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Abstract: Significant breakthroughs have recently been achieved in deep coal-rock gas exploration in the Ordos Basin,
opening up a new frontier for unconventional gas development. However, considerable discrepancies still exist regarding
the enrichment mechanisms and favorable exploration targets of deep coal-rock gas, indicating that further research is
needed. This study focuses on the No. 8 coal seam of the Benxi Formation, Upper Paleozoic, in the central-eastern
Ordos Basin. Geological analysis, statistical analysis, and hydrocarbon dynamic field theory were comprehensively
employed to investigate the enrichment conditions and favorable area distributions of deep coal-rock gas. As indicated by

the research results, during the critical thermal evolution stage with vitrinite reflectance (R,) ranging from approximately
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1.5% to 2. 5%, the hydrocarbon generation, reservoir development, migration, and preservation conditions of coal-rock
gas exhibit significant spatiotemporal coupling characteristics, which exert a dominant control on the formation and
distribution of gas-rich sweet spots. Specifically, these characteristics are reflected in the following four aspects: (1)
coal rocks at this stage are characterized by high gas generation rates and strong hydrocarbon generation intensity,
thereby providing a substantial material basis for gas enrichment; (2) coal rocks exhibit abnormally high porosity, with
a secondary peak occurring at R, = 2.0%, while the pore volumes of both micropores and macropores increase
synchronously, providing favorable reservoir space for coal-rock gas accumulation; (3) the cleat system of coal rocks is
highly developed, and cleat density reaches its maximum at R, = 1. 9%, forming efficient migration pathways for coal-
rock gas accumulation; (4) the surrounding strata adjacent to coal seams are characterized by confined dynamic fields ,
thereby creating favorable preservation conditions for gas-rich sweet spots. On this basis, a comprehensive evaluation
model for favorable deep coal-rock gas areas was established based on the quantitative characterization of the four key
elements of “generation, reservoir, migration, and preservation. ” A multi-parameter superposition method was further
adopted to predict and grade favorable areas within the study area. The prediction results divided the study area into
Class I, Class I , and Class Il favorable areas. Drilling results indicate that high-gas-content wells (gas content > 18
m*/t) account for 90% of wells in Class I favorable areas, with an average gas content of 24. 04 m*/t. The prediction
results are highly consistent with actual exploration performance. The research results provide a reliable theoretical basis
and technical support for play fairway delineation and further exploration deployment of deep coal-rock gas in the Ordos
Basin, and are of great significance for improving resource development efficiency and safeguarding national energy
security.
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Fig. 1

Structural division (a) and stratigraphic column of the Upper Paleozoic coal-bearing formations (b) in the Ordos Basin
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Fig. 2 Relationship between measured gas content, R , and
burial depth of the No. 8 coal seam of the Benxi Formation in the

central-eastern Ordos Basin
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Fig. 4 Photographs of macroscopic and microscopic characteristics of the No. 8 coal seam of the Benxi Formation in the central-eastern
Ordos Basin
a. 8YEZ R WLIEAR S5 AL HER 2 355 m, R ~ 2. 3%, 0 s b, BEBTR A R B I SSLHE BER 2 986 m, R ~ 1. 8%, FIHH HLE 5 . S B BZ WURFAE , HIR
3163 m,R, =~ 1. 9%, H#EIFL R 4 55/(5 em) SEIFER 2 56/(5 em) 50 s d. BIBRBE IR &5 (9448 , HEPR 2 255 m, R, =~ 2. 9%, FIfli L BT



W, 4. SR/RZH A AR

RS 5A  XCH T % 7

*1

SBREHTRM P REBA SRR S-FESITEEXSH

Table 1 Parameters related to the calculation of adsorbed gas and free gas for selected samples from the central-eastern

Ordos Basin

T TR %  pMPa TIK W n! B/ o pd @ 1%
i ’ (glem?) (m*/t) MPa (m*/m?) (g/em?) (g/em?) ¢
N1 2839.0 2.0 1.4 4.5 27.5 363.3 23.0 3.4 0. 005 0. 152 0. 225 0. 086
N2 2 838.7 2.0 1.4 4.0 27.5 363.3 24.2 3.9 0. 005 0. 152 0.225 0. 086
N3 2 840. 1 2.0 1.8 2.6 27.5 363. 4 11.1 4.0 0. 005 0. 152 0. 225 0. 052
N4 2 840.7 1.9 1.4 7.1 27.5 363. 4 24.0 3.4 0. 005 0. 152 0. 225 0. 085
N5 2841.5 2.0 1.4 5.0 27.5 363.4 23.7 3.2 0. 005 0. 152 0. 225 0. 086
N6 2842.0 2.1 1.3 3.5 27.5 363.4 25.5 3.6 0. 005 0.152 0. 225 0. 088
N7 3010. 1 1.9 1.4 6.9 29.2 368.3 19.3 3.1 0. 005 0. 157 0.223 0. 070
N8 2674.3 1.8 1.3 8.9 25.8 358.5 22. 4 3.0 0. 005 0. 146 0.228 0.076
N9 2676.0 1.8 1.3 8.2 25.8 358.6 21.1 2.9 0. 005 0. 146 0.228 0.074
N10 2679.3 1.8 1.5 9.9 25.8 358.7 15.8 2.9 0. 005 0. 146 0.228 0. 063
N11 3187.8 2.2 1.4 6.4 31.1 373.6 15.3 3.2 0. 004 0. 162 0.220 0. 058
N12 3187.4 2.2 1.4 6.3 31.1 373.5 15.1 3.0 0. 004 0.162 0.220 0. 059
N13 3188.6 2.3 1.7 1.4 31.1 373.6 3.9 3.4 0. 004 0.162 0.220 0.018
N14 3189.4 2.2 1.8 4.1 31.1 373.6 9.6 3.5 0. 004 0.162 0.220 0. 047
N15 2472.2 2.2 1.3 9.0 23.7 352.6 26.6 4.6 0. 005 0. 138 0.232 0. 086
N16 2473.7 2.3 1.4 8.5 23.7 352.6 22.7 5.1 0. 005 0. 138 0.232 0.074
N17 3636.9 2.1 1.4 3.8 35.7 386.7 14.2 3.4 0. 004 0.173 0.213 0. 057
N18 3637.5 2.3 1.7 4.3 35.7 386.7 8.0 3.8 0. 004 0.173 0.213 0. 038
N19 2610.6 1.1 1.4 3.0 25.1 356.6 6.9 3.2 0. 005 0. 143 0.229 0. 025
N20 3159.9 1.7 1.3 6.4 30. 8 372.7 21.9 3.8 0. 004 0. 161 0.220 0.078
N21 2746. 4 1.9 1.3 7.3 26.5 360. 6 24.5 3.7 0. 005 0. 148 0.227 0. 082
N22 2355.6 2.5 1.3 5.0 22.5 349.2 22.7 3.5 0. 005 0.133 0.234 0. 075
N23 2357.1 2.5 1.3 4.4 22.5 349.2 25.9 3.6 0. 005 0.133 0.234 0. 083
N24 2358.7 2.6 1.7 7.0 22.5 349.3 23.3 3.4 0. 005 0.133 0.234 0. 098
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