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Cenozoic tectonic-thermal history reconstruction of the Qinnan Depression, Bohai Basin

Abstract: [Objective] Tectono-thermal history is important to understand basin evolution and its geodynamic mechanism
and is the key question to be solved for source rock maturation study. With the increasing energy demand and difficulty in
oil and gas discovery on land, sea basins have gradually become an important alternative for oil and gas exploration and a
hotspot of national energy strategy research. The Qinnan Depression, located in the northwest of the Bohai Sea, has good
exploration prospects. However, owing to the low level of exploration, research on the tectono-thermal evolution of Qinnan
Depression is still limited. [Methods] In this study, 25 artificial wells have been established based on 3 seismic profiles of
the Qinnan Depression, and their tectonic subsidence and thermal history have been modeled to reconstruct the tectonic-
thermal evolution history using a multi-stage finite stretching model. [Results] The results indicate that since the Cenozoic
era, the Qinnan Depression has undergone three stages of rifting and stretching during the sedimentary periods of the
Kongdian Formation to fourth member of the Shahejie Formation (65-42 Ma), the third member of the Shahejie Formation
(42-38 Ma), and the third member of the Dongying Formation (32.8-30.3 Ma), with a total stretching factor of 1.27-2.05.
Corresponding to the three stages of stretching, the basal heat flow of the Qinnan Depression has experienced three stages
of increase, reaching a peak of 64.0-89.0 mW/m?” at the end of the deposition of the third member of the Dongying
Formation (~30.3 Ma), and then decreased gradually until present. [Conclusion] The Qinnan Depression underwent three
phases of heating and two stages of cooling since the Cenozoic period. There is a good coupling relationship between the
tectonic-thermal evolution process and fault activity in the Qinnan Depression. [Significance] The parameters such as
tension system and basement heat flow history obtained in this study are of great significance for understanding the deep
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dynamic mechanisms of basin tectonic evolution and guiding oil and gas exploration.
Keywords: Bohai Basin; Qinnan Depression; structure subsidence; thermal history; Cainozoic
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Fig. 1

Map showing location,tectonic units,and stratigraphy of the Qinnan Depression

(a) The location of the Qinnan Depression; (b) The tectonic units of the Qinnan Depression;(c) The Cenozoic strata of the Qinnan Depression
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Fig.2 Structural section of the Qinnan Depression (The cross-
sectional position is shown in Fig.1b;modified from Hu et al., 2019)
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Fig. 3 Map showing the depth of the bottom interface of the Kongdian Formation of the Qinnan Depression and the distribution of modelling
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Table 2 Stretching factors of the Qinnan Depression

