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( , 2019; Feng Qiangian et al. , 2022 )
Fig 2 Comprehensive stratigraphic column of the eastern Sichuan basin

(modified from Wu Hang et al. , 2019; Feng Qiangian et al. , 2022)
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of sample GSK from the Permian Maokou Formation in the eastern Sichuan basin
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1
Table 1 Clumped isotope data of limestone from the Permia

Maokou Formation in the eastern Sichuan basin

S C 3O | A (os | Tawr | 8" Ovater
"1 CO | (%.VPDB)  |[FCDES) | (C) [(VSMOW)

20 4,11 —6. 05 0. 411 |120. 5 11. 07

HY 3 20 4. 11 —5. 98 0. 425 |110. 0 9. 87
20 410 | —6.16 0. 413 |118 9 10. 76

20 314 | —559 0.398 [13L 0 12. 74

WYC| 3 20 3. 09 —25. 60 0. 404 |[126. 0 12. 16
20 312 —5. 58 0. 400 |129. 3 12. 56

20 3. 61 —6. 10 0. 391 [137. 0 12. 88

DFA | 4 20 3. 64 —6. 07 0,371 |[155 8 14. 86
20 3. 52 —6. 37 0421 |112 9 9. 82

20 3. 69 —6. 21 0. 410 |121 3 10. 99

20 422 | —6.37 0. 433 |104. 4 8 76

YJZ 3 20 4. 20 —6. 54 0. 413 [118 9 10. 38
20 4,05 —6. 70 0. 437 |10L 7 8 09

20 3. 56 —4. 80 0. 362 |165 2 17. 07

LFC | 3 20 3. 63 —4. 94 0. 368 |158 9 16. 31
20 3. 64 —4. 86 0. 393 |135 3 13. 95
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Fig 5 Carbonate clumped isotope temperatures (T ;)
versus water oxygen isotope compositions of the
precipitating waters (8" O,ue) from the Permian Maokou
Formation in the eastern Sichuan basin (modified from
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Fig 6 Burial history and thermal history of typical wells in the eastern Sichuan basin (the vitrinite reflectance data were

cited from Zhu Chuanqing et al. , 2017; Li Pingping et al. , 2021; Feng Qiangian et al. , 2022)
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8
7
Fig 7 Clumped isotope thermal simulation result of limestone from the Permian
Maokou Formation in the eastern Sichuan basin
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Fig 10 The maturity evolution of Lower Permian (a) and Upper Permian (b) source rocks in the eastern Sichuan basin
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Fig. 11 The maturity contour map of Lower Permian and Upper Permian source rocks in the eastern Sichuan basin
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Thermal evolution of the Permian in the eastern Sichuan basin
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Abstract

The lack of effective paleo-geothermometers restricts the study of the thermal history of carbonate
formations. Clumped isotopes, as an emerging paleo-geothermometer, is of great significance for the
thermal history reconstruction of carbonate formations. The Permian is the key stratum for natural gas
exploration and development in the Sichuan basin. In this paper, by testing the clumped isotopes of
Permian carbonate samples in the eastern Sichuan basin and combined with vitrinite reflectance, the
thermal history since Permian was reconstructed. On this basis, the thermal evolution of Permian source
rocks was clarified, and the influence of the Emeishan mantle plume on the thermal regime of the eastern
Sichuan basin was discussed. The clumped isotope temperature in eastern Sichuan basin is 101 7 ~
178 7°C. The thermal history simulation using the exchange/diffusion model suggests that the highest
paleotemperature in the study area was in the late Cretaceous. The highest paleotemperature is between
213~225°C. The paleotemperature gradient is 23~33 °C /km. The highest paleo-heat flow in the eastern
Sichuan basin was in the Permian, about 55~70 mW/m?. The heat flow gradually decreased to the current
terrestrial heat flow since the Permian. The thermal evolution analysis of source rocks shows that the
thermal evolution of Permian source rocks is staged and controlled by tectonic movements. The Indosinian
and Yanshan-Himalayan movements caused two stages of thermal evolution stagnation. After reaching the
highest paleotemperature in the late Cretaceous, hydrocarbon generation stopped. It is in the gas
generation stage nowadays. The Permian heat flow and thermal evolution of source rocks in the eastern
Sichuan basin are mainly affected by crustal tension thinning, and the influence of the Emeishan mantle

plume is small and limited.

Key words: clumped isotope; thermal history; Emeishan mantle plume; Permian source rocks;

carbonate rocks



