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Genesis of heterogeneity in the deep and ultra-deep tight sandstone reservoirs of the
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Abstract: To elucidate the heterogeneity and its origins in deep to ultra-deep clastic reservoirs, typical reservoirs of the
2nd member of the Xujiahe Formation (Xu 2 Member) in the western Sichuan Basin were selected as a case study.
Integrated petrophysical testing, petrographic analyses, and diagenetic-fracture characterization were employed to
systematically investigate the reservoir characteristics, heterogeneity patterns, and genetic features of Xu 2 Member in
the western Sichuan Depression. As indicated by the research results, (1) the deep to ultra-deep reservoirs of Xu 2
Member exhibit an average porosity of 3. 5% and an average permeability of 0. 077 X 107* wm?, representing typical tight
reservoirs. Diagenetic processes are complex and characterized by intense compaction, strong cementation, and weak
dissolution. Multi-scale fractures are widely developed, with multi-stage fracturing and mineral infilling, resulting in

extremely strong reservoir heterogeneity. (2) Reservoir heterogeneity is primarily manifested in physical-property
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variations.

Sedimentary heterogeneity includes two aspects: material composition and sedimentary structure.

Sedimentary architecture and lithofacies associations control the migration and precipitation of diagenetic materials at

different scales, leading to significant variations in diagenetic type and intensity. The development of small-scale

fractures is closely related to local stress magnitudes, sedimentary architecture interfaces, and lithofacies association

types. (3) The variability of sedimentary environments and depositional processes, diagenetic environments and

material migration, and stress regimes and fracture responses constitutes the key controlling factors underlying the

origins of heterogeneity at different forms and scales in deep to ultra-deep reservoirs. (4) Detailed characterization of

depositional processes, reconstruction of diagenetic evolution, and quantitative constraint of fracture responses are

considered the main approaches for understanding the heterogeneity of deep to ultra-deep reservoirs.
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Fig. 1

Tectonic location, tectonic-unit division, and composite stratigraphic column of the western Sichuan Depression in the Sichuan Basin
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Fig. 2 Reservoir physical properties of the 2nd member of the Xujiahe Formation (Xu 2 Member) in the western Sichuan Depression,

Sichuan Basin
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Fig. 3 Microscopic photographs of diagenesis and fracture characteristics in tight clastic rock reservoirs of the Xu2 Member, western
Sichuan Depression, Sichuan Basin
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Fig. 5 Photographs of sedimentary, diagenetic and fracturing heterogeneity of tight clastic reservoirs in the Xu 2 Member, western Sichuan

Depression, Sichuan Basin
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Fig. 6 Heterogeneity characteristics of tight clastic reservoirs in the first sand group of the Xu 2 Member in well Chuanfeng 563, western

Sichuan Depression, Sichuan Basin
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Fig. 7 Material migration during cement formation in tight clastic reservoirs of the Xu 2 Member, western Sichuan Depression, Sichuan Basin
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Fig. 8 Conceptual model showing differential diagenesis and microfracture development controlled by different sedimentary lithofacies

associations in tight clastic reservoirs of the Xu 2 Member, western Sichuan Depression, Sichuan Basin
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