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Abstract : This paper presents the first data on the organic matter and thermal maturity of Mesozoic and Cenozoic
sedimentary rocks in the East Herzegovina region of the External Dinarides. Representative, organic-rich samples
from outcropping sedimentary rocks of different ages in the area (Triassic to Neogene) were selected and analysed.
The organic matter was studied by Rock-Eval pyrolysis and under the microscope in reflected non-polarized light
and incident blue light. The results obtained show the presence of different types of organic matter in the area
and thermal maturity stages from immature (Cenozoic) to early mature (Mesozoic). Vitrinite is abundant in the
samples analysed, with the exception of Cretaceous samples that contain mostly lamalginite and bituminite. While
measured vitrinite reflectance in end-member samples (Triassic shale 0.78 % Rr and Neogene coal 0.34% Rr) are
in good correlation with the T max parameter from Rock-Eval pyrolysis. T max generally shows lower values in most
Mesozoic samples. The organic petrographic data indicate that specific kerogen in Cretaceous and some Triassic
sedimentary rocks is a probable reason for the significantly lower T max values. In addition, the results of pyrolysis
documented before and after extraction revealed that free hydrocarbons (bitumen) in the surface samples analysed
suppress the T max values.
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INTRODUCTION

East Herzegovina is located in the southeast part of
Bosnia and Herzegovina and geologically belongs to the
External Dinarides (Hrvatović, 2006; Fig. 1). The area investigated is in the High Karst zone of the Adriatic Carbonate
Platform that extends along the Adriatic seashore from Italy
to Albania and is one of the largest Mesozoic carbonate platforms in the Perimediterranian region (Juračić and Palinkaš,
2004; Vlahović et al., 2005).
There has been interest for petroleum exploration in the
area for a long time and several oil companies undertook
modest geological and geochemical prospecting. The main
exploration risk in the area, in terms of the petroleum system, is uncertainty about the existence of efficient seals.
There has been no drilling for oil and gas so far, but there
is a well-known bitumen seep east of Ljubinje (Mišljen,

Fig. 1C – on the left border) in the Cretaceous limestone.
The Mišljen occurrence has been moderately exploited by
mining in a dozen excavated holes (wells), about 15 m deep,
in the middle of the 20th century.
Documented petroleum source rocks in the broader
area are organic matter-rich limestones, deposited in the
intra-platform basins during the Late Triassic and Early
Jurassic (Novelli and Demaisano, 1988; Bosellini et al., 1999;
Masseti et al., 2012), as well as Cretaceous limestones and
dolomites (Velaj, 2011; Prifti and Muska, 2013; Cazzini et al.,
2015). Strong tectonic deformation from Oligocene to
Pleistocene led to the formation of structural traps, such
as anticlinal belts in Albania: Berati, Kurveleshi and Cika
(Velaj, 2011; Cazzini et al., 2015). Petroleum deposits in the
area are found at relative depths of more than 5,000 m (Velaj,
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Fig. 1. Geological setting of East Herzegovina. A. Position of the Dinarides in the Balkan Peninsula. B. Tectonic setting of the external Dinarides (modified after Schmid et al., 2020). C. Simplified geological map of East Herzegovina (modified after Dimitrijević et al.,
1971). Marks of different colours show the locations of sampling sites by stratigraphic affiliation: Klobuk, Župa, Necvijeće, Avtovac,
Todorići, Pridvorci, Bugovina, Meka Gruda, Čepelica, Kljen and Gacko. D. Geological profile through East Herzegovina (modified after
Miljuš, 1971). Colour code is the same as in Figure 1C.

2015; Wirgley et al., 2015). The main petroleum reservoirs
are Triassic and Jurassic dolomites and Cretaceous to Eocene
carbonates (Albania, Italy, Croatia; Cazzini et al., 2015).
The seals (caprocks) are Triassic evaporites (Kotenev, 2015)
and Palaeogene shales (Velaj, 2011; Cazzini et al., 2015).
Figure 2 shows lithostratigraphic column of the Adriatic
Carbonate Platform in East Herzegovina with main elements of a possible petroleum system.

