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Bulgarian part from the Thrace Basin is recognized as its NW flank. Hydrocarbon generation for some formations in
the Bulgarian part, analogue to Turkish ones with already proven generative abilities, is expected. In order to assess
source rocks and to foresee exploration activities in the region, eleven samples from the prospective formations, i.e.
seven well samples and four outcrops samples, are evaluated by geochemical proxies. Extractable organic matter (OM),
the so-called “free” bitumens, and extracted after demineralization (“bound” bitumens), are characterized. A broad
range of biomarkers is considered. In this study linear structures, i.e. n-alkanes, regular isoprenoids, n-alkan-2-ones, n-
alcohols, fatty acids, etc. will be considered. Rock Eval data and component analysis determine immature Type Il and
mixed Type I/l kerogen. n-Alkanes are dominant in all bitumen extracts. Their distributions are complex, depth
dependent and give a hint for more mature OM redeposition. The cross-plots of regular isoprenoids in Pr/nCy; vs.
Ph/nC,g diagram implies immature mixed Type Il/1ll kerogen. Pr/Ph ratios, argue for immature OM deposited in
anoxic/sub-oxic environment. The cross-plots of TOC vs. P, argue for at least two pools of n-alkanes: (i) short chain
homologous from algal/bacterial contribution; (ii) and, mid-chain, from submerged/floating macrophytes wax. Fatty
acids, nCy,-nCs, with “even” numbered dominance and changes with depth, are identified only in the “bound”
bitumens. A similarity in possible origin with n-alkanes is assumed. Dicarboxylic fatty acids, nCs-nCsy, maximizing at

nC,, NCyg, NCy are recognizable as well.
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INTRODUCTION

Thrace Basin spreads through the European part
of Turkey, the most NE part of Greece and SE part
of Bulgaria. It is one of the largest natural gas and
oil producing basins in Turkey [1]. Generative
potential of source rocks from the Turkish part of
the Thrace Basin with proven potential for oil/gas
generation is described [1-3].

The studied area is situated within the Early-
Palaeogene Madjarovo foreland depression, which
formed along the intensively faulted eastern part of
the Rhodope massif [4]. Rocks of different age and
compositions were outcropped on the surface of the
studied area and question of interest for oil/gas
exploration was the clastic rocks of the sediment
sequence with Tertiary (Eocene and Oligocene)
age. Information from well investigations is limited
as the deepest one reaches 1754 m. In the Turkish
part of the Basin these intervals with Eocene and
Oligocene age are the major reservoirs for the
hydrocarbon accumulations [1].

Shally intervals of the terrigenous-limestone-
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shale fm., and shales and mudstones of shale-marl
fm. are considered the most promising seals in the
reservoir systems in the Bulgarian part of the basin
[5]. These intervals are further characterized by a
good generative potential for hydrocarbons as well.

Current study is inspired by the renewed interest
to Mezardere Fm. as a potential oil resource for
hydrocarbons supply in Turkey [3]. The aim of the
present investigation is to assess by geochemical
proxies the hydrocarbon generative potential of
samples from the perspective Fms. in the Bulgarian
part of the Thrace Basin. Search for a similarity
with Fms. in the Turkish part of the Basin is under
special concern.

EXPERIMENTAL

Tectonic scheme of the Bulgarian part of the
Thrace Basin in comparison with Turkish part and
lithostratigraphy of the area under study are shown
in Supplementary Material (Fig. S1).

The following set of samples was studied (Table
1): (i) core samples G1-G5 were from the shally
intervals of shale-marl Fm., analogue to
Yenimuhacir group in Turkey; (ii) core and outcrop
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samples G6-G10 were from the rocks analogue of
Ceylan Fm. (Turkey). Outcrops are commonly
weathered, resulting in altered OM. Therefore,
special attention was paid to collect them from
fresh cuts at positions with low dips; (iii) and,
sample G11, G12 with Neogene age from shale
rock outcrops. All samples were crushed, grounded,
sieved to < 0.25mm. Firstly, they were
characterized by Rock Eval pyrolytic technique [5].
Preliminary data and parameters definition could be
found in [6].

