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Table 1 Standard Gibbs free energy of main pathway of organic matter mineralization in nature

(acetate as electron donor)(after reference [4])
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Fig.1 ~ Vertical section of early diagenesis
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Fig.2  Strawberry pyrite from Eocene London clay in
southeastern England (SEM photograph by Stephen Grimes)
(after reference [46])
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Fig.3 (a, b) Microcrystalline hypidiomorphic low-Mg calcite at station SS296 in gulf of Mexico (after reference [53]); (¢, d)

hypidiomorphic dolomite crystals in cold seep carbonate rocks at station GB382,gulf of Mexico (after reference [54]); (e) acicu-

lar aragonite crystals filled with holes in Alaminos Canyon oil and gas leakage area, gulf of Mexico deepwater area (after refer-

ence [55]); (f) gypsum crystals (prismatic) at station GMGS2-16, northeastern South China Sea (after reference [56])
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Fig.4  Graphical model of the formation of methane authigenic carbonates in the gulf of Cadiz (modified from reference [58])

natural gas hydrates are common in the vicinity of fluid pipelines. Aragonite-dominated carbonate rocks are formed near the seawater/sediment interface; dolomite-dominated

carbonate rocks are formed along the fluid channels and surrounding sedimentary columns
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Fig.5 Effect of sulfate-driven methane anaerobic oxidation (SO,~-AOM) on pyrite in methane leakage zone
(modified from reference [84])

(a) in the sulfate/methane transition zone (SMTZ), tubular pyrite aggregates are particularly abundant due to the presence of dissolved sulfides. Early organic matter sulfate re-

duction (OSR) micro-nodules are widely distributed in the whole sediment column; (b) diagenesis of different sedimentary layers; (c) growth mechanism of pyrite in SMTZ. The

formation of early pyrite is controlled by OSR, resulting in pyrite nodules (OSR stage 1). When methane diffuses upward (continuously or discontinuously) and encounters sul-

fate diffused downward, methane is consumed, releasing dissolved sulfide; thus pyrite continues to be precipitated and 8*'S value increases (SO,-AOM stages 2 - 4). The result-

ing pyrite has micro-nodules inside the core, pyrite crystals outside the core, and eventually euhedral crystals. Left-hand picture shows a cross—section of pyrite pipe; right—

hand picture shows the structure of pyrite under microscope
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(redox thresholds T1, T2, T3 shown in yellow)
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Abstract: The early diagenesis of marine sediments is a series of biological, physical and chemical changes during
the process of their deposition and burial. The driving force is the degradation of organic matter. According to the free
energy of reaction, the order of oxidants involved in the reaction is 0,> NO,>Mn*"> Fe’*> SO} ~. With increasing buri-
al depth, a series of redox chemical zones are formed, which promote the formation of some authigenic minerals and
the geochemical cycle and isotopic fractionation of C, N, S, Fe, Mn, etc. The series of organic matter degradation
reactions change the geochemical information preserved in primary sediments, which is of great significance to the
study of paleoenvironment and paleoclimate. In early diagenesis, carbonate ions produced by organic matter degrada-
tion combine with calcium and ferrous ions to form carbonate minerals (e.g., calcite, aragonite and siderite). The
reduced sulfur produced by sulfate reduction finally forms pyrite with ferrous iron. In addition, four surrogate indices
/P ratio; (3) redox-

org’

commonly used in redox environment reconstruction are summarized: (1) Fe component; (2) C
sensitive trace elements; (4) Mo and U isotopes. The mechanism of organic matter degradation during the early dia-
genesis is reviewed based on the geochemical behavior of minerals and elements in the early diagenesis of marine sed-
iments. The geochemical cycle and isotopic fractionation of elements in the reaction process, and the formation mech-
anisms of accompanying authigenic minerals such as carbonate minerals and pyrite, are discussed. Finally, the short-
comings of the existing research and future research directions are discussed.

Key words: marine deposits; early diagenesis; organic matter degradation; authigenic mineral; isotope

fractionation ; redox reconstruction



