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Abstract. The paper presents the results of studying aromatic compounds (phenanthrenes,
dibenzothiophenes, aromatic steroids) in source rock extracts (bitumoids) from the Bazhenov
Formation of the Tomsk Region (south-east of Western Siberia, Russia). In addition to holonuclear
and monomethyl-substituted structures of the phenanthrene and dibenzothiophene series we also
identified their di- and trimethyl-substituted homologues. A comparative analysis of the relative
concentrations of the main groups of aromatic compounds calculated by two methods (with and
without di- and trimethylphenanthrenes and dibenzothiophenes) showed their identity. The main
factor controlling the content and distribution of aromatic compounds has been established
as the degree of maturity of organic matter. The most informative molecular maturity indices
for the Bazhenov Formation’s organic matter whose maturity corresponds to low and medium
gradations of catagenesis (PK,-MK ?) are the ratios of 4-MDBT/1-MDBT, TASI, TAS/MAS, and
TMTGP/1,7,8-TMP.
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Introduction

Recently, studying the composition of aromatic
fractions of source rock extracts (bitumoids) and
crude oils has attracted increasing attention in modern
geochemical studies of organic matter (Kashirtsev et
al., 2018; Burdel’naya, Bushnev, 2021; Dolzhenko,
Fomin, 2022; and others). Phenanthrene tricyclic
aromatics, dibenzothiophene sulphur aromatics and
aromatic steroids are the most informative aromatic
compounds for characterizing dispersed organic matter.
They are not ‘biomarkers’ in the conventional sense.
However, they carry the most important information
about the conditions under which organic matter was
formed and transformed in the geological past (Radke
et al., 1986; Cassani et al., 1988; Hughes et al., 1995;
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Szczerba, Rospondek, 2010; Kolesnikov et al., 1991;
Chakhmakhchev, Chakhmakhchev, 1995; Kontorovich
et al., 2004; Goncharov et al., 2013; and others).

This article continues a series of papers (Eder et al.,
2019; Sotnich, Kostyreva, 2021; Sotnich, Kostyreva,
2024) in which the composition and structure of
aromatic and sulfur-aromatic compounds in extracts
from the open and closed pore space of the Bazhenov
source rocks have been studied using modern analytical
techniques. The object of the study is the Bazhenov
formation (Tomsk region) from the sections of
the wells Pelginskaya-2, Sredneyulzhavskaya-10,
Archinskaya-47, Yuzhno-Mayskaya-413, Zapadno-
Kvenzerskaya-4 (Figure 1).

Tectonically, the Archinskaya, Yuzhno-Mayskaya
and Zapadno-Kvenzerskaya wells are located in
the Koltogorsko-Nyurolsky Trough (a negative
superorder structure), while the Pelginskaya and
Sredneyulzhavskaya wells are located in the Chuziksko-
Chizhapskaya mesosaddle and the Severo-Mezhovskaya
megamonocline — intermediate tectonic structures on the
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south-eastern side of the Koltogorsko-Nyurolsky Trough
(Kontorovich et al., 2001). The Bazhenov Formation
in this area accumulated under shallow (100-200 m)

marine conditions (Kontorovich et al.,

2013) and is

predominantly represented by argillaceous and siliceous
rocks — siliceous-argillaceous, kerogen-argillaceous-
siliceous (close to silicites) and kerogen-siliceous-
argillaceous mixtites (Eder et al., 2022). According to
the pyrolytic and coal petrographic data, the organic
matter is immature/lowly mature (katagenesis grade
PK,-MK") in the samples from Archinskaya, Yuzhno-
Mayskaya, Pelginskaya, Sredneyulzhavskaya wells
and mature (grade MK ) in samples of the Zapadno-
Kvenzerskaya well (Sotnich, Kostyreva, 2024; Fomin,

2011; Kontorovich et al., 2018).

Materials and methods

The study was conducted according to the

methodology of Trofimuk Institute

of Petroleum

Geology and Geophysics of the Siberian Branch of the
Russian Academy of Sciences (Kontorovich et al., 2018),
which allows the successive extraction of naphthenes
from open (‘free micro-oil’) and closed (autochthonous
bitumoids) pore spaces of the source rock (Kontorovich

et al.,

2018; Sotnich, Kostyreva, 2021; Sotnich et

al., 2023). The collection comprised 340 samples of
bitumoids, including 67 samples from the Archinskaya
well, 65 samples from the Zapadno-Kvenzerskaya well,
53 samples from the Pelginskaya well, 58 samples from
the Sredneyulzhavskaya well, and 97 samples from the

Yuzhno-Mayskaya well.

The separation of the aromatic (naphthene-aromatic)
fraction of bitumoids was carried out by eluent
(adsorption-liquid) chromatography.