For lipids isolation about 40g of each sample
were subjected to exhaustive Soxhlet extraction
with chloroform. By this protocol “free” bitumens
were prepared. The residue in the thimble after
extraction was treated by 10% HCI for
demineralization. CI" ions in the filter cakes were
removed by copious washing. Later on they were
dried at ambient temperature, grounded and
transferred into thimbles for subsequent extraction
with chloroform for “bound” bitumen isolation.
Solvents of the highest purity were used. Extracts
were concentrated at reduced pressure. The yields
of bitumens, i.e. “free” and “bound”, were
calculated in wt. %. Asphaltenes in bitumens were
precipitated by pouring samples solutions in a high
excess of chilly n-hexane (1:50, v/v). Asphaltenes
were filtered and dried to constant weights.

Bitumen  fractional  compositions  were
determined by column adsorption chromatography
on mini-columns (10x100mm) filled with Kieselgel
60, 0.2-0.5 mm (Merck). The following eluents
were used: hexane - for elution of neutrals;
dichloromethane (DCM) - for aromatics and
slightly polars; and acetone - for nitrogen, oxygen
and sulfur containing (NOS) components. The
neutrals were treated by Cu turnings for removal of
elemental sulfur.

GC-MS study was carried out on a Hewlett-
Packard 6890 GC system plus HP 5973 MSD
equipped with  a HP-5 MS  column
(0.25mmx=30mx0.25u film thickness) with flame
ionization detector (300°C). A split/splitless
capillary injector (300°C) is used in the splitless
mode (valve reopened 1 min after injection). After
0.5 min isothermal period at 85°C the oven
temperature was increased to 200°C at 20°/min and
then to 320°C at 5°/min. The MSD was operated in
the electron impact (EI) mode with energy of 70 eV
and scan range from 50 to 650 Daltons. The data
were acquired and processed with the HP software.
Individual compounds were determined by
comparison of mass spectra (MS) with literature
and library data, comparison of MS and GC
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retention times with those of authentic standards or
interpretation of mass spectra [7, 8]. For MS
spectra tracking Xcalibur software was used. MS
were quantitatively interpreted by inner standards
application, i.e. deuterated nC,, for the neutral
fraction, and triethylbenzene for the aromatic
slightly polar fraction. Amounts were normalized in
ng/gCorg.

The distribution patterns and relative amounts of
n-alkanes were tracked by single ion monitoring
(SIM) of m/z 85. Based on n-alkanes separations
carbon preference index (CPI) value was calculated
[7, 9]. Some specific fragments were used for SIM
tracking: m/z 183 for regular isoprenoids, i.e.
pristane (Pr) and phytane (Ph); m/z 58 for linear
alkan-2-ones; m/z 111 for linear alcohols; m/z 74
and 88 for esters of linear fatty acids (FAS).

RESULTS AND DISCUSSION

For some samples Rock Eval data in Table 1
indicate total organic carbon (TOC) above 0.5%
(G1-G5, G12). For samples with TOC < 0.5% (G7,
G9-G10) data for T are doubtful and are omitted.
The relationship TOC vs. HI demonstrates linear
correlation with R?=0.755, giving us a confidence
to keep TOC data for G2 and G6 in Table 1.

A tendency for decrease in Ty (from 437.5°C
to 428.5°C) for the shallowest samples is
recognizable. These data evoke more mature OM
for the shallowest interval. Registered decrease in
Tmax IS rather narrow. However it is indicative for
redeposition of more mature OM and this
possibility should be consider in the further
appraisal by geochemical proxies.

Based on the TOC values, the samples range
from “poor” to “fair” generative potential (Fig. 1A),
a view supported by the Rock Eval data (Table 1).
The highest TOC (2.31%) was determined for
sample G5. Such magnitude is characteristic for
source rocks with “good to very good” hydrocarbon
generative potential as is visible in Fig. 1A, where
S1+S; were correlated with TOCs [10]. According
to this diagram TOCs values were high for samples
from the Shale-marl formation corresponding to
Mezardere Fm. in the Turkish part of the Basin. On
this base they were depicted as perspective and
received special attention in further study.

Yields of bitumens and their fractional
compositions, i.e. neutrals, aromatics/slightly
polars, NOS and asphaltenes, are shown in Table 2.
Oily fractions, first and second ones, are studied by
GC/MS. Table 3 summarizes the total amounts of
n-alkanes, normalized to TOC (ug/gCorg).
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Table 1. Rock Eval data of samples.

