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Abstract: The Middle-=Upper Permian marine shale formations in the middle Yangtze region are an important replacement field for shale gas
exploration and development in China, with great resource potential. However, their reservoir development is complex. Based on previous
studies, this study systematically summarizes the reservoir characteristics and research progress of three sets of shale formations from the
Middle-Upper Permian: Gufeng, Wujiaping, and Dalong Formations in the middle Yangtze region. The results show that: (1) All three sets of
shale formations are characterized by high total organic carbon (TOC) contents, moderate thermal maturity, and well-developed nanopores,
exhibiting favorable reservoir quality. Among them, the Gufeng Formation shale exhibits the highest TOC content, with kerogen dominated by
Type 1. The Wujiaping and Dalong Formations show relatively lower TOC contents, and their kerogen is mainly Type II. In terms of
lithofacies, the Gufeng and Dalong Formations are dominated by siliceous shale, whereas the Wujiaping Formation exhibits complex
lithofacies and significant heterogeneity due to variable depositional environments. In terms of pore structure, the Gufeng Formation shale
displays a wide pore—size range, with development from the nanoscale to the microscale, whereas the Wujiaping and Dalong Formation shales

are dominated by micropores and mesopores. (2) The three sets of shale reservoirs are complex, characterized by diverse lithofacies, multiple
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pore types, and strong multi-scale heterogeneity. (3) Overall research on the Middle-~Upper Permian marine shale reservoirs in the middle

Yangtze region remains relatively limited. Therefore, it is recommended to carry out quantitative reservoir characterization through integrated

multi-scale analysis of outcrops, cores, and experiments, promote interdisciplinary collaboration, introduce techniques such as artificial

intelligence and big data analysis, establish a comprehensive shale reservoir evaluation system tailored to the geological characteristics of

this region, and conduct graded optimization and evaluation of “sweet spot” intervals and areas, thereby providing solid theoretical support

and decision—making guidance for large—scale exploration and effective development of Middle—Upper Permian marine shale gas in the

middle Yangtze region.
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Fig. 1 Structural region and stratigraphic division of middle Yangtze region
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Fig. 2 Ternary diagram of shale mineral components of Middle—Upper Permian Gufeng Formation, Wujiaping Formation, and Dalong

Formation in middle Yangtze Region (modified from Ref. [16-38])
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Fig. 3  Statistical histograms and box plots of TOC and R, for shales in Gufeng Formation, Wujiaping Formation, and Dalong Formation in
middle Yangtze region (data from Refs. [21,26,36,47,51-54])
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Fig. 4 Pore development characteristics of Middle—=Upper Permian shales in middle Yangtze region
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