J.Serb.Chem.Soc. 67(8-9)553-566(2002) UDC 550.84:665.61(1-924.55)(497.11)
JSCS-2976 Original scientific paper

ta, citation and similar papers at core.ac.uk brought to ya

provided by Faculty of Chemistry Re

Search for source rocks of the crude oils of the Drmno
depression (southern part of the Pannonian Basin, Serbia)

B. JOVANCICEVIC!?#** H. WEHNER?, G. SCHEEDER?, K. STOJANOVIC24, A. SAINOVIC!, O.
CVETKOVIC?*, M. ERCEGOVAC? and D. VITOROVIC?

Faculty of Chemistry, University of Belgrade, P. O. Box 158, YU-11001 Belgrade, 2ICTM-Center of
Chemistry, P. O. Box 815, YU-11001 Belgrade, 3Federal Institute  for Geosciences and Natural Resources,
P, O. Box 510153, Hannover, Germany, * Department of Medicine, University of Belgrade, Visegradska 26,
YU-11000 Belgrade and Faculty of Mining and Geology, University of Belgrade, Djusina 7, Belgrade,
Serbia, Yugoslavia

(Received 11 April 2002)

Abstract: In a search for source rocks of the crude oils of the Drmno depression (southern
part of the Pannonian Basin, Serbia), based on bulk and specific organic geochemical pa-
rameters, six out of eight Sirakovo, Bubusinac and Bradarac sedimentary core samples were
found to possess typical source rock characteristics. By comparing the results observed for
these sedimentary samples with the corresponding properties of the crude oils from the
Sirakovo and Bradarac oil-gas fields, a positive organic geochemical oil-source rock correla-
tion was experienced for the first time within this basin. This finding may be considered as
an important step towards the ultimate organic geochemical/geological interpretation of the
Drmno depression.

Keywords: source rocks, crude oils, Drmno depression, organic geochemical correlation, bi-
ological markers.

INTRODUCTION

In oil and gas exploration studies, the identification of petroleum source rocks and
their relationship with oils originating from known oil fields (organic geochemical
oil-source rock correlation) is one of the most important tasks. Following the petroleum
system concept of Magoon and Dow,! exploration of any oil field should not be considered
complete until the location of source rocks has been identified and the source rock potential
has been estimated.

Petroleum source rocks are characterized by three basic parameters.23 Firstly, they
must contain a certain amount of organic matter (total organic carbon, TOC), generally
above 0.5 %. Secondly, the maturity of a source rock has to be sufficiently high, i.e., close
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to the maturity of the crude oil itself. Finally, the source rock kerogen should preferably be
of type I and/or type I, these two kerogen types being characterized by a high liquid hydro-
carbon potential.

The exact location of the source rocks of the oils obtained from the Drmno depression
oil fields (the district of the so-called Stig, Serbia), is not yet fully and reliably known.
Hence, this locality has not yet been completely explored. Up-to-date organic geochemical
investigations were comprised mainly of correlations of the oils from the discovered oil
fields, or correlations of these oils with oils from other neighbouring oil or oil-gas fields. It
was shown that the Drmno depression crude oils, according to their origin (higher partici-
pation of terrestrial precursor biomass) and to their maturity (mainly of somewhat lower
maturity), differed from the crude oils from Banat and North Backa depressions (Voj-
vodina) oil fields.*~7 On the other hand, among the Drmno depression crude oils them-
selves, some minor variations concerning the type of precursor organic matter and the de-
gree of thermal maturity were observed.

Sedimentary samples originating from the Sirakovo, Bubusinac and Bradarac bore-
holes (all from Drmno depression locations) were examined in this paper. Organic geo-
chemical methods were used for their investigation (TOC, bitumen and hydrocarbons; dis-
tribution and abundance of biological markers such as n-alkanes, isoprenoid aliphatic al-
kanes, triterpanes and steranes). They were aimed at estimating their oil potential. The ob-
served organic geochemical parameters were correlated with the same parameters deter-
mined for the crude oils from two nearby localities (Sirakovo and Bradarac; these compar-
ative results were published in one of our recent papers8). The correlations were expected
to show whether a genetic relationship exists between the examined sediments and the
mentioned crude oils, i.e., whether a positive oil-source rock correlation between them
may be assumed.

