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Fig.3 Reservoir space characteristics of the Fourth member of the Dengying Formation in the study area

(a) sand sized algal intraclastic dolomite, karst cave development, well PS8, 7 047.45-7 047.55 m; (b) foam layer dolomite, karst cave development, well PS2, 7 791.26-
7 791.36 m; (c) stromatolithic dolomite, strata solution pore, well PS1, 7 283.95-7 284.14 m; (d) sand sized algal intraclastic dolomite, intercrystalline pore and intercrys-
talline solution pore, well PS13, 6 901.19 m; (e) clotted dolomite, intergranular pores and intergranular solution pores, well PS13, 6 717.75 m; (f) silty dolomite, intercrys-

talline pores and fractures, well DB1, 6 410.61 m
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Fig.4 Diagenetic characteristics of the Fourth member of the Dengying Formation in the study area
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Fig.5 Characteristics of cementation stages of the Fourth member of the Dengying Formation in the study area
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7799.13 m
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Fig.6 Rare earth elements and yttrium (REY) distribution patterns (Post Archean Australian Shale (PAAS) standardization) of

different phases of secondary dolomite cement in the Fourth member of the Dengying Formation in the study area

(a) distribution patterns of rare earth elements in different diagenetic fluids in nature (Zhao et al., 2019); (b) REY partition pattern of the first generation of lamellar dolomite;

(c) REY partition pattern of the second generation powdery dolomite; (d) REY partition pattern of the third generation fine crystalline dolomite; (e) REY partition pattern of the

fourth generation medium crystalline dolomite; (f) REY partitioning patterns of the fifth generation coarse crystalline dolomite and the sixth generation giant crystalline saddle-

shaped dolomite
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Fig.7 Ce anomaly identification map of different phase secondary dolomite cement in the Fourth member hole of

the Dengying Formation in the study area
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Fig.9 Homogenization temperature distribution of fluid inclusions in multi-stage cements from vugs in the Fourth member of the

Dengying Formation, Penglai Area

1. second generation powdery dolomite; 2. fourth generation medium crystalline dolomite; 3. fifth generation coarse crystalline dolomite; 4. sixth generation giant crystalline sad-

dle-shaped dolomite; 5. late quartz, fluorite
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Fig.10  Characteristics of fluid inclusions in different phases of subconsolidated fill in the Fourth member

of the Dengying Formation in the study area
(a, b) clustered brown organic inclusions in the second generation powdery dolomite cement in the caverns, well PS2, 7 801.64 m; (c, d) the micro-crevices of the third generation
fine crystalline dolomite are filled with brown and dark brown bitumen, and some light oil remains, showing light blue fluorescence, well DB1, 6 410.01 m; (e) dark brown-rich
asphalt-rich inclusions distributed in clusters within the fourth generation medium crystalline dolomite in the caverns, well PS1, 7 263.71 m; (f) dark brown-rich asphalt-rich
inclusions distributed in groups within the fourth generation medium crystalline dolomite in the caverns, well PS1, 7 263.71 m; (g) dark brown rich bituminous inclusions and
dark gray hydrocarbon inclusions in the fifth generation coarse crystalline dolomite in the caverns, well DB1, 6 409.43 m; (h) dark gray hydrocarbon inclusions and dark
brown asphalt-rich inclusions distributed in the sixth generation giant crystalline saddle-shaped dolomite in the hole, well DB1, 6 409.43 m; (i) dark gray gas hydrocarbon inclu-

sions in the siliceous cement within the cavity along the growth zone, well PS2, 7 803.51 m
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Table 1 Cemented filling sequence, fluid inclusion characteristics, oil-gas accumulation period, and time of the

Fourth member of the Dengying Formation in the study area
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Fig.11  Burial history, thermal evolution history and hydrocarbon accumulation event map of the Fourth member of the Dengying
Formation of the Sinian system in the study area
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Reservoir Diagenesis, Pore Evolution and Oil and Gas Charging in the
Fourth Member of the Sinian Dengying Formation in the Penglai Area,
Central Sichuan
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1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu 610059, China
2. School of Energy, Chengdu University of Technology, Chengdu 610059, China

Abstract: [ Objective] The Dengying Formation in the Penglai area of central Sichuan has achieved a major break-
through in petroleum exploration. The Fourth member of the Dengying Formation has experienced multiple stages of
oil and gas charging owing to its large burial depth, old age, and complex diagenetic evolution. However, the rela-
tionship between reservoir pore evolution and oil and gas charging remains unclear. [ Methods] Based on drilling
coring data, the petrological types, reservoir space characteristics, diagenetic types, diagenetic evolution sequence,
pore evolution, and hydrocarbon charging of the Fourth member of the Dengying Formation were studied through thin
section observation, cathodoluminescence, in situ microelement analysis, and fluid inclusion. [ Results] The reser-
voir rock types of the Fourth member of the Dengying Formation in the Penglai area are mainly crystalline, granular,
and microbial dolomite. The types of reservoir space can be divided into three types: cave, pore, and fracture. The
main diagenetic types are syngene-parsyngenetic dissolution, epigenetic dissolution, buried dissolution, cementation
and filling, tectonic rupture, silicification, and compaction. Diagenesis in different stages jointly controls the evolu-
tion of reservoir pores in the four members of the Dengying Formation, among which the constructive diagenesis is
dissolution and rupture in different periods, and the destructive diagenesis is compaction and pressure-dissolution
and cementation and filling.[ Conclusions ] The filling sequence of cement in the solution holes of the Fourth member
of the reservoir can be divided into: the first generation blade-like dolomite — the second generation pow-
dery dolomite — the first stage bitumen — the third generation fine crystalline dolomite — the fourth genera-
tion medium crystalline dolomite — the fifth generation coarse crystalline dolomite — the sixth generation giant
crystalline saddle-shaped dolomite — the second stage bitumen — the seventh generation quartz, fluorite and other
minerals. Based on the information, such as type, phase state, and homogenization temperature, of fluid inclusions
captured by cemented fill of each stage the oil-gas charging process of the Fourth member of the Dengying Formation
in the Penglai area was reconstructed, as follows: Paleo-oil reservoir charging in the Middle and Late Silurian period
(the first phase of fossil oil reservoir) — Late Caledonian paleo-oil reservoir destruction — Middle Triassic paleo-oil
reservoir charging (the second phase of fossil oil reservoir) — Late Jurassic paleo-gas cracking in paleo-oil reser-
voir — the adjustment and formation of paleo-gas reservoir from the Late Cretaceous to present, in which the late oil
cracking gas — gaseous hydrocarbon charging is the main forming period of the Fourth member gas reservoir of the
Dengying Formation.

Key words: Penglai area; Dengying Formation; diagenesis; pore evolution; oil-gas charging
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