G e 51 w5200 531 JSEIL<
(65~42Ma) (42~38Ma) (32.8~30.3Ma) [T

Ql-1 1.05 1.16 1.04 127

PiE Q12 1.07 1.24 1.01 1.34
Ql-8 1.41 1.09 1.01 1.55

Q2-1 1.04 1.28 1.08 1.44

Q22 1.11 1.37 1.08 1.64

e Q23 1.19 1.43 1.08 1.84
Q2-4 1.14 1.62 1.11 2.05

Q2-5 1.10 1.51 1.18 1.96

Q3-2 1.13 1.14 1.04 1.34

Q3-3 1.01 1.54 1.02 1.59

Q3-4 1.05 1.49 1.03 1.61

Q3-5 1.13 1.37 1.03 1.59

Q3-6 1.10 1.36 1.05 1.57

Q3-7 1.10 1.33 1.07 1.57

Q3-8 1.09 1.32 1.08 1.55

Q3-9 1.18 1.16 1.08 1.48
KEgE Q3-10 1.18 121 1.05 1.50
Q3-11 1.32 1.18 1.03 1.60
Q3-12 1.23 135 1.04 1.73
Q3-13 1.24 1.20 1.09 1.62
Q3-14 1.15 121 1.10 1.53
Q3-15 1.16 1.28 1.03 1.53
Q3-16 1.15 125 1.06 1.52
Q3-17 1.18 1.19 1.07 1.50
Q3-18 1.13 1.19 1.07 1.44
FHIE 1.15 1.30 1.06 1.57
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Fig. 6 Reconstructed basal thermal history for the artificial wells in the Qinnan Depression
(a) Xi subsea; (b) Dong subsag; (c) Southwest subsag.
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Table 3 Calculated basal heat flow data for all the artificial wells in Qinnan Depression
B H# 65Ma 42Ma 38Ma 32.8Ma 30.3Ma 23.3Ma 12Ma O0Ma
Ql-1 54.9 56.6 62.4 62.4 64.0 63.7 62.7 61.4
[liif:5 Q1-2 54.9 57.3 66.2 66.0 66.4 65.9 64.5 62.7
Q1-8 54.9 68.9 72.8 71.9 71.9 70.2 67.4 64.8
FHE 60.9 67.1 66.8 674 63.0
Q2-1 54.9 56.3 66.4 66.3 69.9 69.3 67.5 65.2
Q2-2 54.9 58.7 72.8 72.5 76.3 74.9 71.7 68.3
A Q2-3 54.9 61.4 78.9 78.1 82.0 79.5 74.9 70.6
Q2-4 54.9 59.7 83.9 83.0 89.0 85.4 79.2 73.7
Q2-5 54.9 58.3 71.7 772 86.9 84.0 78.4 73.2
FHE 58.9 759 75.4 80.8 70.2
Q3-2 54.9 59.4 64.8 64.6 66.2 65.6 64.1 62.4
Q3-3 54.9 55.2 74.1 74.1 75.0 74.1 71.2 68.0
Q3-4 54.9 56.6 74.4 74.2 75.6 74.4 71.4 68.1
Q3-5 54.9 59.4 73.8 73.3 74.6 73.2 70.3 67.2
Q3-6 54.9 58.3 72.0 71.7 74.0 72.8 70.1 67.1
Q3-7 54.9 58.3 70.9 70.6 73.9 72.7 70.0 67.0
Q3-8 54.9 58.0 70.0 69.8 735 72.5 69.9 66.9
Q3-9 54.9 61.1 67.5 67.2 70.7 69.6 67.4 64.9
KEEE Q3-10 54.9 61.1 69.6 69.1 71.3 70.1 67.8 65.2
Q3-11 54.9 65.9 73.7 72.9 73.9 72.2 69.1 66.2
Q3-12 54.9 62.8 77.4 76.6 782 76.1 72.3 68.6
Q3-13 54.9 63.1 71.5 70.9 75.0 73.4 70.3 67.1
Q3-14 54.9 60.1 68.3 68.0 72.5 71.4 68.9 66.2
Q3-15 54.9 60.4 71.5 71.1 72.3 71.1 68.5 65.8
Q3-16 54.9 60.1 69.9 69.6 72.2 71.1 68.6 65.9
Q3-17 54.9 61.1 68.7 68.3 71.4 70.3 67.9 65.4
Q3-18 54.9 59.4 66.8 66.5 69.5 68.7 66.7 64.5

FHIE 60.2 69.0 68.7 71.6 65.6
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Fig. 7 Simulated and measured values of temperature and vitrinite reflectance

(a) Simulated and measured values of temperature (the solid line represents the simulated temperature curve, and the circle represents the

measured temperature value); (b) Simulated and measured values of vitrinite reflectance (the solid line represents the R, value curve calculated

by the ARCO model, the dashed line represents the R, value curve calculated by the LLNL model, and the box represents the measured R, value)
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Fig. 8 Average tectonic subsidence rate and fault activity rate during different sedimentary periods in the Qinnan Depression

(a) Average tectonic subsidence rate; (b) Average fault activity rate(Liu et al.,2020)
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