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Abstract: Considering the serious coal and rock dynamic disasters around the main slip plane called F16 in the coal mining area) of 
Henan Yima (China) thrust nappe structure, the mechanical genesis of the Yima thrust nappe structure was studied comprehensively 
using geomechanics, fault mechanics, elastic mechanics, and Coulomb’s law of friction. First, using the centrifugal inertia force of 
Earth’s rotation as a source, a mechanical model of N-S compression superimposed with W-E reverse torsion was established to 
explain the formation of the early Yima coal basin and Jurassic Yima Group coal measures. Second, an equation for the ultimate 
stress in the forming stage of F16 was derived using the plastic slip-line field theory and the parabolic Mohr failure criterion. 
Moreover, the distribution of ultimate stress and the geometric characteristics of the fault profile were obtained using the field model 
parameters. Finally, the stress field of F16 and the mechanical genesis of the large-scale reverse thrust sheet were discussed based on 
elastic mechanics theory and Coulomb’s law of friction. The results show that the tectonic framework of the early Yima coal basin 
and the formation pattern of Jurassic Yima Group coal measures given by the model are consistent with the in-situ explorations. The 
geometric characteristics of the fault profile obtained by numerical calculation can better reflect the shape of F16 in its forming stage, 
and the mechanical genesis of the large-scale reverse thrust sheet also concurred with the field situations. Thus, this work can provide 
a foundation for further studies on the genesis of the thrust nappe structure, the mechanism of rock bursts induced by F16, and the 
characteristics of the residual stress field in the Yima mining area. 
 
Key words: mechanical genesis; thrust nappe structure; centrifugal inertia force; fault mechanics; slip-line field theory; Coulomb’s 
law of friction 
                                                                                                             
 

 
1 Introduction 
 

Studies show that disasters involving underground 
engineering, including mining, underground plants, 
water conservancy and hydropower, tunnels, and national 
defence, are closely related to faulted structures. When 
underground projects are located near faulted structures, 
disasters such as rock bursts, collapsed chambers, and 
inrushes of water become more frequent [1−2]. Research 
on the genesis of faulted structures can help us 
understand stress distributions to prevent engineering 
disasters underground. 

The main slip plane (called F16 in the coal mining 
area) of the Henan Yima thrust nappe structure is a 
regional compression-shear fault across the Changcun, 
Yuejin, Qianqiu, Gengcun and Yangcun coal mines. The 
structure extends 24 km along the coalfield and 

constitutes its southern natural boundary (Fig. 1). As the 
depth of the main mine in the Yima mining area 
increased, the operation space gradually approached F16, 
resulting in a strong stress concentration. As for 
coal-rock dynamic disasters, such as rock bursts, roof 
cavings, rib spallings, and mining tremors, have 
increased sharply, especially in the Yuejin, Changcun and 
Qianqiu coal mines. For example, a rock burst accident 
(equivalent to Mw4.1) caused 10 deaths and trapped 75 
people at 7:18 pm on November, 3, 2011 at the Qianqiu 
21221 driving face. Therefore, it is essential to ascertain 
the background stress field of the Yima thrust nappe 
structure and its mechanical genesis. 

The Yima thrust nappe structure has been studied 
extensively. CAO et al [3−4] claimed that the evolution 
of the Yima coal basin could be divided into three stages 
from the point of coal accumulation: early basin 
formation, basin expansion, and basin systolic. In 
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Fig. 1 Geological sketch map of Yima coal basin (Zcxn, Zjry, and Zqly indicate Xiong’er Group (early Paleozoic, Pt-1), Ruyang 

group (Mesoproterozoic, Pt-2), and Luoyu group (Neoproterozoic, Pt-3), respectively. SCSI is the abbreviation for South China Sea 

Islands) 
 
addition, the basic characteristics and the mechanical 
genesis of the thrust nappe tectonic zone along the 
southern margin of North China’s coal accumulation 
region were described from the perspective of its large 
tectonic background. CHEN et al [5−6] divided the 
development history of the Yima coal basin structure into 
an early expansion sinking stage and advanced 
compression upswing from the point of the basin-fill 
features, sedimentary environments, and ancient flow 
evolution. Moreover, the geometry, kinematics, and 
dynamics of the Yima thrust nappe structure were also 
elaborated. Former studies outlined the Yima thrust 
nappe structure; however, most focused qualitatively on 
engineering records, and few concerned themselves 
quantitatively with the mechanical genesis and formation 
processes. 

