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Distribution characteristics and influencing factors of soil particle size and
erodibility in typical coal mining areas of Yuli-Shenmu-Fugu region
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Abstract: [Objective] The spatial heterogeneity patterns of soil particle size and erodibility (K) in the Yuli-
Shenmu-Fugu region (Yushenfu) coal mining areas and their driving mechanisms were analyzed, in order to
provide a theoretical basis for differentiated ecological restoration in mining areas. [ Methods] Seven typical coal
mining areas along a north-south gradient in the Yushenfu coal mining area, along with the Hongjiannao Nature
Reserve as a control area, were selected. By integrating measured data from 0—200 cm soil profiles and remote

sensing data, this study systematically analyzed the spatial distribution patterns of fractal dimension and K value,
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as well as their influencing factors. [Results] @ Soil particle size and K value showed a distribution pattern of
*southern part << northern part’ and ‘sandy grassland <C loess hilly region’. In the southern aeolian sand region,
the proportion of sand particles exceeded 85% , the fractal dimension was as low as 2.18—2.22, and the K value
was lowest at 0.25—0.28. In the central and northern loess hilly regions, the proportions of clay and silt particles
increased, the fractal dimension rose to 2.32—2.35, and the K value increased to 0.26—0.32. @ Erosion
dynamics showed differentiated driving effects: the wind erosion modulus was significantly negatively correlated
with the soil fractal dimension (p<Z0.05), as wind erosion preferentially transported fine particles, leading to soil
coarsening and reduced erodibility. The water erosion modulus showed a significant positive correlation with the
contents of silt, sand, total phosphorus, and total potassium (p<C0.05) , with its high-value areas mostly
distributed in the loessal soil zone, indicating the synergistic transport of fine particles and nutrients by water
erosion. @ The regulation of environmental factors followed a parent material-dominated sequence, with parent
material accounting for 45.9% of the explanatory contribution, followed by moisture content (12%), vegetation
cover (2.1%), and slope factor (1.8%). The impact of coal mining disturbance on particle size and K value at the
regional scale did not reach significant levels, as its effects were effectively buffered by the self-repair capacity of
surface sandy soil and the ‘simultaneous mining and restoration’ strategy. [ Conclusion] The spatial heterogeneity
of soil particle size and erodibility in the Yushenfu coal mining areas is primarily controlled by the coupling effect of
parent material and erosion dynamics. The impact of mining disturbance is mitigated at the macro-scale by natural
and artificial restoration mechanisms. Based on this, it is recommended that the wind erosion-dominated southern
area should adopt sand fixation-focused management strategies, while the central and northern area with mixed
water and wind erosion should prioritize vegetation restoration and surface cover.

Keywords: Yushenfu coal mining area; soil particle size distribution; fractal dimension; erodibility
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Fig.1 Topography and coal mine distribution of
Shenmu-Yulin-Fugu mining area
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Table 2 Soil nutrient contents and K values at study area
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Fig.2 Distribution characteristics of soil fractal dimension and K value at study area
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