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Underground coal mining causes movement of overlying rock layers and
damage to geological structures, leading to surface subsidence and the
development of tensile cracks. To investigate the influence of surface cracks
on soil structure and properties, this study was carried out in the Zhuzhuang
Mine subsidence area. The research focused on two typical tensile cracks
that segmented the area into three plots (HP, MP, LP), with 105 soil samples
collected from around the cracks. By measuring soil particle size distribution
(PSD), organic matter (SOM), moisture content (MC), available phosphorus (SAP),
and available kalium (SAK), and combining multifractal theory to analyze soil
structural heterogeneity. The results indicate that surface fissures promote the
formation of preferential flow paths on the slope, leading to the migration of clay
particles towards the fissures. The average surface clay content in the HP area is
5.45%, significantly higher than the 3.03% in the LP area. The fractal dimension
shows that the fractal dimension of surface soil is lower than that of deep soil,
and increases with depth, reflecting that cracks exacerbate the stratification and
heterogeneity of soil structure. Correlation analysis further revealed that there
was a significant negative correlation (-0.916) and positive correlation (0.903)
between the viscosity and powder particles in the HP region and the fractal
dimension D(0), while there was a strong negative correlation (-0.992) between
the powder particles in the LP region and D(1). There is a positive correlation
between soil moisture and clay content, but the nutrient migration path in the
LP area is disrupted due to the obstruction of cracks and terrain, resulting in a
weakened correlation with particle size. This study elucidates the mechanism
by which mining subsidence cracks affect soil physical and chemical properties
by altering soil particle transport and water distribution, providing a theoretical
basis for land reclamation and ecological restoration in mining areas.

KEYWORDS

surface tension crack, mining induced subsidence, particle size distribution, multifractal
dimension, soil physical and chemical properties

1 Introduction

The underground coal mining activities cause the movement of overlying rock layers
and the destruction of geological structures, which was the fundamental reason for inducing
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surface subsidence and the formation of tensile cracks (Behera and
Singh Rawat, 2023; Dawei et al., 2019; Xu et al., 2023) These drastic
changes in surface morphology had become a key mechanism
for soil system degradation in coal mining subsidence areas
(Zhao et al,, 2015). During the process of surface subsidence above
the coal mining face, when the tensile and shear stresses generated
by local subsidence exceed the mechanical bearing capacity range
of the soil, cracks will form in the surface soil (He et al., 2021;
Xie et al., 2024). The number and scale of cracks were influenced
by various factors, including the range of the coal mining face, the
thickness of the loose layer, and the physical properties of the surface
soil (Gao et al., 2016; Xu et al., 2015; Yuan et al., 2025¢). Previous
research had systematically revealed the negative impact of coal
mining subsidence on soil systems through surface cracks, pointing
out that it was the core link in vegetation degradation and ecosystem
function damage in mining areas (Li et al., 2023). Therefore, the soil
environment in the surface crack zone of coal mining subsidence
areas has attracted more attention.

