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Abstract: The No. 8 coal seam of the Carboniferous Benxi Formation in the Ordos Basin exhibits great thickness and
extensive, continuous distribution, establishing itself as a favorable interval for the exploration of deep coal-rock gas in
this region. In this study, we examine the characteristics and genesis of the vertical heterogeneity in the No. 8 coal seam
by conducting tests and analysis of the macroscopic characteristics, properties, reservoir characteristics, and gas
content of coal samples collected from key well M172 in the eastern Ordos Basin. The results indicate that the No. 8 coal
seam exhibits pronounced vertical heterogeneity with dominated semi-bright coals, high ash content and high inertinite
content in the lower section, indicating a slightly oxidizing coal-forming environment. In contrast, its middle and upper
parts contain bright and semi-bright coals and feature low ash content and high vitrinite content, reflecting a reducing
coal-forming environment with limited terrestrial input. The coal rock properties and reservoir development
characteristics of the No. 8 coal seam are controlled by changes in the sedimentary environment. The reservoir

heterogeneity, to be specific, is influenced by both the input of terrigenous minerals to fill primary pores and the
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formation of abundant pores during hydrocarbon generation with high vitrinite content. For the sake of the stable sedimentary

environment, the upper section of the No. 8 coal seam exhibits favorable coal-forming conditions and low ash content.

Furthermore, the pores and fractures of the coal reservoirs in this part are minimally filled with detrital minerals, resulting in

improvement in reservoir properties and gas adsorption and preservation. In contrast, the middle and upper sections

demonstrate high vitrinite content and a significant gas generation capacity , providing more favorable material conditions for

the generation of coal-rock gas and resulting in higher coal-rock gas content. Therefore, the middle and upper sections of the

No. 8 coal seam represent favorable intervals for natural gas exploration and production in the Ordos Basin.

Key words: proximate analysis-derived coal elemental composition, coal-forming environment, reservoir heterogeneity,

coal-rock gas, Benxi Formation, Carboniferous, Ordos Basin
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Fig. 1 Structural location (a) and isopach (b) of the No. 8 coal seam of the Benxi Formation, central-eastern Ordos Basin
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Fig. 2 Photos of cores showing the macroscopic characteristics of the No. 8 coal seam of the Benxi Formation in well M172, central-eastern
Ordos Basin
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Fig. 3 Column showing the properties and pore parameters of coals in well M172, central-eastern Ordos Basin
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Fig. 4 Micrographs showing the characteristics of macerals in the No. 8 coal seam of the Benxi Formation, central-eastern Ordos Basin
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Fig. 5 CO, adsorption isotherms (a), low-temperature N, adsorption isotherms (b), and high-pressure mercury injection (HPMI) curves

(¢) for coal samples from the No. 8 coal seam of the Carboniferous Benxi Formation in well M172, central-eastern Ordos Basin
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Fig. 6  Distributions of full-scale pores in coal samples from the No. 8 coal seam of the Carboniferous Benxi Formation in well M172,

central-eastern Ordos Basin
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Fig. 7 Scanning electron microscope (SEM) images of coal samples from the No. 8 coal seam of the Carboniferous Benxi Formation in well

M172, central-eastern Ordos Basin
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Table 1 Calculation results of the fractal dimensions of pores in the Carboniferous coal reservoirs in well M172, central-eastern
Ordos Basin
e R MR /m T YL R (% L) AL T HE %k R (4L
M172-1 2425.45 2.6422 0.8624 2.3617 0.962 1
M172-2 2426.22 2.704 9 0.8659 2.3010 0.959%4
M172-3 2427.27 2.6307 0. 869 7 2.3079 0.9543
M172-4 2427.89 2.6926 0.8714 2.376 4 0.9612
M172-5 2 428. 65 2.6716 0.896 9 2.3178 0.956 1
M172-6 2429.29 2.5916 0.940 4 2.2171 0.9407
M172-7 2429.90 2.752 4 0.8514 2.2232 0.978 6
M172-8 2 430. 55 2.5656 0.9840 2.2182 0.944 6
M172-9 2431.01 2.6672 0.964 6 2.2729 0.9570
M172-10 2431.69 2.6250 0.909 7 2.2037 0.934 8
M172-11 2432.60 2.6912 0.860 5 2.2153 0.963 0
M172-12 2433.25 2.768 0 0.758 2 2.1810 0.924 8
M172-13 2434, 08 2.733 1 0.7575 2.3218 0.9524
M172-14 2 434,90 2.5352 0.986 6 2.2017 0.968 2
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Fig. 8 Correlations of the fractal dimensions of pores with porosity (a.c) and permeability (b.d) for coals of the Carboniferous Benxi
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Fig. 9 Correlations of methane adsorption capacity (a,b) and gas content (c,d) with ash content and organic matter (fixed carbon and

volatile constituents) for coals of the Carboniferous Benxi Formation in well M172, central-eastern Ordos Basin
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