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Abstract: The Middle Permian Qixia and Maokou Formations in the Sichuan Basin represent current hotspots for marine
carbonate hydrocarbon exploration and constitute critical domains for future natural gas reserve and production growth.
As indicated by the research results, the Middle Permian exhibits three unique geological features: (1) it developes in a
micro-weakly extensional tectonic settings, where the NW-trending Nanjiang-Tongjiang and Guangyuan-Changshou sags
formed under the combined influences of the Emeishan mantle plume and the Mianliie Ocean subduction; (2) it
represents a cool-water deposition environment characterized by lime mud matrix surpportting and proliferation of
heterotrophic organisms, an absence of non-skeletal grain deposits, and weak early cementation; (3) it is a sepiolite-

containing succession, in which sepiolite-talc clay minerals are widely developed, significantly improving the quality of
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both source rocks and reservoir rocks. Based on these unique attributes, hydrocarbon exploration in the Middle Permian
is confronted with three key geological issues. The first concern is the identification of main source rocks and effective
hydrocarbon migration systems: under conditions of multi-source hydrocarbon supply, tracing highly mature marine
hydrocarbon sources remains challenging, and the effectiveness of strike-slip fault-controlled migration systems has yet
to be clarified, restricting the understanding of hydrocarbon accumulation patterns associated with long-distance
migration. The second concern is the types, genesis, and distribution of high-quality reservoirs: under cool-water
depositional conditions, the sources and stages of dolomitization fluids remain unclear, and the preservation mechanisms
of matrix porosity in limestones and the main factors controlling pore-fracture development in unconventional reservoirs
require further investigation. The third concern is gas accumulation types, characteristics, and accumulation processes:
in structural-lithologic composite traps, the temporal-spatial matching relationships among reservoirs, faults, and seals
are highly complicated, and significant differences exist in the dynamic accumulation processes and enrichment patterns
of various gas pools. Further investigation of these issues will provide an important geological basis for advancing
hydrocarbon exploration in the Middle Permian.

Key words: source rock, reservoir genesis, fault conduit system, hydrocarbon accumulation process, hydrocarbon

exploration, Middle Permian, Sichuan Basin
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Fig. 1 Exploration results map (a) and composite stratigraphic column (b) of the Middle Permian in the Sichuan Basin
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Table 1 Comparison of micro-extension and weak-extension characteristics in the Middle Permian, Sichuan Basin
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Fig. 2 Comparison of characteristics of the Middle Permian extensional troughs (sags) in the Sichuan Basin
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Table 3 Comparison of sedimentary characteristics between different carbonate successions and the Middle Permian succession

in the Sichuan Basin
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Fig. 4 Plates showing occurrence states of sepiolite (talc) in the Middle Permian, Sichuan Basin
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Fig. 5 Cross-plot of 8"°C, and 8"C, values of natural gas from the Middle Permian, Sichuan Basin (data after references [17, 22, 66])
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Table 8 Types and characteristics of the Middle Permian gas reservoirs in the Sichuan Basin
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Fig. 8 Structural cross-section and structural map of the top Maokou Formation of the Middle Permian in the Yuanba area, Sichuan Basin

(simpliﬁed after reference [ 113])
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Fig. 9 Structural cross-section and structural map of the top Maokou Formation of the Middle Permian in the Songjiachang area, southern

Sichuan Basin (modified after reference [ 116])
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Table 9 Comparison of characteristics between the Middle Permian gas reservoirs and the Sinian Dengying Formation gas

reservoirs in the Sichuan Basin
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