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Abstract: Commercial breakthroughs were achieved in both organic-rich shale and organic-poor silty shale gas reservoirs
within the Lower Cambrian Qiongzhusi Formation of the Sichuan Basin. However, the pronounced differences in
petrophysical properties between these two shale types and their underlying diagenetic controls remain poorly
understood, thereby impeding reservoir-specific exploration strategies and targeted development. By integrating total
organic carbon (TOC) analysis, X-ray diffraction (XRD) , and high-pressure mercury intrusion (HPMI) for

geochemical and mineralogical characterization, low-temperature N> adsorption (LTNA) , low-pressure CO» adsorption
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(LPCA) , and spontaneous imbibition for pore structure assessment, and large-area imaging in scanning electron
microscopy (MAPS-SEM) , energy-dispersive spectroscopy (EDS), and quantitative evaluation of minerals by scanning
electron microscopy (QEMSCAN) for microstructural imaging, we characterized the organic geochemical,
mineralogical, petrophysical and microscopic pore structure characteristics of layer ) organic-rich shale and layer ©
organic-poor silty shale of the Qiongzhusi Formation in the central Sichuan Basin. Meanwhile, the intensities of
compaction, dissolution, and cementation were quantitatively assessed. The research results are as follows. (1) The
two shale types exhibited similar mineral compositions; however, the organic-rich shale of layer G was superior to the
organic-poor silty shale of layer € in terms of TOC content (avg. 2.03%) , porosity (avg. 3.80%) , and pore
connectivity. Although the latter had relatively well-developed macropores, its total pore volume and specific surface
area were lower. (2) The initial porosity of the organic-poor silty shale of layer ® (avg. 65.40%) was slightly higher
than that of the organic-rich shale of layer & (63.70%) ; however, owing to its poorly sorted mineral grains and
consequently lower compaction resistance, its porosity loss due to compaction (avg. 40.32%) was significantly higher
than that of the organic-rich shale of layer & (avg. 33.06%). (3) The high TOC content in the organic-rich shale of
layer & promoted stronger acid-driven dissolution. The porosity increments derived from feldspar and carbonate mineral
dissolution (avg. 0.43%) and from organic matter thermal evolution (avg. 0.12%) were both greater than that in the
organic-poor silty shale of layer €® (avg. 0.28% and 0.06%), respectively). On the other hand, the abundant ions
derived from intense dissolution in the sublayer also exacerbated cementation, resulting in a higher porosity loss due to
cementation (avg. 19.76%) compared to the organic-poor silty shale of layer ® (avg. 16.72%). Taken together, these
findings indicate that differences in compaction resistance arising from contrasting mineral grain sorting represent the
primary control on the divergence in petrophysical properties between the two reservoir types. Furthermore, differences
in the coupled intensity of dissolution-cementation, driven by TOC contrasts between the two shale types, further
enhanced the discrepancy in reservoir quality.

Key words: petrophysical properties, diagenesis, organic-poor silty shale, organic-rich shale, Qiongzhusi Formation,

Sichuan Basin
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Fig. 1 Tectonic unit division of the Sichuan Basin (a), sedimentary facies (b) and comprehensive stratigraphic column (c) of the

Cambrian Qiongzhusi Formation in Central Sichuan Basin
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Table 1 Data of pore structure and electron microscopy analysis for the Qiongzhusi Formation, Central Sichuan Basin
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