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Fig.2 Representative paragenetic sequence of the Dengying Formation in the central Sichuan paleo-uplift

(modified from references [59-60])
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Fig.3 Main diagenetic processes in the Dengying Formation in the central Sichuan paleo-uplift

(a) intraclastic dolo-grainstone developing micrite envelope and micritization, Z,dn’, Xianfeng profile, Plane-Polarized Light (PPL); (b) dolo-thrombolite with porosity filled by
dolomite cements, sznz, Anle profile, PPL; (c) intraclastic dolo-grainstone, showing mechanical rearrangement of grains caused by mechanical compaction, sznl‘well Y1,
PPL; (d) fine-crystalline dolostone with stylolite formed by chemical compaction, szn,z, well GS16, PPL; (e) siliceous very fine-to-fine crystalline dolostone with equant dolo-
mite caused by recrystallization, sznﬂ, well PS1, PPL; (f) siliceous rock formed by the silicification of dolostone, szn", well DT1, Cross-Polarized Light (XPL); (g) crystalline
dolostone with an fracture caused by fracturing, szn4, well DT1, PPL; (h) intraclastic dolo-grainstone with a fracture filled by hydrothermal quartz, szn“, well DT1, XPL;
(i) intraclastic dolo-grainstone with bitumen filling porosity, sznA, well GS16, PPL; (j) dolo-stromatolite developing penecontemporaneous karst and stratified dissolved voids,
sznz, well ZS101; (k) dolo-breccia generated by epigenic karst, szn", well MX105; (1) dolo-thrombolite with porosity filled by partially dissolved saddle dolomite and bitu-
men, szn4, well PS13, PPL
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Fig.4  Thin-section microphotographs showing the main cements of the Dengying Formation in the central Sichuan paleo-uplift

(a) dolo-thrombolite with porosity cemented by D2 to D3, sznz, Anle profile, PPL; (b) dolo-microbialite with (dissolved) growth-framework porosity filled by multiphase dolo-
mite cements, sznz,well GS131X, PPL; (¢) dolo-thrombolite with D2, D4, and D5, sznz, well ZS101, PPL; (d) dolo-thrombolite with D3 fulling occluding porosity, szrﬁ, well
HSI, PPL; (e) micritic dolostone with porosity cemented by D3, D4, and D5, szn4, well HS1, PPL; (f) intraclastic dolo-grainstone with porosity filled by D5 and bitumen,

szn4, well GS16, PPL; D1. matrix dolomite, D2. fibrous or micrite to very fine crystalline dolomite cement, D3. bladed or fine crystalline dolomite cement, D4. medium to

coarse crystalline dolomite cement, D5. saddle or mega crystalline dolomite cement
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Multiphase Saline Diagenetic Fluid Activity in the Dengying Formation
of the Central Sichuan Paleo-Uplift: Implications for reservoir
development
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Abstract: [Objective] Pore fluids, particularly saline pore fluids, are widespread in sedimentary basins; however,
their characteristics undergo substantial changes throughout the burial process. Such change has a significant influ-
ence on the formation and modification of deep to ultra-deep petroleum reservoirs; thus, determining the variations of
saline pore fluids during burial can help identify the formation mechanisms of these reservoirs.[ Methods ] The Deng-
ying Formation of the central Sichuan paleo-uplift was studied. By integrating the 6°C, 80, YSr/*Sr, clumped
isotopes, and U-Pb age data of the main products formed by saline fluid activity, the genesis of these products, their
fluid-charging sequences, and the influence of saline fluid activity on reservoir development were investigated.
[Results ] The results show that the Dengying Formation was characterized by the development of five product types
associated with saline fluid activity: matrix dolomite (D1), fibrous or micrite to very fine-crystalline dolomite rim
(D2), leaf or fine-crystalline dolomite (D3), medium to coarse crystalline dolomite (D4) , and saddle or mega-
crystalline dolomite (D5). These five types of dolomite display differences in §°C, "0, ¥St/*Sr, T(A,,), and U-Pb
ages, corresponding to five phases of saline diagenetic fluid activity. [ Conclusions] A comprehensive investigation
shows that the general diagenetic sequence of these dolomite is as follows: (1) DI formed by seawater dolomitiza-
tion, (2) D2 generated by the reflux dolomitization of (evaporated) seawater, (3) D3 originated via the dissolution
of early-formed D1 and D2 followed by reprecipitation, (4) D4 precipitated from the mixing of formation waters and
hydrothermal fluids, and (5) D5 formed from by the influx of deep-sourced *Sr-rich hydrothermal fluids. Early-stage
saline diagenetic fluid activity (i.e., 1" and 2* stages) enhances the ability of reservoir rocks to resist physicochemi-
cal compaction, favoring reservoir formation; conversely, late-stage saline diagenetic fluid activity (i.e., the later
three stages) degrades petrophysical properties by precipitating abundant dolomite cements within void spaces. There-
fore, saline diagenetic fluid activity controls the evolution of reservoirs through two-phase differential diagenesis.
These findings may provide guidance for the petroleum exploration in deep to ultra-deep carbonate formations.

Key words: diagenetic fluids; diagenetic evolution; dolomite; reservoir formation; deep to ultra-deep petroleum

reservoirs