EXPERIMENTAL
Samples

Eight samples of sedimentary rocks from the localities of the Sirakovo (Sir-), Bubusinac (Bub-) and
Bradarac (Bra- and Bra-Malj-) boreholes were investigated. A list of these samples, including the correspond-
ing depths and stratigraphic data, is given in Table la. The sedimentary samples were correlated with the crude
oils from the Sirakovo and Bradarac oil-gas fields (Table Ib%).

TABLE I. A list of the investigated sediments (a) and crude oils (b)

a)
No. Sample Depth (m) Age/complex
1 Sir-1 1995.1 Eggenburgian/"Red series”
2 Bub-3 1911.8 Ottnangian-Carpathian/B1
3 Bra-1 2290.1 Badenian
4 Bra-4 2194.5 Eggenburgian/’Red series”
5 Bra-5 2159.2 Ottnangian-Carpathian/C2
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TABLE 1. Continued

No. Sample Depth (m) Age/complex
Bra-8 2018.8 Ottnangian-Carpathian/C2
Bra-Malj-2 2174.2 Ottnangian-Carpathian/C2
Bra-Malj-7 2293.2 Ottnangian-Carpathian/C2
b)

1 Sir-1 1782-1778 Ottnangian-Carpathian

2 Sir-2 1704-1701 Ottnangian-Carpathian

3 Sir-18 1548-1544 Ottnangian-Carpathian

4 Sir-19 1436-1429 Ottnangian-Carpathian

5 Sir-20 1444-1440 Ottnangian-Carpathian

6 Bra-Malj-2 2307-2302 Ottnangian-Carpathian/partly "Red series"

7 Bra-Malj-4 2170-2156 Prebadenian/’Red series”

8 Bra-Malj-5 1989-1985 Badenian

9 Bra-Malj-10 1808—1804 Badenian

Analytical methods

Following the elimination of carbonates from the powdered samples (< 0.063 mm) with dilute hydrochlo-
ric acid (1:4), the content of organic carbon, TOC, was determined by the Coleman method. The amount of bitu-
men was determined by Soxhlet extraction for 36 h, using the azeotropic dichloromethane-methanol mixture as
solvent. The bitumen content was calculated relative to dry sediment (ppm) and relative to TOC (mg/g).

The proportion of hydrocarbons in the isolated bitumen fractions was determined by column chroma-
tography (the adsorbents used were silica gel and alumina). The saturated hydrocarbons were eluted with pe-
troleum ether and the aromatic hydrocarbons with benzene. The total hydrocarbon content was calculated rel-
ative to sediment (ppm) and relative to bitumen (%) (Table II).

n-Alkanes, the isoprenoid alkanes pristane and phytane, the steranes and triterpanes, as constituents of
the saturated hydrocarbon fractions, were analyzed by a Hewlett Packard 5890, Series II gas chromatograph
fitted with a capillary column coated with HP-5MS, coupled to a Hewlett-Packard 5972 MSD operated at 70
eV, using helium as the carrier gas (flow rate 1 cm3/min). The n-alkanes and isoprenoids, as the dominant con-
stituents, were identified from the Total Ion Current (TIC). The steranes and triterpanes were identified using
the single ion monitoring method (SIM), from the m/z 217 and m/z 191 fragmentograms.

The analytical procedure used for crude oils was described in one of our recent papers.®

RESULTS AND DISCUSSION
Source rock potential of the investigated sediments

Bulk parameters. The content of organic matter (TOC), together with the observed
numerical values of bulk parameters generally used for the estimation of the maturity of
sedimentary organic matter, are presented in Table II. For comparison, numerical values of
the same parameters typical for source rocks3 are also shown in Table II.

