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Abstract

The deformation and failure of rocks surrounding roadways mainly depend on the strength and stress of the rocks. The
strength of surrounding rocks is closely related to their structure. A reasonable study of the structural characteristics of
rocks surrounding roadways is of great significance to the safe production of mines. To investigate the structural
characteristics of roadway surrounding rock strata, this work selected the floor strata of the main mining coal seam of the
Luling Mine in Huaibei, Anhui, China as the research subject. The lithology of the strata revealed by boreholes along
major exploration lines and representative primary sedimentary structures in the study area was interpreted through
sedimentary structure analysis. Subsequently, the thickness, properties, and structural features of various lithologies
between No.8 coal seam floor and No.10 coal seam roof in the Luling Mine were systematically analyzed using data from
75 boreholes. The rock mass structure types in the study area were classified in accordance with the uniaxial compressive
strength categorization of coal measure rock test specimens. Results demonstrate that: A delta system coal-bearing rock
series dominated by river action is deposited in the Luling mining area. The total thickness of the main coal seam is
64.00~119.00 m, with an average of 82.32 m. Specifically, the thickness of sandstone is about 5.00~62.40 m, with an
average of 33.77 m; the thickness of mudstone is about 19.80~91.00 m, with an average of 48.55 m; the sandstone
content is 6.00%~75.00%, with an average of 41.00%; the mudstone content is 25.00%~94.00%, with an average of
59.00%. The coal seam floor is divided into two types of sedimentary rock layer structure, i.e., the whole mudstone type
and the sand mudstone interbedded type. The whole mudstone type is interdistributary bay-crevasse splay model
deposition, mud sand combination, which belongs to soft rock mass. The sand-mudstone interbedded type is a flooded
basin-distributary channel model deposition, sand-mud combination, which belongs to medium-hard rock mass. Two
engineering geological models of whole mudstone type and sand-mudstone interbedded type are established. The
proposed study results provides foundational research data for analyzing the deformation mechanisms of roadways and
their support.
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1. Introduction

The stability of rocks surrounding roadways is an important
factor determining the safety of roadways. The deformation
and failure of surrounding rocks mainly depend on their
strength and the force acting on them. The strength of
surrounding rocks is determined by their lithology, and the
force of roadways depends on their buried depth and the
geological structure. Coal seam mining during extraction
significantly affects the stability of a floor roadway’s
surrounding rock, with mining-induced effects leading to
increasingly prominent issues in roadway maintenance and
rehabilitation [1-3].

The strength of surrounding rocks in roadways is
influenced by multiple factors, including mining techniques,
the size of the working face, and geological and structural
conditions [4-6]. Since the middle of the 20th century, with
the branch refinement of the development direction of rock
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mechanics, important progress has been made in the study of
the stability of the surrounding rock mass of roadways. The
method has developed from the original elastic and elastic-
plastic methods to rheology, damage, expansion, and
fracture. With the rapid development of computer science
and technology, auxiliary software has also emerged at the
historic moment, providing a strong and effective guarantee
for the study of the stability of the rock mass structure of
roadways. Some researchers wuse various numerical
simulation software to conduct theoretical analysis by
adjusting parameters [7,8], while some adopt the method of
setting up measurement points underground and utilize
advanced monitoring technologies to collect and analyze
data [9,10]. However, numerical simulation analysis cannot
fully and objectively reflect the actual complex geological
conditions underground, and underground measurement
cannot be fully carried out because of the high cost required,
which brings great technical problems to the study of the
influence of the geological structure of rock layers on the
deformation of roadways.
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On this basis, this study investigated the environmental
formation processes of sedimentary rock layers. The
lithology and representative primary sedimentary structures
of rock strata exposed by boreholes along key exploration
lines in the study area were systematically interpreted.
Sedimentary depositional patterns within the interval
spanning from the base of No. § coal seam to the roof of No.
10 coal seam were thoroughly analyzed. Two distinct
engineering geological models—full mudstone type and
sand-mudstone  interbedded type—were subsequently
developed. This study provides foundational research data
for analyzing the deformation mechanisms of roadways.

2. State of the art

For the study of sedimentary environment theory, Shea-
Albin, Mark C, and other scholars first used sedimentary
petrology theory to assess the stability of roadway
surrounding rocks [11,12]. Lander R H adopted two 3D
simulation methods to reflect sedimentary petrology and
enrich the theory of sedimentary petrology [13].