At present, many researches generally believed that surface
tension cracks were one of the main reasons for the decline in
arable land quality and ecological environment deterioration in
mining areas (Li et al., 2020; Peng et al., 2018; Wang et al,, 2019).
The formation and development of cracks constitute a complex
dynamic process involving multiple factors such as geological
structure, rock thickness, mining rate, surface topography, and
changes in soil moisture content, and exhibited spatiotemporal
characteristics such as “leading” and “lagging” (Guo et al., 2019;
Liu et al, 2019; Yang et al., 2024b). The generation of cracks
significantly changed the physical, chemical, and biological
properties of soil, destroyed the integrity of soil structure, and forms
“preferential flow” channels for water and gas (Fan et al., 2023). And
priority flow paths can promote the leaching of pollutants (such as
heavy metals and nutrients) into groundwater (Liu et al., 2025),
this not only exacerbated soil moisture evaporation and deep
leakage, leading to a decrease in soil moisture content and a
trend towards aridification, but also directly affected soil porosity,
bulk density, permeability, and water holding capacity, thereby
accelerating soil weathering. In addition, coal mining subsidence
and crack development were often accompanied by soil nutrient
loss. Numerous studies had shown that key fertility indicators such
as organic matter, total phosphorus, and available potassium in
subsidence areas were significantly reduced, resulting in serious
damage to soil quality and productivity (Hou H. et al, 2021;
Hou K. et al, 2021; Wang et al, 2022). The deterioration of
soil physicochemical properties further led to an imbalance in
microbial community structure and a decrease in enzyme activity.
Cracks can alter the soil microenvironment (such as moisture,
aeration, nutrient availability), thereby affecting the structure and
activity of microorganisms (Li et al., 2025; Wang et al, 2021).
Meanwhile, many scholars had pointed out that soil particle
composition was closely related to its physical and chemical
properties, and emphasized that soil particle distribution was a key
indicator reflecting changes in soil environment (Hu et al., 2014;
Zhang et al, 2015; Zou et al, 2014), and the migration of
fine particles (especially clay) through cracks could indeed
facilitate the transport of adsorbed contaminants, including heavy
metals (Huang et al., 2020). Its spatial variability can effectively
indicate the response of soil systems to external disturbances
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(Lu et al, 2018; Yuan et al, 2025b). Therefore, researchers
often use different particle size ratios to explore the physical,
chemical, and biological characteristics of soil (Qi et al., 2018;
Shahbazi et al., 2013; Wu et al., 2021).

The method based on fractal theory had become an important
technique for quantitatively studying the characteristics of soil
particle distribution (PSD) in recent years (Yang et al, 2023;
Zhang et al., 2021). Early research often used traditional hydrometer
methods to determine soil particle composition and evaluate the
single fractal dimension of PSD. With the widespread application
of laser diffraction method (laser particle size analyzer) in soil
particle composition determination, research on PSD multifractal
parameters was also increasing. Compared with traditional statistics
such as mean and variance, multifractal analysis can better
capture the local singularity and scaling characteristics of soil
PSD, and is particularly effective in detecting hidden heterogeneity
and complex spatial patterns caused by disturbances such as
cracks (Pan et al., 2025). Especially under different land use
or vegetation types, multifractal parameters help to reveal the
complexity and heterogeneity of soil PSD (De et al, 2008;
Jing et al., 2020; Wang et al., 2022; Zhang et al., 2019). However,
there is still a lack of research on the distribution characteristics
of soil particles in coal mining subsidence areas, especially the
limited description of the impact of cracks on soil particle
distribution.

Therefore, this study focused on the coal mining subsidence
area of Zhuzhuang Mine in Huaibei City as the main research
area, and used multifractal dimension to analyze the distribution
characteristics of soil particles around surface cracks, studied the
roughness and non-uniformity of soil particle composition, as
well as the changes in soil texture and physicochemical properties
around cracks, providing a basis for land reclamation and ecological
restoration in mining areas.

2 Materials and methods

2.1 Materials

105 soil samples were collected on both sides of the surface
cracks in the study area, as shown in Figure 1. HP were 35 samples,
MP were 40 samples, and LP were 30 samples (Figure 1c). Sampling
was conducted at multiple depths (0-20 cm, 20-40 cm, 40-60 cm,
60-80 cm, and 80-100 cm) within each zone to ensure vertical
and horizontal representativeness. The study area is situated above
the 3,522 working face of the Zhuzhuang Coal Mine in Huaibei,
with geographical coordinates of 116°50'42’E and 33°57'29'N. The
3,522 working face extends 150 m in length and 130 m in width,
oriented in a southwest-northeast direction. This region has a warm
temperate semi humid monsoon climate. Rainfall is concentrated
in summer, with an average annual precipitation of 823.4 mm
and an extreme maximum annual precipitation of 1441.4 mm.
The surface soil type is abandoned farmland, with a groundwater
depth of 1-3 m. The terrain gradually decreases from north to
south, and cracks of different sizes appear on the surface of the
subsidence area. Two east-west trending typical cracks, C1 and
C2, were selected, with lengths of 51.6 m and 106.7 m, widths of
35-45 cm, and depths of 50-75 cm, respectively. According to the
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topography, C1 and C2 divided the study area into three parts,
named HP, MP and LP, and there were different tilt angles in
each part. The dip angle of the HP is 1~2°, the MP is 0~1°, and
the LP is 2~3°.