The content of TOC in six out of the eight examined samples was found to be above
0.5 %. The sample Bra-8 contained a marginal amount of TOC, 0.46 % and the sample
Bra-4 just 0.24 % (parameter 1, Table II).
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TABLE II. Bulk parameters of the analyzed sediments

TOC Bitumen Hydrocarbons
No. Sample - : -
(%) (ppm of sediment) (mg/g Care)  (ppm of sediment) (% of bitumen)
1 Sir-1 1.31 2162 165.0 322 51.0
2 Bub-3 1.22 2816 230.8 276 57.1
3 Bra-1 2.07 2306 111.4 306 59.8
4 Bra-4 0.24 353 147.1 144 40.9
5 Bra-5 3.01 2054 68.2 222 432
6 Bra-8 0.46 475 103 152 42.0
7 Bra-Malj-2 2.54 3086 121.5 315 57.0
8 Bra-Malj-7 1.11 2264 204.0 423 74.5
Source rock standards: >0.5 300-3000 50-200 >100-260 20-60
Parameter: 1 2a 2b 3a 3b

The amounts of bitumen and hydrocarbons in sedimentary rocks serve primarily as a
basis for an estimation of the maturity of the organic matter. By comparing the observed
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Fig. 1. Evaluation of the crude oil potential of the investigated sediments based on the amount of hydrocar-
bons (ppm, relative to sediment) and the content of organic carbon, TOC (%, relative to sediment), accord-
ing to the source rock criteria proposed by Landais and Connan.?
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quantities of bitumen and hydrocarbons (parameters 2a and 2b, and 3a and 3b, respectively,
Table IT) with the ranges typical for source rocks,3 the maturity of the organic matter of the
investigated sediments was shown to be equal with the maturity of the organic matter of
source rocks. The sample Bra-Malj-2, as well as the sample Bra-Malj-7, contained some-
what higher amounts of bitumen compared to the amounts typical for source rocks (i.e., 3086
vs. 3000 ppm, parameter 2a, and 204 mg/g vs. 200 mg/g, parameter 2b, respectively, Table
II). The quantity of hydrocarbons in sample Bra-Malj-7 was also somewhat higher compared
to the maximum amount typical for source rocks (i.e., 74.5 % vs. 60 %, parameter 3b, Table
1I). Theoretically, these exceptions might suggest that parts of this organic matter are
allochtonous, i.e., represent a migration product. However, the location of these two samples
in a diagram proposed by Landais and Connan (Fig. 1),? based on TOC and hydrocarbon
contents, did not corroborate such a presumption. Namely, according to the parameter ranges
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Fig. 2. Distribution of n-alkanes, observed in the TICs during the GC-MSD analyses of the alkane fractions
from six samples of sedimentary rocks which had been classified into the category of source rocks on the
basis of their bulk parameters.
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indicated in this diagram, six out of the eight investigated samples demonstrated the
characteristics of source rocks. The exceptions were again samples Bra-4 and Bra-8, contain-
ing less than 0.5 % TOC and insufficient amounts of bitumen and hydrocarbons (parameters
1-3, Table II; Fig. 1). Hence, only samples Bra-4 and Bra-8 were excluded from the group of
potential crude oil source rocks and were not analyzed in more detail.

Specific maturity parameters (n-alkanes, steranes and triterpanes). The distribution
of n-alkanes, as well as of the isoprenoid alkanes pristane and phytane (TICs in GC-MSD
analyses of the alkane fractions), in the sediments which, according to their bulk parame-
ters, were indicated as source rocks are shown in Fig. 2. The corresponding parameters are
presented in Table I11.

TABLE III. Alkane molecular parameters of the analyzed sediments

No Sample Most abundant n-alkane CPI* Pr/Phyt
1 Sir-1 Ci7;: Cyy 1.11 2.94
2 Bub-3 Cy7;Cyy 1.00 1.79
3 Bra-1 Cis; Cys 1.13 6.78
4 Bra-5 Ci6 Cog 1.00 1.60
5 Bra-Malj-2 Cie Cog 1.15 2.11
6 Bra-Malj-7 Ci7,Cyy 1.07 3.40
Source rock standards: - 0.80-1.20 -

Parameter: 1 2 3

*CPI was calculated for the full range of n-alkanes.?