Many studies have been performed on the influence of
sedimentary environment theories on lithofacies structures.
Milad Benmadi et al. conducted detailed lithofacies
identification on the exposed outcrops of Wutong Rock in
Mississippi, USA and the SCOOP underground wells in the
central-southern part of Oklahoma, USA to study the
sedimentary environment and lithofacies of Wutong Rock,
and the results can be used for underground prediction to
strengthen exploration and development plans [14]. P.
Antipov et al. investigated the tectonic and sedimentary
environments of the hydrocarbon-bearing Triassic sequences
in the Caspian region, demonstrating that the area was
dominated by marine terrigenous carbonate rocks,
sedimentary rocks, and volcaniclastic deposits, while the
structural characteristics of the Pre-Caspian Basin sequences
exhibited a genetic relationship with salt tectonics [15].
Ramkumar M et al. conducted a study on basin-scale fluvial
sediments in sedimentary environments, which contributed
to the understanding of various lithologic structures of
sediments [16].

Few studies exist on the surrounding rock strata of
roadways from the perspective of sedimentary environment.
Hylbert et al. analyzed the influence of river channel action
and crevasse splay deposition on the stability of roadway
roof [17]. Houseknecht evaluated the main geological
factors affecting the stability of coal seam roof from the
perspective of sedimentation [18]. Shear Albinv. R believed
that the stability of coal seam roof is related to the
sedimentation of coal seam surrounding rock, early
compaction strength, late structural characteristics, and other
factors [19]. Considering the sedimentary conditions of coal
seam and its roof formation, Chinese scholars have
established different regional sedimentary models to analyze
the stability of coal seam roof. Chen Jiangfeng et al. applied
methods such as sedimentary petrology and, building upon
the AHP-fuzzy comprehensive evaluation model, utilized
Mathematica to conduct a comprehensive zoning analysis of
No. 4 coal seam roof in Huangyuchuan Coal Mine, Inner
Mongolia, China, concluding that rock mechanical
properties and structural development degree exerted
significant control over roof stability [20]. Zhen et al.
systematically analyzed the stability of the roof surrounding
rock in an inclined coal seam and determined the key factors
of surrounding rock deformation in different stages of GEFR
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support process [21]. Yuan Yue studied the problems of
large deformation and failure of soft rock roadways in deep
coal seam roofs and summarized the failure mechanism and
control countermeasures for surrounding rocks of roadways
in intercalated coal seams [22]. Chinese scholar Li Dezhong
studied the equivalent elastic characteristics of sedimentary
rock layers, where each rock layer in the stratified rock mass
structure was treated as a homogeneous and isotropic elastic
body, and proposed that the elastic characteristics of the
equivalent medium could be represented by the stratified
thickness and elastic constants of the sedimentary rock
layers; this equivalent medium is capable of replacing
multilayered, discontinuous rock masses within a certain
range, thereby providing a simplified analytical method for
studying the properties of sedimentary rock layers [23].
Abhishek Batwara et al. established a coal seam geological
model of ultrafine Mannville Formation, revealed the rock
properties of sedimentary coal seams, and improved the
efficiency of coal seam mining [24]. Peng Jun et al.
investigated the basic sedimentary characteristics and
development models of fine-grained sedimentary rocks by
studying the sedimentary structure and rock formation types
of the Qianfoya Formation in the Yuanba area [25].

Scholars have conducted extensive research through
analyses of sedimentary environments, lithology of rock
masses, and stratigraphic combination structures of coal-
bearing strata. However, their research focus remains
primarily on evaluating the stability of coal mine roofs and
floors on the basis of sedimentary rock layer structures.
Stratigraphic characteristics and sedimentary models require
further in-depth exploration from the perspective of
depositional environments.

The rest of this study is organized as follows: Section 3
indicates the detailed analysis of the sedimentary
environment of the main coal seam in the study area. Section
4 presents the interpretation of the lithology type and
sedimentary model of the rock strata in the study area and
the identification of the lithology structure characteristics of
the main coal seam floor. Section 5 summarizes the results
of this study and provides relevant conclusions.