2.2 Methods for testing physical and
chemical properties of soil samples

Divided the collected fresh soil samples into two parts, one part
was measured for soil moisture content (MC) by drying method, and
the other part was air dried to remove garbage and other impurities.
Then, the samples were crushed and sieved and used for the
detection of particle size and other physical and chemical indicators.
A RISE-2006 laser particle size analyzer was employed to measure
the soil particle size, with a measuring range of 0.02~2000 pm. The
soil organic matter (SOM) was determined using the potassium
dichromate volumetric method-external heating method, and then
the sodium bicarbonate extraction-spectrophotometric method
was used to determine soil available phosphorus (SAP). The
sodium tetraphenylborate colorimetric method is used to detect soil
available kalium (SAK).

Frontiers in Earth Science

2.3 Methods for analyzing soil PSD

The multifractal method was used to study the spatial variability
of soil PSD of the individual samples. The interval of soil particle
size I = [0.5,105] (um) was considered, and I was subdivided into
32 subintervals I; = [¢,,¢,,,], i = 1,2, ...,32. The length of I; follows a
logarithmic scale and log(¢;,,/¢,) is constant. A number N(e) = 2
of cells of equal size £ = 5x 27% for k = 5 was analyzed in the new
interval I;. p,(e) was defined as the probability with soil particles
of a certain mass within the subinterval I, Multifractal analysis
using p;(¢) as a measure of the mass percentage of soil particles
in the subinterval characteristic size p can be quantified by the
generalized dimension, which are expressed as follows (Equations 1,
2) (Qiao et al., 2021; Wang et al., 2015):

LOICD

D(q) = E% F e forg+1 (1)
and
(Y™ igp,(e)
D(l)=limLMforq=l 2)
e=0g—1 Ige

where, g is any real integer. Attribute g acts as a scanning tool
identifying the denser and rarer regions of the measure p.
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The generalized dimensions of ¢ = 0 and g = 1 are called the
capacity dimension D (0) and entropy dimension D(1), respectively.
D(0) can characterize the PSD range of soil, commonly known
as the box-counting dimension, and D(I) can characterize the
concentration level of soil PSD, known as information entropy. And
the most uneven case gives D(0) = 1 because it has the richest
distribution of soil particles, and the most uniform distribution
follows D(0) = 0. On the other hand, a D(1) value close to 1 indicates
the uniformity of measurement on the unit size set, and a D(1) value
close to 0 indicates the scale subset of the irregular set.

Generally, the multifractal spectrum f(a) of the measure is
used to express the results, and f(o) is defined by the Legendre
transform as:

(Y u(g.01gp (@)

oq) = 51—7?(1) Ige 3)
lg(ZZ(f)ui(q, &)lgu;(q,¢) )
fla@) = lim o @)
where,
pi(e)?
u;(q,€) = ST R (5
Zi:l pi(e)!

« is the Lipschitz-Holder exponent, characterizing the average
strength of singularity in measure u. f(a) is the fractal dimension
of the subset of the interval that dominates the sum for different g
having the same Lipschitz-Holder exponent «. For values —10 < g <
10 and step 1, multifractal attributes a and f(«), were obtained based
on Equations 3-5, using the least square fitting method.

The multifractal spectrum width Aa, Aa = amax— amin, can
exhibit the nonuniformity of the soil PSD in the overall fractal
structure. Af, Af = flamin) —f(amax), exhibits the multifractal
spectrum shape feature and characterizes the asymmetry of the soil
PSD. The asymmetrical f(a)-a spectra are shaped as a left-skewed
spectrum when Af > 0, and as a right-skewed spectrum when Af
< 0. In addition, Af is zero for the symmetry shape. The more left-
skewed the multifractal spectrum is, the more significant the impact
of high value information of the variable on the soil PSD, indicate
dominance of coarse particles. In contrast, the low value information
has a more significant impact on the soil PSD, indicate dominance
of fine particles.

