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Abstract

The article evolves the thermal Kinetics equation of coal metamorphism into the thermal kinetics
equation of organic matter evolution and uses it to accurately describe the relationship between
ancient geothermal temperature, vitrinite reflectance, and absolute age of rock layers. Further-
more, the mathematical equation for calculating the paleogeothermal gradient using the reflec-
tance gradient of vitrinite is derived, and used to solve the burial depth. For the Paleogene tectonic
layer, the average relative error between the calculated burial depth and the reference burial
depth is 8.28%. For the Paleozoic tectonic layer, the average relative error between the calculated
burial depth and the reference burial depth is 3.94%. All are far greater than the average relative
error when calculating temperature. Research has shown that in order to better interpret the un-
coupling of vitrinite reflectance with depth in the upper and lower structural layers of an uncon-
formity, it is necessary to consider not only the effects of erosion (subsidence) - anti-erosion (up-
lift) of the unconformity layer, but also the effects of changes in paleogeothermal gradients.
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Table 1. Original burial depth, vitrinite reflectance, and maximum ground temperature data
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R Im Ro/% e/ C REIm Ro/% e i/ C

1250 0.28 35.7 3650 0.95 149.56
1350 0.26 35.9 3680 1 150.42
1450 0.32 52.38 3850 1.15 159.68
1650 0.34 58.13 3900 1.2 165.71
1800 0.35 60.87 4000 1.35 170
2100 0.38 68.68 4080 1.25 169.54
2200 0.37 68.7 4150 1.3 172
2300 0.4 71.54 4250 1.35 174.88
2450 0.4 71.58 4300 1.4 176.33
2550 0.42 76.16 4400 1.5 182.87
2650 0.42 76.16 4480 1.65 189.6
2700 0.44 80.58 4550 1.7 191.9
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2950 0.54 97.99 4770 2 202.15
3100 0.52 94.42
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Table 2. Thermodynamic parameters under three different scenarios
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Figure 1. Temperature-time-vitrinite reflectance relationship diagram
of the Paleogene tectonic layer
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Figure 2. Temperature-time-vitrinite reflectance relationship diagram of
the Paleozoic tectonic layer
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Figure 3. Paleothermal gradient under fixed reflectance gradient in the
Paleogene
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Table 3. Comparison between calculated and measured burial depths of the Paleogene
7 3. AR EERS TR RELER

SR EEm BRI S 2 1% tE i TR Im AR ZE (%
1250 0.28 26.46 1116 10.75
1350 0.26 2350 903 33.10
1450 0.32 32.39 1541 6.29
1650 0.34 35.36 1751 6.13
1800 0.35 36.84 1855 3.04
2100 0.38 41.29 2160 2.85
2200 0.37 39.80 2059 6.40
2300 0.4 44.25 2357 2.50
2450 0.4 44.25 2357 3.78
2550 0.42 47.21 2550 0.00
2650 0.42 47.21 2550 3.77
2700 0.44 50.18 2737 1.38
2850 0.49 57.59 3182 11.64
2950 0.54 65.00 3593 21.79
3100 0.52 62.04 3432 10.72
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Figure 4. Paleothermal gradient of fixed reflectance gradient in the
Paleozoic era
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Table 4. Comparison between calculated and measured burial depths in the Paleozoic era
= 4. HEFITEERS TR RAVELER

SR Im BT SR 1% EWiEE THELRE /m FAXF IR 2%
3650 0.95 66.0 3390.6 7.11
3680 1.00 74.8 3478.8 5.47
3850 1.15 101.0 3725.8 3.23
3900 1.20 109.8 3801.5 2.53
4000 1.35 136.1 4009.0 0.23
4080 1.25 118.6 3873.9 5.05
4150 1.30 127.3 3943.0 4.99
4250 1.35 136.1 4009.0 5.67
4300 1.40 144.9 4072.1 5.30
4400 1.50 162.4 4189.9 4.78
4480 1.65 188.7 4347.9 2.95
4550 1.70 197.4 4396.0 3.38
4700 1.95 241.2 4608.7 1.94
4770 2.00 250.0 4646.2 2.59
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