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The effect of temperature on the overpressure distribution and formation
in the Central Paleo-Uplift of the Sichuan Basin
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Abstract  Temperature and pore pressure are two important physical fields in sedimentary
basins. Some potential mechanisms of overpressure, such as aquathermal expansion, diagenesis
and hydrocarbon generation, are related to temperature. Furthermore, temperature may control
evolution and distribution characteristics of overpressure. The Sichuan Basin, located in
southwest China, is a typical overpressuring basin. Combining physical simulation results with
practical geological condition, the impact of temperature on overpressures in the Central Paleo-
Uplift of the Sichuan Basin is analyzed.

The measured temperature and pore pressure data, which were obtained from boreholes in

different gas fields, were collected to analyze the present relationship between temperature and
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pressure. Physical simulation experiments were carried out in laboratory to study the temperature-
pressure relationship in absolutely sealed condition. The Easy %R, model for vitrinite reflectance
and micro-thermometry of fluid inclusions were applied to reconstruct the maximum paleo-
temperatures of various formations for different regions in the Central Paleo-Uplift. Based on the
thermal history, the impacts of temperature on overpressures generation through oil cracking and
disequilibrium compaction were discussed.

Multiple overpressure systems exist vertically in the Central Paleo-Uplift in the Sichuan
Basin and the main mechanisms for each overpressure system are different. According to
petrophysical properties of overpressuring formations, the Upper Triassic overpressure is mainly
generated by disequilibrium compaction and the Cambrian overpressure is mainly caused by gas
generation, respectively., For the same overpressuring formation, overpressure is positively
correlated with temperature in the lateral direction. The pressure-temperature gradient is
1. 075 MPa/ C for the Cambrian overpressure system and 1. 24 MPa/C for the Upper Triassic
overpressure system. Physical simulation experiment results show that fluid pressure is closely
related to temperature in absolutely sealed condition. The pressure-temperature gradient is
relatively small in low pressure phase and such relationship is almost linear as pressure is higher
than 15 MPa, with gradient value about 1. 076 MPa/C. Formations in the Sichuan Basin have
experienced high temperature and the values of R, for the Cambrian Formation in the Central
Paleo-Uplift are higher than 3%. Maximum temperatures reconstructed by R, and fluid inclusions
indicate that, before the Later Cretaceous uplift, the Cambrian Formation was 225 C in Moxi-
Gaoshiti area and 208 C in Weiyuan area and the Upper Triassic Formation was 158 ‘C in Moxi-
Gaoshiti area and 148 C in Bajiaochang area, respectively. Seals in the Sichuan Basin have very
low porosity and permeability because of lithological character and intense compaction.
Therefore, the overpressure systems could be deemed absolutely sealed. Combining the physical
simulation experiments with temperature decrease since the Late Cretaceous, the pressure of the
Cambrian Formation decreased 121. 6 MPa in Weiyuan area and 91. 5 MPa in Moxi-Gaoshiti area,
and the pressure of the Upper Triassic Formation decreased 48 MPa in Bajiaochang area and 79
MPa in Moxi-Gaoshiti area. Maturity evolution of organic matter and hydrocarbon generation are
mainly controlled by temperature. Oil cracking in the Cambrian reservoirs was mainly occurred
during 180~110 Ma, and adjusted in 90 Ma. In this period, the Cambrian overpressure formed
gradually. Based on basin modeling, the effect of temperature on disequilibrium compaction
overpressure can be negligible. However, the Upper Triassic overpressure must also reach the
maximum in 90Ma, because of the deepest burial depth reached in this period.

Through this study, we can obtain the following conclusions: (1) Multiple overpressure
systems caused by different mechanisms are developed in the Central Paleo-Uplift in the Sichuan
Basin and positive correlations between pressure and temperature exist in each pressure systems.
(2) When pressure is greater than 15 MPa, it would change 1. 076 MPa for a temperature change
of 1 C in an absolutely sealed condition. The difference in temperature reduction can be regarded
as the primary reason for various intensity of pressure within the Central Paleo-Uplift. Besides
that, some degree of lateral transfer and leakage of pressure must occur. (3) Controlled by
temperature, the Lower Paleozoic overpressure caused by oil cracking formed during 180~110 Ma and
redistributed in 90 Ma. However, the effect of temperature on the Upper Triassic disequilibrium
compaction overpressure generation is negligible.

Keywords Central Paleo-Uplift; Temperature; Overpressure; Physical modeling
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Fig.1 (a) Gas fields distribution and locations of the section and wells;

(b) A seismic section in the study area(from Xu et al. ,2012)
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Fig. 7 Burial history and the time of oil cracking for Well GK1 and the homogenization temperature of aqueous

inclusionswhich associated with hydrocarbon inclusions from the Lower Paleozoic in the Moxi-Gaoshiti area
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