
   

 

International Journal of Natural Resources and Environmental Studies 

ISSN: 3006-2012 (Print), ISSN: 3006-0834 (Online) | Volume 8, Number 5, Year 2026 

DOI: https://doi.org/10.62051/ijnres.v8n5.02 

Journal homepage: https://wepub.org/index.php/IJNRES/index 

 

   

 

Content from this work may be used under the terms of CC BY-NC 4.0 licence (https://creativecommons.org/licenses/by-nc/4.0/). 

Published by Warwick Evans Publishing. 

WEP
Warwick

Evans

Publishing

Mechanism of Coal-Measure Gas Enrichment under Multi-
Factor Coupling: A Case Study of the Eastern Pingdingshan 
Mining Area 

Yucui Zhang* 

School of Resources and Environment, Henan Polytechnic University, Jiaozuo 454003, China 

*Corresponding Author: Yucui Zhang (zl1920498144@163.com) 

 

ABSTRACT 

This study focuses on the Shanxi Formation coal-measure strata in the eastern Pingdingshan mining 
area and systematically investigates the mechanisms controlling the occurrence and enrichment of 
coal-measure gas under the coupling effects of sedimentary and tectonic processes. Based on 
integrated geological datasets, key sedimentary parameters (e.g., mudstone and sandstone ratios) 
and structural curvature attributes were quantitatively characterized to evaluate their influence on 
reservoir properties, gas preservation, and migration pathways. The results indicate pronounced 
spatial heterogeneity in both mudstone and sandstone distributions. Mudstone-dominated zones 
exhibit strong sealing capacity, favoring gas preservation, whereas sandstone-enriched intervals 
tend to enhance gas migration. High structural curvature zones are distributed in bands along fold 
belts and show a strong correlation with coal seam floor undulation. Moderate tectonic deformation 
promotes fracture development and improves reservoir permeability, while excessive deformation 
may degrade sealing conditions. The deformation responses of mudstone and sandstone layers are 
highly consistent, suggesting vertical coherence of tectonic processes. Overall, the coupling of 
sedimentary and tectonic factors is identified as the primary mechanism governing coal-measure 
gas enrichment. These findings provide a robust geological basis for favorable zone prediction and 
the efficient development of coal-measure gas resources. 
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1. INTRODUCTION 

Coal measure strata refer to sedimentary sequences containing coal seams, and the reservoirs 

developed within them are termed coal-measure reservoirs. These reservoirs are generally 

characterized by low porosity and low permeability, or medium porosity and low permeability, with 

storage space dominated by secondary pores[1-4]. Coal-measure gas reservoirs are diverse in type, 

and their occurrence states vary significantly. Among them, coalbed methane mainly occurs in an 

adsorbed state, tight sandstone gas predominantly exists in a free state, while shale gas is 

characterized by the coexistence of both adsorbed and free states. In addition, under specific 

geological conditions, natural gas hydrates may also form[5,6]. Coal seams and coal-measure 

mudstones and shales exhibit relatively high gas-generation potential. During geological evolution, 

hydrocarbons remain in a long-term dynamic coupling process of migration and accumulation [7]. 

The three types of reservoirs within coal measures show considerable differences in material 

composition, pore structure characteristics, and spatial distribution patterns. Meanwhile, the 
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occurrence states of natural gas within these reservoirs are diverse[8-10]. The interaction of these 

factors results in complex controlling mechanisms for the occurrence and enrichment of coal-measure 

gas, thereby posing higher requirements for its efficient development. Therefore, it is necessary to 

systematically analyze the geological controlling factors and their differences governing the 

occurrence and enrichment of coal-measure gas in reservoirs of different lithologie. 

Previous studies have extensively investigated the factors influencing the occurrence of coalbed 

methane. Sun Fenjin et al. [11] proposed that tectonic evolution, hydrodynamic zoning, and the 

lithologic configuration of roof and floor strata jointly control the enrichment characteristics of 

coalbed methane. Chen Yue et al. [12] suggested that hydrogeological conditions exert a significant 

influence on coalbed methane. Jiang et al. [13] summarized that the key characteristics of coalbed 

methane reservoirs mainly include structural features, coal seam development, coal rank, gas content, 

permeability, and hydrogeological conditions. Tian et al. [14] argued that factors such as thickness, 

porosity, permeability, and structural conditions are the main controlling factors for favorable areas 

of biogenic gas in mudstone. Hong et al. [15] considered that shale gas reservoir characteristics are 

directly related to lithofacies and depositional environments. Zhou et al. [16] proposed that effective 

caprock sealing conditions are a prerequisite for the formation of early-stage shale gas reservoirs, 

while structural conditions are crucial for their later preservation. Yin Lang et al. [17] found that the 

reservoir capacity of tight sandstone is jointly controlled by sedimentation and diagenesis. Huang et 

al. [18] revealed that thick sandstone units in different stratigraphic intervals and depths are at 

different diagenetic stages, and the petrophysical zonation of reservoirs is jointly governed by 

diagenetic facies dominated by sedimentation, compaction, and dissolution processes. 