Theoretical research regarding the study of fault 
mechanics can be divided into three stages: 1) stress state 
analysis; 2) stress field analysis; 3) slip-line field theory, 
which is a comprehensive application of balance 
equations and failure criteria [7−8]. NYE [9] first 
adopted the slip-line field theory to analyse the flow of 
glaciers, which was successfully applied in numerous 
applications [10−15]. CHEN [13] provided a reasonable 
explanation for the occurrence and patterns of listric 
faults and the mechanical properties of their gravitational 
structure based on the slip-line field theory for plastic 
plane strain obeying the parabolic Mohr failure criterion. 
MA et al [16] qualitatively explicated the mechanism for 
the development of a thrust fault and proposed the new 
viewpoint that the rupture of a thrust fault develops 

upward using a mechanical model that combines material 
mechanics and fracture mechanics. DI DOMENICA et al 
[17] provided a new insight to describe the relationships 
between thrusts and normal faults in curved belts. 
Recently, a new theory of maximum effective moment 
criterion proposed by ZHENG et al [18−19] has been a 
research highlight. It can reasonably interpret low-angle 
normal faults, high-angle thrust faults and many 
structures in anisotropic or plastic mediums. Moreover, 
LISLE and WAIKER [20] adopted the separation-pitch 
diagram to estimate fault slip, which was considered as a 
useful device for the representation of the kinematic 
characteristics of a collection of faults. 

The aim of this work is to discuss the mechanical 
genesis of the Henan Yima thrust nappe structure from 
the point of the evolution of the Yima coal basin. The 
primary research focuses on the formation of the early 
Yima coal basin and Jurassic Yima Group coal measures, 
the formation and stress field of F16, and the mechanism 
genesis of the large-scale reverse thrust sheet. 
 
2 Regional geology and structural features 
 

The Yima Jurassic coal basin is a closed 
intermountain faulted basin that developed on the top of 
the triangular Mianchi faulted block, which is 
surrounded by the Anshang strike-slip fault in the 
northeast, the Koumen mountain-Potou fault in the 
northwest and the EW-trending Nanpingquan fault in the 
south. From north to south, the sequential outcrops are 
Proterozoic and Cambrian-Ordovician, Carboniferous, 
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Permian, Triassic, Jurassic, and Cretaceous. They 
generally constitute an incomplete syncline (Fig. 1). 

The Yima thrust nappe structure is located on the 
north side of the EW Qinling tectonic zone. Its formation 
and late deformation are dominated by the tectonic 
activity of the EW tectonic zone since the Mesozoic. It is 
worth noting that the Qinling tectonic zone, which 
belongs to the Kunlun Mountain-Qinling giant latitudinal 
structural belt (Fig. 1), is a regional EW tectonic zone. 
F16 extends approximately 45 km along the strike (110°, 
dip to the south from east), 50−500 m in the fault throw 
and 120−1080 m in the horizontal offset. The geometric 
characteristic of the profile is a listric type with up-steep 
and down-gentle. The rigid conglomerate of the Upper 
Middle Jurassic is sheared by the shallow part of F16 
with a dip angle of 75°. The deep part is 15°−35°. The 
succession in the footwall is involved in a syncline with 
an approximately EW-trending axial trend and the strata 
in the hanging wall are approximately sub-vertical, 
thrusting up northward along the Yima Group coal layer 
(Fig. 1). 

