and the gas adsorption capacity of 
coal increases exponentially as the tectonic coal is formed under the action of interlayer slip. The later in-
situ stress causes the coal seam fracture smaller and the permeability decrease, forming a high gas 
area near the interlayer slip structure belt. For example, There are 118 times of coal and gas outburst 
occurs in soft coal stratification, and a gas outburst will occure when the soft coal layer thickness greater 
than 0.2-0.6m in Baijiao coalmine, the thicker the coal seam and the more structural coal is, the greater 
the outburst strength and outburst risk are. Coal and gas outburst is serious in the 14112 working surface 
as the interlayer slip structure forms a relatively stable mylonite layer in the coal seam( see Figure 3 ) .    
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Figure 3.  Coal and gas outburst in 14112 mining working face 

 

3.1.3 The formation of hidden faults 
In Baijiao coalmine, a large number of hidden faults are derived from the interlayer slip structure as 
the coal seam has small dip angle. The coal and rock mass is damaged to varying degrees near the 
fault. The derived faults are mainly compressive and torsional, which play a role in blocking the coal 
seam gas, and the gas is locally enriched, resulting in uneven gas distribution. For example, the coal and 
rock strata in the 2052 interlayer slip tectonic zone are seriously broken, and the coal and gas outburst 
are concentrated (see Figure 4). In particular, the coal structure damage is more serious and the fault 
surface (zone ) close is more tighter near the inflection point of the overlying strata fault entering the 
interlayer slip zone, which often causes local gas accumulation (see Table 1.e). 

 

 
Figure 4.  Buried fault and Coal and gas outburs in 2052 working face 
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3.2 Interlayer slip structure impact on coal and gas outburst 
 
3.2.1 Abnormal parameters of coal and gas outburst 

The risk of coal and gas outburst is usually characterized by parameters such as the initial velocity of 
gas emission (△P), the firmness coefficient of coal (f ), the wrinkle coefficient (K) and the 
comprehensive index (R). △P is the difference between the cumulative gas emission amount at 60s 
and the cumulative gas emission amount at 10s after the coal sample with a certain particle size and 
mass adsorbs gas under 0.1 MPa pressure and then releases gas to a fixed volume space. △P indicates 
the speed of gas emission from coal, reflecting the pore structure and microscopic damage degree of 
coal. The greater the △P, the higher the risk. f is the breaking ratio formed by hammering a certain 
quality and particle size coal sample when a certain quality drop hammer falls freely from a certain 
height. fis a relative index. The smaller the f is, the lower the strength is, and the greater the outburst 
risk is. K is the ratio of the thickness of the soft medium layer to the total thickness of the coal seam. 
The higher the K value is, the more unstable the coal seam is , and the easier outburst it is; r is a 
comprehensive index, which reflects the permeability, damage degree, gas emission rate and rock stress 
state of the coal body in front of the working face. 

It is easy to form cataclastic coal, granulated coal, mylonitic coal and other tectonic coal in the 
interlayer slip effect. The values of △P, f, K and R in the interlayer slip zone are significantly different 
from those normal zone. Each parameter has obvious transition at the boundary of the normal zone, the 
coal-free zone, the thinning zone and the outburst zone (see Figure 5 ). 

 

 

 

Figure 5.   Characteristic of coal and gas outburst risk parameters at interlayer slip structure zone  
（B-B´Geological section，2092 mining working face）  

 

3.2.2 Coal and gas concentrated outburst 

The interlayer slip structure belt controlles more than 70 % of coal and gas outbursts is usually also a 
coal and gas outburst belt. For example, the coal and gas outburst is mainly distributed in two 
concentrated zones in 2092 working face ( see figure 2 ): One is a interlayer slip structure zone near the 
FS27 noirmal fault, with a length of 1000m and a width of about 80~100m. The coal and gas outburst 
occurred 17 times in this zone with an average strength of 441t (The 62 ~ 64 outburst characteristics are 
shown in table 4). Another one is a small interlayer sliding structure belt near the 2092 air roadway, 
open-off cut and working face. 
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Table 4. Characteristics of 62 ~ 64 coal and gas outburst in 2092 air roadway 

number Coal 
Coal and 

rock/t 
Gas emission 
quantity/m3 

burial 
depth/m 

geologic features 

62 B2 233 13770 438 
B4 thinning, B2 thickening,Coal seam 
bedding disorder in fault fracture zone , gas 
content changes greatly.  

63 B4 21 491 475 
Reverse fault, soft coal seam, structural 
disorder. CH4 anomaly 

64 B4 100 2338 475 
Sudden thickening of coal seam, soft, CH4 
anomaly. Sticking drill when drilling 

 
3.2.3 Continuous outburst of coal and gas 

There are more than 6 times continuous outbursts with a space about 10- 15m in the process of driving 
air roadway and gas channel in 14112 working face( see figure 4 ). Also, The coal body was 
continuously and suddenly pressed out 30 m along the strike during the initial mining period of the 2092 
working face( see table 1 ), and there are about  17 coal and gas outbrust occurred continuously in the 
thinned zone of the intersliplayer near the Fs27 normal fault in the 2092 air roadway ( see B-B ' section 
in figure 2), and 18 coal and gas outbrust occurred with 150 m in the wind roadway, open-off cut and 
mining face ( see C-C ' section in figure 2 ). 
 
4 Conclusion 

1）The coal and gas outburst in Baijiao Coal Mine has the characteristics of shallow initial outburst 
depth, independent layer in vertical direction and concentrated distribution in plane. the coal and gas 
outburst in Baijiao Coalmine can be divided into four types : sudden dumping of coal, sudden pressing 
of coal, coal and gas outburst, gas ejection. 

2）The interlayer slip structure of Baijiao coal mine is divided into two categories : interlayer slip 
deformation structure and interlayer slip failure structure . and the interlayer slip deformation structure 
is divided into plastic deformation interlayer slip structure and rupture deformation interlayer slip 
structure, the interlayer slip failure structure is divided into sliding failure interlayer slip structure and 
derived interlayer slip structure. 

3）the interlayer slip structure causes sharply and abruptly changes in coal thickness and coal spacing, 
forming a shear zone along the coal seam, and deriving a large number of hidden  faults, resulting in an 
increasing risk of coal and gas outburst. 

4）The parameters such as ΔP,f, K and R have obvious transition at the boundary of the normal zone, 
the coal-free zone, the thinning zone and the outburst zone. 

The interlayer slip structure area is also the concentrated area of coal and gas outburst. The interlayer  
slip  structure  causes  the  phenomenon  of  coal  and  gas   outburst  concentratedly  and continuously. 
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