Chromato-mass-spectrometric studies of the
aromatic fraction of bitumoids were carried out on
an Agilent Technologies 6890 gas chromatograph
with a high-performance mass-selective detector
MSD 5973N and computer system (ChemStation)
of data registration and processing HPG 1034.
Chromatograms for total ion current (TIC), as well as
chromatograms for fragment and molecular weight
ions m/z 178+192+206+220 (phenanthrenes), m/z
184+198+212+226 (dibenzothiophenes), m/z 253+231
(mono- and triaromatic steroids), as well as m/z 219
(reten) and m/z 223 (1,1,7,8-tetramethyl-1,2,3,4-
tetrahydrophenanthrene) were obtained. The compounds
were identified by retention time and analysis of the
obtained mass fragments and mass spectra of the
studied components by comparing them with the already
available spectra from the library of the National Institute
of Standards NIST-05, as well as with published data.

Results

Distribution of the main groups of aromatic
compounds

The content of the main groups of aromatic compounds
(3. phenanthrenes, > dibenzothiophenes, )  aromatic
steroids) was calculated in two ways: 1) according to the
method (Kontorovich et al., 2004), the sum of holonuclear
phenanthrene, holonuclear dibenzothiophene, their
methyl-substituted homologues, monoaromatic steroids

, 7\,» ,,,,,,,

Legend

rivers and water areas

Zl coring station

El administrative boundaries

- the study area according to
[Kontorovich et al., 2018]

|
0 50 100

T R

//Zapadno- ganrska‘aéf v, }

Yuzhno Maysl«aya 413

I\fyg D sky Reglon ‘ !

Pelgwgskaya 2 %8

l..

Archlnskaya,47w

. !
% & |

Sred n%yu Izﬁhvﬂ@y@ 10\

Figure 1. Overview map of the study areas
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of C,-C,, composition, and triaromatic steroids of
C,-C,, and C,-C,, composition was taken as 100%;
2) the sum of all identified compounds is taken as
100%, including di- and trimethylphenanthrenes, di- and
trimethyldibenzothiophenes, as well as the compounds
1-methyl-7-isopropyl-phenanthrene (rethene) and
1,1,7,8-tetramethyl-1,2,3,4-tetrahydrophenanthrene
(TMTHP). The levels of aromatic compounds are
comparable in both cases, as shown by the analysis of
the assessment results (Table 1). The relative content
of aromatic groups (phenanthrenes, dibenzothiophenes,
aromatic steroids) is presented in the first variant of the
calculation, as is more commonly used in geochemical
studies. The quantitative assessment of all identified
compounds was performed to identify compositional
and structural features within each group.
Phenanthrenes and aromatic steroids are the main
constituents of the naphthene-aromatic fractions of
the bitumoids (Table 1, Figure 2), but their relative
content is highly dependent on the maturity of the
organic matter. For example, in the immature samples
from the Sredneyulzhavskaya-10 well (R’ = 0.62%
according to A.N. Fomin), aromatic steroids predominate
in the composition of aromatic compounds — up to
90%, but their concentrations are reduced in favor of
phenanthrenes in the samples from the Pelginskaya-2
and Archinskaya-47 wells (R, up to 0.63%) (Table 1).
The predominance of phenanthrenes is more
pronounced (up to 80%) in the samples from the Yuzhno-
Mayskaya-413 well (R° = 0.65%). In the most mature
organic matter of the Zapadno-Kvenzerskaya-4 well
(R°, = 0.76-0.78%), phenanthrenes dominate — up
to 86% (on average, 79.9%), the content of aromatic
steroids does not exceed 5% (on average, 2.8%).

The content of sulfur-aromatic compounds of
the dibenzothiophene series in the bitumoids of the
Bazhenov Formation of the Tomsk Region varies
widely (on average, from 7.5 to 25.7% of ) aromatic
compounds) and is associated with the environments
in which the organic matter accumulated. According to
the paleotectonic reconstructions of V.A. Kontorovich
et al., “the West Siberian basin underwent regional-
scale subsidence relative to its flanking orogenic
structures during the whole Mesozoic—Cenozoic
history” (Kontorovich et al., 2017), respectively, the
Bazhenov Formation in the section of the Archinskaya,
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Figure 2. Triangular diagram of main aromatic compound
distribution in the composition of source rock extracts
(bitumoids) from the Bazhenov formation, Tomsk region

Well R%,, % Catagenesis Calculation way No 1 Calculation way No 2
(Number of samples) (according to  gradation (according to
A.N. Fomin) (Kontorovich et al., 2004))
P YDBT MAS+TAS P YDBT MAS+TAS
Sredneyulzhavskaya-10 0.62 8.7+63.7)/  (2.0+17.1)/  (31.9+89.3)/ (15.7+60.5)/ (0.0 +15.4)/ (34.7+82.2)/
(58 samples) ’ 37.7 7.5 549 41.6 6.9 51.6
Pelginskaya-2 0.63 (26.4+65.3)/  (3.6+15.6)/  (23.8+70.0)/ (20.0+69.0)/ (3.1 +15.2)/ (22.5+76.5)/
(53 samples) ’ 49.5 8.5 42.0 50.5 8.1 414
PK;-MK,!