Former research indicated that the Yima coal basin 
initiated during the Late Triassic and terminated in the 
Late Cretaceous [6]. The collision suture between the 
Yangtze and North China paleo-continent plates, due to 
the Indosinian movement of the Late Triassic, laid the 
framework for the Yima faulted basin, providing a place 
for coal accumulation for the Early Jurassic. Subsequent 
tectonics during the period of the Yanshan movement 
determined the development and propagation of the 
Yima faulted basin, including the development of a 
large-scale thrust nappe structural system. Ultimately, the 
large-scale nappe formed, and its stress has been released 
since the Late Cretaceous, accompanied by the end of the 
sedimentary history of the Yima coal basin. Its evolution 
is shown in Fig. 2 [6]. 

 
3 Driving force 
 

Some researches indicated that there was a kind of 
close relationship between variable Earth’s rotation rate 
and some geophysical phenomena, such as the tectonic 
framework of the Earth [21−22], earthquakes [23], 
ENSO events [24], crustal deformation [25−26], and 
atmospheric tides [27]. Thus, astronomers, geophysicist 
and experts on disasters pay attention to the research of 
variable Earth’s rotation rate and geophysical 
phenomena. 

LI [21] first proposed the hypothesis of continental 
brakes in the early twenties. He stated that the cyclical 
variations in the speed of the Earth’s rotation during its 
long geological history were the main reason for 
seawater movement and rock deformation. His 
fundamental idea is that the centrifugal force varies with 
the angular velocity of the Earth’s rotation, and the 
substances of the Earth’s surface are driven by the 
horizontal component of the centrifugal force in 
longitudinal and latitudinal directions for balanced and 
unbalanced horizontal movements. 
 
3.1 Centrifugal inertia force of Earth’s rotation 

With the Earth’s rotation, the centrifugal inertia 
forces of longitude F and latitude fs are generated at any 
point A on the Earth’s spherical surface, as shown in  
Fig. 3 and Eq. (1): 
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where m is the mass of the particle A, ω is the angular 
velocity of the Earth’s rotation, R is the distance between 
particle A and the Earth’s core, and α is the geocentric 
latitude. 

 

 
Fig. 2 Evolution diagram of Yima thrust nappe structure: (a) Sedimentary state of Yima coal basin; (b) F16 fault forming with 

Nanpingquan fault becoming active; (c) Strata in south of F16 thrust northward with Nanpingquan fault being strongly active;  (d) 

All levels of slip planes formed, and overall development of thrust nappe structure completed 
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Fig. 3 Schematic diagram of centrifugal inertia forces 

generated by Earth’s rotation 

 
If the angular velocity produces an incremental 

change Δω, the incremental changes for the centrifugal 
inertia forces longitudinally are  
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where α′ is the geographic latitude, which is nearly equal 
to α. 

Hereinto, ΔF2 counterbalances some vertical 
component of gravity and ΔF1 is the driving force for 
generating the latitudinal structural system for the Earth’s 
crust. When the angular velocity of the Earth’s rotation 
increases, Δω is positive and ΔF1 points to the equator. If 
Δω is negative, ΔF1 points to the South or North Pole. In 
other words, flattening of the Earth increases when the 
Earth’s rotation accelerates, and the substance of upper 
crust tends to be driven from high latitudes to the equator, 
and vice versa. Equation (2) demonstrates that if cosα=0, 
ΔF1=0 on the poles; by contrast, if sinα′≈0, ΔF1≈0 at the 
equator. ΔF1 is maximal when α=45° and cosαsinα′≈0.5 
in the middle latitudes. 

Similarly, if dω/dt≥0, then fs occurs from east to 
west as the Earth’s rotation speeds up. By contrast, fs  
occurs from west to east. fs=0 on the poles, and fs is 
maximal and its direction is parallel to latitudinal lines at 
the equator. 
 
