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Application of basin modeling method coupling sedimentary filling evolution with
petroleum system in simulating ultra-deep oil-gas accumulations:a case study of
Sinian Dengying Formation in central Sichuan Basin

Liu Keyu Liu Jianliang

(1. National Key Laboratory of Deep Oil and Gas,Shandong Qingdao 266580,China ;
2. School of Geosciences ,China University of Petroleum (East China) ,Shandong Qingdao 266580 ,China)

Abstract: The revolution of the unconventional petroleum (e.g., tight oil and gas, shale oil and gas) at the start of the 21st century has
changed our understanding of the traditional petroleum system paradigm. The over-simplified “layer-cake” and discrete “source, reser
voir and cap” model established from the classic petroleum system model is no longer effective in simulating the enrichment patterns and
favorable distribution of unconventional oil and gas. Coupled forward stratigraphic and petroleum system modeling can fully considers the
heterogeneities of various petroleum system elements during the basin filling process, and can generate more refined geological models
for numerical simulations. Such a coupled approach may be used to more effectively predict the formation process and favorable distribu-
tion of deep and unconventional oil-gas reservoirs, providing a simulation tool for quantitative evaluation of the whole petroleum system
in a basin. Taking the ultra-deep Sinian Dengying Formation in the central Sichuan Basin as an example, with sparse drilling data and
low-quality seismic data, a process-based forward stratigraphic modeling method was used to simulate the tectono-sedimentary evolution
process of the Dengying Formations and to generate a refined three-dimensional heterogeneous sedimentary model. Based on existing un-
derstanding of the tectonic and thermal evolution history of the Dengying Formation and the characteristics of the Sinian and Cambrian
source rockss we carried out petroleum system modeling of the Dengying Formation using the refined sedimentary model and predicted
the direction of oilgas migration and favorable accumulation areas within the Dengying Formation. Compared with the simulation results
from the classic “layer-cake” basin model, the coupled stratigraphic and petroleum system modeling takes full consideration of the sedi-
mentary heterogeneities of the Dengying Formation, and is able to simulate oil-gas accumulations within lithological traps developed by
lithofacies changes within the Dengying Formation. The simulated oil-gas enrichment locations and magnitudes are more consistent with
actual exploration discoveries compared with that from the traditional basin and petroleum system modeling.
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Fig.1 Major tectonic zonation and development characteristics of Sinian Dengying Formation in Sichuan Basin
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Fig.2
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Workflow of coupled forward stratigraphic and petroleum system modeling

[45]

b

Liu [

[44]



1450

2023 44

[47-58]

3 . . . .
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1

Table 1 Key parameters and acquisition methods for stratigraphic forward modeling of Sinian Dengying Formation in central Sichuan Basin
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Fig.4 Stratigraphic forward modeling of tectono-sedimentary evolution of Sinian Dengying Formation in central Sichuan Basin
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Table 3 Key input parameters of geological model in 3D basin
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modeling from Sinian to present in central Sichuan Basin

/Ma

/Ma

100. 0
1450

100 0

210. 0
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210 190
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444, 0
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514. 0
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Fig.6 Lithofacies of the submembers of Dengying Formation from stratigraphic forward modeling used as direct input

for petroleum system modeling
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7
Fig.7 A geological model integrated stratigraphic forward modeling of Dengying Formation in central Sichuan Basin

and its comparison with the traditional ‘layer-cake’ geological model

8 J—
Fig.8 Burial history of the Sinian Dengying Formation in central Sichuan Basin,and the hydrocarbon generation

history of the Sinian to Lower Cambrian source rocks
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Fig.9 Numerical simulation of hydrocarbon migration and accumulation processes of Sinian Dengying Formation in central Sichuan Basin
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