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Abstract. An initial study of biomarker compositions of three coal samples from the Bourgas Basin is presented.
Biomarkers were analyzed by gas chromatography—mass spectrometry (GC-MS) to assess organic matter source in
the studied samples. The alkane distributions are dominated by long—chain n-alkanes (n-C,, to n-C,,), usually found
in higher terrestrial plants rich in cuticular waxes. The maximum relative intensity is determined at n-C,,. Carbon
preference index (CPI) values higher than 8.0 reflect a marked predominance of odd over even-numbered alkanes.
The non-aromatic polycyclic hydrocarbons are dominated by hopanes, indicating microbial (bacterial) activity in
the ancient swamp environment. The differences in the precursor vegetation are related to varying contributions of
gymnosperms versus angiosperms during peat accumulation in the Bourgas Basin. The depositional environment was

likely dynamic, with alternating oxidizing and reducing conditions.
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Introduction

Gas chromatography-mass spectrometry analysis ap-
plied to extractable organic matter or pyrolysis prod-
ucts provides valuable insights into the plant materi-
als that contributed to a coal formation. The study of
chemofossils, known as biomarkers, contributes to a
more comprehensive understanding of the nature of
coal matter. Biomarker distributions give information
about the types of ancient swamp vegetation and rep-
resent indicators of paleoenvironmental conditions as
well as the extent of diagenetic changes. In one of the
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earliest studies on biomarkers, Radke et al. (1980) in-
vestigated the composition of soluble organic matter
in coal, focusing particularly on its relationship to the
coal rank and fluorescence of liptinite. In recent dec-
ades, the study of the type and amount of biomarkers
has been widely applied as a modern method for de-
tailed geochemical characterization of organic matter
of coal (Bechtel et al., 2002, 2003, 2008; Otto, Wil-
de, 2001; Stefanova et al., 2011, Stojanovic, Zivoti¢,
2013, Zdravkov et al., 2011, 2024).

The object of our study is the Eocene subbitumi-
nous coal from the Bourgas Basin. There are several
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investigations on the vegetation and paleoenviron-
ment of the ancient Bourgas peat bogs. Initially,
Palamarev (1973) investigated the palacobotanical
composition of the basin’s coal-bearing sediments,
revealing a predominance of angiosperms, includ-
ing members of the Fagaceae, Lauraceae, and
Rutaceae families. Organic petrography and mo-
lecular composition of the hydrocarbons of coals
from Bourgas and Maritza East basins with respect
to their relationship to floral assemblage, sedimen-
tary facies and diagenesis are given in Bechtel et
al. (2005). Apostolova et al. (2017) characterized in
detail biomarker composition and PAH concentra-
tion of coals, including those from the Bourgas Ba-
sin. The main goal of the present investigation is to
gain new knowledge on biomarker distributions and
paleoenvironment reconstruction of subbituminous
coal from the Bourgas Basin. The current study pre-
sents the results of three new samples taken from
mine gallery Ne 301.

Material and methods

The Paleogene coal-bearing sediments in the Bour-
gas Basin form part of the Ravnets. Formation (Ju-
ranov, 1992). The basin includes two coal levels
with up to four coal beds with an Eocene age. The
upper level comprises Seam A which contains the
main economic resources of the Bourgas deposit.
The coals are subbituminous, with medium ash
yield and high sulfur content. The present study is
based on three samples which were collected from
coal seam A and originated from the face of “Black
Sea” mine gallery Ne 301.