2.4 Statistical analysis of data

Statistical analysis and graphical representation were conducted
on the physical and chemical properties of different soil samples
and the minimum, maximum, median, mean, skewness, kurtosis,
and coefficient of variation (CV) data of PSD using SPSS 20.0
and Origin 2021. Central tendency can be predicted by the mean
and median, and if the mean and median have similar values,
the outliers will not dominate the measure of central tendency in
their distribution. The CV is the ratio of the standard deviation
to the mean (Meng et al., 2015), which reflects the absolute value
of data dispersion, and is employed to illustrate the variation in
PSD and multifractal properties in different soils. Variability in
different soil PSDs can be divided into the following levels: low
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variability (CV<15%), moderate variability (15%<CV < 35%), and
high variability (CV>35%) (Chen et al., 2021).

3 Results and discussion

3.1 The effect of coal mining activities on
soil particle composition

Soil particle was classified using the soil taxonomy
developed by the US. Department of Agriculture (USDA):
clay (70.002 mm), silt (0.002~0.05 mm), and sand (0.05~2 mm)
(Zhang et al., 2019). Based on the classification results, the soil
texture of this study area was silt with a relatively uniform texture
(Figure 2).

The soil of different
were shown in Supplementary Table S1. The formation of cracks

particle composition regions
caused obvious changes in the local topography and certain
differences in the composition of soil particles. HP had the highest
terrain with a slope of 1°-2°, the average content of clay was 5.45%,
with a maximum in the 40-60 cm soil layer being 31.09%, and the
minimum in the 60-80 cm soil layer being 0.58%. However, the
variation in clay content in different soil layers was high, and all
CVs were greater than 35%. The content of silt had low variability in
HP, with an average content of 94.10%, a maximum of 98.79% in the
40-60 cm soil layer, and a minimum of 68.16% in the 80-100 cm soil
layer. The sand content was low, only 0.45%. In MP, the variability
of clay particles was greater than 35%, indicating high variability,
but the variability of clay and silt particles in MP was less than that
in HP in each soil layer. Compared with HP, the distribution of
clay and silt particles in MP was more uniform in each soil layer.
The average content of clay is 3.11%, silt was 96.07% and sand was
0.82%. Compared with HP and MP, LP had the lowest terrain, with a
slope of 2°-3°. The average content of clay was only 3.03%, less than
HP and MP, and the variation degree in the 40-60 cm, 60-80 cm
and 80-100 cm soil layers was significantly higher than that in the
0-20 cm and 20-40 cm. However, the silt content in LP was higher
than that in HP and MP, the variation degree was low in each soil
layer, and the mean value of silt in each layer was approximately
equal to the median, that is, the outliers did not affect the measures
of central tendency.

The geological activities caused by coal mining subsidence
not only result in physical damage (Xie et al., 2024), but also
exacerbate the spatial heterogeneity of soil texture by driving
differential particle transport, as shown in Figure 3. Although
the soil particle composition in the entire study area is highly
uniform, mainly consisting of silt (95.56%) and clay (3.86%), the
surface tension cracks induced by coal mining subsidence acted
as a strong geological soil force, reshaping the original soil texture
and leading to significant differences in soil particle composition
between different regions. Cracks form a “soil reformation process”
by eroding the soil and altering the transport path of particles. In the
HP area with higher terrain, cracks becomed the dominant channel
for preferential leaching of clay particles, leading to significant
depletion of their content; In the MP enclosed by cracks on both
sides, there was a phenomenon of leaching and deposition of clay
particles in deep soil, characterized by a higher content of clay
particles at the bottom than at the surface; In the LP with low and
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steep terrain, the combined effect of terrain and crack exacerbated
the rapid loss of surface clay particles.

