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Abstract The exploration and development potential of shale oil in the Jurassic Lianggaoshan
Formation of the Sichuan Basin is enormous. Understanding the depositional and evolutionary patterns of
mudstone has become increasingly urgent, and astronomical forcing is an important mechanism driving
mudstone deposition and evolution. In this study, the natural Gamma Ray logging curve was selected as a
proxy for paleoclimate, and a cyclostratigraphic analysis of the Lower Liang 2 Submember in the Fuxing
area of the Sichuan Basin was conducted to establish a high-frequency sequence stratigraphic framework
and explore the spatial and temporal distribution patterns of mudstone lithofacies within the sequence
pattern. The following results were obtained: (1) Multiple astronomical cycles of 405 ka, 128 ka, 43 ka,
and 21 ka were identified in the Lower Liang 2 Submember, corresponding to the fourth and fifth-order
sequences. High and low-eccentricity cycles were used to achieve high-precision stratigraphic subdivision
and correlation. (2) Combining the palaeoenvironmental parameters of elemental geochemistry with the
trend analysis of Total Organic Carbon ( TOC), we have demonstrated the close relationship between
palaeoclimate, terrestrial input conditions, TOC, and astronomical cycles. This study has elucidated the
significant control exerted by long-and short-eccentricity cycles on lithofacies development and their
combinations. Eccentricity emerges as a crucial factor governing climate evolution and lithofacies spatial
distribution. The Long Eccentricity is a key factor in controlling climate evolution, organic matter
enrichment, and the spatial distribution of lithofacies, while the Short Eccentricity plays a role in local
regulation. (3) Based on the astronomical response of lithofacies and lithofacies combinations, we have
summarized the climate and sedimentary cyclicity patterns primarily controlled by Eccentricity. During
periods of high Eccentricity, intensified insolation, precipitation, and river runoff lead to lake expansion,
with deepwater laminated mudstone rich in organic matter forming in the basin center. Conversely, during
periods of Low Eccentricity, the climate becomes arid, monsoons weaken, and weathering intensifies,
resulting in severe river incision and the development of large-scale deltaic sand bodies on basin slopes.
Turbidite sandstones mainly form in the downslope and deepwater areas. This research is of great
significance for understanding the origin of organic-rich mudstones and predicting high-quality mudstone
reservoirs.

Key words continental shale oil, lithofacies, lithofacies association, astronomical cycles,
Lianggaoshan Formation, Jurassic, Sichuan Basin
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Fig. 1 Location and stratigraphic column of the Jurassic Lianggaoshan Formation in Fuxing area of Sichuan Basin
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Fig. 2 Cyclical stratigraphic analysis of the Lower Liang 2 Submember of Well Z1 in Fuxing area of Sichuan Basin
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of Sichuan Basin ( profile location in Fig. 1-A)
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Table 1 Lithofacies division scheme of the Lower Liang 2 Submember in Fuxing area of Sichuan Basin
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Fig. 5 Core and thin section photos of lithofacies combination A of the Lower Liang 2 Submember of Well Z1

in Fuxing area of Sichuan Basin
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Fig. 6 Core and thin section photos of lithofacies combination Bl of the Lower Liang 2 Submember of Well Z1

in Fuxing area of Sichuan Basin
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of Well Z1 in Fuxing area of Sichuan Basin
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