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Abstract: Fluctuation of sedimentary basins is the primary manifestation of crustal movement within the
plates. The formation and evolution of basins result from the superposition of various fluctuation processes
within the Earth system. Fluctuation process analysis of basins involves the decomposition of periodic
fluctuation curves from sedimentation rate time series, leading to a new understanding of basin evolutionary
history. This includes the identification of fluctuation cycles controlling basin evolution and hydrocarbon
accumulation episodes; the relationship between basin crustal uplift/subsidence and hydrocarbon generation
as well as thermal evolution; the spatial-temporal distribution of unconformities and erosion recovery; the
spatial-temporal distribution of stratigraphic framework and configuration of source-reservoir-cap strata
controlled by the superposition of multi-scale fluctuation processes; and the relationship between tectonic
evolution patterns and hydrocarbon reservoir preservation. The analysis of fluctuation processes in
sedimentary basins integrates the study of basin formation, hydrocarbon generation and accumulation with
crustal fluctuation processes, enabling the quantitative description of the dynamic evolution process of
hydrocarbon accumulation and providing guidance for oil and gas exploration practices. Future research on
basin fluctuation processes should focus on the mechanism of basin fluctuation driven by long-term
astronomical periods and deep Earth dynamic cycles; integrate geological evidence with numerical simulation
techniques; advance the analysis methods of basin fluctuation processes; promote the transformation of
basin fluctuation theory results to comprehensively understand the multi-spherical interactions and
environmental impacts of resources. Leveraging the predictive function of basin fluctuation analysis to
understand the patterns of hydrocarbon accumulation can provide a scientific basis for the exploration and
long-lasting evaluation of oil and gas resources.

Keywords: multi-spherical interactions; crustal fluctuations; geodynamics; astronomical cycles; hydrocarbon

accumulation; source rocks
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Fig. 2 Principal content and technical approach for analyzing the fluctuational process of sedimentary basins
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Fig. 3 The model of hydrocarbon accumulation cycle in the Tarim Basin. Modified after [197].
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Fig. 4 Process of fluctuating subsidence in the Bachu uplift within the Tarim Basin. Modified after [2].
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Fig. 5 Burial history curve of the Feng 2 well in the western Qaidam Basin, Adapted from [41].
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Fig. 6 Configuration of the source-reservoir-cap strata controlled by the superposition of multi-scale
fluctuational processes. Modified after [40, 60].
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