3. Methodology

3.1 Sedimentary environment of the main coal seam
section

To analyze the sedimentary environment of the main coal
seam section of the Luling Mine, this study identified and
interpreted the lithology and representative primary
sedimentary structures revealed by the boreholes of the main
exploration lines in the mining area. Based on the analysis of
the sedimentary characteristics of the Permian coal-bearing
rock series in the Huaibei Coalfield by Li Yunshan et al., the
Luling Minefield belongs to the epicontinental sea
environment in the Carboniferous period. From the early
Permian period, the sea water gradually withdrew from north
to south, the effect of the distributary channel was
strengthened, and the delta prograded to the sea basin. A
delta system coal-bearing rock series dominated by river
action was deposited in this area [26,27].

The following diagram shows the primary sedimentary
structure and biological sequence formed by the deltaic
sedimentary environment in the study area, with the
representative sedimentary structure name used to label the
sedimentary unit formed by a certain role, and genetic
explanation is given. The division of subenvironment and
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microenvironment of the river-dominated delta system is

shown in Table 1.

Table 1. Subenvironment and microenvironment division table of the delta system

Sedimentary Environment

Sub Environment

Microenvironment

distributary channel
natural levee
crevasse splay

delta-plain .
P flood basin
river-dominated delta diversion Bay
peat swamp
delta front estuary sandbar

remote sand dam

prodelta

3.1.1 Delta plain
The delta plain is the water-based part of the delta, mainly
influenced by river action, and is a vast and low-lying area.

(1) Distributary channel

The sediments of the distributary channel are generally
medium-fine grained quartz sandstone, which transits
upward to fine sandstone and mudstone. The sandstone has
large and medium-sized cross bedding, and the bedding
scale becomes smaller upward. There are retained sediments
at the bottom, and the sorting is better.

Figure 1 depicts the sedimentary sequence of the upper
part of the Lower Shihezi Formation in the 83-9 borehole of
the minefield. The bottom of the sequence is No. 7 coal and
mudstone roof, the lithology upward is medium-grained
quartz sandstone, and trough cross-bedding is common. The
upper sandstone is well-sorted fine-grained quartz sandstone,

which belongs to distributary channel deposition and often
develops wedge-shaped cross-bedding. The upper part is
natural levee sedimentary siltstone with slow wavy bedding
and No. 6 peat swamp sedimentary coal. The sedimentary
sequence in the upper part of the Shihezi Formation under
the hole of 83-9 reflects the weakening of the hydrodynamic
conditions of the distributary channel or the process of
channel migration in the deposition.

(2) Natural levee

The natural levee deposit is often associated with the
sedimentary facies of the distributary channel. The
sedimentary lithology is mainly siltstone, with gentle wavy
bedding and small sandy bedding. It is mainly formed by the
deposition of suspended solids on the embankment during
the flood period, as shown in Fig. 1.

Hole depth/m Primary sedimentary sequence Sedimentary structural features | Lithology | Sedimentary environment
527.74 = = == Massive bedding 6 Coal Peat swamp
536.16 == Gentle wavy bedding Siltstone Natural levee

Wedge shaped cross
544.57 e~ bedding and trough Sandstone Distributary channell
el shaped cross bedding
2P —— I Gentle wavy bedding Mudstone Flood basin
546.33 —— e |
7 Coal
o]
= = = =

Wedge cross bedding Wavy bedding  Trough cross bedding  Fine sandstone

Medium grained Mudstone
sandstone

Siltstone

Fig. 1. Sedimentary sequence of upper part of the lower Shihezi Formation (hole 83-9)

(3) Crevasse splay

The crevasse splay is deposited because the estuary of
the distributary channel is seriously blocked, and the water
volume in the distributary channel continues to increase,
causing the estuary to break the embankment. Then, the
deposition is formed. Crevasse splay deposits often appear
on the interdistributary bay or flood basin. The lithology of
the sedimentary strata is mainly medium and fine-grained
sandstone with poor roundness and sorting, and most of
them form small cross-bedding with positive grain sequence,
as shown in Fig. 2.

Fig. 2 depicts the sedimentary sequence of the lower part
of the Lower Shihezi Formation in the minefield. The
aluminous mudstone layer (K2) at the bottom belongs to the
flood basin deposit. The upper sedimentary rock is medium-
sorted quartz sandstone, which belongs to the crevasse splay
deposit, with massive bedding. The upper part is the flood
basin and peat swamp deposit mudstone and No. 9 coal.
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(4) Flood basin

The area where the floodplain of the delta plain is
deposited during the flood period is called the floodplain
basin. The lithology of the sedimentary strata in the alluvial
basin is mainly composed of siltstone and mudstone.
Developed undulating laminations and  horizontal
laminations mainly exist, and common plant fossils are also
found. The deposition of alluvial fans is more abundant than
that of distributary channels and alluvial fans before and
after the outburst, as shown in Figure 2.