Sample Depth Rock Eval data
P (m) S, S, S Toax  TOC (%) MINC(%) HI
Gl 266.5 0.010 2.455 0.790 437.0 1.295 1.975 189.5
G2 363.7 0.000 0.135 0.990 437.5 0.475 2.635 28.5
G3 443.3 0.025 3.345 1.025 430.5 1.825 2.050 183.5
Well G4 495.6 0.005 1.290 0.745 431.5 1.275 1.385 101.0
G5 553.0 0.015 3.390 1.035 428.5 2.310 0.650 147.0
G6 816.8 0.000 0.010 0.230 428.5 0.235 5.525 4.0
G7 1685.3 0.005 0 0.115 n.d. 0.100 2.780 0
G9 - 0.010 0 0.330 n.d. 0.065 3.565 0
Outcro G10 - 0.010 0 0.165 n.d. 0.035 3.185 0
P G11 - 0.000 0 0.575 n.d. 0.070 1.860 0
G12 - 0.040 0.065 0.590 418.0 1.035 1.080 103.0
n.d. — not determined.
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Fig. 1. Correlations of Rock Eval data and biomarker parameters. A) Plots S;+S, vs. TOC for appraisal of generative
potential; B) Relationship P, vs. TOC distinguishing different pools of n-alkanes contributions after Ficken et al. [11];
C) Cross-plots of Pr/nCy7 vs. Ph/nCyg for kerogen type assignment after Hunt [15] (e — “free” bitumen; o — “bound”
bitumen); D) Plots of HI vs.T . highlighting the increase in HI prior to the onset of oil expulsion after Sykes and
Snowdon [19].

Lipid distributions are visualised as histograms Portions of long chain homologous in “free”
in Fig. 2. Relative amounts of short-, mid- and bitumens constitute >60% of the n-alkanes, except
long- chain n-alkanes are presented in Table 4. for sample G4, which is extremely enriched in short
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chain members. For TOC rich samples, i.e. G3, G5, subordinated incorporation of plant-wax n-alkanes
G12, a tentative shift of n-alkanes signature to mid- into the “bound” bitumens.
chain members is recognizable (Fig. 2). The trend At a certain extent n-alkanes distributions could

is accompanied by a decrease in CPI values (Table assign a mixture of immature and mature OM. In
3). Lower CPI ratios might be indicative for the fact, the n-alkane distributions for some samples

Table 2. Yields of bitumens and their fractional compositions, in %.

Yields Fractional composition, %
(%) "Free" bitumen "Bound" bitumen
Sample - b= < Aromatics/ g @ =z Aromatics/ é @
L 3 s sligly 2 E 2 E slightly 2 = 2
m b polars =3 - zZ polars =3 —
< <
Gl 017 013 56 168 261 473 42 37 5.1 195 586 131
G2 012 006 12 3.0 145 728 85 65 6.5 204 587 7.9
_G3 017 009 25 181 211 503 80 7.8 61 377 381 103
g’ G4 015 007 39 7.7 337 512 35 122 105 429 324 2.0
G5 014 008 130 152 241 432 45 154 115 365 323 4.3
G6 005 003 7.2 112 164 579 7.3 115 115 265 398 107
G7 005 003 40 45 131 750 34 tr. 9.3 305 492 110
G9 003 004 48 106 252 500 94 101 8.0 254 558 0.7
S G0 008 003 03 64 78 843 12 106 126 317 442 09
3 Gl 006 005 56 9.7 209 588 50 7.1 7.1 284 506 6.8
Gl2 011 006 129 144 371 347 09 188 119 273 415 0.5
Table 3. Amounts of n-alkanes in mg/g sample, regular isoprenoids in ng/gCoq and CPI values.
Sampl g g S Ph “c%o Pr/Ph  CPI*
ampre c_;:s \CE»_, (1g/8Cor) § (1g/gCorg) E '
A
Gl 7.50 11.55 2.83 12.47 3.01 0.93 459
G3 3.98 3.91 1.26 3.25 1.44 1.20 2.31
G4 4,02 31.00 2.81 37.80 2.72 0.82 2.28
% S Gb 22.48 80.18 3.02 81.25 3.42 0.99 1.57
E S G6 2.06 17.26 0.92 12.25 1.00 1.41 1.16
e G7 2.17 1.04 0.64 0.60 0.91 1.73 1.11
G9 1.96 0.97 0.60 0.70 0.72 1.39 1.13
Gl1 2.35 0.74 0.78 0.40 1.10 1.85 1.43
G12 3.53 2.79 1.80 7.11 3.60 0.39 1.43
Gl 2.36 0.85 0.72 0.40 1.16 2.13 1.26
52 s G3 454 1.14 0.33 0.27 0.83 4.22 0.98
3 S G4 2.79 3.70 0.63 1.66 1.00 2.23 1.19
A G5 5.87 5.02 0.50 2.46 0.71 2.04 0.95
G12 5.63 1.05 0.69 1.96 0.69 0.54 0.90