3.2 Evidence of variation of angular velocity of 

Earth’s rotation 
Since the Palaeozoic, the speed of the Earth’s 

rotation has decreased and the radius of the Earth has 
increased [28]: OWEN [29] proposed that the radius of 
the Earth in the Jurassic was 80% of its present size; 
GLIKSON [30] approximated that it was 60% in the 
Precambrian; WANG [31] approximated the radius to be 
75%, 80%, 85%, 90% and 95% of its present size in 
P-2500 Ma, P-1950 Ma, P-1450 Ma, P-850 Ma and 
P-250 Ma, respectively. According to the angular 
momentum conservation, mr2ω=c (c is constant, 
r=Rcosα), the speed of the Earth’s rotation and the 
number of days per year decrease as the radius of the 

Earth increases. 
WELLS [32] showed that there were 424 days in 

the Cambrian, 402 days in the Silurian, 385 days in the 
Permian, and 377 days in the Jurassic, eventually 
decreasing to 365 days in a year today. And the change 
of the average days in a lunar month was summarised 
[33] since the Palaeozoic (Fig. 4). 

 

 
Fig. 4 Relation between average days in a lunar month and 

geological time since the Paleozoic 

 
The following rules can be concluded: 1) the 

angular velocity of the Earth has generally decreased 
since the Palaeozoic; 2) the speed of the Earth’s rotation 
is sometimes quick and sometimes slow, representing a 
certain periodicity; 3) since the Palaeozoic, the Earth’s 
speed has experienced four major turning points: 440 Ma 
(from deceleration to acceleration), 350 Ma (from 
acceleration to deceleration), 230 Ma (from deceleration 
to acceleration) and 130 Ma (from acceleration to 
deceleration). 
 
4 Mechanical geneses of early Yima basin 

and Yima Group coal measures 
 

The in-site data of the Yima basin indicate that the 
sedimentary basin of the Carboniferous and Triassic in 
North China disintegrated due to the Indosinian Late 
Triassic movement, resulting in the formation of the 
Yima basin. From the perspective of the greater region, 
the focus of this work is located between the middle 
latitudes and low latitudes of the northern hemisphere, 
represented approximately as rectangular block ABCD 
(Fig. 5). During the Indosinian movement, the angular 
velocity of the Earth’s rotation increased and the 
lithospheric plate moved toward the equator, generating a 
squeezing action from the equator to the poles; thus, 
block ABCD had been subjected to extrusion in the N-S 
direction (Fig. 5). In addition, due to the northern 
boundary of the ABCD being located in     the middle 
latitudes, the effective radius of rotation for a particle on 
the northern boundary was maximally small and its 
rotation rate was significantly faster than a particle on the 
southern boundary, which was located in the low 
latitudes. fs was also greater based on Eq. (1). 
Therefore, the force of the W-E reverse torsion was  
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Fig. 5 Mechanical model of N-S compression superimposed 

with W-E reverse torsion and a sketch map of its structural 

style 

 
generated as fs occurred from east to west (Fig. 5). 

According to the mechanical model (Fig. 5), with 
the orientation of the maximum principal stress in a 
NNE-SSW direction, the extrusion uplifted belt with an 
axial direction in the NWW and the thrust fault with a 
strike in the NWW could have formed. In addition, the 
normal fault, the strike-slip fault of anticlockwise torsion 
and the strike-slip fault of clockwise torsion, which strike 
NNE, NEE and NNW, respectively, could have formed 
because of the conversion of a minimum principal stress 
axis and an intermediate principal stress axis during the 
process of deformation. 

Hence, the tectonic framework of the early Yima 
triangle faulted coal accumulation basin, which strikes 
approximately NWW, could be expounded by a 
mechanical model with N-S compression superimposed 
with W-E reverse torsion, which explained the 
Nanpingquan thrust fault; the Koumen Mountain-Potou 
fault, which strikes NNE; and the Anshang strike-slip 
fault, which strikes NNW. 