Archinskaya-47 0.61-0 63 (23.3+68.6)/  (11.7+35.0)/ (10.8+64.3)/ (36.8+69.0)/ (13.8+34.5)/ (5.9 +45.9)/
(67 samples) ’ ’ 433 25.7 31.0 46.9 26.2 27.0
Yuzhno-Mayskaya-413 0.65 (41.8+80.1)/  (6.4+29.2)/  (2.7+49.3)/ (43.8+79.0)/ (9.4+29.0)/ (2.2+40.8)
(97 samples ) ’ 57.2 18.4 244 58.9 18.8 223
Zapadno-

2 (50.7+85.7)  (12.1+25.0)/  (1.6%5.1)/  (51.6+85.4)/ (12.7+24.3)/ (1.4+3.2)/
Kvenzerskaya-4 0.76-0.78 MK, 799 17.0 23 80.0 175 21

(65 samples)

Table 1. Content of the main aromatic groups in the composition of source rock extracts (bitumoids) from the Bazhenov
formation, Tomsk region. ) P — total phenanthrenes, > DBT — total dibenzothiophenes, MAS — monoaromatic steroids of C,.-C,|
composition, TAS — triaromatic steroids of C, -C,, and C,-C . composition. Value Range: (min -+ max) / average.
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Yuzhno-Mayskaya, and Zapadno-Kvenzerskaya wells
accumulated in more submerged (deep-water) conditions
compared to the Bazhenov Formation of the Pelginskaya
and Sredneyulzhavskaya areas.

The proportions of major groups of aromatic
compounds in bitumoids extracted from open and
closed pore spaces of Bazhenov Formation rocks
were shown to be identical by comparative analysis.
Some differences have been observed in the bitumoids
from the Sredneyulzhavskaya well, where the ratio of
phenanthrenes to aromatic steroids is more even in the
bitumoids extracted from the coarse crushed samples
(open pore space). Aromatic steroids are predominant
among the aromatic compounds in bitumoids extracted
from both regular (open pore) and finely crushed (closed
pore) samples.

Phenanthrene/dibenzothiophene ratios are often
used in the geochemical literature as an indicator of
depositional conditions and source rock lithology
(Hughes et al., 1995; Kontorovich et al., 2005;
and others). For example, the dependence of the
dibenzothiophene/phenanthrene ratio (DBT/P) on the
isoprene ratio (Pr/Ph) was proposed by (Hughes et al.,
1995) to be used for this purpose. Kontorovich A.E.
suggested using the ratio (DBT+X MDBT) / (P+X MP)
instead of DBT/P (Kontorovich et al., 2005). For the
studied bitumoid collection, both the DBT/P and the
(DBT+Y MDBT) / (P+). MP) values are always <1, and
the Pr/Ph values vary between 1 and 3, corresponding to
the marine and lacustrine clayey rock accumulation zone.
Although individual carbonate layers (HCl-insoluble
residue <50%) are present in the section, they are
not prominent in terms of DBT/P values against the
background of other lithotypes.

Distribution of phenanthrene aromatic
compounds

The following phenanthrene aromatics were
identified: holonuclear phenanthrene (m/z 178),
methylphenanthrenes (m/z 192), dimethylphenanthrenes
(m/z 206) and trimethylphenanthrenes (m/z 220).
Among the trimethylphenanthrenes (Figure 3a),
1,1,7,8-tetramethyl-1,2,3,4-tetrahydrophenanthrene
(TMTHP) and 1-methyl, 7-isopropylphenanthrene
(rethene) were also identified for fragment ions
m/z =223, M+238 and m/z =219, M+234.

Analysis of phenanthrene composition and structure
in bitumoids from the Bazhenov Formation rocks of the
Tomsk region revealed their distribution dependence on
the organic matter maturity (Figure 3a, Table 2).

In the immature organic matter from the
Sredneyulzhavskaya-10, Pelginskaya-2, Archinskaya-47
and Yuzhno-Mayskaya-413 wells, there is a
predominance of holonuclear phenanthrene (25-35%)
and methylphenanthrenes (30-40%) over other

phenanthrene-related compounds. The content
of dimethylphenanthrenes is mainly 15-20%,
trimethylphenanthrenes — up to 15% of the total
phenanthrenes. We have also identified the following
compounds in these samples: 1,7,8-trimethylphenanthrene
(partially hydrogenated phenanthrene — an intermediate
in the transformation of tricyclic terpanes (Kashirtsev
et al., 2018; Burdel’naya, Bushnev, 2021) and retene
(1-methyl,7-isopropylphenanthrene). Figure 3b shows
the result of quantifying the relative contents of these
three compounds.

TMTHP, retene and 1,7,8-trimethylphenanthrene
proportions were shown in Figure 3b to depend on
organic matter accumulation conditions. Comparatively
high 1,7,8-trimethylphenanthrene content (40—
60%) and low TMTHP concentration (20—40%) are
typical for Pelginskaya and Sredneyulzhavskaya
bitumoids, while Archinskaya and Yuzhno-Mayskaya
samples, on the contrary, are characterized by low
1,7,8-trimethylphenanthrene content (<20%) and high
TMTHP content — 40-80%. Rethene concentration in
both cases do not normally exceed 40% (the exception is
the samples belonging to the upper part of the Yuzhno-
Mayskaya borehole section, where lithological features
have often been observed to correspond to “oxidative
and suboxidative conditions in the bottom waters and
the upper part of the sediment” in accordance with (Eder
et al., 2022)).