The Adriatic Carbonate Platform has high thermal conductivity; the heat flow varies between 20 and 50 mW/m2, and
the geothermal gradient is very low - usually 10–20 °C/km
(Cota and Barić, 1998; Carella, 1999; Frasheri et al., 2009;
Miošić et al., 2010). According to the available data, the geothermal gradient in the territory of East Herzegovina is also
very low, as in the surrounding countries (Italy, Croatia and
Albania). In such conditions, the onset of the transformation
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Fig. 2. Simplified lithostratigraphic column of the Adriatic Carbonate Platform in East Herzegovina (after Vlahović et al., 2005, and
Hravatović, 2006, modified) with possible elements of the petroleum system.

of kerogen to petroleum (“oil window”), that is usually at
temperatures 110–120 °C (Philippi, 1965; Cooles et al., 1986),
it could have taken place at depths greater than normal.
The thermal maturation profile and depth of the oil
window in East Herzegovina have not been evaluated so
far. There are no published data either on thermal maturity or on possible source rocks in the area. Since one of
the first steps in petroleum exploration is to determine
possible source rocks, their thermal maturity and burial
history, the present study focused on the investigation of
organic matter type and thermal maturity of outcropping
sedimentary rocks that are possible source rocks in the regional petroleum system. Thermal maturity was studied
by means of Rock-Eval pyrolysis and vitrinite reflectance
measurements.

GEOLOGICAL SETTING
The Dinarides are located in the central area of the
Mediterranean system of orogens (Fig. 1A). Their evolution
was determined by the collisional processes of large-scale

continental units (either belonging to Europe-derived or
Adriatic-derived components) and the domains of the
Neotethys Ocean (Pamić et al., 1998; Robertson et al., 2009;
Van Unen et al., 2019; Schmid et al., 2020). The study area
encompasses the SE part of the external Dinarides (Fig. 1B),
which represents the fold-and-thrust belt of several units of
Adriatic affinity, i.e., the Pre-Karst, High Karst, and BudvaCukali, and the Dalmatian units (Fig. 1B; Schmid et al.,
2020). In more detail, this study covers the Mesozoic–
Cenozoic sedimentary succession of the High Karst Unit,
which is thrust towards the southwest over the Dalmatian
Unit (also partially over the Budva-Cukali Unit), while it is
overthrust by the Pre-Karst Unit towards the NE (Fig. 1D).
In a palaeogeographic sense, this region belonged to the
realm of the Adriatic Carbonate Platform (Vlahović et al.,
2005). The Adriatic Carbonate Platform passed through several stages of development during its long and eventful history, starting with the platform basement, epeiric platform,
and isolated platform, etc. (Vlahović et al., 2005) and reflected in a variety of deposited rock types that can be observed
in East Herzegovina (Fig. 1C).
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Nevesinje (Eocene carbonates and siliciclastics similar to
the Promina Beds; Vlahović et al., 2012; Fig. 1C), while
carbonate sedimentation continued only sporadically. The
youngest sediments in East Herzegovina belong to the intramountain system of lake deposition during Neogene
times (i.e., in the Gacko Basin; Fig. 1C; Mandić et al., 2011).

The oldest stratigraphic unit in the area is the mixed siliciclastic-carbonate succession of the Late Triassic, exposed
in the core of the Lastva Anticline (Fig. 1C). These sediments
are represented by Carnian limestones, dolomites, conglomerates, sandstones, and thin coal beds, followed by Norian
and Rhaetian dolomites (Hrvatović, 2006).
The Late Triassic dolomites and the Early Jurassic lithiotid limestones within the same structure (Natević and
Petrović, 1970; Vujisić, 1975) constitute the exposed basement of the Adriatic Carbonate Platform, similar to other localities in the Dinarides (Vlahović et al., 2005). The
Middle and Late Jurassic strata are composed of oolithic
limestones, reef and lagoonal shallow-water limestones,
and dolomites (Natević and Petrović, 1970; Mirković,
et al., 1974). Similar rocks of Cretaceous age cover larger parts of the study area (Mojićević and Laušević, 1965;
Natević and Petrović, 1970). The Middle Jurassic to Late
Cretaceous sedimentary cycle marks the main carbonate
production period of the Platform, reflected in large quantities of carbonate rocks of predominantly shallow-water type (of up to 3.5 to 5 km in thickness; Vlahović
et al., 2005). The end of the Adriatic Carbonate Platform
was a result of regional emersion at the end of the Late
Cretaceous, which was due to the collisional processes and
uplift of the Dinarides (Van Unen et al., 2019). This led to
the deposition of tectonically controlled turbidites near