To obtain the extractable organic matter (EOM;
bitumen), approximately 1.7 g of pulverized sample
was extracted (~1 h) on a Dionex ASE 350 instru-
ment using dichloromethane at 75 °C and 100 bar.
A Zymark TurboVap 500 closed cell concentra-
tor was used to concentrate the extract to ~ 0.5 ml.
This was followed by asphaltene precipitation us-
ing a n-hexane:dichloromethane solution (80:1, v/v)
and separation using centrifugation. The n-hexane-
soluble fractions were further separated into polar
fractions (NSO compounds), aliphatic and aromatic
hydrocarbons using a Kéhnen-Willsch MPLC (me-
dium pressure liquid chromatography) instrument
(Radke et al., 1980). Before the GC-MS measure-
ment, equivalent amounts of internal standards
(squalane for aliphatics; 1, 1’-binaphthyl for aro-
matics) were added to each sample. The aliphatic
hydrocarbon fractions were analyzed for n-alkanes
and isoprenoids by a gas chromatograph (Trace GC-
Ultra) attached to a flame ionization detector (GC-
FID), equipped with a 50 m HP-PONA capillary
column (inner diameter [i.d.] 0.20 mm, 0.50 pm film
thickness). The sample was injected in the split less
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mode at 270 °C, and the oven temperature increased
from 70 to 310 °C followed by 35 min isothermal
period. Analysis of specific biomarker compounds
in the aliphatic and aromatic fractions was per-
formed using gas chromatography-mass spectrom-
etry (GC-MS) by a Thermo Scientific Trace GC-
Ultra (60 m long TG/DB-5MS fused silica capil-
lary column; i.d. 0.25 mm, 0.25 pm film thickness)
coupled to ThermoFisher ISQ mass spectrometer.
The oven temperature was programed from 40 °C
(held for 2 min) and raised up to 310 °C with rate of
4 °C/min, followed by an isothermal period of
40 min. The sample was injected in split mode (split
ratio of 20) at 260 °C. Helium was used as a carrier
gas. The spectrometer was operated in the EI (elec-
tron ionization) mode with a mass-to-charge ratio
(m/z) scan range from m/z 50 to m/z 650 (0.7 s total
scan time). The experiment was carried out at the
Montan University in Leoben, Austria.

Results and discussion

Extractable organic matter (EOM) yield of the stud-
ied samples varies between 98.22 and 173.96 mg/g
TOC. The EOM is dominated by asphaltenes (53.07—
66.12%) and polar compounds (28.72—43.27%),
whereas contents of aliphatic (2.42-4.23%) and
aromatic (0.87-1.23%) fractions were low. These
values are in accordance with a relatively low matu-
rity of organic matter in subbituminous coals.

The distribution of n-alkanes shows a pro-
nounced predominance of long-chain, odd num-
bered homologues (n-C,, to n-C,; Table 1). Carbon
preference index (CPI) has high values (8.4-10.1),
reflecting a marked predominance of odd over even-
numbered n-alkanes and confirming low maturity
of the studied coals. High contents of long-chain
n-alkanes, relative to the sum of all n-alkanes, re-
flect the significant contribution of terrestrial plants
to the formation of the coal substance, where they
are present as a main component of various types
of waxes (Eglinton, Hamilton, 1967; Bechtel et al.,
2003). The maximum relative intensity is deter-
mined at n-C,,; its domination has been suggested
as being characteristic of either grasses, warm cli-
mate plant waxes (Cranwell, 1973), or as a result of
the involvement of coniferous vegetation (Herbin,
Robins, 1968). According to Zdravkov et al. (2011),
the relative ratio of long-chain r-alkanes can be
used as an indicator of the proportions of deciduous
vegetation (n-C,, and n-C,;) and grass vegetation
(n-C;,). The variation in pristane/phytane (Pr/Ph)
ratio (0.81-1.81) indicates that the Bourgas coals
likely formed in a transitional environment, where
periods of reducing conditions alternated with more
oxidizing conditions. This suggests a dynamic dep-
ositional setting, potentially influenced by changes



Table 1. Concentrations of n-alkanes, proportions of n-C,; ,, n-C,, ,s and n-C,, ;, relative to sum of n-alkanes, CPI, pristane/
phytane ratios, concentrations of sesquiterpenoids diterpenoids and angiosperm-derived triterpenoids, ratios of Di-/(Di- + Triter-
penoids), concentrations of hopanes and hop-17(21)-ene of Bourgas subbituminous coal

. . . Hop-17(21)
Sample n-alkanes n-Cys 1/ 1-Cyy 5 n-Cy, 1/ R — Sesquiterp.  Diterp.  Triterp. Di-/(Di- Hopanes —ene
Ne —— n-Cyy n-Cs 5 n-Cis 5 +Triterp.)
ug/g/TOC ng/g/TOC ng/g/TOC
B301-2 21.70 0.13 0.13 0.62 8.56 1.31 0.59 5.30 3.52 0.60 13.95 0.63
B301-4 14.58 0.10 0.08 0.67 10.10 1.06 1.89 0.55 1.05 0.34 7.85 0.35
B301-5 23.39 0.09 0.11 0.68 8.45 0.81 2.50 2.11 1.30 0.62 6.75 0.39

*CPI, carbon preference index (according to Bray and Evans, 1961);** Pr, pristane; Ph, phytane.

in water level, oxygen availability, or organic mat-
ter input. This range of Pr/Ph ratio highlights the
complexity of the depositional settings and redox
conditions during the coal-forming process.