In the composition of the mature organic matter of the
Bazhenov Formation from the Zapadno-Kvenzerskaya
well, methylphenanthrene and dimethylphenanthrene
predominate — they tend to be 35-45% and 30—
40%, respectively. The concentration of holonuclear
phenanthrene is 10-20% in these samples, the
trimethylphenanthrenes content does not usually exceed
20%, whereas the TMTHP and reten compounds are
absent.

The distribution of methylphenanthrene isomers
(o and P structures) is of interest to petroleum
geochemistry due to their ratio being usually used as
indicators of the organic matter catagenesis. The content
of more thermodynamically stable 3 isomers is believed
to increase with a raise of organic matter maturity level
(Radke et al., 1982; Radke, 1988; Cassini et al., 1988;
and many others). In the studied bitumoid collection,
a-isomers of methylphenanthrenes (9- and 1-MP)
predominate over B-isomers (2- and 3-MP) by about 1.5~
2 times: the ratio (9+1-MP)/(2+3-MP) averaged 1.4-1.6
in the Sredneyulzhavskaya, Pelginskaya, Archinskaya,
Yuzhno-Mayskaya and 1.9 in the Zapadno-Kvenzerskaya
samples. Thus 3-MP < 2-MP << 9-MP < 1-MP (2-MP/3-
MP averages 0.6-0.7, 9-M®/1-M® averages 0.8-0.9),
with the exception of the Zapadno-Kvenzerskaya
samples, where 9-MP predominates (9-MP/1-MP
averages 1.1-1.2).
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Figure 3. Typical mass fragmentograms of phenanthrenes (a) and triangular diagram of 1,7,8-trimethylphenanthrene,
1,1,7,8-tetramethyl-1,2,3,4-tetrahydrophenanthrene and retene (b) in the composition of source rock extracts (bitumoids) from
the Bazhenov formation, Tomsk region. P — holonuclear phenanthrene (m/z 178), MP — methyl- (m/z 192), DMP — dimethyl-
(m/z 206), TMP — trimethylphenanthrenes (m/z 220); TMTHP — 1,1,7,8-tetramethyl-1,2,3,4-tetrahydrophenanthrene; rethene —
1-methyl, 7-isopropylphenanthrene. Peaks: 1 —2,6-+2,7-DMP, 2 — 1,3-+3,9-+2,10-DMP, 3 — 1,6-+2,5-+2,9-DMP, 4 — 1,7-DMP,
5—2,3-DMP, 6 — 1,9-+4,9-+4,10-DMP, 7 — 1,8-DMP, 8 — 1,2-DMP, 9 —-1,3,6-+1,3,10- +2,6,10-TMP, 10 — 1,3,7-+2,7,9-+2,6,9-
TMP, 11 — 1,3,9-+2,3,6-TMP, 12 — 1,6,9-+1,7,9-+2,3,7-TMP, 13-14 — 1,3,8-+2,3,10-TMP, 15-16 — 1,7,7-TMP, 17 — 1,7,8-TMP
(or 1,2,8-TMP).

Content, in % of ) phenanthrenes

Well

P > MP > DMP > TMP TMTHP Rethene
Sredneyulzhavskaya-10 28.6 35.5 18.2 12.4 33 2.0
Pelginskaya-2 29.3 36.1 18.1 12.2 2.6 1.7
Archinskaya-47 29.5 34.4 16.5 6.9 10.1 2.7
Yuzhno-Mayskaya-413 27.5 35.8 18.2 8.0 7.0 3.5

15.7 383 33.0 13.1 0 0

Zapadno-Kvenzerskaya-4

Table 2. Average content of phenanthrene compounds in the composition of source rock extracts (bitumoids) from the
Bazhenov formation, Tomsk region. P — holonuclear phenanthrene, Y. MP — the total methylphenanthrenes, >, DMP — the total
dimethylphenanthrenes, Y. TMP —the total trimethylphenanthrenes (without TMTHP and rethene), TMTHP - 1,1,7,8-tetramethyl-
1,2,3,4-tetrahydrophenanthrene, Rethene — 1-methyl, 7-isopropylphenanthrene. The table has been partially published in the

work (Sotnich, Kostyreva, 2024).
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The values of molecular indicators widely used
to determine the organic matter maturity, based
on the distribution of methylphenanthrenes, are
shown in Table 3. Some indicators were found to
be uninformative for the bitumoid collection of the
Bazhenov Formation, as previously noted in works
(Goncharov et al., 2004; 2013).