MATERIALS AND METHODS
Samples
Twenty representative outcrop samples from twelve locations in East Herzegovina, between Nevesinje and Gacko in
the north and Trebinje and Lastva in the south, were collected for the study (Fig. 1C). The main sampling criteria were to
include all outcropping stratigraphic units in the area from
the oldest (Triassic) to the youngest (Miocene), focusing on
sedimentary rocks, rich in organic matter. For the thermal
maturation study, the preferred organic matter type was
coaly, since it is more reliable for vitrinite reflectance measurements. Whenever possible, roadcut sites were selected
for sampling, in order to minimize the effect of weathering
on the organic matter (Petsch et al., 2000).
Samples of the oldest, Upper Triassic, rocks (Carnian)
were collected from two adjacent localities in the Lastva
Anticline: Klobuk, and Župa (Fig. 1; Table 1). Samples were

Table 1
Main output parameters of the Rock-Eval pyrolysis of the samples analysed.
Sample No.

Age

Locality

1

T

Klobuk

2

T

3

T

4
5

TOC

S1

S2

S3

HI

T max

3.74

0.06

14.00

2.34

374

437

Klobuk

2.81

Župa

0.83

0.05

9.35

3.17

333

439

0.08

4.19

0.36

505

424

T

Župa

J

Necvijeće

1.05

0.08

5.62

0.42

535

421

2.07

0.02

0.70

3.00

34

434

6

J

7

J

Avtovac

1.23

0.07

1.92

0.68

156

424

Avtovac

1.11

0.03

1.80

0.80

162

424

8

K

Bogdašići

0.79

0.21

5.93

0.19

751

411

9

K

Bogdašići

1.36

0.27

8.97

0.51

660

414

10

K

Bogdašići

0.94

0.31

5.89

0.43

627

420

11

K

Pridvorci

4.47

1.70

35.76

0.96

800

394

12

K

Pridvorci

5.87

2.19

47.04

1.46

801

400

13

K

Todorići

0.85

0.21

6.95

0.33

818

406

14

K

Todorići

3.08

1.81

25.46

0.90

827

397

15

K

M. Gruda

0.90

0.17

6.58

0.40

731

424

16

K

M. Gruda

0.45

0.33

2.81

0.31

624

423

17

K

Bugovina

1.93

0.54

14.68

0.76

761

415

18

K

Čepelica

0.93

0.28

5.64

0.33

606

423

19

E

Kljen

3.37

0.02

1.26

3.44

37

433

20

M

Gacko

51.03

2.41

48.97

34.00

96

411

T – Triassic; J – Jurassic, K – Cretaceous, E – Eocene, M – Miocene; TOC – total organic carbon (wt.%), HC – hydrocarbons, S1 – free
HC (mg HC/g rock) released at 300 ºC; S2 – HC generated during pyrolysis (mg HC/g rock) from 300 to 650 ºC; S3 – amount of CO 2
generated from oxygenated functional groups (mg CO2/g rock); HI – hydrogen index = (S2 x 100)/TOC; mg HC/g TOC); T max – temperature of peak HC generation (ºC).
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taken from the black, layered, carbonaceous marls and
shales that occur in a sequence of dark grey limestones.
Samples of Lower Jurassic rocks were taken from two distant locations, where a series of bituminous limestones and
marls was observed: Necvijeće, in the south (east of Trebinje),
and Avtovac, in the north (east of Gacko). Samples are represented by limestone and marl with carbonaceous organic matter. Sample 5 was taken from the Lower to Middle
Jurassic marls and limestones at the Avtovac locality (Fig. 1C).
These rocks belong to a different unit (the Pre-Karst), but
they were also included in the thermal maturity study, as
they represent the base of the Adriatic Carbonate Platform
(Vlahović et al., 2005).
The Cretaceous sedimentary rocks, prevalent in the area,
were sampled at six localities, where they outcrop. All samples belong to Turonian sequences. Samples from the Middle
Turonian were taken close to Bileća (Bogdašići, in the north,
and Čepelica, in the south), and near Trebinje (Pridvorci
and Todorići, in the south), and are all from thin-layered
brown limestone, with a significant, visible content of organic matter (resembling microbial mats). As a good example,
the Pridvorci site consists of thin-bedded, laminated limestones, rich in organic matter (Fig. 3), with a bed thickness of
1–6 cm. The predominant laminated mudstones are made up
of alternating laminae of carbonate composition and laminae of organic matter. The carbonate laminae are often bent
and broken (Fig. 3, red arrow indicating “broken lamina”)
and recrystallized to microspary calcite. The other type of
limestone at the outcrop are biomicrites (wackstones), rich
in organic matter. The upper Turonian rocks were sampled
near Trebinje (Bugovina, in the south) and between Bileća
and Gacko (Meka Gruda), in outcrops with layers of grey
limestone with organic-rich laminae.
The Eocene sedimentary rocks were sampled in the west,
near Nevesinje (Kljen in the southeast), in a series consisting of brown and grey to dark grey, layered limestone banks,
interbedded with carbonaceous marl. The sample was taken
from the carbonaceous marl.