(5) Peat swamp

It is commonly found in deltaic plain areas. With the
continuous accumulation in the floodplain, the water depth
becomes shallow. Then, with the extensive sea retreat in the
region, the water body in the sedimentary basin gradually
becomes shallow, and swampification progressively
develops, forming peat swamps (Figure 2).
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Hole depth/m | Primary sedimentary sequence Sedimentary structural features Lithology Sedimentary environment
| e | : .
769.49 E— Massive bedding 9 Coal Peat swamp
P i = Delta -
776.16 [/NI]S Horizontal bedding Mudstone P Flood basin
784.46 Massive bedding Sandstone plain | Crevasse splay
Aluminum .
5 oigaiis i Flood basi
16181 —e— I No layering mudstone (K2) =
= = = ] [5] E
= = 3 Aluminum
Wedge cross bedding ~ Wavy bedding ~ Trough cross  p;no candsione  Fossil leaves im—— mudstone

bedding

Fig. 2. Sedimentary sequence of lower part of the lower Shihezi Formation (hole 00-2)

(6) Interdistributary bay

The sedimentary lithology of the interdistributary bay is
primarily gray-black mudstone, which is mainly formed in a
relatively ~ stable hydrodynamic  environment. The
interdistributary bay is easy to be silted up to form peat
swamp, which provides favorable conditions for the
deposition and formation of coal seams. Fig. 3 presents the
sedimentary sequence of the middle part of the Lower
Shihezi Formation in the Luling Minefield. The lower

section is mudstone deposited in the interdistributary bay
environment, often with horizontal bedding structure; the
sedimentary facies in the middle section are interdistributary
bay facies and crevasse splay facies. The main lithology is
fine sandstone with small thickness and thick mudstone,
which reflects the weak hydrodynamic conditions of the
water. The upper section is the mudstone deposition of the
flood basin.

Hole depth/m Primary sedimentary sequence |Sedimentary structural features | Lithology Sedimentary environment
425.97 —_ == Gentle wavy bedding Mudstone Peat swamp
|
430.54 - Massive bedding Fine sandstone| . Natural levee
463.07 @ : Gentle wavy bedding Mudstone ;)1 ain | Distributary channel
466.11 3 I Massive bedding Fine sandstone Flood basin
- @ . | Horizontal bedding Mudstone Interdistributary bay
= (=] ==
= = = &

Wedge cross Wavy bedding Trough cross bedding Fine sandstone

bedding

Fossil leaves Aluminum mudston Mudstone

Fig. 3. Sedimentary sequence of the middle part of the lower Shihezi Formation (hole 00-1)

3.1.2 Delta front
The delta front is the area where the water from the river
with sand content enters the basin and is the underwater part
of the delta. At the confluence of the distributary river,
owing to the sudden change in water dynamic conditions,
the water energy decreases, causing the sediment to settle
down.

(1) Estuary sandbar

The deposition of the estuary sandbar is due to the fact
that the sand river water in the distributary channel enters
the open water area of the basin, the water flow velocity
decreases, and the sand body is deposited in large quantities.
The estuary sand dam deposit is close to the distributary
channel, and mudstone deposits such as interdistributary bay
are common on it, as shown in Fig. 4.

(2) Remote sand dam

The distal sandbar deposits are located above the
pretriangular plain deposits, as demonstrated in Figure 4.
They belong to the same pretriangular plain deposits as the
estuarine sandbar deposits. The sediment is mainly
composed of interbedded sand and mud rocks, and common
fossils of organisms and other features are also found.

3.1.3 Prodelta

The fore delta is the bottom fine-grained sequence of deltaic
sedimentation, with horizontal bedding structure. The
lithology is mostly dark mudstone, and it is located beneath
the distal sandbar deposit, as shown in Figure 4.