The chromatograms of all the samples were characterized by a more or less distinct bi-
modal distribution of the n-alkanes (Fig. 2). Consequently, the corresponding chromatograms
showed two maxima (parameter 1, Table III). The distributions of the odd and even carbon
number n-alkanes were pretty smooth. The calculated CPI values (CPI = 1.00-1.15, parameter
2; Table IIT) were within the source rock range (0.80—1.20). Hence, the n-alkane distributions
were further proof of the source rock characteristics of the six investigated samples.

The polycyclic alkanes of the triterpane and sterane types were also analyzed
(GC-MSD; SIM). The fragmentograms m/z 191 and m/z 217 are shown in Fig. 3.

The observed distributions resemble typical crude oil distributions. !0 For example, in
the case of the triterpanes, besides oleanane and gammacerane (O and G, Fig. 3), the ther-
modynamically most stable hopanes (i.e., peaks a, ¢ and the isomer 225 of peak e) and their
less stable isomers (i.e., peaks b, d and the isomer 22R of peak ¢) were found in ratios char-
acteristic of crude oils. Moreover, with the sterane fractions, besides the biolipid isomers
Cy7-Cyg ao (20R) (peaks 2, 3 and 6), geolipid isomers were also found, like diasteranes, as
well as Cy7-Cyg steranes with the hydrogen atoms at Cy4 and C;7 in the B-position and
S-configuration at Cy (peaks 1, 4 and 5). Hence, the triterpane and sterane fingerprints
themselves also suggest that the organic matter in these sediments is on the level of source
rock as well as crude oil maturities.
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Fig. 3. Fragmentograms of triterpanes (m2/z 191) and steranes (m/z 217) in the alkane fractions of the investi-
gated sediments. a — Cy7-18au(H)-22,29,30-trisnorneohopane (Ts); b — Cy7-170(H)-22,29,30-trisnorhopane
(Tm); ¢ — C3p-17a(H),21 B(H) hopane; d — C3-17B(H),210(H) moretane; e — C31-170(H),21B(H)
homohopanes (225 and 22R); O — oleanane; G — gammacerane; 1 — C,7-133(H),17a(H) diasterane (20S); 2
— Cy-140(H),17a(H) sterane (20R); 3 — Cyg-140u(H),170((H) sterane (20R); 4 — Cyg-140u(H),170u(H)
sterane (20S5); 5 — Cyo-14B(H),17B(H) sterane (20R); 6 — Cy9-140(H),17c(H) sterane (20R). (The detailed
identification of the corresponding peaks was discussed in our previous papers).>©

The calculated numerical values of the maturation parameters were even more convinc-
ing as far as the degree of maturity of the analyzed organic matter was concerned (Table IV).
This refers, in the first place, to the terpane maturation parameters (marked as parameters 2
and 3 in Table IV) the numerical values of which for almost all the samples indicated that
equilibrium had been attained in the C3; hopane epimerization reaction 22R <= 2285
(0.57-0.6211), as well as the C5 terpane epimerization reaction moretane == hopane, i.e.,