In all samples, saturated and mono-unsaturated
C,; sesquiterpenoids of the cadinene, drimane, and
cedrane types were observed in significant quantities.
Cadinene/cadinane and cedrane are commonly as-
sociated with gymnosperms, particularly coniferous
plants. These compounds are derived from the resin-
ous materials produced by coniferous plants, which
are often found in coal-forming environments. Their
presence suggests a significant contribution of conif-
erous vegetation (including genera such as Cedrus,
Juniperus, and Abies) during the formation of peat,
indicating a gymnosperm-dominated landscape (Otto,
Wilde, 2001; Jansen, Groot, 2004; Grantham, Doug-
las, 1980). The identified aromatic sesquiterpenoids
include curcumene, calamanene, and cadalene.

The most prevalent diterpenoids in aliphatic
fraction are 16a(H)-phyllocladane and 16a(H)-
kaurane. 16a(H)-Phyllocladane is typically found
in conifers, excluding Pinaceae (ten Haven et al.,
1992), and it is considered a characteristic biomark-
er for the Araucariaceae, Cupressaceae, and Taxo-
diaceae families. 160(H)-Kaurane is usually related
to Araucariaceae (Peters et al., 2005). The aromatic
tricyclic diterpenoids, dehydroabietane and simon-
ellite also occur in the studied samples. Simonellite
is often referred to as biomarker for Pinaceae spe-
cies. However, abietane-type diterpenoids can also
originate from ferruginol, which is widespread in
modern species of families Cupressaceae and Po-
docarpaceae. Therefore, diterpenoids found in the
Bourgas coals indicate a contribution of resinous
organic matter, primarily derived from species be-
longing to the conifer families Cupressaceae/Taxo-
diaceae and Araucariaceae (Otto, Wilde, 2001).

Non-hopanoid triterpenoids of the oleanane, ur-
sane, and lupane types, which are universally asso-
ciated with angiosperms, are present in all samples
(they dominate over diterpenoids in B301-4 sam-

ple; Table 1). The compounds with those structures,
identified in the aliphatic and aromatic hydrocarbon
fractions, include ring-A degraded and pentacyclic
oleanane-, ursane-, and lupane-type triterpenoids.
Oxidizing conditions (Pr/Ph > 1)) generally favoured
aromatization of non-hopanoid triterpenoids. Based
on the ratio of gymnosperm-derived diterpenoids
versus angiosperm-derived triterpenoids, variable
contributions of gymnosperms and angiosperms to
the formation of peat were concluded.

The non-aromatic polycyclic hydrocarbons are
dominated by hopanes. The hopanoid patterns in all
samples are characterized by the presence of C,, to
C,, BB and of hopanes, excluding C,, homologues.
The most abundant hopanes in the Bourgas coals
are C,,17a(H),21B(H),22(R), C,,17B(H),21B(H),
C,,17B(H), and C,,17B(H),21B(H),22(R), again
confirming low maturity of the Bourgas coals. Hop-
17(21)-enes and hop-13(18)-enes occur in lower
abundances than saturated hopanes. The occurrence
of hopanoids indicates microbial (bacterial) activ-
ity in the ancient swamp environment. C;, hopane
is often associated with aerobic conditions, where
hopanoid-producing bacteria play an important role
in the diagenetic processes (Peters et al., 2005).

Conclusion

High concentrations of polar compounds and as-
phaltenes, very high values of carbon preference
index, the domination of 17B(H),21B(H) isomers
in hopane patterns, as well as the presence of hop-
17(21)-enes and hop-13(18)-enes indicate low
maturity of Eocene coals from the Bourgas Basin.
Based on the values of pristane/phytane ratio and
a variable degree of the aromatization of non-ho-
panoid triterpenoids, the depositional environment
was likely dynamic, with alternating oxidizing and
reducing conditions. Furthermore, contributions of
gymnosperms and angiosperms to the formation of
peat were also fluctuating over the time of deposi-
tion. Sesquiterpenoids and diterpenoids identified
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in these samples point to diverse coniferous veg-
etation, comprising the species that belong to nu-
merous genera and families. The distribution and
abundance of hopanoid compounds, including the
prevalence of C,, hopanes, suggests an intensive
microbial activity under predominantly aerobic
conditions during early diagenesis.
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