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Fig.1 (a) Structural characteristics, tectonic unit division’of the Sichuan Basin and its periphery, and distribution
of major gas reservoirs in the Xujiahe Formation (gas neservoir distribution data from [23]); (b) NW-SE trending
Upper Triassic—Jurassic stratigraphic profile across Western-to-Central Sichuan (modified from reference [39])
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Fig.2 (a) Simplified stratigraphic system and tectonic evolution of the Sichuan Basin (modified from references
[36-37, 40]); (b) lithological characteristics of the Upper Triassic in the Sichuan Basin (modified from reference
[27))
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Fig.3 Ternary diagrams for sandstone compositions in the Sichuan Basin: (a) Member Tzx?; (b) Member Tax*
(sandstone classification after reference [44]; data of Jianna area after from reference [45])
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Formation, Sichuan Basin
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Table 1 Comparison of key parameters for tight sandstone reservoirs in the Xujiahe Formation, Sichuan
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Different diagenetic evolution and formation mechanisms of
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sandstones, Sichuan Basin
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Abstract: [Objective] The Upper Triassic Xujiale Fopmation in the Sichuan Basin contains abundant tight
sandstone gas resources, but its multi-provenance background has resulted in complex, diverse sandstone
compositions. This study focuses on Members Tsx*> and Ts3x* of the Xujiahe Formation, investigating the rock
fabric, reservoir properties and pere formation mechanisms of high-quality reservoirs as influenced by a range of
provenances, as well as the/formation=mechanisms of such reservoirs due to differences in their diagenetic
evolution. The findings aim to provide’ a basis for exploring the gas potential of the tight sandstone in the Xujiahe
Formation and to provide general insights for hydrocarbon exploration of tight sandstone sequences with similar
multi-provenance settings. [Methods] Primarily analytical methods were utilized in the study (thin-section
petrography, physical property testing, scanning electron microscopy (SEM), electron probe microanalysis
(EPMA), cathodoluminescence, X-ray diffraction (XRD) and Raman spectroscopy) to clarify the pore formation
mechanisms and different diagenetic evolution of the tight sandstones in the study area. [Results] (1) Provenance
variation has significantly influenced sandstone composition and the associated evolution of pores and diagenetic
pathways. Feldspar-poor sandstones have developed in near-source areas (e.g., the Western Sichuan Depression
and Northern Sichuan), resulting in fracture-pore composite systems; distal mixed-provenance regions (e.g.,
Central and Southern Sichuan) feature porosity-dominated reservoirs with a feldspar-rich matrix. (2) Highly rigid
clasts with early-stage chlorite coatings inhibit compaction and partial cementation, preserving primary
intergranular pores in deeply buried (> 5000 m) sandstones. (3) Organic acid dissolution, leaching by meteoric

water and fracture-related deep-fluid dissolution are key drivers of secondary porosity, but with distinct
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spatiotemporal distribution. [Conclusions] The interplay of provenance-driven rock fabric differences, burial/uplift
history, fracture development and fluid—rock reactions has shaped the present reservoir heterogeneity in Xujiahe
Formation sandstones.

Keywords: Tight gas sandstone; multi-provenance; diagenesis; pore formation mechanism; Xujiahe Formation;

Sichuan Basin
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