TABLE IV. Triterpane and sterane maturation parameters of the analyzed sediments

No.  Sample  Ts/Ts+Tm %Sﬁi;aﬁf Moretalgfopane [élz/gﬁsﬁzetazgs 2%*;/92&56 208 Cy; dia/dia + ster
1 Sir-1 0.34 0.59 0.19 0.28 0.31 0.33
2 Bub-3 0.32 0.60 0.15 0.26 0.32 0.01
3 Bra-1 0.71 0.60 0.10 0.47 0.47 0.68
4 Bra-5 0.38 0.57 0.11 0.47 0.50 0.21
5 Bra-Malj-2 0.40 0.60 0.12 0.51 0.53 0.34
6 Bra-Malj-7 0.45 0.60 0.12 0.55 0.60 0.71
Equilibrium values: / 0.57-0.62 0.05-0.10-0.15 0.67-0.71 0.52-0.55 /
Parameter: 1 2 3 4 5 6
Ts - 18a(H)-22,29,30-trisnorneohopane; Tm - 17a(H)-22,29,30-trisnorhopane; Dia — C,; diasterane foy(20S); Ster — C,7 sterane ool(20R).
TABLE V. Triterpane and sterane source parameters of the analyzed sediments
No. Sample O/H x 100 G/H x 100 R steranes
%Cyy 70Cog %Ch9
1 Sir-1 45 12.1 329 21.5 45.6
2 Bub-3 12.3 39.2 55.1 20.8 24.1
3 Bra-1 0.0 6.06 25.8 16.9 57.3
4 Bra-5 0.2 8.3 324 16.7 50.9
5 Bra-Malj-2 0.3 13.7 28.1 20.8 51.1
6 Bra-Malj-7 0.6 523 48.0 153 36.7
Parameter 1 2 3

O — oleanane; G — gammacerane; H — Cs hopane
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178(H),21a(H) == 170(H),21B(H) (0.05-0.10-0.1512). An exception was observed with
the sample Sir-1 (parameter 3, Table IV).

The sterane maturation parameters (parameters 4 and 5, Table IV) showed that equi-
librium reactions 20R == 20S and 14o(H)170u(H) == 14B(H)17B(H) had not yet been at-
tained. However, this observation is not unexpected, since it is known that these equilibria
are attained only at high levels of maturity of the sedimentary organic matter (“oil genera-
tion peak’), corresponding to vitrinite reflectances in the range R, = 0.80 — 0.90 %. More-
over, even for a number of crude oils the equilibria in these reactions were found not to
have been attained.!! On the other hand, equilibria in the terpane epimerization reactions
are generally attained somewhat earlier (R, = 0.60-0.70 %), but, nevertheless, within the
stage defined as “early oil generation”.!! Consequently, the organic matter of the sediments
investigated in this paper seems to be in the “oil generation” phase.

Maturation parameters 3 and 5 from Table IV may also be used to corroborate the es-
timated maturity of the organic matter. Namely, it was shown earlier that the isomerization
reactions moretane — hopane (parameter 3, Table [V) and 20R — 205 steranes (parameter
5, Table IV), in addition to heat dependence, generally demostrate a dependence on the
geological time as well.13 Investigation of a great number of crude oil and sediment sam-
ples showed that samples of pre-Tertiary age are characterized by moretane/hopane param-
eter values lower than 0.10, and by those of parameter 205/205+20R Cyg steranes higher
than 0.50. On the basis of parameters 3 and 5 from Table IV, as well as the corresponding
boundary values, the sediments were classified into the group of Tertiary age sediments.

In spite of the fact that, based on triterpane and sterane analyses, all six samples were
classified as sediments of relatively high maturity, differences among them were observed.
Namely, on the basis of several parameters shown in Table [V the sample Bub-3 seemed to
be of the lowest, and samples Bra-Malj-7 and Bra-1 of the highest maturity. Such a conclu-
sion is based on the already mentioned parameters 2-5 (Table IV), but also on parameters
Ts/Ts+Tm and Cy7 dia/dia+ster (parameters 1 and 6, respectively, Table IV). In spite of the
well-known fact that the isomerization processes Tm — Ts (i.e., 17a(H) - 22,29,30-trisno-
rhopane — 18a(H) - 22,29,30-trisnorneohopane), as well as the isomerization of regular
steranes into diasteranes, are mainly influenced by mineral catalysts of the silicate type
(acidic sites on clays) which are constituents of source rocks,!4!5 the high numerical val-
ues of these parameters also corroborate the classification of samples Bra-Malj-7 and
Bra-1 into the group of sediments of highest maturity.

