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Abstract The Middle Permian represents a crucial phase of structural transformation in the Sichuan
Basin. Under the cumulative effects of various structural activities, the lithofacies palaeogeographic
attributes of the Maokou Formation remain ambiguous, thereby hindering the prediction of favorable
reservoir facies belts. By analyzing outcrop, drilling and seismic data, the sedimentary facies types of the
Maokou Formation in the Sichuan Basin are clarified and the tectonic-lithofacies palaeogeographic pattern
along with its evolution process are reconstructed. The results show that: (1) Eight types of rock
microfacies and nine typical microfacies assemblage sequences have been identified in the Maokou
Formation. Two sedimentary systems, specifically carbonate gentle slopes and marginal carbonate
platforms, have been distinguished by integrating palaeontological and sedimentary tectonic markers.
(2) The Maokou Formation underwent three stages of tectono-sedimentary evolution; the early Hercynian
inheritable palaeouplift controlled the “southwest high and northeast low” landform pattern of the early
Maokou (SQI —SQ2), leading to the development of a stable carbonate gentle slope sedimentary
environment, and the formation of a multi-zone migration thin beach body around the southwest Sichuan
palaeouplift. Continuous extension in northern Sichuan resulted in the formation of a recessional multistage
slope break zone, which led to significant platform-to-basin differentiation in the northern and southern
parts of the basin, thereby directly controlling sedimentary differentiation during the middle and late
Maokou (SQ3 -SQ5). The sedimentary system transitioned into a marginal carbonate platform, with
sedimentary facies zones exhibiting distinct northeast zoning characteristics. The uplift and stretching of the
Emei plume led to the development of the southwest Sichuan depression belt, further intensifying the
differentiation of the late Maokou (SQ6) platform, and causing the southwest Sichuan region to evolve
into an inner depression. (3) The distribution of cavern dolomite reservoirs and karst pore limestone
reservoirs in the Maokou Formation is controlled by sedimentary palaeogeomorphology and high-energy
beach facies. The platform edge beach and inner beach facies represent favorable zones for reservoir
development within the Maokou Formation. Key regions for the development of beach facies reservoirs
include the platform margin beach zone in the Maokou Formation controlled by the retreating multistage
slope break zone; the belt beach body surrounding the early inheriting paleo-uplift in the western rim;
and the inner platform beach zone, which is distributed in parallel belts under an extensional setting. This
study reconstructs the tectono-lithofacies palaeogeographic pattern of the Maokou Formation within a
chronostratigraphic sequence framework, reveals the distribution patterns of favorable reservoir facies
belts, and provides guidance for large-scale oil and gas discoveries in the Maokou Formation.

Key words tectono-lithofacies palaeogeography, sedimentary evolution, favorable reservoir zone,
Maokou Formation, Permian, Sichuan Basin
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Fig. 1 Paleogeomorphology in the early sedimentary period of the Maokou Formation (SQ1-SQ2) in Sichuan Basin (a, according

after Xu et al., 2025) and the sequence strata comprehensive column of the Maokou Formation (b)
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Fig. 2 Sequence filling evolution profile of the Middle Permian Maokou Formation in Sichuan Basin

(the profile location is shown in Fig. 1-a)
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Fig. 3 Microscopic characteristics of typical rock microfacies in the Maokou Formation, Sichuan Basin
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Table 1 Sedimentary facies division scheme of the Middle Permian Maokou Formation in Sichuan Basin
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Table 2 Lithological characteristics of reservoirs and gas test results in favorable reservoir zones of the Maokou Formation, Sichuan Basin
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