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Fig.1

Location of the Western Sichuan Depression, tectonic division, planar distribution of sedimentary facies in Xu3 member,

and stratigraphy of the Xujiahe Formation (sedimentary facies distribution modified from Fu et al. ,2022)

(a) location of the Western Sichuan Depression; (b) tectonic zoning of the Western Sichuan Depression and planar distribution of sedimentary facies in Xu3 member; (c) stratigra-

phy of the Xujiahe Formation
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(a) lithologic triangulation; (b) histogram of grain size distribution; (c) lithic quartz sandstone, well DY 1, 4 634.67 m, cross-polarized light (XPL); (d) lithic sandstone, well

X856, 3 991.45 m, XPL
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Western Sichuan Depression
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Fig.7  Characteristics of clay and feldspar cementation and dissolution in the Xu3 member sandstone reservoir,
Western Sichuan Depression

(a) kaolinite filling intragranular pores, well Y3, 3 427.31 m, PPL; (b) kaolinite filling intergranular pores, well CX568, 4 080.73 m, scanning electron microscope (SEM);
(c) illite filling intergranular pores, well Y3, 3 427.60 m, SEM ; (d) illite filling feldspar dissolution pore, well DY6, 5 562.12 m, SEM; (e) grain-coating chlorite, well
DY2, 4 614.76 m, SEM; (f) feldspar overgrowth, well DY102, 4 593.42 m, XPL; (g) albite filling feldspar dissolution pores, well DY2, 4 614.76 m, SEM; (h) calcite filling do-
lomite fragment dissolution pores, well DY102, 4 693.00 m, PPL; (i) ferrocalcite filling dolomite fragment dissolution pores, well Y3, 3 429.60 m, PPL; A. albite; Ca. calcite;

Ch. chlorite; Df. dolomite fragment; F. feldspar; Fe. ferrocalcite; Fo. feldspar overgrowth; L. illite; K. kaolinite; Qc. quartz crystal
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Tablel In situ carbon and oxygen isotope data of tight sandstone carbonate cements

&1 AR = REFRERBREREMRARE R REER

in the Xu3 member sandstone reservoir, Western Sichuan Depression
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Fig.8 Characteristics of in situ carbon and oxygen isotopes in carbonate cement in the Xu3 member sandstone reservoir,

Western Sichuan Depression

(a) fracture-intragranular dissolved pores; (b) intragranular dissolved pores
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Fig.9 Formation and evolution model for the reservoir type with fracture-intergranular dissolved pores in the Xu3 member,

Western Sichuan Depression
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Diagenesis and High-Quality Reservoir Development Model of the Xu3
Member Tight Sandstone in the Western Sichuan Depression, Sichuan
Basin
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Abstract: [ Objective ] This study aimed to define the high-quality reservoir development model of the Xu3 member
in the source rock stratum, that is, the tight sandstone gas exploration in the Xu3 member of the Xujiahe Formation,
Western Sichuan Depression, and provide theoretical guidance.[Methods] The core, thin section, scanning electron
microscope, fluid inclusion, situ stable carbon and oxygen isotopes, porosity, and permeability data were integrated.
Based on the basic characteristics of Xu3 member tight sandstone reservoirs in the Western Sichuan Depression and
the types of diagenesis, the heterogeneity of the reservoirs and the development model of high-quality reservoirs were
analyzed systematically. [ Results] The results show that lithic quartz sandstone and lithic sandstone were the main
rock type of the Xu3 member, and the reservoir space was primarily composed of intragranular dissolution pores and
fractures, with porosity less than 7% and permeability less than 1X10°wm’. Therefore, the sandstone reservoirs could
be divided into intragranular dissolution pore and fracture- intragranular dissolution pore types. The diagenesis of the
Xu3 member sandstones included compaction, cementation, and dissolution and experienced early humic
acid, middle organic acid, and late hydrothermal fluids during the evolution process. In addition, two types of verti-
cal sedimentary cycles, sandstone with sandstone and sandstone with mudstone, were identified in the Xu3 member.
[ Conclusions ] The results indicated that the tight sandstone was altered by the early humic acid and middle organic
acid continuously via the intergranular pore throat and fracture and in favour of reservoir formation. However, the late
hydrothermal fluid acted solely in the late large scale fracture and had an insignificant effect on reservoir quality. In
addition, the high-quality reservoir of the sandstone with the sandstone vertical sedimentary cycle mainly developed
in the lower part of the cycle which characterized by relatively coarse-grain, but the high-quality reservoir of the sand-
stone with mudstone vertical sedimentary cycle mainly developed in the lower part of the cycle with relatively coarse-
grain; the upper part of the cycle is adjacent to the mudstone.
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