3.2 The effect of surface tension cracks on
soil physicochemical properties

Due to coal mining subsidence, there was significant spatial
heterogeneity in the physical and chemical properties of soil in
different crack regions (HP, MP, LP), as shown in Figure 4, and
Supplementary Table S2 provides descriptive statistical data on MC,
SOM, SAP, and SAK at different depths within these areas. The MC
showed a trend of HP > MP > LP, especially in the surface layer
of 0-20 cm. The average MC in the HP region reached 11.55%,
while in the LP was only 6.30%, indicating that the degree of
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crack development had a significant impact on soil water holding
capacity. And cracks alter infiltration and evaporation patterns
(Zou et al, 2014; Yang et al, 2024a). In the HP region, cracks
may enhance deep infiltration, while in the LP region, steep slopes
promote surface runoft and reduce effective infiltration. In contrast,
SOM showed the opposite trend (LP > MP > HP), with an average
topsoil content of 3.54 g/kg in the LP region, significantly exceeding
HP’s 1.39 g/kg, indicating that organic matter may be lost in higher
crack regions. And the higher SOM in LP may be attributed to
shrub litter, which decomposes slower than herbaceous litter and
accumulates more organic matter. The SAP content in the MP region
was slightly higher, with an average surface value of 3.75 mg/kg
compared to the HP and LP regions. In addition, the concentration
of SAP decreased with increasing depth in all regions, reflecting the
trend of phosphorus accumulation in the surface soil. It is worth
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noting that SAK was most prominent in the HP region, with an
average surface content of 129.77 mg/kg, significantly exceeding
the MP and LP regions. Overall, the spatial variation of soil
physicochemical properties reflects the structural degradation and
uneven distribution of nutrients in the soil affected by subsidence
cracks caused by mining.

3.3 Multifractal properties of soil PSD in
different crack regions

of
parameters

In different tensile crack
coal mining subsidence

exhibited spatial
as shown in Supplementary Table S3. Overall, the capacity
dimension D (0) of each crack region ranged from 0.8615 to
1.0000, and the information dimension D (1) ranged from 0.9570

to 0.9993, indicating that soil properties have obvious multifractal

regions (HP, MP, LP)
multifractal

differentiation

areas,

significant characteristics,
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characteristics at different depths and strong spatial heterogeneity.
Among them, the HP region D (0) and D (1) were generally higher,
reflecting a relatively more complex structure; The low depth values
in the MP and LP regions indicated the presence of a relatively
homogeneous structure locally. In terms of singular spectrum
parameters, the range of Aa(q) was between 0.8059 and 1.0083,
and Af(a) was between 0.0176 and 0.3379, indicating that all crack
regions had varying degrees of local singularity, and the differences
in spectral width and morphology reflected the uneven distribution
of soil properties at different depths. The significant changes
in Aa(g) and Af(a) in the HP region indicated significant local
variability, and the MP and LP regions exhibited more concentrated
singular spectral features at certain depths, reflecting the enhanced
consistency of the dominant structure.

The spatial distribution maps of the multifractal attributes of
the soil PSD in the three regions were presented in Figures 5-8.
It can be seen that the multifractal parameters D(0), D(1), Aa(q),
and Af(«) showed significant differences with soil depth, indicating
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Spatial distribution maps of D(0) of soil PSD at different depths in three sampling plots.