*CPI= 2[(NC23+NCs1)odd T Z(NC25+NCs33)0dd 1/2 Z(NC24+NC32)even
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Table 4. n-Alkanes distributions in TOC rich samples, in rel.% and calculated P,, values.
n-Alkanes, in rel. %* Paq vValue**

"Free" bitumens "Bound" bitumens

Sample

‘Free"
'Bound"

s 2 3
s 9 S B c
Gl 9.7 285 61.7 126 41.2 46.2 055 0.58

G3 153 23.7 61.0 18.7 52.0 29.3 0.28 0.58
G4 535 32.0 145 157 41.0 433 0.71 0.52
G5 16.7 223 61.0 5.0 284 66.6 0.34 0.41

Outcrop G12 9.5 269 63.6 9.8 39.1 51.1 0.36 0.50

*Short chain n-alkanes X (nC1g -NC,0), Mid-chain n-alkanes X (nC,;-nC,s), Long chain n-alkanes X (NC5-nCs,),
**Pq = (NCa+NCys)/(NCo3+NCos+nCoqetnCsyy) after Ficken et al.[12].
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Fig. 2. Histograms of n-alkanes distributions (numbers correspond to carbon atoms).
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strongly resemble that in oils (G4), suggesting
contribution from redeposited mature OM. n-
Alkanes distribution for sample G4 is typical for
Type | kerogen. At low maturity levels even the
mid-chain n-alkanes are characterized by odd-over-
even predominance, i.e. high CPI. A possibility for
mature OM deposition is discussed in the second
part of the study devoted to the cyclic biomarkers.

Ficken et al. [11] have proposed P, ratio with
the aim to discriminate macrophytes and emergent
terrestrial plant. The proxy takes into account the
fact that submerged/floating species are rich in mid-
chain n-alkanes while higher plants are enriched in
longer homologous. Respectively, the P, ratio
distinguishes macrophytes of terrestrial plants from
the other supply. This proxy is often used to assess
the impact of hydrological changes in peat
transitions from wet fen to dry periods [12]. The
cross-plots of TOC vs. P, in Fig. 1B argue for at
least two pools of n-alkanes [13]: (i) short chain
homologous from algal/bacterial contribution; (ii)
and, mid-chain, from submerged/floating
macrophytes wax. According to Ficken et al. [11]
P.q values in the range of 0.01-0.23 are linked to
terrestrial plant wax, whereas values in the range
0.48-0.94 are associated with submerged/floating
species of macrophytes. P, values in Table 4 point
to a mixed n-alkanes origin, namely, from higher
plant/macrophyte wax and algal or bacterial
contributions. Interestingly, P,q values for the “free”
bitumens are lower as compared to the magnitudes
calculated for the “bound” bitumens. On the other
hand, the lowest values are calculated for samples
with the highest TOC contents. This is a hint that
the increase in TOCs can be attributed to a
substantial input of emergent plants to the
palaeoenvironment (Fig. 2B). Relatively close
values of ~0.50 are calculated for the “bound”
bitumens.  This evokes  submerged/floating
macrophytes OM input. The tendency s
additionally confirmed by the data for CPI in Table
3 where systematically higher values for the “free”
bitumens ratios comparing to the “’bound” ones are
calculated.