Distribution of dibenzothiophene aromatic
compounds

The following sulfur-containing aromatic compounds
of the dibenzothiophene series were identified:
holonuclear dibenzothiophene (m/z 184), its methyl-
(m/z 198), dimethyl- (m/z 212) and trimethyl- (m/z 226)
substituted homologues (Figure 4).

Based on the analysis of the distribution of sulphur-
aromatic compounds of the dibenzothiophene series in
the bitumoids, methyl-substituted structures were found
to dominate among the dibenzothiophenes — up to 40—
50% of £ DBT (35-45% in the Zapadno-Kvenzerskaya
samples). The dimethyldibenzothiophenes content
varies between 30 and 45% (usually 35-40%) in the
Zapadno-Kvenzerskaya samples, 20-30% in the rest.
Trimethylbenzothiophenes content in all bitumoids tends
not to exceed 15-20%. The concentration of holonuclear
dibenzothiophene is very variable, ranging from 5-15%
in the Zapadno-Kvenzerskaya samples to 25-30% in the
Yuzhno-Mayskaya and Archinskaya samples.

Among the methyldibenzothiophenes, 1-MDBT
concentration does not exceed 20% in Zapadno-
Kvenzerskaya bitumoids and varies from 40-55% in
others (Table 4). The concentration of 4-MDBT increases
in proportion to the decrease of 1-MDBT, while the

immature organic matter (PK,-MK.")

iz 198 le Ar-47-47
sample Ar-47-
MDBT T, = 421°C
m/z 184 1
DBT
0 —
(2]
5
2 m/z 212
§ 4- DMDBT
T 2+31 5 mlz 226
TMDBT
234 6
1 89101112731415

21 22 23 24 25 26 27 28 29 30 31 32 33
retention time, min

mature organic matter (MK,’)

m/z 198 sample ZK-4-17
MDBT T, = 440°C
4 m/z 212

DMDBT
2

FID-response

21 22 23 24 25 26 27 28 29 30 31 32 33
retention time, min
Figure 4.  Typical mass  fragmentograms  of
dibenzothiophenes in the composition of source rock
extracts (bitumoids) from the Bazhenov formation,
Tomsk region. DBT — holonuclear dibenzothiophene
(m/z 184), MDBT - methyldibenzothiophenes (m/z
198), DMDBT - dimethyldibenzothiophenes (m/z 212),

content of 2+3-MDBT remains at the level of 20% of TMDBT - trimethyldibenzothiophenes (m/z 226). Peaks:
2 MDBT. 1 — 4,6-DMDBT, 2 — 2,4-DMDBT, 3 — 2,6-+3,6-DMDBT,

The methyldibenzothiophene ratio (MDR) and the 4 - 37-DMDBT, 5 — 1,4-+1,6-+1,8-DMDBT, 6 -
dibenzothiophene index (DBTI) are well established 1,2-+1,3-DMDBT, 7 — 1,7-+1,9-+3,4-DMDBT; peaks 815 —
as indicators of organic matter maturity (Goncharov 24.6-, 2,4.8-, 24.7-, 1,4,6-, 14.8-, 3,4,6-, 2,6,7-, 1.4,7-,
et al., 2005; Kontorovich et al., 2004; Radke, 1988; 1,3,7-,3,4,7-,1,2,4- and 2,3,7-TMDBT (Li et al., 2014).

Well MPI MPI-1 MPI-2 PP-1 (2+3-MP)/(9+1-MP)
Sredneyulzhavskaya-10 0.5 0.5 0.3 0.8 0.6
Pelginskaya-2 0.5 0.5 0.3 0.8 0.6
Archinskaya-47 0.5 0.5 0.3 0.8 0.7
Yuzhno-Mayskaya-413 0.5 0.6 0.3 0.8 0.7
Zapadno-Kvenzerskaya-4 0.6 0.5 0.3 0.9 0.5

Table 3. Average values of phenanthrene molecular indicators of the organic matter maturity in the composition of source rock
extracts (bitumoids) from the Bazhenov formation, Tomsk region
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Average concentration, in % of ), MDBT

Well MDR DBTI
4-MDBT 2+3-MDBT 1-MDBT

Sredneyulzhavskaya-10 329 18.3 48.8 0.7 0.4

Pelginskaya-2 36.9 18.8 443 0.8 0.4

Archinskaya-47 26.5 22.4 51.1 0.5 0.4

Yuzhno-Mayskaya-413 33.0 20.5 46.5 0.7 0.4

Zapadno-Kvenzerskaya-4 70.3 17.0 12.8 5.7 0.8

Table 4. Methyldibenzothiophenes distribution in the composition of source rock extracts (bitumoids) from the Bazhenov
formation, Tomsk region. Author’s note: Molecular maturity indicators — Methyldibenzothiophene ratio MDR = 4-MDBT/1-
MDBT according to (Radke, 1988; Goncharov et al., 2005); Dibenzothiophene Index DBTI = 2+3-MDBT/DBT according to

(Schou, Myhr, 1988; Kontorovich et al., 2004).