Hole depth/m Primary sedimentary sequence Sedimentary structural features Lithology Sedimentary environment
677.39 :_: —_— Horizontal bedding Mudstone Diversion Bay
679.35 Massive bedding 10 coal Delta | Peat swamp

R o o | - Sikthi —
693.72 D> D Planar cross bedding Fine sandstone Distributary channel
= o |
701.26 Horizontal bedding Mudstone Diversion Bay
| H Fine sandstone
711.52 P Wedge cross bedding ) Delta Estuary sandbar
= Sand shale front
72555 — Nterbedding Hiterbed Remote sand dam
738.00 i —— | Horizontal bedding Mudstone Prodelta
[~
= = = [~ [=]

Wedge cross Wavy bedding Trough cross bedding

bedding

Fine sandstone Fossil leaves Aluminum mudston Mudstone

Fig. 4. Sedimentary sequence of the lower part of Shanxi formation (hole 92-3)

44



Zhongsi Dou, Zhenghai Zhang and Ruili Han and Yimeng Wang/Journal of Engineering Science and Technology Review 18 (2) (2025) 41 - 48

3.2 Primary sedimentary structure sequences and their
environmental interpretation

The formation of primary sedimentary structures is strictly
controlled by sedimentary environmental factors. Through
the study of the constructive deltaic sedimentary
environment and sedimentary structural characteristics

dominated by river action in the abovementioned research,
the primary sedimentary structure sequence of the Permian
coal series in this mining area and the corresponding
sedimentary environment are summarized, as shown in
Table 2. This information provides a basis for the analysis of
the sedimentary facies of No. 8 coal seam floor.

Table 2. Primary tectonic sequence and interpretation of sedimentary environment in Luling mine

General Lithology Representative Primary Sedimentary Structures Sedimentary Environment
coal massive bedding Peat swamp
Mudstone and siltstone Horizontal bedding and gentle wavy bedding flood basin
sandstone Block bedding and small cross bedding crevasse splay delta-plain
siltstone Slow wavy bedding and small ripple bedding natural levee
sandstone Large and medium-sized cross bedding distributary channel
Mudstone and siltstone Horizontal bedding and wavy bedding Diversion Bay
sandstone Wedge-shaped cross bedding Estuary sandbar delta front
sand shale interbed Interbedding Remote sand dam
mudstone horizontal bedding prodelta

4. Result Analysis and Discussion

The lithologic types and their degree of softness and
hardness of coal measures have a significant effect on the
stability of well engineering [28-30]. To determine the types
of coal-bearing rock formations and their hardness and
softness, this study classified the coal-bearing rocks into two
major categories: mudstone type (carbonaceous shale, coal
seam, mudstone, sandy mudstone, etc.) and sandstone type
(fine sandstone, medium sandstone, coarse sandstone, and
conglomerate). On the basis of the data from the previous
exploration boreholes of the mine, the rock types of the

strata between the bottom of No. 8 coal seam and the top of

No. 10 coal seam were analyzed, obtaining the rock type
composition characteristics of each stratum section.

4.1 Lithologic composition of the floor strata of the main
coal seam

The composition of rocks in the rock stratum section from
the bottom of No. 8 coal seam to the top of No. 10 coal seam
in the Luling Mine was statistically analyzed, and the results
are presented in Table 3. The total thickness of this section
ranges from 64.00 m to 119.00 m, with an average of 82.32
m. In particular, the thickness of the sandstone layer is
approximately 5.00~62.40 m, with an average of 33.77 m;
the thickness of mudstone is approximately 19.80~91.00 m,
with an average of 48.55 m; the content of sandstone-like
rocks ranges from 6.00% to 75.00%, with an average of
41.00%; the content of mudstone types ranges from 25.00%
to 94.00%, with an average of 59.00%. From this
information, the strata from the bottom of No. 8 coal seam to
the top of No. 10 coal seam in the Luling Coal Mine are
mainly composed of mudstone.