Specific source parameters (n-alkanes, isoprenoids, triterpanes and steranes). The
distribution of n-alkanes (Fig. 2), in the form of "the most abundant n-alkanes" and/or CPI
(parameters 1 and 2, Table III), served for the estimation of the organic matter maturity of
the investigated sediments. However, the domination of odd-carbon atom number 7-al-
kanes (CPI = 1.00-1.15), as well as the observed noticeable amount of higher members in
the n-alkane homologous series (c.f,, the “second” maximum in the bimodal distribution,
C51-Cy7), simultaneously suggests that terrestrial precursor biomass had obviously partici-
pated in the formation of the organic substance of the investigated sediments.10.11.16 The
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dominance of pristane over phytane in all six analyzed samples (Pr/Phyt = 1.60-6.78; pa-
rameter 3, Table III) corroborated such an assumption.

In the distribution of triterpanes and steranes the abundances of oleanane and
gammacerane (peaks marked O and G, Fig. 3), as well as the distribution of biolipid iso-
mers such as Cy7-Cog 14(c)H,17(c)H(20R) regular steranes!0:11:16 (peaks 2, 3 and 6, Fig.
3) are most often used for the estimation of the source of the organic matter. Numerical val-
ues of the corresponding parameters are shown in Table V.

Figure 3 as well as parameter 2 from Table V show that all the examined samples con-
tained gammacerane. On the other hand, only two samples, Sir-1 and Bub-3, contained
considerable amounts of oleanane (Fig. 3 and parameter 1, Table V). The small amounts of
oleanane in most of the samples were unexpected since this parameter generally indicates
the terrestrial origin of sedimentary organic matter and the corresponding crude oils.!0:11
However, the domination of Cyg regular sterane in four out of the six analyzed samples
(peak 6 in Fig. 3, and parameter 3 in Table V) corroborated the observed noticeable partici-
pation of terrestrial precursor biomass in the formation of the organic substance of the sedi-
ments.

Correlation with crude oils

Organic geochemical investigations of Drmno depression crude oils (oil-oil correla-
tions) have been reported in several papers published during the last fifteen years.#3 The
present paper is aimed at checking, for the first time, the eventual genetic relationship of
some Drmno depression crude oils with the sediments of the same basin showing source
rock characteristics. For this purpose the results of organic geochemical investigations of
the Sirakovo, Bubusinac and Bradarac sediments were correlated with the corresponding
results observed for crude oils originating from the Sirakovo and Bradarac oil-gas fields.3
The important specific maturation and source parameters for both substrates were deter-
mined using identical analytical methods.

Based on bulk and specific correlation parameters (distribution of biological markers
of n-alkane, isoprenoid alkane, triterpane and sterane types), the Sirakovo and Bradarac
crude oils were shown to be of the same origin (except Bra-Malj-10), and were character-
ized by a significant participation of terrestrial precursor biomass. They were also shown to
have been formed in the earlier stages of the catagenetic sequence of oil formation (R, =
0.70-0.80 %), and to have originated from source rocks of the Tertiary age.8 Certain differ-
ences were observed only in the abundance of gammacerane and particularly oleanane.
The most important relevant source and maturation parameters of the crude oils, which
served as a basis for the correlations, are shown in Table VI.



TABLE VI. Molecular correlation parameters of the oil samples®

Maturity and source parameters Maturity parameters Source parameters
No. Sample Most abun- 225/225 + Moretane/ BR/BR + 205208 + QoLR steranes
dant  CPI  Pr/Phyt | 22RCy;  Hopane  qaCyy  20RCyy | O/H x100 |G/H x 100 . .

