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Abstract: Marine shale in China is characterized by old sedimentary age, high degree of thermal evolution and complex preservation
conditions. The original method of evaluating resource potential of shale gas neglets the dynamic process of shale gas generation and evolution,
so it fails to reflect the real shale gas generation capacity effectively. Based on the sedimentation, burial and thermal evolution histories of the
Upper Ordovician Wufeng Formation—Lower Silurian Longmaxi Formation highly evolved marine shale in Well JY2 of the Sichuan Basin,
this paper proposes a dynamic evaluation method of the generation and preservation capacity of highly evolved marine shale gas. In addition,
the shale gas generation capacity controlled by oil expulsion efficiency 1s studied by means of thermal simulation experiments. And from the
perspective of shale gas generation, expulsion and retention, the whole process of shale gas generation and preservation is (semi-)quantitatively
evaluated by combining forward and inverse modeling methods. On this basis, the 7OC lower limit in favorable zones of shale gas is discussed.
The following results are obtained. First, the forward thermal simulation experiments can show the contribution of kerogen and retained oil to
the generation of shale gas, and can be used to establish the shale gas generation potential chart at different oil expulsion efficiencies. Second,
the thermal stimulation experiments show that the largest oil expulsion efficiency of Wufeng—Longmaxi Formation in the oil generation stage is
68.79%, which is close to the average oil expulsion efficiency (66.52%) of Well JY2 inverted from solid bitumen. Third, the preservation ratio of
highly evolved marine shale gas in Well JY2 of the Sichuan Basin is 10%-40%, which means 60%-90% of shale gas is lost in general. Fourth,
TOC content has a certain controlling effect on the preservation of shale gas. The natural gas lost from the shale with residual TOC greater than
1.5% accounts for 60% to 80%, and that from the shale with residual 7OC less than 1.5% accounts for 70% to 90%. Fifth, when the shale gas
loss rate is 70% and the oil expulsion efficiency ranges between 50% and 80%, the TOC lower limit of shale in favorable zones is 1.77%-3.00%
(R=2.0%) and 0.95%—1.70% (R,=3.0%), respectively. In conclusion, the evaluation of highly evolved marine shale gas should not only focus on
the loss of shale gas in the late reworking stage, but also on the oil expulsion in the early stage. The TOC evaluation index of favorable zones of
shale gas should be determined from the perspective of its dynamic evolution.

Keywords: Sichuan Basin; Upper Ordovician Wufeng Formation-Lower Silurian Longmaxi Formation; Highly evolved marine shale gas;
Simulation experiment; Oil expulsion efficiency; 7OC lower limit
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