Schou, Myhr, 1988). In the case of the studied bitumoids
collection, the molecular indicators have close values
for samples from the Sredneyulzhavskaya, Pelginskaya,
Archinskaya, and Yuzhno-Mayskaya wells and differ
greatly in samples from the Zapadno-Kvenzerskaya well,
confirming the difference in organic matter maturity of
these two sample groups.

Distribution of aromatic steroids

Monoaromatic steroids C,-C, (m/z 253) and
triaromatic steroids C,-C,, and C,-C,, (m/z 231) were
identified in the composition of the Bazhenov Formation
bitumoids (Figure 5).

m/z 253
MAS sample Ar-47-47
® . . T,.=421°C
g C28
8_ CZQ
(7]
o
A Ca m/z 231
Y miz 231 TAS Il
TAS |
Wb AA__ars AV Wl TRV WM R M,
38 40 42 44 46 49 50 52 54

retention time, min

sample YuM-413-34
T, = 425°C TAS II

3 . CLR+C,S

C

o

Ql

(%]

o

E C.R

Cmsn C,R

38 49 50 52 54

retention time, min

In the Sredneyulzhavskaya and Pelginskaya samples,
triaromatic steroids (up to 50% of ) arom.comp.)
dominate over monoaromatic ones (up to 20% of
> arom.comp.), mainly due to the high molecular weight
TAS C,-C; (Figure 5). TAS/MAS ratio varies from 2
to 5, with an average of 3. The values of the triaromatic
steroid index (TASI =TAS I/ (TAS I+ TAS 1)) do not
exceed 0,15.

The MAS content in the bitumoids from the
Archinskaya well is up to 30% of the aromatics, almost
double that of TAS (not more than 15%). The TAS/MAS
values vary from 0.2 to 0.7, with an average of 0.4. The
TASI tends to be less than 0.2.

m/z 231
sample SYu-10-7 TAS Il
® Trex = 425°C C,R+C,S
2
o
Ql
2 m/z 253
5 m/z 231 MAS C,R
ol TASI 1C,8||c,s|  C=R
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Figure 5. Typical mass fragmentograms of aromatic steroids in the composition of source rock extracts (bitumoids) from the
Bazhenov formation, Tomsk region. MAS — monoaromatic steroids C, -C,; TAS I — triaromatic steroids C,-C,,, TAS II —

triaromatic steroids C,-C .
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In the samples from the Yuzhno-Mayskaya well, the
ratio TAS/MAS varies irregularly along the section:
MAS predominates in some bitumoids (about 2/3 of
the collection), TAS in others. The TAS/MAS values
are between 0.5 and 2.6, with an average of 0.8.
MAS concentrations drop to TAS I levels in some
samples (mainly in the lower part of the section) and to
background levels in isolated cases. The TASI values
vary from 0.1 to 0.25.

In the Zapadno-Kvenzerskaya samples the content
of aromatic steroids is very low — less than 5%, while
the MAS concentrations are mostly < 0.5%. The ratio
of TAC to MAS is always greater than 4 (up to 20).
Among the triaromatic steroids in these bitumoids, the
low molecular weight ones (TAS I) predominate: the
TASI values vary from 0.6 to 0.7.

Discussion

The distribution of phenanthrenes, dibenzothiophenes,
aromatic steroids in the composition of source rock
extracts (bitumoids) from the Bazhenov formation of
the Tomsk region has been found to depend on both
the accumulation conditions and the maturity of the
organic matter.

The DBT/F and Pr/Ph ratios confirm Bazhenov
Formation organic matter accumulation under marine
conditions at depths of 100-200 m (Kontorovich et al.,
2013). However, the lower content of dibenzothiophenes
and a different distribution pattern in the three-
component system TMTGF-1,7,8-TMF-retene suggest
shallower marine conditions for the Pelginskaya and
Sredneyulzhavskaya areas compared to the other three.
The remaining calculated molecular indicators show no
differences in the facies-genetic depositional environment
of the organic matter and are mostly dependent on the
maturity level. With growing thermal maturation of
the organic matter from the end of protocatagenesis
(gradation PK)) to the middle of mesocatagenesis
(gradation MK %), the following directional changes in
the distribution of aromatic compounds were observed:

* In the naphtheno-aromatic fraction of the
bitumoids, the relative content of phenanthrenes and
dibenzothiophenes is increasing due to a significant
decrease in the proportion of aromatic steroids. In the
immature organic matter the aromatic concentrations
decrease in the order MAS+TAS > P > DBT or
P> MAS+TAS > DBT, in the mature organic matter
P> DBT > MAS+TAS.