n-alkane hopanes Cso steranes  steranes %Cy7 %Cog %oCa9
1 Sir-1 Cio 1.03 1.18 0.59 0.12 0.57 0.48 7.4 6.7 35.1 19.1 45.8
2 Sir-2 Cio 1.03 1.85 0.61 0.13 0.56 0.54 7.6 5.9 33.0 20.4 46.6
3 Sir-18 Cio 1.03 1.85 0.61 0.11 0.56 0.46 5.7 15.4 32.7 18.4 48.9
4 Sir-19 Cyy 1.03 1.40 0.60 0.13 0.60 0.50 6.8 16.2 36.1 19.6 443
5 Sir-20 Cyy 1.04 1.25 0.61 0.11 0.58 0.47 6.0 16.5 34.5 19.5 46.0
6 Bra-Malj-2| (,, 1.03 2.20 0.62 0.11 0.63 0.55 12.8 10.3 32.8 26.6 40.6
7 Bra-Malj-4|  C,s 1.06 1.17 0.61 0.13 0.39 0.44 1.9 18.8 37.0 16.5 46.5
8§ Bra-Malj-5|  C,, 1.02 1.33 0.60 0.11 0.59 0.48 5.7 21.1 33.0 18.2 48.9
9 Bra-Mal-10 (4 1.07 1.00 0.60 0.11 0.57 0.45 3.0 9.8 20.0 28.2 51.8

Parameter; 1 2 3 4 5 6 7 8 9 10

O — oleanane; G — gammacerane; H — C3 hopane
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Comparison of the specific maturation parameters observed for the six sedimentary
samples investigated in detail in this work (parameters 1 and 2, Table III; parameters 2—5,
Table IV) with the corresponding crude oil maturation parameters (1, 2, 4-7, Table VI),
suggested that the sedimentary organic matter and the crude oils were of similar maturity.
The similarity with the examined crude oils concerned particularly the sedimentary sam-
ples Bra-1, Bra-5, Bra-Malj-2 and Bra-Malj-7. Furthermore, both the sedimentary organic
matter and the crude oils could have been classified, according to maturity, into the “early
oil generation” stage, corresponding to a vitrinite reflectance of R, = 0.70-0.80 % (parame-
ters 25, Table IV, for sediments; parameters 4—7, Table VI, for crude oils). Finally, the pa-
rameters C3( moretane/hopane and Cyg steranes 20S5/205+20R (parameters 3 and 5, Table
1V, for the sediments; parameters 5 and 7, Table VI, for the crude oils) suggest that both the
sediments and the crude oils are of Tertiary age. As far as their origin is concerned, parame-
ters such as “the most abundant n-alkanes”, CPI, Pr/Phyt and distribution of regular
Cy7—Cyg steranes (parameters 1-3, Table III and parameter 3, Table V, for the sediments;
parameters 1-3 and 10, Table VI, for the crude oils) suggest that terrestrial precursor bio-
mass participated noticeably in the formation of both the sedimentary organic matter and
the corresponding crude oils.

Hence, based on their maturity, age and the type of the organic matter, the core sam-
ples from Sirakovo, Bubusinac and Bradarac (Drmno depression) locations demonstrate a
considerable similarity with the crude oils from the Sirakovo and Bradarac oil-gas fields of
the same depression. Since according to bulk and specific organic geochemical parameters
the mentioned sediments show evident source rock characteristics, a positive oil-source
rock correlation is clearly demonstrated between the Drmno depression crude oils and sed-
iments. This finding may be considered as one of the first steps in identifying the source
rocks of the Drmno depression crude oil. Since the number of investigated sediments and
crude oils is not considered to be fully representative of the whole depression, i.e., of all po-
tential source rocks and all discovered oil fields, respectively, further oil-source rock corre-
lation studies, based on the same bulk and specific organic geochemical parameters, will be
needed in order to be able to generalize these conclusions. Organic geochemical oil-source
rock correlation studies of the Drmno depression basin should represent a basis for an ulti-
mate organic geochemical/geological interpretation as well as further exploration studies.

