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Abstract The understanding of hydrocarbon generation has been continuously developed. Although hydrocarbon generation
through kerogen late thermal degradation has been widely accepted by most scholars, there has been no systematic understanding
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of whether organic matter can be converted to oil and gas under immature conditions. This paper systematically reviewed
hydrocarbon generation characteristics of Quaternary sediments and modern biology in China and abroad, and summarized the
understanding of organic matter sources of shallow sediments, hydrocarbon generation potentials, and hydrocarbon generation
models, investigating the development trends and suggestions of shallow sediment hydrocarbon generation characteristics.
There is abundant soluble organic matter in modern sediments, and only 0.1%~2% of primary organic matter is preserved into
the late diagenetic stage, among which fatty acids are an important material to transform into liquid hydrocarbon in an immature
stage. The thermal simulation experiments of algae, resin and sporopollen show that lipids of special organic matter can be
transformed into liquid product without undergoing a kerogen stage under low temperature catalysis. The pyrolysis products
show that the content of asphaltene and resin is much higher than that of total hydrocarbon, and polar fractions are continuously
transformed into total hydrocarbon fractions. The hydrocarbon generation path is the transformation of primary organic matter
into soluble organic matter, and evolution of soluble organic matter into hydrocarbon by removing the heteroatom functional
groups. Furthermore, the hydrocarbon generation of modern organisms can be divided into four stages, i.e., original stage,
early hydrocarbon generation, hydrocarbon generation peak and late hydrocarbon generation. However, the research into the
mechanism, model and ability of hydrocarbon generation of modern sediments is relatively weak. At present, the research mainly
focuses on single or multiple primitive organisms and lacks the mechanism recognition of evolutionary process and hydrocarbon
generation transformation of primitive organisms from the beginning of sedimentation to the hydrocarbon generation threshold,
and research methods still rely on the thermal simulation of organic matter, with temperature as the main controlling factor, but
ignore the comprehensive geological process of soluble organic matter. It is suggested to develop diagenetic process experiments
and isochronous detection technologies for hydrocarbon generation processes based on modern marine or lake deposition in the
future, and improve the hydrocarbon generation mechanism from deposition to hydrocarbon generation threshold, strengthening
the systematic simulation of the hydrocarbon generation process of modern sediments and the late evolution analysis of the
products, in order to improve the understanding of hydrocarbon generation and provide more powerful theoretical support for the
evaluation of oil and gas resources.

Keywords shallow sediments; special organic matter; hydrocarbon generating capacity; generating hydrocarbon and evolution;
hydrocarbon generation theory
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Fig. 1 Comprehensive map of carbon cycle, organic matter preservation and chemical reaction in lakes (Simple model map of

carbon cycle in lakes is modified after [42])
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Fig. 2 Hydrocarbon generation rate and characteristics of components in thermal simulation experiment of algae, sporopollen

and soluble organic matter
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Fig.3 Component evolution diagram of thermal simulation products of sediments and algae in different depths of Qinghai lake
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F1 AEBNEREUYES & BFHE

Table 1 Content characteristics of different organic matter thermal simulation products

i FEAVRHE PELIREE °C WAYES i /% TRt bt /% RS E /% iR /% 2730k
11 W E RAGHY 6.70 6.26 60.49 26.51 201
12 W A= AR TR G I RAGEHL 8.96 3.62 68.36 23.05

21 S 250 1.57 0.87 41.74 43.60

22 -3 350 0.82 5.88 32.16 39.39 [21]
23 S 450 10.68 9.25 34.78 30.68

31 W e AL 2.60 2.45 79.35 15.60

32 AT 100 4.01 2.67 58.13 35.19

33 T 150 3.74 1.78 33.51 60.97

34 T 200 3.99 1.80 23.58 70.63 6]
35 T 250 4.20 2.00 40.54 53.26

35 T 275 5.70 3.46 54.99 35.85

36 e 300 7.43 6.90 55.97 29.70

37 e 350 13.04 10.15 59.42 17.39

41 PR 1A i 250 0.77 1.16 25.84 72.23

42 P20 T 350 10.12 18.5 20.52 50.87 [81]
43 P20 T 450 8.86 29.11 31.65 30.38

51 YN TR FAA 14.29 8.10 72.38 5.24 (18]
52 YN TR 300 57.08 11.01 27.7 421

61 TeIEZH R DU ER L 16.04 16.42 54.85 12.69

62 TEHEFE & RIS 250 12.76 17.68 34.15 35.41

63 FEVE R B R IUE 275 15.13 26.62 29.00 28.67 -
64 FEVE A BRI 300 16.38 28.15 24.26 3121

65 FEIE A R DU 325 16.83 22.74 18.89 40.05

66 T A R DU 350 19.43 33.19 30.66 15.68
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s FEALERIE PHERLGEIE /°C WAEE /% SEESE/% EESE/%  iERSE/% 5% 30k
71 TR 150 0.01 0.01 16.69 83.31
72 TR 200 0.99 0.01 20.13 78.87
73 TR 250 0.01 0.01 40.41 59.59
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Table 2 Development of organic matter hydrocarbon generation theory
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Fig. 4 Characteristics of hydrocarbon generating and evolution stages in organic matter thermal simulation (after references "*'"*#l)
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Fig. 5 Evolutionary pattern of methane and liquid hydrocarbon generation from spiral algae by biochemical reaction under
the favorable conditions of methane generation™
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