Table 3. Lithology thickness from the floor section of No.8 coal seam to the top section of No.10 coal seam in Luling mine.
Hole sandstone Thickness Total Sandstone mudstone Hole sandstone Thickness Total Sandstone "
number thickness/m " of m thickness/m % % b thickness/m " of m thickness/m % %
91-3 57.2 19.8 71.0 743 25.7 78-1 38.0 50.0 88.0 432 56.8
hole4 54.4 203 74.7 72.8 272 98-1 35.0 50.3 853 41.1 58.9
91-5 62.2 20.9 83.1 74.9 252 92-3 20.0 52.0 72.0 275 722
78-4 51.0 212 722 70.6 294 11-2 33.0 53.0 86.0 384 61.6
81-7 62.4 21.6 84.0 743 25.7 92-5 33.0 53.0 86.0 384 61.6
83-4 46.5 23.7 70.2 66.2 33.8 83-2 29.2 53.6 82.8 353 64.7
106 62.0 24.0 86.0 72.1 27.9 92-3 20.5 545 75.0 273 72.7
94-1 56.5 284 849 66.6 335 91-3 193 545 73.8 26.1 73.9
86-1 40.0 29.0 69.0 58.0 42.0 CQ-5 283 553 83.5 33.8 66.2
98-1 56.8 29.9 87.6 64.84 34.1 89-2 36.0 56.0 92.0 39.1 60.9
LUs 36.0 41.0 71.0 46.8 533 18-2 34.0 66.0 100.0 34.0 66.0
104 44.0 30.0 74.0 59.46 40.5 82 43.0 56.0 99.0 434 56.6
water2 55.0 31.0 86.0 64.0 36.1 94-4 30.0 56.0 86.0 349 65.1
81-9 46.9 31.1 78.0 60.1 39.9 90-4 31.0 56.0 87.0 35.6 64.4
14-2 55.3 33.0 88.3 62.6 374 91-4 13.8 56.3 70.0 19.6 80.4
12-3 55.0 33.0 88.0 62.5 375 LUl 27.0 57.0 84.0 32.1 67.7
138 56.0 33.0 88.0 63.6 375 94-7 17.0 57.0 74.0 23.0 77.0
170 56.0 34.0 90.0 62.2 37.8 92-4 24.0 57.0 81.0 29.6 70.4
19 49.0 34.0 83.0 59.0 41.0 92-8 30.0 57.0 87.0 345 65.5
28-2 42.0 35.0 71.0 54.6 455 94-5 18.0 58.0 76.00 23.7 76.3
12-2 50.0 35.0 85.0 58.8 41.2 81-15 234 58.6 82.0 28.5 71.5
78-3 47.0 35.0 82.0 573 42.7 137 33.0 59.0 92.0 359 64.1
13-3 32.1 352 67.3 47.7 523 92-1 23.0 60.0 83.0 27.7 723
94-3 36.2 35.8 72.0 50.3 49.7 95-1 24.0 60.0 84.0 28.6 71.4
81-1 44.0 36.0 80.0 55.0 45.0 92-2 17.0 61.0 78.0 21.8 78.2
83-11 31.0 37.0 68.0 45.6 54.4 91-4 12.0 61.0 73.0 16.4 83.6
79-20 50.0 37.0 87.0 575 425 133 15.0 62.0 71.0 19.5 80.5
9-102 44.0 38.0 82.0 53.7 46.3 94-1 17.0 63.0 80.0 213 78.8
83-13 32.0 40.0 72.0 444 55.6 83-12 37.0 64.0 101.0 36.6 63.4
78-2 42.0 40.0 82.0 51.2 48.8 98-2 38.0 65.0 103.0 36.9 63.1
83-3 37.1 40.0 77.1 48.1 51.9 91-1 9.0 65.0 74.0 12.2 87.8
83-9 33.0 42.0 75.0 44.0 56.0 83-10 22.8 67.3 90.0 253 74.7
73-3 19.0 45.0 64.0 29.7 70.3 89-1 13.0 68.0 81.0 16.1 834
6-7-9 24.0 45.8 69.8 344 65.6 190 12.0 71.0 83.0 14.5 85.5
28-10 29.1 45.9 75.0 38.8 61.2 93-1 7.4 71.9 79.3 9.3 90.7
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83-14 25.0 46.0 71.0 352 64.8

91 34.0 46.0 80.0 425 57.5
28-9 28.2 46.8 75.0 37.6 62.4
81-16 323 46.9 79.2 40.8 59.2
98-3 25.0 47.0 72.0 34.7 65.3

97 33.0 48.0 81.0 40.7 59.3
83-9 24.75 49.0 73.8 33.6 66.4

94-6 41.0 72.0 113.0 36.3 63.7
98-2 26.3 73.5 99.8 263 73.7
83-10 15.0 71.0 92.0 16.3 83.7
81-14 27.0 80.0 107.0 252 74.8
81-13 5.0 80.0 85.0 59 94.1
183 28.0 91.0 119.0 235 76.5

