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Abstract: In recent years, marine petroleum exploration in China has continuously expanded to ultra-deep layers
(buried depth > 6 000 m), with the maximum exploration depth exceeding 10 000 m. Compared with globally stable,
large craton basins, Chinese craton basins represented by Sichuan Basin and Tarim Basin are relatively small in scale
and have experienced multistage tectonic activities, resulting in unique geological characteristics of their ultra-deep
marine sequences. These small Chinese craton basins have undergone complex sedimentary and tectonic evolution
characterized by early rifting and late deep burial. Combined with massive organic carbon burial during the climatic
transition after glaciation, favorable material basis and hydrocarbon accumulation conditions were established for
ultra-deep hydrocarbon enrichment. The unique low-temperature and high-pressure environment of the ultra-deep
reservoirs in China effectively inhibited the thermal cracking of crude oil, raising the temperature threshold for
massive liquid hydrocarbon cracking to 190-220 °C, and enabling the preservation of liquid hydrocarbons at depths
greater than 8 000 m. Furthermore, the coupled organic—inorganic hydrogenation hydrocarbon generation mechanism
in the ultra-deep strata has been revealed, extending the thermal maturity limit of natural gas generation to a vitrinite
reflectance (R,) of 3.5%. Multistage modifications, including microbial sedimentation, epigenic karstification, and
strike-slip faulting, together with pore protection effects during hydrocarbon charging, have formed three types of
large-scale carbonate reservoirs controlled by sedimentary facies, karstification, and faults, which serve as the key
prerequisite for the formation of giant ultra-deep oil and gas fields. Four types of ultra-deep hydrocarbon accumulation
models are established, including hydrocarbon accumulation via the cracking of near-source paleo-oil reservoirs,
hydrocarbon re-accumulation through distal hydrocarbon adjustment, deep hydrocarbon supply and accumulation via
secondary reconstruction, and hydrocarbon fractionation and accumulation of multisource mixed gas. Differential
thermal evolution is identified as the fundamental cause of the resource type differences between the two major basins.
As high-speed migration pathways for hydrocarbons, strike-slip faults dominate hydrocarbon enrichment in multiple
sequences. The understanding developed in this work enriches existing geological theories of ultra-deep marine
hydrocarbons, supporting the strategic expansion of deep petroleum exploration in China. Over the past 15 years, a
series of major breakthroughs has been achieved in ultra-deep marine hydrocarbon exploration in Tarim Basin and
Sichuan Basin, with cumulative natural gas resources exceeding 5 trillion cubic meters and crude oil resources
exceeding 2.5 billion tons being discovered, significantly enhancing the strategic status of ultra-deep hydrocarbon

resources in China.

Key words: ultra-deep strata; Tarim Basin; Sichuan Basin; liquid hydrocarbon cracking; hydrocarbon
accumulation
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Fig. 1 Development stages of ultra-deep oil and gas exploration in China
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Fig. 2 Evolution of geological elements for the formation and accumulation of ultra-deep petroleum systems in China
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Fig. 8 Northeast-southwest geological cross section of ultra-deep gas reservoirs in the Deyang-Anyue area, Sichuan Basin
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