CONCLUSIONS

Organic geochemical bulk parameters (i.e., organic carbon, bitumen and hydrocarbon
contents) for six out of eight sedimentary core samples from three Drmno depression
boreholes (Sirakovo, Bubusinac and Bradarac) were found to possess all the criteria of
source rock. Specific maturation parameters (i.e., the most abundant n-alkane, CPL, as well
as the ratios between thermodynamically more stable geo- and less stable bio-isomers of
polycyclic alkanes of the triterpane and sterane types) suggest a relatively high maturity of
the organic matter of these sediments, corresponding to the "oil generation" stage (R, =
0.70-0.80 %), as well as their origin in the Tertiary age. On the other hand, molecular
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source parameters (i.e., CPIL, Pr/Phyt, distribution of Cy7-Cyg regular steranes) provide
proof of the participation of terrestrial precursor biomass in the formation of these sedi-
ments.

Moreover, comparison of these observations with the corresponding characteristics of
the Sirakovo and Bradarac (Drmno depression) crude oils suggest significant organic geo-
chemical similarity. In this way, a positive organic geochemical oil-source rock correlation
was observed for the first time with the Drmno depression. This finding will serve as a ba-
sis for further correlation and exploration studies, i.e., it might be considered as a step lead-
ing to the ultimate organic geochemical/geological interpretation of this basin.
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N3BOJM

TPATABE 3A U3BOPHUM CTEHAMA HA®THW JEITPECUJE IPMHO (JY2KHU TEO
IMTAHOHCKOI' BACEHA, CPEM1JA)

BPAHVMUP JOBAHUUREBUT! ’2, HERMANN WEHNER? , GEORGE SCHEEDER? 5 KCEHWJA CTOJAHOBUR2*
AJIEKCAHJIPA IHAI/IHOBI/I’FII, OJITA HBETKOBI/I'BZ, MAPKO EPUEI'OBALL” u JPATOMHWP BUTOPOBU R

1 Xemujcku gpakyaitieiti, Ynueepauitieii y beozpady, . uip. 158, beozpao, 2].[@Hu711p 3a xemujy UXTM, . iip. 815, beozpao,
Federal Institute for Geosciences and Natural Resources, P. O. Box 510153, Hannover, Germany, * MeOouyurcku gpaxyaitieiti,
Yuusepsuitieiti y beozpady, Buwezpaocka 26, Beozpao u ~ Pyoapcko-zeoaowiku gpakyaitieiti, Ynusepauitieii y beozpaoy,
Bywuna 7, Beozpao

VcnmruBanu cy cequmeHTH u3 OyIIOTHHA Koje Mpunajajy Jokaujama CupakoBo, ByOyimHaig
n Bpanapan (nenpecrja JpmHo). TIpnMemeHe cy opraHcko-reoxemmjcke Metofie (ofpebuBame
cajpxKaja OpraHcKor YIibeHUKa, OuTyMeHa 1 YIJbOBOJIOHUKA, Kao 1 ofipebuBamse pacnopese 1 o0uil-
HOCTH OMOJIOLIKHX MapKepa THUIA n-ajlKaHa, H30MPEHOUHNIX anuaTHIHIX AJIKaHa, TPUTEpIaHa U
CTepaHa) ca UBEM Jia Ce IPOLCHN HIXOBa Ha(pTHA ITOTESHIMJATHOCT. 3a IIIeCT y3opaka yTBpbeH je
BHCOK CTEIIeH MaTypPHCAHOCTH OpraHCKe CyICTaHIle, mprmagHocT "oil generation" asm (R, = 0,70 —
0,80 %), TepumjapHa CTapoCT M MPETEKHO TepecTpHjaHO Mopekyo. [TopebemeM ca cupoBEM
Haprama u3 Beh OTKprBeHNX HapTHUX JiexkuinTa Omuckor jgokanmurera (CupakoBo u Bpajapair)
yTBpbeHa je 3Ha4ajHa CIMYHOCT ¥ IpeMa MaTYPHCAHOCTH ¥ IIpeMa IOPEKIIy, Ha OCHOBY 4era je
u3Meby UCIIMTUBaHUX y30paKa cejuMeHaTa u HadbTH, IPBU IIyT Kajia je y MuTamy fenpecyja JIpMHO,
neuHuCcaHa O3UTHBHA KOpeJsalyja HapTa-nu3BOpHa CTeHa.
(TTpumibeno 11. anpuia 2002)
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