The development of the “three gases” in coal measures is influenced by multiple factors. Among 

them, reservoir thickness, gas content, physical properties, and reservoir pressure are direct 

controlling factors, while tectonic activity, depositional environment, and hydrogeological conditions 

exert fundamental controls [19-21] . Based on previous studies, these factors can be classified into 

five categories—reservoir, structure, sedimentation, hydrogeology, and deep factors—which provide 

a basis for the division of geological units [22, 23]. 

2. OVERVIEW OF THE STUDY AREA 

The Pingdingshan mining area is located in the central part of Henan Province and, together with the 

Hanliang Mining Area, constitutes the Pingdingshan coalfield. The coalfield covers a total area of 

approximately 10,000 km², with a coal-bearing area of about 2,951 km². The mining area is mainly 

distributed in the northern part of Pingdingshan and consists of 13 mines, including No. 5 Mine, No. 

6 Mine, No. 12 Mine, No. 13 Mine, as well as Shoushan No.1 Mine. It is located about 140 km south 

of Zhengzhou and 50 km west of Xuchang. The mining area extends approximately 40 km in the 

east–west direction and 20 km in the north–south direction, covering an area of about 650 km². The 

eastern Pingdingshan mining area includes No. 8 Mine, No. 10 Mine, No. 12 Mine, No. 13 Mine, and 

Shoushan No.1 Mine. Tectonically, this area is located on the southern margin of the North China 

Plate, within the western Henan fold belt, and is controlled by the northwestward compression of the 

Qinling–Dabie Orogenic Belt. The mining area and its surroundings exhibit a series of NWW–NW 

trending, parallel-arranged composite fold structures, accompanied by faults predominantly trending 

NWW–NW, as well as NNE–NE trending faults [24-26] . 

3. SEDIMENTARY CONTROL EFFECTS 

Mudstone, as the principal low-permeability surrounding rock in coal-measure strata, directly 

influences the sealing and preservation conditions of coal-measure gas[27, 28]. The mudstone-to-

strata ratio reflects the relative proportion of mudstone within a certain range of the roof and floor of 

coal seams, and can, to some extent, characterize the sealing capacity of surrounding rocks and its 
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spatial variation. The planar distribution of the mudstone ratio (Fig. 1(a)) indicates a pronounced 

heterogeneity across the study area, with variations observed both among different mining areas and 

within individual mines. Relatively high mudstone ratios occur in the southwestern part of No. 13 

Mine, the southern part of Shoushan No. 1 Mine, and the central areas of No. 10 and No. 12 Mines. 

These distribution patterns suggest notable spatial differences in the sealing conditions of surrounding 

rocks. In areas with higher mudstone ratios, mudstone is more well developed, resulting in better 

overall sealing capacity, which helps reduce gas migration and provides a relatively stable 

environment for coal-measure gas occurrence. In contrast, areas with lower mudstone ratios exhibit 

weaker sealing capacity, enhanced gas migration conditions, and potentially poorer preservation 

conditions. 

Sandstones in the coal-measure strata of the study area are predominantly tight sandstones. Due to 

the effects of compaction and cementation, their permeability is generally low, and in some local 

areas even lower than that of adjacent mudstone layers, making it difficult to form effective high-

permeability migration pathways [29-31]. Under these conditions, the influence of sandstone on coal-

measure gas occurrence is mainly reflected in its role in regulating lithologic assemblages and sealing 

conditions of surrounding rocks. The planar distribution of the sandstone ratio (Fig. 1(b)) shows 

significant spatial variability. Higher sandstone ratios are observed in the southeastern part of No. 13 

Mine, the central and southern parts of Shoushan No. 1 Mine, and parts of the central area of No. 10 

Mine. Combined with the distribution of sandstone thickness and reservoir occurrence, it can be 

inferred that sandstones in the study area are locally well developed and relatively continuously 

distributed. When sandstone and mudstone occur in interbedded or interlayered combinations, they 

contribute to the formation of multi-level, composite surrounding rock structures, thereby enhancing 

the stability of the coal-measure gas occurrence environment to a certain extent. 

