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Influence of sand-mud assemblages in tight sandstones on reservoir storage spaces:
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Abstract: The swift shifts in sedimentary water bodies in continental petroliferous sedimentary basins result in frequent
intercalation of sandstone and mudstone layers. Various sandstone-mudstone intercalation patterns (sand-mud
assemblages) lead to significant differences in the storage spaces in sandstone reservoirs. Focusing on the lower
submember of the 3™ member of the Paleogene Shahejie Formation in the Linnan sub-sag, Huimin Sag, Bohai Bay
Basin, we first analyze the spatial assemblages and single-layer thickness of sandstone and mudstone layers. Using
casting thin section observations, physical property tests, and micro-CT scanning, we systematically elucidate the
physical properties, pore types, and pore structures of sandstone reservoirs with different sand-mud assemblages. As
indicated by the findings, the lower submember contains nine types of sand-mud assemblages, namely thick mudstone

interbedded with thin sandstone, medium mudstone interbedded with thin sandstone, thick mudstone interbedded with
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medium sandstone, intercalated thin sandstone and thin mudstone, intercalated medium sandstone and medium
mudstone, intercalated thick sandstone and thick mudstone, medium sandstone interbedded with thin mudstone, thick
sandstone interbedded with medium mudstone, and thick sandstone interbedded with thin mudstone. The ionic
interactions between sandstones and mudstones lead to strong heterogeneity in the storage capacity of sandstone
reservoirs with different sand-mud assemblages. For sand-mud assemblages with low net-to-gross ratios, mudstones
supply ample CO,”, Ca*, Fe*, and Mg™ to sandstones, and sandstones are completely filled with cements.
Consequently, the sandstone reservoirs become extremely tight. However, when this ratio rises, mudstones cannot
provide sandstones with sufficient ions mentioned above. In this case, sandstones near the sand-mud interfaces exhibit
strong carbonate cementation, forming extremely tight reservoirs. In contrast, the interior of the sandstones shows weak
carbonate cementation, with a small number of primary pores present. Additionally, the sand-mud assemblages with
relatively thick sandstones promote organic acid infiltration, enhancing reservoir quality through the formation of
numerous intergranular dissolution pores. Based on the differences in sand-mud assemblages, we reveal the influence of
sand-mud assemblages on the evolutionary path and model of the storage spaces in sandstone reservoirs. Our insights are
pivotal for predicting sweet spots in tight sandstone reservoirs.

Key words: cementation, pore structure, sand-mud assemblage, tight reservoir, Jiyang Depression, Bohai Bay Basin
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Fig. 1 Tectonic setting (a), sand body distribution in the lower submember of the 3" member of the Shahejie Formation (b), and

composite stratigraphic column of well Jie 503 (c¢) of the Linnan sub-sag
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Fig. 2 Types of sand-mud assemblages in the lower submember of the 3™ member of the Shahejie Formation in the Linnan sub-sag
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Fig. 3 Histogram showing the single-layer thickness frequency distribution of sandstones and mudstones in the lower submember of the 3"

member of the Shahejie Formation in the Linnan sub-sag
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Table 1 Types of sand-mud assemblages in the lower
submember of the 3™ member of the Shahejie Formation in

the Linnan sub-sag
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assemblages in the lower submember of the 3™ member of the

Shahejie Formation in the Linnan sub-sag
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