The youngest sediments (Middle Miocene) were sampled
near the Gacko coal mine. A piece of clean coal was taken from the main coal seam, formed on top of light grey
marl. The Gacko main coal seam has a thickness of 9 to
24 m (Mirković et al., 1974) and it was deposited during the
Langhian, about 15.5 Ma ago (Mandić et al., 2011).
All samples collected were washed, dried at room temperature, crushed, and pulverized. The crushed fraction
(< 2 mm) was used for preparing petrographic “whole
rock” specimens (polished block), and the pulverized rock
(0.10–0.25 mm) was used for Rock-Eval pyrolysis.
Methods
In this study, common analytical methods were used:
Rock-Eval pyrolysis and organic petrographic investigations, including vitrinite reflectance. All investigations were
carried out at the University of Belgrade, Faculty of Mining
and Geology, in the Department of Economic Geology.
Rock-Eval pyrolysis was performed using a Rock-Eval 6,
Standard analyser. About 100 mg (25 mg for coal sample)
of the pulverized fraction (0.10–0.25 mm) were used, along
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Fig. 3. Photographs of Cretaceous thin laminated beds at
Pridvorci site (samples No. 11–12).

with IFP 160000 calibration standard. The entire process was
managed by “RockSix” software (Vinci Technologies). For ten
representative Mesozoic samples, the extraction of bitumen
was also performed in order to test Rock-Eval parameters
before and after extraction. The usual dichloromethane/
methanol azeotrope (88:12) solvent was used for 32 hours
(Schwarzbauer and Jovančićević, 2020).
Pyrolysis is the process of thermal decomposition of kerogen in the absence of oxygen and is particularly important
for source-rock evaluation. Rock-Eval pyrolysis (Espitalié
et al., 1977, 1985; Lafargue et al., 1998) has many output parameters that provide useful information not only on the
quantity and quality of organic matter (total organic carbon – TOC, mg hydrocarbons/g rock, etc.), but also on
thermal maturity (Peters and Cassa, 1994; Behar et al., 2001;
Dembicki, 2017; Bechtel et al., 2018).
For maturity determination, the main parameter used is
T max, the temperature corresponding to the peak of hydrocarbon generation. T max values, expressed in °C, generally
increase with increasing thermal maturity. However, the
exact values that correspond to the oil window depend on
the kerogen composition and other factors (Espitalié and
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Bordenave, 1993; Yang and Horsfield, 2020). T max values
for the onset of oil generation vary with the type of kerogen but are generally in the range of 430–445 °C (Espitalié
and Bordenave, 1993; McCarthy et al., 2011). The onset of
significant gas generation is associated with a T max value
of about 460 °C. Because kerogen type I has a very narrow
temperature range for the oil window, T max is not a reliable
maturity indicator for sediments with kerogen type I. T max is
also not suitable for source rocks containing kerogens that
generate petroleum at a lower level of maturity (Tegelaar
and Noble, 1994; Hunt, 1996; Yang and Horsfield, 2020) or
for low-TOC sediments (TOC <0.4%; Peters and Nelson,
1992). Along with T max, the production index (PI), the ratio between free and total hydrocarbons [S1/(S1+S2)], also
is usually employed as a maturity indicator, where PI > 0.1
indicates sufficient thermal maturity. However, since there is
significant reduction and alteration of free HC in weathered
samples, the PI was not a suitable maturity indicator for the
outcropping sedimentary rocks analysed in this study.
An organic petrographic investigation including vitrinite
reflectance was done with a Zeiss Axio Imager 2 microscope
with an oil immersion objective 50x in incident non-polarized light at a wavelength of 546 nm (Taylor et al., 1998) and
in incident fluorescence-mode illumination. A digital camera and Fossil software were used for the acquisition of reflectance measurements. The results of vitrinite reflectance
are presented as mean random reflectance values (% Rr), the
number of measurements on a representative population,
and the standard deviation. Depending on the abundance of
autochthonous vitrinite/huminite, 14–456 points per sample
were measured. Standard deviations ranged from 0.038 in
a coal sample to 0.061 in a sample with the finest-grained
dispersed particles.
Vitrinite reflectance, as a well standardized method, is
a key diagnostic tool for assessing thermal maturity (ICCP,
1963–1975, 1998; Mukhopadhyay, 1994; ISO 7404-5, 2009;
McCarthy et al., 2011; Hackley et al., 2015). Vitrinite is the