Furthermore, with speed of the Earth’s rotation 
increasing during the Jurassic, a squeezing action from 
the poles to the equator was generated. The violent 
movement of the Koumen Mountain-Potou fault and the 
Anshang strike-slip fault and the relatively weak 
movement of the Nanpingquan fault resulted in uplifting 
in the north and depressing in the south of the Yima coal 
basin. During this period, the basin mainly collected the 
terrigenous clastic substances originating from the north 
side, and the Jurassic Yima Group coal measures were 
finally formed (Fig. 2(a)). 
 
5 Mechanical genesis of F16 thrust fault 
 

In the Late Jurassic, speed of the Earth’s rotation 

began to decrease and the lithospheric plate began to 
move from the equator to the poles, leading to the strong 
movement of the Nanpingquan fault. The strata of the 
Proterozoic and the Palaeoproterozois in the south of the 
fault were uplifted in a large area, accompanied with 
large-scale magmatism. Gravity spreading occurred in 
the uplifted edge zone, resulting in large-scale 
compressive stress. Afterwards, the Yima thrust nappe 
structure began to initiate, especially the F16 thrust fault, 
which was the first to be initiated and propagated. 
 
5.1 Mechanical model and failure criterion of rocks 

According to the mechanical model of the 
gravitational gliding layer [9,13], as shown in Fig. 6, the 
analytical expression can be expressed by effective stress 
as follows: 
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where θ is the gradient of the sliding system; γ is the 
stress gradient of fluid-filled rocks; zx~ and z~ are 
effective stresses; λ is the ratio of the pore fluid pressure 
to the geostatic stress. 
 

 
Fig. 6 Mechanical model of gravitational gliding layer 
 

Herein, the parabolic Mohr failure criterion [34] 
was employed: 

 
)( t

2   n                                (4) 
 
where σt is the uniaxial tensile strength; n=c2/σt, is the 
undetermined coefficient; c is the cohesion. 

An expression for the parabolic Mohr envelope 
using stress components in axes can be deduced as 

 
22

t
2 ~44)~~(2)~~( zxzxzx nnn          (5) 

 
5.2 Distribution of ultimate stress and fracture plane 

of system 
For rocks obeying the parabolic Mohr failure 

criterion, expressed in terms of effective stress (Eq. (5)), 
reaching the state of limit equilibrium means that each 
point in the sliding system satisfies the criterion. Thus, 
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the limit stress states can be given by substituting Eq. (3) 
into Eq. (5): 
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Equation (6) shows that the sliding system can 

reach the state of ultimate stress only if 
.0~)~( 2

t  zxzn  When ,0~)~( 2
t  zxzn  the 

mass of the sliding system reaches critical equilibrium at 
.hzz  Substituting 0~)~( 2

t  zxzn   and hzz   
into Eq. (6) yields the following: 


























h

t
2
h

222

22
t

222222

h

h

h

2

)(4)1()1(
cos

sin2

sin4)1(cos)1(cos

)1(cos~
sin~

z

nznn

nnn
z

z

z

z

zx












 

(7) 
 

It is worth noting that the strengths (σt, n) in Eq. (7) 
are the strengths of the lubricating layer itself when the 
lubricating layer exists. 

There are two solutions for x~ ( 
x~  and 

x~ ) in 

Eq. (6); thus, there are two states of ultimate stress: 
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~)~(2) zxznn   . Since the Yima thrust nappe 

structure thrusts up from south to north along the Yima 
Group coal seam, we took the coal seam as the 
low-strength layer. In order to properly design our 
models, we characterized the coal mechanical parameters 
using uniaxial compression and shear tests on in-situ 
samples derived from Yuejin, Changcun, Qianqiu and 
Gengcun coal mines. Results show that the uniaxial 
compression strength ranges from 10.1 to 20.4 MPa  
(16 MPa in average) and the cohesion c ranges from 1.14 
to 3.12 MPa (2 MPa in average). Further, considering the 
anomalous pore pressure, the necessary parameters are as 
follows: 
 
σt=1.6 MPa, c=2 MPa, γ=0.025 MPa/m, θ=5°, λ=0.9  
 

Substituting the above parameters into Eqs. (4) and 
(7) yields  

 
n=2.5 MPa, zh=1783.78 m                      (8) 
 

As a result, the relation between ultimate stress and 
depth can be obtained, as shown in Fig. 7. 