4.2 Lithologic combination characteristics of the floor
strata of the main coal seam

Based on the statistical analysis of the data from 75
boreholes in the Luling coalfield that expose the section
from the bottom of No. 8 coal seam to the top of No. 10 coal
seam, two main types of combinations are developed within
the coalfield. One is dominated by mudstone with thin layers

89-1 92-1 81-13

of sandstone or entirely composed of mudstone (the full
mudstone type combination). The other is dominated by
sandstone with mudstone or sand-mudstone interbedded
layers (the sand-mudstone interbedded type combination). A
comparison of their stratigraphic columns is shown in Figure

8313 — 8114
- B ==
— see
o= 2]

(a)

(b)

Fig. 5. Lithological association type of floor strata of No.8 coal seam in Luling mine. (a)All mudstone type combination. (b)Sand-mudstone

interbedded type combination

4.3 Sedimentary mode of floor strata in the main coal
seam

On the basis of the sedimentary background of the coal-
bearing strata in this area, combined with the lithologic
combination characteristics of No. 8 coal seam floor, and in
accordance with the sedimentary facies indicators such as

lithology, biologic fossils, and bedding exposed by the
boreholes, the main sedimentary patterns of No. 8 coal seam
floor in this area were comprehensively determined to be
two type: interdistributary bay-crevasse splay type and
flooded basin-distributary channel type (Table 4).

Table 4. Classification of sedimentary models of No.8 coal seam floor in Luling mine

Type Depositional Model Lithological Composition Rocl((;f:ll(‘ieength Expose Drilling Holes
I Interdistributary bay-crevasse splay Mudstone as the main component, weak 89-1,92-1,
type interbedded with fine sandstone 83-10,81-13
o Flooded basin-distributary channel Medium sandstone, siltstone, fine strong 83-13.83-14.76-1
type sandstone

4.3.1 Interdistributary bay-crevasse splay sedimentary
model

The top of No. 10 coal is composed of gray-white fine
sandstone with developed bedding, which is a distributary
channel deposit. On the top is mainly dark gray and gray-
black mudstone, containing a small amount of plant fossil
fragments and siderite ooids, with the characteristics of
horizontal bedding interdistributary bay sediments. At that
time, the hydrodynamic conditions in the sedimentary basin
of this area were weak, and the supply of terrigenous debris
was minimal. The middle and lower part of No. 8 coal is an
aluminous mudstone layer, with a small amount of siltstone,
horizontal bedding, and plant root and leave fossils. This
layer has stable development of aluminous mudstone, which
is the boundary marker layer (K2) between the Lower
Shihezi Formation and the underlying Shanxi Formation in
the Luling Minefield, belonging to the flood basin deposit,
and between the Lower Shizhibu Formation and the
underlying Xiashan Formation in the Luliang Coalfield,
belonging to the alluvial basin sedimentary environment.
Above K2 is a layer of fine-grained quartz sandstone. The
roundness and sorting of the particles are poor. Most of them
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are massive bedding, with inconspicuous normal grain
sequence crevasse splay deposits. On it is a set of flood
basin and peat swamp deposits. The sediments of the flood
basin are mainly mudstone and siltstone with horizontal
bedding or slow wavy bedding. The peat swamp
environment provides conditions for coal development.

4.3.2 Flooded basin-distributary channel sedimentary
model

A layer of medium sandstone with a thickness of about 15 m
exists at the top of No. 10 coal seam. It develops plate-like
cross-bedding and often contains argillaceous inclusions. It
belongs to the distributary channel deposit. Above it is the
interdistributary bay deposit, mainly mudstone and sandy
mudstone, and is sandstone and the distributary channel
deposit with a thickness of 11 m. The aluminous mudstone
in the middle and lower part of No. 8 coal is the flood basin
deposit, and a peat swamp is developed on it. The peat
swamp environment provides conditions for coal
development.
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4.4 Sedimentary rock structure type of the main coal
seam floor

4.4.1 Rock lithology type of the main coal seam floor

On the basis of the uniaxial compressive strength of coal-
bearing rock specimens, the rocks were classified into three
types: hard, medium-hard, and soft rocks. For the coal-
bearing rock formations, the percentage of hard rocks (K)
was used to represent the characteristics of rock types:

K=" x100% M
H

where h represents the total thickness of medium-hard rock
in a certain coal-bearing stratum section, and H represents
the total thickness of the statistical stratum section. In
accordance with the value of K, the types of rock mass were
classified into three categories, namely, hard, medium-hard,
and soft rock mass, as shown in Table 5. Under the influence
of mining, different floor lithology types will produce
varying stress transfer laws, which will also have a control
effect on the deformation characteristics of the floor
roadway in the stope.