that surface tension cracks had a significant impact on the spatial
heterogeneity of soil structure. The overall performance of the
HP region showed the highest D(0) and D(1) values, especially
in the shallow to middle soil layers (20-80 cm), with significant
fluctuations and relatively high Aa(q) values, as well as positive Af(«),
indicating that this region was most affected by tensile cracks, and
the soil structure was complex and uneven in height; The parameter
values in the MP area were centered, with local low values appearing
in the middle of the profile, reflecting a moderate degree of tensile
crack influence and transitional structural characteristics. The LP
region exhibited the lowest D(0), D(1), and smaller Aa(g), with Af(«)
tending towards zero, indicating that it was least affected by tensile
cracks and maintained a relatively homogeneous and continuous
soil structure. The spatial distribution characteristics of fractal
dimension indicated that the surface tension cracks caused by coal
mining subsidence significantly affected the heterogeneity of soil
physical properties by changing the pore distribution and structural
composition in the soil profile. The HP region was most affected,
with significant soil structure fragmentation characteristics, while
the LP region maintained good structural integrity, and the MP
region was in a transitional state between the other regions,
reflecting the spatial differentiation of tension cracks on the soil
environment.

3.4 Relationship between particle
composition and fractal dimension of crack
in the soil

Underground coal mining has a great influence on the terrain
above the working face, and the terrain gradually slopes downward
from north to south. On both sides of C1, HP on the northern
side was 10~15 cm higher than MP on the southern side, but the
terrain in the MP area was relatively flat, while the terrain in the LP
area was the lowest in the whole study area, and the terrain slope
was the greatest. The analysis of the whole study area from north
to south showed that the clay content decreased with decreasing
terrain, and the ground slope also led to an uneven distribution
of local clay particles, resulting in a high spatial variability in the
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particle size distribution. According to the U.S. Department of
Agriculture (USDA), soil particles are divided into clay, silt and sand.
We studied the distribution characteristics of particle size and the
spatial variability of particle size based on multifractal dimensions.
However, there was a correlation between clay, silt, and sand and
multifractal dimension D(0), D(1), as shown in Figure 9.

D(0) characterize the range of soil PSD, and the correlations
between clay, silt, and sand and D(0) in the whole study area
were —0.613 (p < 0.001), 0.549 (p < 0.001), and 0.236 (p < 0.05),
respectively. However, the analysis of HP, MP and LP in three
different parts showed that in HP, clay, silt, and sand and D(0)
showed strong correlations, which were —0.916 (p < 0.001), 0.903
(p < 0.001) and 0.599 (p < 0.001), respectively. In LP, sand and
D(0) also showed a high correlation, which was 0.764 (p < 0.001),
while in MP, only clay showed a weak correlation, which was —0.473
(p < 0.01). D(1) characterize the concentration level of PSD. The
distribution kernel density map of clay particles in Figure 8 shows
that the waveform is left biased, indicating that the kernel density
tends to move toward the direction of numerical reduction. In other
words, the difference in clay content among HP, MP and LP was
narrowing, and there was a dynamic convergence characteristic.
However, there was an obvious multipeak shape in MP and LP,
indicating that the distribution of clay content in MP and LP
had multipolar differentiation. Moreover, in HP, there was a high
correlation between clay content and D(1), which was 0.910 (p <
0.001), and the correlation was weak in MP and LP. There was a high
correlation between the powder and D (1) in HP and LP, which was
-0.999 (p < 0.001) and —0.992 (p < 0.001), respectively. The kernel
density map of sand showed that the contents of HP, MP and LP were
relatively uniform; therefore, there was a strong correlation between
sand and D(1), which were —0.598 (p < 0.001), —0.833 (p < 0.001)
and —0.781 (p < 0.001), respectively.

3.5 Relationship between soil particle size
and physicochemical properties

The generation of cracks not only affects the particle size
structure of the soil, but also changes the physical and chemical
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FIGURE 9

Correlation diagram among multiple variables in different regions [(a,b) represents D(0) and D(1) in the multiple variables, respectively].
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FIGURE 10

Correlation between soil particle size and physical and chemical properties [(a—c) respectively represent tensile crack regions of HP, MP and LP].