 

Fig 1 Contour maps of mudstone ratio (a) and sandstone ratio (b) of the Shanxi Formation in the 

study area 

4. TECTONIC CONTROL EFFECTS 

Structural curvature is used to characterize the spatial bending and deformation of coal seams, with 

its magnitude reflecting the relative intensity of structural variation. By superimposing structural 

curvature with contour maps of the coal seam floor elevation, the relationship between reservoir 

undulation patterns and tectonic deformation can be intuitively revealed [32, 33]. 

As shown in Fig. 2(a), high values of structural curvature of coal seams in the study area are mainly 

distributed in a zonal pattern along the central part of No. 13 Mine, the southern part of Shoushan No. 
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1 Mine, the southern part of No. 10 Mine, and the southern part of No. 12 Mine. The intensity of coal 

seam deformation shows a strong consistency with the undulation pattern of the coal seam floor. The 

greater the structural curvature, the higher the degree of folding deformation and the stronger the 

tectonic modification. 

In terms of coalbed methane occurrence, areas with moderately high curvature correspond to 

moderate tectonic deformation, which can promote the development of endogenous and structural 

fractures within coal seams, effectively improving permeability and providing both storage space and 

migration pathways for gas enrichment. In contrast, extremely high curvature zones are often 

associated with intensely deformed fold cores, where coal seams may become highly fractured or 

even damaged, potentially compromising the sealing capacity of roof and floor strata and leading to 

gas dissipation. Low-curvature areas, however, are characterized by intact coal seam geometry and 

gentle occurrence, offering more stable preservation conditions for coalbed methane (Fig. 2(a)). 

The overall distribution pattern of structural curvature in mudstone layers is highly similar to that of 

coal seams, with relatively high values mainly concentrated in the northern part of No. 13 Mine, the 

central part of Shoushan No. 1 Mine, the central part of No. 10 Mine, and the southern part of No. 12 

Mine. Thick mudstone layers serve as the primary regional caprocks in the study area, and their 

deformation characteristics directly control gas preservation conditions. Due to their relatively strong 

plasticity, mudstones in high-curvature zones may undergo plastic flow and thickening during folding, 

thereby enhancing local sealing capacity and favoring the preservation of underlying coalbed methane 

or sandstone gas. However, if deformation is excessively intense, high-curvature zones may also 

develop open fractures, which can act as vertical migration pathways for gas, thus weakening the 

sealing performance. In contrast, low-curvature zones exhibit gently dipping, intact thick mudstone 

layers with uniform and stable sealing capacity, resulting in better overall preservation conditions 

(Fig. 2(b)). 

The structural curvature of sandstone layers follows a similar pattern, with higher values in strongly 

deformed zones and lower values in weakly deformed areas. High-curvature zones are mainly 

distributed in the central part of No. 13 Mine, the southern part of Shoushan No. 1 Mine, the southern 

part of No. 10 Mine, and the southern part of No. 12 Mine, aligning with fold belts and showing a 

strong deformation correspondence with overlying coal seams and mudstones. This further confirms 

the vertical consistency of tectonic deformation in the study area. Sandstones in this area are generally 

low-porosity and low-permeability reservoirs, with productivity largely dependent on natural fracture 

development. In high-curvature zones, sandstones are more strongly affected by folding and 

compression, making them more prone to developing natural fractures, which can significantly 

improve reservoir properties and enhance fluid flow capacity (Fig. 2(c)). 
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Fig 2 Superimposed maps of structural curvature (red) and contour maps of floor elevation (gray) 

for the coal seam (a), thick mudstone (b), and thick sandstone (c) 

5. CONCLUSIONS 

(1) Sedimentary conditions exert a significant influence on coalbed methane enrichment. The 

lithologic assemblages of the roof and floor surrounding rocks of coal seams vary spatially. 

Mudstone-developed areas exhibit better sealing capacity, which is favorable for coalbed methane 

preservation, whereas sandstone-enriched areas tend to have enhanced permeability, facilitating gas 

migration. 