The acyclic regular isoprenoids, i.e. Pr and Ph,
are registered in all studied samples. Their amounts,
together with Pr/Ph, Pr/nCy; and Ph/nCyg ratios are
shown in Table 3. Ph concentrations are higher than
nCyg, thus giving distinctively high Ph/nCyg ratios,
especially for TOC rich samples. Ratios Ph/nCyg
are in the range of 3.0-3.6 for the “free” bitumens,
while for the “bound” bitumens total amounts of
isoprenoids and calculated ratios are lower.
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The Pr/Ph ratio is frequently used to assess
depositional environment. However it is well
known that isoprenoids/n-alkanes ratios generally
suffer from two main problems: (i) Pr and Ph may
originate not only from the phytyl side chain of
chlorophyll-o, but also from tocopherols and
bacterial lipids. (ii) Isoprenoids and n-alkanes are
strongly influenced by the maturity and Pr is
preferentially formed during maturation. In the
meantime, n-alkanes experience thermal
degradation and cracking, which introduces great
uncertainties in calculating the ratios. Nevertheless
the ratios are still often used with the proviso that
the data should be considered as biased.

Pr/Ph values > 3 are attributed to OM from land
plants (oxidising conditions of deposition), while
values < 1.0 indicate anoxic conditions. Magnitudes
in the interval 1.0-3.0 suggest intermediate
conditions of deposition (sub-oxic condition) [14].
Pr/Ph ratios in Table 3 were moderate and have
denoted that source rocks were deposited in sub-
oxic conditions. Hunt [15] proposed to plot the
ratios in the Pr/nC; vs. Ph/nC,g diagram (Fig. 1C).
Therein samples with high TOCs are located at the
zone of immature kerogen almost on the demarking
line for Type Il and Type I/l kerogen. Actually
such plots tolerate deposition in sub-oxic conditions
and have sustained assumption based on Pr/Ph
ratios. Cross-plots for “bound” bitumens in Fig. 1C
were somehow dispersed, and typical for more
mature Type Il kerogen. These results were in
agreement with the patterns of n-alkane
distributions illustrated in Figure 2, where
macrophyte contribution from submerging/floating
vegetation to “bound” bitumens formation has been
depicted.

According to Pr/nCy; vs. Ph/nCyg diagram mixed
Type 1I/111 kerogen is characteristic for high TOCs
samples with “good” hydrocarbon generative
potential (Fig. 1C). Tt comprises “gas-prone” source
rocks as has been already assumed based on Rock
Eval data [5]. This view is additionally
strengthened by HI vs.T . correlation, assigning
“gas prone” source rocks for TOC rich samples
(Fig. 1D). As far as similarity with Mezardere Fm.
in the Turkish part was already assumed (Fig. S2),
it was supposed that the source rocks under study
will be capable to generate biogenic gas at
appropriate burial and thermal palaeoenvironmental
conditions of deposition.

Long-chain acyclic n-alkan-2-ones nCi3-nCss,
maximizing at nCy, 2-nonacosanone, M*422, were
present in aromatic/slightly polars. Highly abundant
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was Cyg isoprenoid ketone, a clue for a microbial
activity, as it has been supposed to be derived from
the microbial degradation of phytol [16]. In all
separations “odd” numbered n-alkan-2-ones have
prevailed over the “even” numbered homologues.
Distribution signatures for long-chain n-alkanes and
n-alkan-2-ones were similar as both series have
maximized at the long chain “odd” members. This
resemblance has admitted a product-precursor
relationship [14].

Thereinafter “even” carbon numbered n-
alkanols, NCy-NCys (Crax NCy) Were identified,
accompanied by two esters of 9-hexadecenoic acid,
i.e. Cy and Css (Cia- Cig and Cig1-Cop). Alkyl
esters were often major constituents of the natural
waxes of microorganism, plants and animals [17].
Alkan-2-ones, n-alkanols and alkyl esters are
common in the plant kingdom and attest land plants
in the studied area [14, 18].

Fatty acids (FAs) were registered only in the
“bound” bitumens, where they have represented
significant portions of the fractions (Table 2). Their
distribution covered a broad span of homologous,
NC,-nCs4, With “even” numbered dominance. FAs
signatures were characterized by two maxima, at
the ubiquitous nCyg and at long chain member, nCyg.
Proportions of the two groups of FAs have varied.
With depth the relative amount of the short chain
FAs has increased and i-, ai-FAs have appeared. A
similarity in possible origins with n-alkanes was
admitted. In “bound” bitumens dicarboxylic fatty
acids (di-FAs), nCig-nCso were identified as well.
FAs distribution pattern has denoted at least two
possible sources — from ester hydrolysis of
diagenetically reduced cutins, suberins or of
glycerides from cell membranes for the shorter
members and from the hydrolysis of epicuticular
waxes. FAs distribution, like in the case of n-
alkanes, has admitted mixed kerogen origin, from
higher plant/macrophyte wax and from algal or
bacterial contributions.