It is known that 
x~  changes from tensile stress to 

tensile shear, pure shear and compressive shear from top 
to bottom, called the extending deformation state, and 


x~ is entirely compressive shear, called the compressive 

 

 
Fig. 7 Relation between ultimate stress and depth 

 
deformation state. 

The direction of the bedding is x-axis regarding the 
mechanical model of gravitational gliding layer (Fig. 6). 
Thus, the angle (β) between σ1 and the x-axis under the 
limit equilibrium state is 
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According to the slip-line field theory, the slip-line 

can be obtained by connecting the lines of the direction 
of each point’s fracture plane (also called slipping plane) 
when the materials are in a plastic flow. Therefore, the 
equation for the slip-line can be expressed as 
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where φ is the angle between σ1 and the shear plane, 
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Previous research has demonstrated that listric 
normal faults and listric reverse faults in gliding fractures 
resulted from the failures in extending deformation states 
and compressive deformation states, respectively [9, 13, 
35]. Thus, the fracture-line field of the listric reverse 
fault can be obtained (Fig. 8). 

Figure 8 shows that the geometric characteristic of 
the fracture-line field is a listric type with up-steep and 
down-gentle, which is supported by actual explorations 
of F16. The reason for the different angle values is that  

 

 
Fig. 8 Fracture-line field of listric reverse fault 
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the dip angle of the fault calculated in this work (Fig. 8) 
is the angle between the bedding plane and the fault 
plane in the beginning of deformation (the bedding plane 
is (nearly) horizontal). The angle of the field exploration 
(Fig. 1) contemporarily, however, is the result of late 
deformation and reformation, which can be confirmed by 
the existence of the Yima syncline (Fig. 1). The field 
explorations manifest that the mean dip of the coal seam 
in the footwall is 12°. Thus, the occurrence of the strata 
can be returned from its current incline to initial 
horizontality using the fault’s dip angle minus 17° (12°+ 
θ); therefore, the dip angle values of the fault in its 
forming stage are obtained: the shallow is 58° and the 
deep is 0−18°. This result is nearly consistent with the 
results of the model calculation. 

In conclusion, F16 results from the failures in the 
extending deformation state and its stress state is entirely 
compressive shear. The geometric characteristics of the 
fault profile obtained by numerical calculation better 
reflect the shape of F16 during its initial formation or 
developmental stage. 
 
6 Mechanical genesis of large-scale reverse 

thrust sheet 
 
6.1 Stress field of F16 

The mechanical model was established by taking a 
triangular micro-unit from the fault plane as the research 
area, as shown in Fig. 9. 
 

 
Fig. 9 Mechanical model of thrust fault 

 
The stress components are as follows: 
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where xp~ and zp~ are the stress components on the fault 
plane, and δ is the fault’s dip angle where the micro-unit 
is taken. 

Further calculations yield the normal stress on the 
fault plane: 
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The shear stress is as follows: 
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Hence, the stress field of F16 can be obtained based 

on Eqs. (11), (12), and (13) and Fig. 7, as shown in   
Fig. 10. 
 

 
Fig. 10 Stress field of F16 

 
Figure 10 shows that the horizontal stress and 

normal stress are greater than the vertical stress and shear 
stress, and both are positive. It also illustrates that F16 is 
dominated by horizontal stress and its stress state is 
entirely compressive shear. 
 
6.2 Mechanical mechanisms for slippage of large- 

scale reverse thrust sheet 
The frictional property of the sliding surface is 

associated with the relative displacement of two fault 
walls. The initially forming section needs to overcome 
greater frictional resistance than the existing section to 
generate relative displacement. With the generation of 
relative displacement, the surface roughness is subjected 
to shovels cut and transformations; thus, the frictional 
resistance decreases. 