(2) High structural curvature zones of coal seams in the study area are mainly distributed in a zonal 

pattern along the central part of No. 13 Mine, the southern part of Shoushan No. 1 Mine, and the 

southern parts of No. 10 and No. 12 Mines. The overall distribution pattern of structural curvature in 

mudstone layers is highly consistent with that of coal seams, with high-value zones concentrated in 

the northern part of No. 13 Mine, the central part of Shoushan No. 1 Mine, the central part of No. 10 

Mine, and the southern part of No. 12 Mine. The structural curvature of sandstone layers follows a 

similar pattern, with higher values in strongly deformed zones and lower values in weakly deformed 
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zones, and is mainly distributed along fold belts in the central part of No. 13 Mine, the southern part 

of Shoushan No. 1 Mine, and the southern parts of No. 10 and No. 12 Mines. 

REFERENCES 

[1] Song L, Wang S P, Zhao Y F, et al. Characteristics and genetic model of high-quality reservoirs in coal measure 

strata: A case study of the Carboniferous Taiyuan Formation in the Dawangzhuang area, Jiyang Depression[J]. Acta 

Sedimentologica Sinica, 2024: 1–27. 

[2] LV D, CHEN J, LI Z, et al. Controlling Factors, Accumulation Model and Target Zone Prediction of the Coal‐bed 

Methane in the H uanghebei Coalfield, North C hina [J]. Resource Geology, 2014, 64(4): 332-45. 

[3] ZOU C, YANG Z, HUANG S, et al. Resource types, formation, distribution and prospects of coal-measure gas [J]. 

Petroleum Exploration and Development, 2019, 46(3): 451-62. 

[4] OUYANG Y, TIAN W, SUN B, et al. Accumulation characteristics and exploration strategies of coal measure gas 

in China [J]. Natural Gas Industry B, 2018, 5(5): 444-51. 

[5] DAI J, DONG D, NI Y, et al. Distribution patterns of tight sandstone gas and shale gas [J]. Petroleum Exploration 

and Development, 2024, 51(4): 767-79. 

[6] Li W, Zhu Y M, Chen S B, et al. Multi-layer superimposed independent coalbed methane systems in the Laochang 

mining area, eastern Yunnan[J]. Coal Geology of China, 2010, 22(7): 18–21. 

[7] Li Y, Wang Y B, Meng S Z, et al. Progress and prospects of geological fundamental theory for co-exploitation of 

unconventional natural gas in coal measures[J]. Journal of China Coal Society, 2020, 45(4): 1406–1418. 

[8] Liu J X. Characteristics of deep coal seams and occurrence state of coalbed methane in the Nanchuan area, 

southeastern Chongqing[J]. Coal Geology of China, 2024, 36(6): 18–26. 

[9] Chen J, Huang W H, Yi S. Characteristics and influencing factors of sandstone reservoirs in coal measures in 

southern Ordos Basin[J]. Petroleum Geology & Oilfield Development in Daqing, 2022, 41(4): 31–43. 

[10] WENGUANG T, SUPING Z, FENGHUA T, et al. Symbiotic Combination and Accumulation of Coal Measure Gas 

in the Daning–Jixian Block, Eastern Margin of Ordos Basin, China [J]. Energies, 2023, 16(4): 1737-. 

[11] Sun F J, Wang B, Li M X, et al. Main geological controlling factors of coalbed methane enrichment and high yield 

in southern Qinshui Basin[J]. Acta Petrolei Sinica, 2014, 35(6): 1070–1079. 

[12] Chen Y, Tang D Z, Tian L, et al. Control of hydrogeological conditions on coalbed methane enrichment and high 

production in Sanjiao Block[J]. Coal Science and Technology, 2017, 45(2): 162–167. 

[13] JIANG W, ZHANG P, LI D, et al. Reservoir characteristics and gas production potential of deep coalbed methane: 

Insights from the no. 15 coal seam in shouyang block, Qinshui Basin, China [J]. Unconventional Resources, 2022, 

2(12-20. 

[14] TIAN J, SHAO Z, LI J, et al. Geological characteristics of biogenic gas formation and direction of favorable zones 

in the Quaternary mudstone of the Qaidam Basin, China [J]. Journal of Natural Gas Geoscience, 2025, 10(1): 13-25. 

[15] HONG S K, LEE H S, CHOI J, et al. Understanding the relationship between shale gas potential and depositional 

environment in the Duvernay Formation, Kaybob area, Canada: Implications for lithofacies identification of shale 

gas reservoir [J]. Marine and Petroleum Geology, 2025, 180( 

[16] ZHOU N, XIAO G, LU S, et al. Investigating key pressure loss factors in the Wufeng-Longmaxi formation shale 

gas reservoirs, Southern Sichuan: A quantitative approach [J]. Marine and Petroleum Geology, 2025, 182( 

[17] Yin L, Wang H F, Wang C P, et al. Reservoir characteristics and controlling factors of tight sandstone in the Xu-2 

Member, Anyue Gas Field[J]. Contributions to Geology and Mineral Resources Research, 2025, 40(1): 53–62. 

