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Abstract: Magmatic-hydrothermal processes represent a pivotal driver behind cross-sphere material circulation and
energy exchange within the Earth system, exerting a significant control over the formation and distribution of critical
mineral resources such as hydrocarbons. In this study, we systematically compare the molecular geochemical signatures
of hydrocarbons from global deep-sea and terrestrial magmatic-hydrothermal systems. Accordingly, the formation
mechanisms of hydrocarbons of hydrothermal origin and those formed by hydrothermal reformation are investigated , and
the influence of hydrothermal activity on hydrocarbon migration, accumulation, and preservation is explored in
combination with geological settings. The results indicate that hydrothermal hydrocarbons exhibit complex molecular
fingerprints, which partially overlap with the characteristics of low-maturity and biodegraded hydrocarbons,
hydrocarbons formed by thermochemical sulfate reduction (TSR) , and hydrocarbons of combustion origin. The
magmatic-hydrothermal environments give rise to diverse hydrocarbon origins. Specifically, short-chain hydrocarbons
might have an abiogenic origin, such as Fischer-Tropsch synthesis, while long-chain hydrocarbons are primarily formed
by microbial metabolism, as well as the pyrolysis and cracking of organic matter. Magmatic-hydrothermal processes exert
significant control over hydrocarbon accumulation. Magmatic-hydrothermal fluids can carry and drive deep hydrocarbons

to migrate upward along faults, facilitating their accumulation in shallow parts. The high temperatures and strong
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oxidation properties of these fluids can significantly modify pre-existing hydrocarbon reservoirs, while the associated
release of substantial methane can change the phase distribution of hydrocarbons in reservoirs. The mechanisms behind
magmatic-hydrothermally controlled hydrocarbon accumulation refer to the spatiotemporal coupling of the activity
intensity and properties of magmatic-hydrothermal fluids with fault pathways, cap rock conditions, and paleo-
hydrocarbon reservoirs in sedimentary basins. These factors jointly determine the present-day patterns of hydrocarbon
enrichment and distribution. In regions characterized by intense magmatic-hydrothermal activity, hydrocarbon
exploration must fully integrate the effects of fluid interactions. A deeper understanding of multi-factor coupled reservoir-
controlling mechanisms is essential to effectively guide exploration practices in these complex geological settings.

Key words: biomarkers, organic-inorganic interaction, deep hydrothermal fluids, hydrothermal controlled hydrocarbon

accumulation , ultra-deep reservoirs, Tarim Basin
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Fig. 2 Conceptual overview and diagnostic geochemical signatures of hydrothermal hydrocarbons
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Fig. 3 Distributions of n-alkanes and isoprenoids in samples from representative hydrothermal areas
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