* In the composition of phenanthrenes and
dibenzothiophenes, the relative content of mono-, di-
and trimethyl-substituted structures increases, while the
holonuclear compounds decrease. The most pronounced
growth is observed in the concentrations of dimethyl-
substituted homologues: while in immature organic
matter their concentrations are at the level of holonuclear

compounds, in mature organic matter they are more than
twice as high;

* The concentrations of the a-isomers of
methylphenanthrene (9- and 1-MP), which are considered
to be less thermodynamically stable than the B-isomers
(2- and 3-MP), increase; this discrepancy can be
explained by the fact that the rearrangement of methyl
substituents from the a- to the B-position begins to play a
leading role only after the catagenesis gradation of MK,
(Radke, 1988; Cassini et al., 1988; Szczerba, Rospondek,
2010). It also explains the uninformativeness of some
molecular indices based on methylphenanthrene
distribution (e.g. MPI, MPI-1, MPI-2), since the studied
collection of Bazhenov Formation samples contains
aquagenic organic matter at a lower catagenesis level
(MK '-MK ?). It should be noted that a predominance
of 9- and 1-MPs over 2- and 3-MPs has also previously
been observed in samples from other source rocks with
marine organic matter at the early and middle stages of
the ‘oil window’ (Kashirtsev et al., 2018; Kontorovich
et al., 2005; Duda et al., 2020).

* The compound 1,1,7,8-tetramethyl-1,2,3,4-
tetrahydrophenanthrene (TMTHP) has been identified in
immature organic matter from the Bazhenov Formation
ofthe Tomsk region. It is considered to be a hydrogenated
precursor of 1,7,8-trimethylphenanthrene and is absent
in mature organic matter. Previously, TMTHP has
also been identified in the Bazhenov Formation of
the North Surgut region in central Western Siberia
(Sotnich, Kostyreva, 2021, 2024), but at much lower
concentrations due to the higher maturity of the organic
matter. Comparative analysis of TMTGP distribution
in Tomsk and North Surgut bitumoids suggests that the
TMTGP disappearance begins at the end of the gradation
MK,'(atT__about435°C).N.S. Burdel’nayaand D.A.
Bushnev had also identified TMTHP in organic matter
from domanik deposits of the Timan-Pechora petroleum
province and came to a similar conclusion, proposing the
use of the TMTHEF/1,7,8-TMF ratio as an indicator of
organic matter maturity (Burdel’naya, Bushnev, 2021).
They also noted: “As the variation of this ratio occurs in
a rather narrow thermal ripening interval of OM, it will
be useful to study the OM composition at low and middle
catagenesis gradations...” (Burdel’naya, Bushnev, 2021).

* Among the methyldibenzothiophenes, 1-MDBT
dominates in the immature organic matter, while in the
mature organic matter it is the more thermodynamically
stable 4-MDBT that prevails. The content of 2+3-MDBT
in the collection of bitumoids studied is always lower
in relation to the others, but its ratio to the holonuclear
dibenzothiophene (DBTI) increases with the growth of
the OM catagenesis. Both ratios (4-MDBT/1-MDBT and
DBTI) are informative indicators of OM maturity in the
Bazhenov Formation, as noted by previous researchers
(Kontorovich et al., 2004; Goncharov et al., 2004,
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2005; and orhers), but differ in their sensitivity to OM
transformation. For example, the 4-MDBT/1-MDBT
ratio shows a much wider range of values between
mature and immature OM. Contrary to pyrolytic and
petrographic parameters, molecular indices are more
accurate because “...the isomerization transition from
1-MDBT to 4-MDBT is independent of the sample
origin and reflects only the equilibrium state determined
by time and temperature...” (Goncharov et al., 2004).

* The elevated monoaromatic steroid (MAS) content
observed in immature organic matter decreases rapidly
with thermal maturation, and by MK * catagenesis, MAS
concentrations reach background levels; in some cases,
MAS are unidentified. Previously (Kontorovich et al.,
2004), it was noted that for marine OM of the Bazhenov
Formation, “besides phenanthrenes, triaromatic steroids
usually play a significant role” and “...the TAS/MAS
ratio usually varies between 2.0 and 5.0”. In addition,
a number of “anomalous” samples from the Bazhenov
Formation were found to contain organic matter with
high concentrations of phenanthrene, low concentrations
of aromatic steroids, and a predominance of MAS versus
TAS, which is similar in nature to the distribution of
aromatic compounds in the continental organic matter
of the Tyumen Formation, suggesting that the OM from
individual layers of the Bazhenov Formation contains
the remains of higher terrestrial vegetation. The analysis
of the distribution of aromatic steroids in source rock
extracts from the Bazhenov Formation of the Tomsk
region allows to determine the significant change of
the relative content of TAS/MAS in the marine OM of
the Bazhenov Formation without the introduction of
terrigenous OM.

» Among the triaromatic steroids, the predominance
of the high-molecular-weight TAC II with a composition
of C,.-C,, is observed in the immature OM, whereas in
the mature OM it is TAS I with a composition of C, -C, .
In (Kontorovich et al., 2004), such a regularity was also
found, and on the basis of it, the “triaromatic sterane
maturity index” TASI = TAS I/ ( TAS I+ TAS II) was
proposed. It shows a rather strong correlation with the
reflectivity of vitrinite. It has been argued (Kontorovich
et al., 2005; Parfenova, 2015) that the ratio of low- and
high-molecular steroids depends on the redox conditions
of accumulation and the organic matter content in
rocks, so “the use of TASI for the assessment of OM
thermal maturity should be of greater caution”. Based on
analysis of TASI values, as well as TASI’s dependence
on organic matter (Cmg) and Pr/Ph contents, it was found
that TASI can be used as an indicator of OM maturity
for this collection of Bazhenov Formation bitumoids in
Tomsk region.