[18] HUANG D, ZHU Y, YAN Z, et al. Diagenetic controls on reservoir quality in deep ultra-thick sandstones: a case 

study from the Huagang Formation, Xihu Depression, East China Sea [J]. Energy Geoscience, 2025,  

[19] GUO J, TAO S, BI C, et al. Enrichment Geological Conditions and Resource Evaluation Methods for the Gas in 

Thinly Interbedded Coal Measures: A Case Study of the Chengzihe Formation in the Jixi Basin [J]. Energies, 2025, 

18(10): 2584-. 

[20] WEILIANG, JIANGUOWANG, CHUNFAILEUNG, et al. Opportunities and challenges for gas coproduction from 

coal measure gas reservoirs with coal‐shale‐tight sandstone layers: A review [J]. Deep Underground Science and 

Engineering, 2024, 4(1): 83-104. 

[21] QIAN W, YI J, XIANBO S, et al. Characteristics and Controlling Factors of Fluid Interlayer Crossflow through 

Fractures in Coal Measure Gas Reservoirs: Implication for Enhancing Production [J]. Natural Resources Research, 

2024, 33(3): 1227-46. 



 

14 

[22] SUN Y, LIU Y, TIAN W. Structural characteristics of faults in Wangfu fault depression and their control on coal-

rock gas enrichment, Songliao Basin, NE China [J]. Petroleum Exploration and Development Online, 2025, 52(3): 

649-62. 

[23] HAN S, HUANG J, MU X, et al. Unconventional Natural Gas Charging and Enrichment Characteristics in Coal-

Measure Tight Reservoirs of Southeast Ordos Basin, North China [J]. ACS omega, 2025, 10(37): 42947-65. 

[24] Chuai, X. Study on the Control of Tectonic Stress Field on Coal and Gas Outbursts in the Pingdingshan Mining 

Area. PhD Dissertation, China University of Mining and Technology (Beijing), 2024.  

[25] Guo D Y, Chuai X S, Zhang J G, et al. Evolution and distribution of tectonic stress field in Pingdingshan mining 

area[J]. Chinese Journal of Rock Mechanics and Engineering, 2022, 41(6): 1208–1222. 

[26] Zhao P, Li X Q, Tian X W, et al. Micropore structure characteristics of shale gas reservoirs in Longmaxi Formation, 

southern Sichuan[J]. Natural Gas Geoscience, 2014, 25(6): 947–956. 

[27] Deng Y. River-delta systems as key depositional environments of coal-measure source rocks[J]. Journal of Earth 

Science, 2016, 27(4): 631–641. 

[28] Zhong D K, Zhang Q. Variation of sandstone reservoir properties in interbedded sand-mud sequences under different 

burial depths[J]. Acta Geologica Sinica, 2004(6): 863–871. 

[29] Weitao W, Mengna C, Ning L, et al. Characteristics of coal-measure source rocks and their control on gas-water 

distribution in tight sandstone[J]. Energy Exploration & Exploitation, 2021, 39(5): 1727–1746. 

[30] WEITAO W, MENGNA C, NING L, et al. Characteristics of coal-measure source rock and its controlling effect on 

gas-water distribution of tight sandstone of He8 Member in Sulige Gas Province, Ordos Basin [J]. Energy 

Exploration & Exploitation, 2021, 39(5): 1727-46. 

[31] TAO S, GAO X, LI C, et al. The experimental modeling of gas percolation mechanisms in a coal-measure tight 

sandstone reservoir: A case study on the coal-measure tight sandstone gas in the Upper Triassic Xujiahe Formation, 

Sichuan Basin, China [J]. Journal of Natural Gas Geoscience, 2016, 1(6): 445-55. 

[32] PU Y, LI S, TANG D. Fracturing Construction Curves and Fracture Geometries of Coals in the Southern Qinshui 

Basin, China: Implication for Coalbed Methane Productivity [J]. ACS omega, 2024, 9(28): 30436-51. 

[33] HUANG Y, BAO H, QI X. Geological Structure Interpretation of Coalbed Methane Enrichment Area based on 

VMDC and Curvature Attributes [J]. Energies, 2019, 12(15).  

 