According to Coulomb’s law of friction, there is a 
positive correlation between frictional stress and the 
normal stress acting on the fault plane, and the ratio 
coefficient is called the static friction coefficient. When 
the shear stress exceeds the static frictional strength, i.e., 
τ>τf, there will be relative sliding between the hanging 
wall and the footwall of faults. The static frictional 
strength can be expressed as  

 
f0f

~                                 (14) 
 
where τ0 is the strength of anti-friction sliding without 
normal stress (the cohesion), μ is the friction coefficient, 
and f

~ is the effective normal stress, τ0 is generally 
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considered equal to zero for fault planes; i.e., faults begin 
to slip when .~

f  The friction coefficient decreases 
once faults start sliding, which is called the dynamic 
friction coefficient in this case. 

The relation between the ratio of shear stress to 
normal stress (  ~/~ ) and the depth on the fault plane is 
shown in Fig. 11. BYERLEE [36] found that in the upper 
crust, the Coulomb friction criterion can be simplified to 
 








MPa 200~;~6.050~
MPa 200~;~85.0~




               (15) 

 
As shown in Figs. 10 and 11, ~  is much less than 

200 MPa, and  ~/~  is less than 0.85. Hence, in the 
initial stage of formation of F16, the fault plane is in a 
state of static friction. Due to the driving friction 
resulting from the Nanpingquan fault’s hanging wall 
(active plate) thrusting up northward, the strata in the 
hanging wall of F16 (Nanpingquan fault’s footwall) have 
the trend of clockwise rotation from south to north with 
the fault plane as the fulcrum (as shown in Fig. 2(b)). At 
this point, f

~   and f
~   , and their relation, which is 

shown in Fig. 12, can be described as follows: 
 

534.1~3371.0~                            (16) 
 

 
Fig. 11 Relation between  ~/~  and depth 

 

 
Fig. 12 Relation between shear stress and normal stress in 

formation stage of F16 

 

With the rotation of strata in the hanging wall of 
F16, the roughness of the fault plane is subjected to 
shovel cuts and transformations. The fractured surface 
forms further, and the frictional resistance decreases. 

Once the fracture forms, the cohesion τ0 decreases to 
zero, and the frictional resistance is transformed from 
static frictional resistance to dynamic frictional 
resistance, with values as follows: 

 
 ~3371.0f                                 (17) 

 
Consequently, during the sliding period of the strata 

in the hanging wall of F16, the stress distributed on the 
north boundary (the active plate of F16) is f

~   , and 
stress distributed on of the south boundary (the passive 
plate of Nanpingquan fault) can be approximated as τf 
(Fig. 12(c)). Figure 13 shows that the values and 
varieties of τf are greater than f

~    from top to 
bottom, resulting in different speeds for the strata in the 
hanging wall of F16. Eventually, the strata will twist, 
causing the formation occurrence to steepen and even 
appear to be upright or inverted (see Figs. 2(c), (d)). 
 

 
Fig. 13 Stress curves of north and south borders of F16’s 

hanging wall 
 
7 Conclusions 
 

1) A mechanical model of N-S compression 
superimposed by W-E reverse torsion is established, 
which satisfactorily explains the tectonic framework of 
the early Yima coal basin and the formation pattern of 
Jurassic Yima Group coal measures. 

2) The main slip plane (called F16 in the coal 
mining area) of the Henan Yima thrust nappe structure 
results from the failures in the extending deformation 
state and its stress state is entirely compressive shear. 
The geometric characteristics of the fault profile obtained 
by numerical calculation can better reflect the shape of 
F16 in its initial stage of formation. 

3) Our model results and the genesis of the 
large-scale inversion thrust sheet are in some way 
consistent with the in-situ explorations, which can be 
significant for further studies on the formation of the 
thrust nappe structure, the mechanisms of rock bursts 
induced by F16, and the characteristics of the residual 
stress field in the Yima mining area. 
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