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Geochemical characterization of soluble organic matter with different existing states
in low-maturity argillaceous source rocks of lacustrine facies
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Abstract: The composition of minerals may have some remarkable effects on the physical state of soluble organic
matter in hydrocarbon source rocks, and thus influences hydrocarbon generation and expulsion of the source rocks,
as well as exploration and production of shale oils. In this study, a sequential extraction experiment of two
low-maturity argillaceous source rocks from the Shahejie Formation in the Dongying Depression was performed to
obtain soluble organic matter with different states in the source rocks. This soluble organic matter was assigned to
organic matter that is free and physically adsorbed onto the surface of minerals or kerogen (namely bitumen “A”),

organic matter that is firmly combined with or occluded within carbonates (namely bitumen “C”), and organic
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matter that is closely combined with silicates or kerogen (namely bitumen “E”). A combination of gas chromatography-
mass spectrometry (GC-MS) and Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) was
employed in the analysis of oil fractions, saturates, and polar compounds in the soluble organic matter. The results
reveal that bitumen “A” accounts for approximately 90% of the total soluble organic matter in the two source
rocks, and that both bitumen “A” and “E” may be relevant to total organic carbon. Moreover, there were significant
differences in the compositions of soluble organic matter within different physical states. In the sequence of
bitumens “A”, “C”, and “E”, both saturated and aromatic fractions gradually decrease, while resin and asphaltene
fractions progressively increase. This may be attributed to selective adsorption or differential enrichment of the
mineral matrix to soluble organic matter. FT-ICR MS analysis of the soluble organic matter also shows that neutral
nitrogen-containing compounds are prevalent in bitumen “A” but absent in bitumens “C” and “E”, and that polar
compounds in both bitumens “C” and “E” are dominated by oxygen-containing compounds with stronger polarity.
This study is of great significance in the exploration of the enrichment mechanism of soluble organic matter in
low-maturity argillaceous source rocks of lacustrine facies.

Key words: argillaceous source rock; soluble organic matter; sequential extraction; existing state; FT-ICR MS
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Table I Mineral composition of two argillaceous source rock samples in Well FY1 of the Dongying Depression
(%) (%) (%)
FY1-2 32 16 3 41 3 3
FY1-11 25 31 6 25 5 4
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Table 2 Basic information and rock pyrolysis parameters of two argillaceous source rock samples from Well FY'1 in the Dongying Depression

(m) R, (%) TOC (%) S (mg/g) S, (mg/g) Iy tmax (C) In Io

FY1-2 3078.36 0.50 3.36 2.88 16.19 0.15 445 482 7

FYI-11 3178.35 0.65 5.65 5.19 23.51 0.18 445 416 4
TR, — ; TOC — 3l — s e = S1/(S1+ 82); In — slo—
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Table 3 The contents of soluble organic matter with different physical states in two argillaceous source rock samples
from Well FY1 of the Dongying Depression
(mg/g) /TOC (mg/g) (%)
“A” “c” “E” “A” “c” “E” “A” “Cc” “E”
a 6.53 0.36 0.78
FY1-2 b 7.02 0.20 0.52
6.77 0.28 0.65 201.5 8.3 19.3 88.0 3.6 8.4
a 11.37 0.20 1.24
FY1-11 b 11.06 0.23 1.02
11.21 0.21 1.13 198.5 3.7 20.0 89.3 1.7 9.0
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Fig.l1 The contents of group fractions of soluble organic matter with different physical states in two argillaceous source rock
samples from Well FY'1 of the Dongying Depression
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Fig.2 Mass chromatograms of the saturated fractions in soluble organic matter with different physical states from argillaceous source rocks
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Table 4 Geochemical parameters of the saturated fractions of soluble organic matter with different physical states in two argillaceous source rocks

(C21+C22)/ (Cas+Cao) Cy1-/Cap+ Pr/Ph CPI OEP
“A” Cis 1.96 1.43 2.02 1.10 1.08
FY1-2 “«c” Cas 1.03 0.61 1.47 1.23 1.20
“E” Cie 1.93 1.45 1.26 1.11 0.69
“A” Cis 1.99 1.44 2.03 1.11 1.08
FY1-11 “c” Cos 0.94 0.56 1.40 1.15 1.13
“E” Cis 1.67 1.53 1.24 1.10 0.72
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Fig.3 Stacked bar chart representing the relative abundance of acidic and neutral nitrogen-containing compounds in
soluble organic matter with different physical states
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