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Abstract Organic matter pores serve as the primary spaces for shale gas enrichment and
accumulation, and their developmental characteristics are crucial for reservoir evaluation and selection.
However, current research on the combinations, characteristics, and heterogeneity of mineral-organic
matter pores remains relatively limited. This study focuses on the Longmaxi Formation and Wufeng
Formation shales in the southern Sichuan Basin region, employing a suite of techniques including whole-
rock X-ray diffraction analysis, argon ion polishing-scanning electron microscopy, electron micro-probe
analysis, cathodoluminescence, and Image J image analysis. These methods are used to elucidate the
relationships between minerals and organic matter, describe the structural characteristics of mineral-
organic matter pore combinations, analyze the distribution patterns of these combinations across different
lithofacies, and investigate the impact of their heterogeneous distribution on shale reservoir properties. The
results reveal the following key findings: (1) Quartz, clay minerals, carbonate minerals, and pyrite
exhibit multiple occurrence relationships with organic matter in shale, and a total of four categories
comprising 12 types of mineral-organic matter pore combinations were identified; (2) The distribution of
mineral-organic matter pore combinations varies among different lithofacies. Biogenic siliceous shale is
predominantly characterized by quartz-organic matter pore combinations, with a relative content of
73.59%. Clay shale, feldspathic-calcareous silistone, calcareous shale, and feldspathic siltstone are
mainly dominated by clay mineral-organic matter pore combinations, with relative contents of 73.45% ,
55.45%, 38.92%, and 53.66%, respectively. Calcareous siltstone is primarily characterized by
carbonate mineral-organic matter pore combinations, with a relative content of 55.01% ; (3) Organic
matter encapsulated within quartz and clay minerals exhibits a flow structure, characterized by high
organic matter content, large pore size, high porosity, and good pore connectivity. These pore types are
the most favorable for reservoir development; (4) Biogenic siliceous shale is identified as the optimal
shale gas reservoir, and its high gas content (3.53 m’/t) aligns closely with the high relative abundance
(33.71% ) of favorable mineral-organic matter pore combinations. In conclusion, the distribution
characteristics of mineral-organic matter pore combinations significantly influence the gas content of shale,
and the relative content of favorable pore combinations is positively correlated with gas content. This finding
holds substantial implications for the evaluation and selection of shale gas reservoirs.

Key words  Wufeng and Longmaxi formations, mineral-organic matter pore combination, shale
reservoir, lithofacies, heterogeneity, shale gas enrichment
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Fig. 4 Types and characteristics of inorganic pores in the Wufeng and Longmaxi formations shales in southern Sichuan Basin
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Fig. 5 Pore size distribution of organic matter in the Wufeng and Longmaxi formations shales in southern Sichuan Basin
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Fig. 7 Clay mineral-organic matter pore combination types and characteristics in the Wufeng and Longmaxi

formations shales in southern Sichuan Basin
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Fig. 8 Carbonate mineral-organic matter pore combination types and characteristics in the Wufeng and Longmaxi

formations shales in southern Sichuan Basin
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Fig. 9  Pyrite-organic matter pore combination types and characteristics in the Wufeng and Longmaxi

formations Shales in southern Sichuan Basin
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Fig. 10  Shale facies types and characteristics of the Wufeng and Longmaxi formations shales in southern Sichuan Basin
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Table 2 Relative contents and reservoir quality of mineral-organic pores in different lithofacies of

the Wufeng and Longmaxi formations shales in southern Sichuan Basin
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Fig. 11 Different lithofacies TOC content, porosity and gas content of the Wufeng and Longmaxi formations shales in southern Sichuan Basin
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Fig. 12 Heterogeneous distribution characteristics of mineral-organic pores in different lithofacies of

the Wufeng and Longmaxi formations shales in southern Sichuan Basin
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