2009). And cracks
can reduce soil fertility, increase erosion risk, alter hydrological

properties of the local soil (Zhang et al,

pathways, and thus affect agricultural productivity and ecosystem
services such as water regulation and nutrient cycling (Li et al., 2021;
Yan et al,, 2018). In this study, it was pointed out that there was
a positive correlation between the content of soil clay and organic
matter. The increase in clay content in the study area made the
content of organic matter significantly higher than in other areas.
However, in HP and LP in the study area, there was a negative
correlation between the content of organic matter and clay, as shown
in Figure 10, and only a weak positive correlation was found in the
MP area. It was noticed in this study that the different types of soil
utilization also had a certain impact on the content of organic matter.
In the study area, the plants growing in the surface soil were different.
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Different vegetation types can indeed affect SOM through variations
in litter quality, root exudates, and microbial activity. Shrubs in LP
may contribute to higher SOM due to deeper root systems and
slower decomposition, while herbaceous plants in HP may lead to
more rapid nutrient cycling. In HP and MP, herbaceous plants were
in the majority, while in the LP area, shrubs were the main plants,
which would also affect the migration and transformation of soil
organic matter (Li et al., 2016; Yuan et al., 2025a). At the same
time, the generation of cracks blocked the migration path of organic
matter, which changed the relationship between organic matter and
particle size. It is proposed that the soil MC and the soil particle size
have a significant correlation, the surface cracks cause the loss of soil
clay particles, and the soil MC gradually decreases. Clay particles
are smaller and can more easily absorb soil nutrients, and surface
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cracks will accelerate the loss of fine particles, which will affect the
MC, SOM, SAP and SAK. In the HP and MP regions, there was
a clear negative correlation between the content of clay particles
and sand and water content. At the same time, there was a strong
positive correlation between silt, sand and water content in the MP
region, but In the LP region, due to the greater slope (2°-3°), lower
terrain, and the presence of cracks disrupt the MC and particle
movement. Cracks act as barriers and divert flow paths, preventing
clay and moisture from accumulating in a correlated manner, led
to the trend of this correlation gradually weakened. The cracking
of the surface, makes the study area unique. The whole study area
is divided into three relatively independent areas. Cracks block soil
element migration movement, and ground subsidence also disrupts
soil migration. Soil elements with small particle migration toward
the lower part of the terrain may be the reason for the destruction of
the correlation between soil elements.

4 Conclusion

In view of the surface cracks in the subsidence area of the
Huaibei coal mine, the distribution of soil particle size was studied,
the fractal dimension of particle size was calculated, and part of
the physical and chemical properties of the soil was detected. The
following conclusions were drawn:

1. The tensile cracks disordered the distribution characteristics of
soil particle size in the study area. In LP with the lowest terrain
and the greater slope, the average clay content was 3.03%,
which was lower than MP and HP. The tensile cracks made
the surface soil collapse to deep depression, hindering the
migration of clay particles. Under the action of rain scouring
and leaching, clay particles were more likely to gather at the
cracks. Moreover, the study of fractal dimension indicated that
the PSD range, PSD concentration, PSD heterogeneity and

PSD asymmetry of soil showed high spatial variability.

The soil particle size in the tensile cracks area was not only

related to the fractal dimension D (0) and D (1), but also

related to the physical and chemical properties of the soil. In

HP, clay and silt had strong correlations with D (0), which were

—0.916 and 0.903, respectively, and the correlation between

clay and D (1) was high, which was 0.910. In MP, there was

a strong correlation between sand and D (1) as —0.833. In LP,

the correlation between silt and D (1) was —0.992. There was

a positive correlation between clay and MC in three relatively

independent plots, and in HP, there was a positive correlation

between silt, sand, MC and D, but this correlation was not
appeared in LP, but there was a correlation between SOM, SAP
and SAK in LP.

3. For different crack areas, HP area should intervene in crack
development and clay improvement to maintain moisture
and nutrients, MP area should promote vegetation cover to
stabilize soil structure, and LP area should prioritize erosion
control and organic matter addition to improve soil structure.

These research results have certain guiding significance for the
treatment and restoration of tensile fracture soil in coal mining
subsidence area. However, this paper lacks continuous research
on the region, so it is hoped that samples can be collected at
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different time points for analysis and detection, so as to study the
influence of surface cracks in mining subsidence areas on soil more
comprehensively.
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