Table. 5. Rock mass type of coal seam floor

. . K
Lithological type of value Main lithology
bottom rock mass
(%)
Hard rock mass 65 Varlous‘ sandstones and
limestone
Medium hard rock mass 35-65 Sandstone, silty mudstone, and
mudstone
Soft rock mass <35 Mudstone, silty mudstone, and
coal seams

On the basis of the statistical data of boreholes in the
Luling Mine, a distribution map of rock types in the strata
from the bottom of No. 8 coal seam to the top of No. 10 coal
seam was compiled, as shown in Figure 6. This section is
mainly composed of medium-hard and soft rocks, with
minimal hard rock. The soft rock masses are mainly
distributed in the mining areas such as 6, 7, 114, 116, 1111, I114;
the medium-hard rock masses are largely distributed in the
mining areas such as 1, 2, 3, 4, 5, 8, II1, 112, 113, 1I8, and III8.

o - N /
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soft rock

Medium
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Fig. 6. Distribution pattern of rock types from the floor section of No.8
coal seam to the top section of No.10 coal seam in Luling Mine(The

data in the figure for the sand rate /%)

hard rock

4.4.2 Sedimentary rock structure type of the main coal
seam floor

Controlled by the sedimentary environment, the sedimentary
rock properties of coal measure stratum change cyclically in
the vertical direction, forming different layered rock
structures. According to the above comprehensive analysis
of the lithology composition and its combination
characteristics, sedimentary characteristics, and sedimentary
model and lithology type of No. 8 coal seam floor, the coal
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seam floor in this area can be divided into two types of
sedimentary rock layer structure, namely, full mudstone type
and sand mudstone interbedded type. The whole mudstone
type is interdistributary bay-crevasse splay model deposition,
mud sand combination, which belongs to soft rock mass.
The sand-mudstone interbedded type is flooded basin-
distributary channel model deposition, sand and mud
combination, which belongs to medium-hard rock mass. The
different sedimentary rock layer structures of the coal seam
floor will affect the stress evolution of the stope floor and
the deformation of the surrounding rocks of roadways.

5. Conclusions

To assess the structural -characteristics of roadway
surrounding rocks, this study interpreted the sedimentary
environment and primary sedimentary structure sequence in
the study area. Mine drilling data were used to analyze the
lithologic composition, structural characteristics,
sedimentary mode, and lithologic structure type of the main
coal seam floor in the mine. The major conclusions are as
follows:

(1)Based on the analysis of the sedimentary
characteristics of the main coal seam in the Luling Mine, the
main coal seam comprises a river-controlled deltaic
sedimentary environment. The primary sedimentary tectonic
sequence of the coal measures and the sedimentary
environment represented by it were summarized. The
sedimentary environment of No. 8 coal seam floor was
determined to be dominated by the delta plain.

(2) The rock composition of No. 8 coal floor in the
Luling Mine was statistically analyzed, from which
mudstone rock accounts for the main part, followed by
sandstone. Lithologic combination types of No. 8 coal seam
floor in the mine were divided into full mudstone and sand-
mudstone interbed.

(3) On the basis of the sedimentary environment of coal
strata and the lithologic characteristics of No. 8 coal floor,
combined with the data of biological fossils, two
sedimentary models of interdistributary bay-crevasse splay
type and flooded basin-distributary channel type were
proposed. Combined with the lithology type, the engineering
geological model of two kinds of sedimentary rock structure
floors of full mudstone type and sand mudstone interbedded
type was established. It provides a basis for studying the
stress evolution of floor stope and the deformation and
failure mechanism of floor roadways.

This study combines mine drilling data with
sedimentology theory. On the premise that scientific,
reasonable, and correct drilling sampling is ensured, it saves
the research cost for roadway surrounding rock properties. It
is suitable for mines with complete drilling data and has
important practical significance. Owing to the specificity of
the sedimentary model in the study area, partial
generalization is inevitable. Therefore, in the analysis of
surrounding rock strength and ground stress of a specific
roadway, certain measurements should be combined to
ensure accuracy and provide reasonable theoretical basis for
support.
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