GEORESURSY / GEORESOURCES

Conclusion

The main factor controlling the distribution of
aromatic compounds (phenanthrenes, dibenzothiophenes,
aromatic steroids) in organic matter of the Bazhenov
Formation from Tomsk region, as revealed by
compositional and structural analysis, is the degree of
organic matter maturity (OM). Directional changes are
observed both in the proportions of the main aromatic
groups (increasing phenanthrene content, decreasing
aromatic steroid content) and within these groups
(decreasing concentrations of holonuclear and increasing
concentrations of di- and trimethyl substituted structures,
rearrangement of methyl substituents, etc.) as the organic
matter matures from the PK, to MK * gradation. The
study has shown that not all molecular indicators (MPI,
MPI-1, MPI-2, PP-1, PP-1_ . DBTI, TASI, etc.) widely
used in geochemical research practice for the assessment
of organic matter maturity are equally informative for
marine organic matter of the Bazhenov Formation at low
and middle stages of catagenesis. The most “sensitive”
to the degree of OM maturity are the 4-MDBT/1-MDBT,
TASI, TAS/MAS and TMTGEF/1,7,8-TMF ratios.
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I'eoxumus peHaHTpeHOB, TMOEH30THO(GECHOB U APOMATHYECKUX CTEPOU/I0B
B OMTyMOHIaX 02:KEHOBCKOM CBUTHI I0r0-BocTOKa 3anagHoi Cudupu

(Tomckast 00s1acTh)

U.C. Comnuy’, E.A. Kocmvipesa

Hucmumym neghmezazosou eeonocuu u ceouzuru um. A.A. Tpoumyra Cubupckoeo omoenenuss PAH, Hosocubupck, Poccusi

B pabote mpexncTaBiieHbl pe3ynbTaThl H3y4eHHs apoMa-
TUYECKUX coennHeHNH ((peHaHTpeHOB, MTNOCH30THO(DEHOB,
apOMaTHYECKUX CTEPOUAOB) B OMTyMOMAAaX OakKeHOBCKOU
cBuThl ToMmckoii obmacTu (Foro-BocTok 3amamaHoit Cubmpn).
Cpenu coenrHeHNH (peHAaHTPEHOBOTO U IHOSH30THO(PEHOBOTO
PSIOB, IOMHMO TOJIOSACPHBIX M MOHOMETHII3aMEICHHBIX
CTPYKTYp, UACHTHOUIMPOBAHBI HX IU- U TPUMETUII3aMe-
IIeHHbIe ToMoJIorH. CpaBHHUTEIBHBINA aHAITH3 OTHOCHUTEIIBHBIX
KOHIICHTPALUIl OCHOBHBIX TPYIII apOMaTHYECKUX COEIH-
HEHH, PacCUNTaHHBIX AByMs crocodaMu (¢ ydetoMm u 0e3
ydera Iu- U TPUMETHI(PEHAHTPEHOB U TUOCH30THO(PECHOB),
MOKa3aJl UX MICHTHYHOCTb. YCTAHOBJICHO, YTO OCHOBHBIM
(hakTOpOM, KOHTPOJIUPYIOLIMM COZICPIKaHHE H PacTIpEICIICHIES
apOMaTHYEeCKUX COCIUHEHHH, SBISCTCS CTEIEHb 3PeNIOCTH
opraHWYecKoro BemecTBa. Hambomnee mHDOpMaTHBHEIE
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MOJICKYJISIPHBIC ITOKa3aTeIH 3pEIOCTH Ul OPraHUYeCKOTo
BellecTBa 0a)KEHOBCKOI CBUTHI HU3KHX M CPEITHHX IpaJlaliii
xararenesa (IIK,-MK ?) — ornomenus 4-MABT/1-MJIBT,
TACU, TAC/MAC, a takxe TMTT'®/1,7,8-TM®.

KuroueBble cjioBa: opraHn4ecKoe BeIecTBO, OUTYMOH-
JIbl, ApOMaTHYECKUE COCIMHCHNS, KaTareHes, He(TeMaTeprH-
CKHe TIOpOJIBI, Oa)KeHOBCKAsi CBUTA, BEPXHSA I0pa, 3ama Has
Cubups

das uutupoBanus: Coruny U.C., Kocteipea E.A.
(2025). Teoxumus GpeHAHTPEHOB, TUOCH30THO(DECHOB U
apOMaTHYECKHUX CTEPOUIIOB B OMTYMOMAAaX OaKCHOBCKOU
CBUTHI I0T0-BoCcTOKA 3amaanoit Cubupn (Tomckas obmacTs).
Teopecypcwi, 27(3), c. 168—178. https://doi.org/10.18599/
2rs.2025.3.19



