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Genesis of heterogeneity in deep shale gas reservoirs of Lower Silurian Longmaxi Formation,
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Abstract: The organic-rich deep shale gas reservoirs of the Longmaxi Formation in the Dazu area of western Chongqing exhibit pronounced
heterogeneity, which constrains the efficient exploration and development of the Longmaxi Formation shale gas in this region. Three—
dimensional seismic data were used to reconstruct the paleogeomorphic pattern of the Early Silurian Longmaxi period in the Dazu area.
Combined with lithological and mineralogical data, organic and inorganic geochemical data, well logging—seismic data, and reservoir
characterization results, the sedimentary environment, material composition, and reservoir heterogeneity of the Longmaxi Formation under
different paleogeomorphic units were investigated, and their genetic mechanisms were explored. The results indicated that: (1) The
paleogeomorphology during the deposition of the Longmaxi Formation in the study area showed a step—like pattern, with higher elevations in

the north and lower in the south. From north to south, shelf highlands, shelf slopes, and shelf depressions were developed sequentially, and
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the redox conditions and paleosalinity of the sedimentary water body gradually increased southward. (2) The material composition of shale
reservoirs showed a clear co—variation relationship with the secondary paleogeomorphic units. The biogenic quartz content and total organic
carbon (TOC) content increased southward, while the clay mineral and terrigenous clastic contents decreased southward. High productivity
and good preservation conditions in the shelf depressions favored organic matter enrichment, and diagenetic processes such as feldspar
alteration controlled the spatial distribution of mineral composition. (3) The spatial variations in mineral composition and organic matter
content further controlled the reservoir characteristics. The porosity of the continental shelf slope was the highest, dominated by
intercrystalline pores and organic pores. The porosity of the continental shelf highlands was the second highest, primarily consisting of
intergranular and intragranular pores. The porosity of the continental shelf depression was the lowest, which was associated with the small
size of organic pores and the filling of intergranular pores by biogenic quartz. (4) Constrained by quantitative inversion and measured data,
the thickness of type I shale gas reservoirs gradually increased from the continental shelf highlands to the continental shelf depressions,
showing a significant genetic connection with the changes in the sedimentary environment. The differences in sedimentary environment

controlled by paleogeomorphology are the fundamental cause of the strong heterogeneity of shale gas reservoirs. The research findings can

provide a basis for the efficient exploration and development of heterogeneous shale gas reservoirs.

Keywords: Dazu block; Longmaxi Formation; deep shale gas; reservoir heterogeneity; reservoir genesis; paleogeomorphic pattern
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Fig. 2 Lithofacies characteristics of Long 1, sub-member in Dazu block, western Chongqing
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Table 1 Characteristics of shale minerals in Long 1, sub—-member under different paleogeomorphic units of Dazu block,
western Chongging
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Table 4 Comprehensive quality classification and evaluation criteria for shale of Longmaxi Formation in study area
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