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Abstract The diagenetic sequence and pore evolution of ancient carbonate rocks in deep or ultra-
deep burial depth is one of the hot topical in reservoir evolution. Based on analysis of the petrographic,
geochemical, and U-Pb dating of diagenesis minerals of the Dengying Formation at Chuanshen 1(CS1) ,
Jinshi 1(JS1) and other wells, the authors has adopted the comparative methods, in which compare the
matrix dolomites with different dolomite cements, as well as the other diagenetic minerals, occurred in
cement or fillings in vugs & fractures with regard to the data of carbon, oxygen, and strontium isotopes,
homogenization temperatures, U-Pb dating of dolomites and calcites, either in the Dengying Formation of
Ediacaran, or Xianrendong Formation of the Early Cambrian, or Maokou Formation of Middle Permian.
The diagenetic sequence has been reasonable modified: fibrous or fibrous growth — column fibrous or
foliated or blade ( length-fast cement) or dogtooth shaped — coarser fibrous or bundle shaped of marine
cementation and bundle shaped cement or fasicular or radial dolomite cements. i.s botryoids or comb shell
shaped or primary dolomite biomorphs of nanoscale spheroids— micro-stalactitic or vadose silt of meteoric
cementation— cryptocrystalline or microcrystalline quartz (1) — fluorapatite, barite and fluorite ( 1*) —
semi-automorphic micro-crystalline dolomite—fine crystalline dolomite—fine and medium crystalline quartz
(2"") or medium to coarse dolomite—Saddle dolomite(1*) —medium to coarse crystalline calcite (1) —
hydrocarbon discharge ( episodes ) — fluorite ( continuous dissolution. 2" or 3™) + coarse calcite (2"') —
coarse quartz( 3" ) + Galena + Sphalerite + Pyrite + Fluorite (4" ) + coarse calcite (3™) + coarse crystalline
dolomite (or Saddle dolomite (2") — pyrobitumens ( pyrolysis or TSR, methane ) — coarse calcite (4" ) +
quartz(4") ; and the medium to coarse dolomite in some of the fractures or cavities is of early hot fluid
dolomite origin, with relatively low §°C,,;( = 1.78%c~—1.69%¢) and 8"0,,,( —9.28%0~—9.32%0) and
moderate. homogenization temperatures ( Th = 130.9 C, 135.3°C, 116.6 °C) and salinity ( 12. 63wt%
NaCl) ; the U-Pb Concordia Age of dolomite(D _y )is between 474.0+£74.0 Ma to 482. 0+56.0 Ma, By
integrating analyses of burial history, the geological-time of dolomite (D _, ) is mostly like to occur in the
late Ediacaran to Cambrian( No later than Early Ordovician). The weak extension during the late Ediacaran
to Cambrian period, interval by multiple episodes of tectonic compression and exhumation, provided the
conditions for the meteoric water percolated downward along the faults or fractures, heated by deep
circulation as well as mixing with formation water, lead to precipitate of dolomite. The diagenesis effect on
pore evolution display that the early dolomite cementation developed in hot fluid had a smaller proportion
and had little effect on pore reduction, in compared with diagenesis such as large-scale marine cemen-
tation, strong silicification, compaction, and dedolomitization.

Key words geochemical characteristics, U-Pb dating age, diagenetic sequence, the early dolo-
mite cement origin in hot fluid, Dengying Formation, Sichuan Basin
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Fig. 1 Lithofacies palaeogeographic map of the Dengying Formation (a, after Luo et al., 2025) and comprehensive column

of the fourth Member of Dengying Formation (b) in Sichuan Basin
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Fig. 2  Mineralogical characteristics of cement within carbonates of the Dengying Formation in Sichuan Basin
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Fig. 3 Stable oxygen & carbon isotope composition and genetic interpretation for various and multi-periods dolomites (or calcites)

either in matrix rocks (a) and vugs and fractures (b) in the Dengying Formation, Sichaun Basin
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Table 1

of the Dengying Formation in Sichuan Basin

Average and variation data of stable carbon, oxygen and radioactive strontium isotope for various dolomites

8"Cppp /%o 8"0 /%o 87 Sr/ 8%y
HARA 5
R LIEN ¥ RRELIEN it Hl T HME bien |
Je & (BRBL/ BB T4 Dy(Pe-Ren) 0.95 0.70~-1.40 -2.85 -5.50~0.00  0.70929 0.708642~0.710062
T8 b/ PR i (3R B ) DD | (Ren-Pe) 2.75  1.10~4.00  -2.39 -4.50~-0.10 0.70896 0.708574~0.710008
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Ve (R B AT ) Dy_D; (GD-T) 3.08 1.70~5.70 -2.32 -5.30~0.10  0.70883 0.708560~0.709594
Ve i (TR B ) /IR D,.D, (GD-T)/HT 1.83  0.50~2.80 -7.58 -9.50~-5.70 0.70970 0.708771~0.710725
Ve i (R B A ) /A Dy_D; (GD-T)/HT 0.10~1.20 -16.10~-12.90 0.709242 ~0.710556
i (TR D, 547  220~5.60 -1.70 -4.10~1.70  0.710626 0.709211~0.710385
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Je b (BRBL/BEEUR) Dy(Pe-S) 1.15  0.60~1.40 -2.33 -3.60~-1.40 0.70961 0.708964~0.710441
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light (PPL), cathodoluminescence (CL) of the Permian, Cambrian and Ediacaran in Sichuan Basin
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Fig. 7 Themal bury history for carbonate rocks of the Dengying Formation constrained by diagenetic sequence and

histograms of homogenization temperatures of different strata at Well CS—1 in Sichuan Basin
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structure for representative carbonate rocks of the Dengying

Formation in Sichuan Basin
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Fig. 9 Diagenetic sequence and evolution of porosity within carbonate rocks of the Dengying Formation at Well CS1 in Sichuan Basin
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