CONCLUSION

The study of linear biomarkers in samples from
the Bulgarian part of the Thrace Basin reveals the
advantage of combining bulk and organic
geochemical proxies for source rocks evaluation.
The following observations are of special
importance:

(i) n-Alkanes distributions are complex and give
molecular evidences  for  variation in
palaeovegetation and palaeohydrological conditions
of deposition. Signatures for the “free” bitumens

are characterized by long homologous dominance
and high CPI values. “Bound” bitumens are
enriched in mid-chain members. The cross-plots of
TOC rich samples in Pr/nCy; vs. Ph/nC.g diagram
imply immature to slightly mature Type I/l
kerogen. Pr/Ph ratios argue for immature OM
deposition in  anoxic/sub-oxic  environment.
However this point should be considered rather
biased inasmuch as it is possible that some regular
isoprenoids are still in “bound” state. n-Alkanes
distributions admit mixed origin, namely, from
higher plant/macrophyte wax and algal or bacterial
contributions. Lower P,q values are denoted for the
“free” bitumens comparing to the “bound” ones.
This is a hint that an increase in TOCs for “free”
bitumens can be attributed to emergent/terrigenous
supply. Comparable P,, values of 0.50 calculated
for “bound” bitumens argue for submerged/floating
macrophytes OM input;

(ii) Patterns of distributions for long-chain n-
alkanes and n-alkan-2-ones are similar as both
series maximize at the long chain “odd” member
homologues. The similarity admits a product-
precursor relationship. Fatty acids (FAs) with a
broad span of homologous, NCy,-NCa4, and “even”
numbered dominance are registered only in the
“bound” bitumens. A similarity in possible origins
with n-alkanes is evident.

The decrease in Ty and n-alkane distributions
for the shallowest samples evokes more mature OM
redeposition. However, the assumption needs
verification by additional data and will be
considered in the study of cyclic structures.
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The studied area in tectonic aspect (Fig. S1) is situated in Early-Palaeogene Madjarovo
foreland depression formed on the intensively faulted eastern part of Rhodope massif. The
depression passes into the large Thrace Basin of NW Turkey to S-SE and is treated as NW flank
of this basin. Different opinions about this structure in SE Bulgaria exist and various
interpretations about tectonic framework of the area are expressed. However, more accurate
tectonic division cannot be made and the internal structure and complex geological evolution of
tectonic unit needs to be additionally specified. From the north the depression is bounded by the
southern slopes of Sakar-Strandja anticlinorium. To the W-NW it is limited by Harmanli
monocline, built by Precambrian metamorphic rocks, in SW - the Rhodope massif spreads on.

Rocks of different age and compositions are outcropped within the studied area.
Information from well investigations is limited as the deepest one reaches 1754 m.
Lithostratigraphic units of interest for oil/gas exploration consist of Tertiary-aged sedimentary
successions.

In Fig. S2 a correlation of the prospective Fms. for hydrocarbons from the Bulgarian and
Turkish parts is illustrated inasmuch as in the present study a relationship with the Turkish Fms.
of the basin is anticipated.

In the NE part of the studied area above metamorphic rocks of the basement sedimentary

units with Paleocene-Lower Eocene age are outcropped. These rocks are suggested to be an

1
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analogue to the Hamitabat Fm. from the Turkish part. In the Bulgarian part of the basin the
uppermost part of Upper Eocene is built up by rocks of the terrigenous-limestone-shale Fm. It
can be correlated with Ceylan Fm. in Turkey. In this sedimentary succession, a horizon is
marked, which is consistent with shallow marine carbonates and limestones of Sogukak Fm. that
can be correlated to reefal limestones outcrop in the western part of the studied area.

Based on the petrographic and physical characteristics of the rocks in the Fms., the main
reservoirs in the upper Eocene or Oligocene clastic horizons are expected . In the Turkish part of
the Basin these intervals are the major reservoirs for the hydrocarbon accumulations. Shaley
intervals of the terrigenous-limestone-shale Fm., and shales and mudstones of the Mezardere and
Danismen Fms. analogues in Oligocene sequences, are considered as the most promising seals in
the reservoir systems in Bulgaria. These intervals are further characterized by a good generative
potential for hydrocarbons. The Oligocene shale-marl Fm. can be regarded as an analogue to

Mezardere Fm. in the lower intervals, and to Osmancik and Danismen Fms. in the upper interval.

HARMANLY MONOCLINE

TURKEY
THRACE BASIN

T
THRA'GE_E&L T ZONE

Imbredjecs anticline

Fig. S1. Tectonic scheme of the Bulgarian part of the Thrace Basin.
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Fig. S2. Lithostratigraphy of the area under study in comparison with the Turkish part of

the Thrace Basin.
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(Pesrome)

UYacrra ot Tpakuiickus bacellH, Hamupalia ce Ha TepUTOpUATa Ha bearapus, ce ompezneis Karo HEToB
ceBepo3sanajeH ¢uaHr. JJaHHuTe 3a BBIIIEBOJOPOIHHS MOTEHIIMA Ha TO3M PErHOH 32 MOMEHTa ca orpanuueHn. Ouyaksa
ce HAKOM (opMallMy, aHAJIO3M HA TaKMBa OT TypcKara yacT Ha OaceiiHa, 3a KOMTO ca JIOKa3aHW JOOpU reHepHpaliu
CHOCOOHOCTH 3a BBIJIEBOJIOPOAM, J1a UMAT He(To/ra3oHOCHU cBoiicTBa. C €N OlleHKa MEePCHeKTHBHOCTTA Ha paloHa
Ype3 METO/IM Ha OpraHUYHATA TEOXUMHUS, OAPOOHO ca uzyueHu 11 npobu (7 conmaxuu u 4 paskpurus). [lox popmara
Ha ,,cBOOOIEH” U ,, CBBP3aH” OUTYMH € M3CJIEABAHO EKCTPaXMPyeMOTO opraHuyHo BemectBo. Upes Rock Eval u GC-
MS e u3ydeHa mmpoka ramMa OT OPTaHWYHM ChEAWHEHUs, HAKOM OT KOMTO Omomapkepu. B Hacrosmoro m3cieasaHe
00CKT Ha M3y4yaBaHe ca JIMHEIHNTe OMOMapKepy: N-aJKaHH, H30NPESHOUN, MAaCTHU KuceanHH U 1p. Rock Eval nanauTe
1 KOMIIOHCHTHHST ChCTaB ONPEACTAT OPraHMYHOTO BemecTBO karto He3psuto oT Twum III u ot cmecen Tum II/IIL. BwB
BCHYKHM €KCTPaKTH NpeodiagaBar N-ajkaHW. PasnpeneneHneTro UM o AbIDKMHA Ha aJKHJIOBAaTa BEpUra ce IPOMEHS C
IbI00YMHATa HAa COHJaXa. lMa M JaHHM 3a TpeoTiaraHe Ha I0-3psUI0 OPTaHMYHO BemlecTBo. Ilosunmure Ha
n3cneasanute npodu B Pr/nCi; vs. Ph/nCyg auarpama onpezens KeporeHa Ha NOTEHLIMATHO He(TO/ra30reHepupaniuTe
ckamu Kato He3psur, oT cmeced Tum II/II. Ortaomenuero Pr/Ph e xapaktepHo 3a c1abo mpeoOpasyBaHO OpraHHTHO
BEIECTBO, OTJIOKEHO B PEAYKIIMOHHA W/MIIM MpOMEHsIIa ce mameooOctanoBka. Camo B ,,CBbp3aHHUTE” OUTYMHU ca
ycTaHOBeHM MacTHH KuceiuHHu, NCi,-NCzy ¢ mpeoOiiafiaBaiy 4E€THH XOMOJO3UM U PAas3NpeiesieHHe IMOBJIHUSIHO OT
IBIOOYMHATA Ha 3ajsraHe. 3a TAX ce IpeAroiara Mpou3Xoa KaTo Ha N-ajKaHWTE Y CTAaHOBEHH ca M JAUKapOOKCHIOBH
kucenuau, NC1g-NCsp, KaTo MakcumaiHu ca NCyg, NCog, NCay.
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