main coal maceral, formed through the thermal alteration of
the remains of higher plants, and dispersed vitrinite particles
are present in almost all sedimentary rocks from Devonian
times onwards, i.e., since the evolution of the vascular
plants. Vitrinite reflectance is one of the most widely used
and accepted maturity indices, as it reliably covers the entire
maturity range and is the only standardized method for the
determination of thermal maturity determination. As the
temperature increases, huminite (the immature equivalent
of vitrinite; < 0.50% Rr), and later vitrinite (with a higher
rank; > 0.50% Rr), undergo complex, irreversible aromatization reactions that increase the reflectance (Van Gijzel, 1981;
Peters and Casa, 1994; Peters et al., 2005), which therefore
represent a kind of a geothermometer.
The mean random vitrinite reflectance (%Rr) in oil immersion, often referred to as %Ro (“o” for oil), which corresponds to the oil window, varies with the type of organic
matter, but also with the heating rate (Welte, 1989). The onset of oil generation mostly corresponds to reflectance values of 0.50–0.60% Rr (Tissot and Welte, 1978; Sweeney et al.,
1990; Kostić, 2000, 2012). However, there are also source
rocks containing kerogen that generates petroleum at lower or higher values, up to ± 0.15% Rr (Cook, 1982; Welte,
1989; Espitalié and Bordenave, 1993; Tegelaar and Noble,
1994; Hunt, 1996; Pickel et al., 2017). Empirical conversions
between vitrinite reflectance and T max were published by
Teichmüller and Durand (1983) and Tissot et al. (1987).

RESULTS AND INTERPRETATION
Rock-Eval pyrolysis analyses
The main output parameters of Rock-Eval pyrolysis, including maturity parameter T max,x, are shown in Tables 1, 2
and Figure 4.
The total organic carbon (TOC, wt.%) content is over
0.45% in all samples analysed. The Triassic samples (No. 1–4)

Table 2
Results of Rock-Eval analytical tests after extraction.
Note the last column showing the temperature shift due to bitumen cracking (∆T max).
Locality

Age* Sample

TOC (%)

S1
(mg HC/g rock)

S2
(mg HC/g rock)

HI
(mg HC/g TOC)

T max (°C)

before

after

before

after

before

after

before

after

before

after

∆T max
(°C)

Klobuk

T

1

3.74

3.63

0.06

0.05

14.00

13.55

374

373

437

437

0

Župa

T

3

0.83

0.72

0.08

0.02

4.19

3.36

505

467

424

426

2

Avtovac

J

6

1.23

1.20

0.07

0.01

1.92

1.88

156

156

424

424

0

Bogdašići

K

8

0.79

0.65

0.21

0.03

5.93

4.63

751

712

411

414

3

Bogdašići

K

10

0.94

0.80

0.31

0.05

5.89

4.69

627

586

420

421

1

Pridvorci

K

11

4.47

3.60

1.70

1.08

35.76

28.82

800

801

394

396

2

Todorići

K

13

0.85

0.75

0.21

0.10

6.95

5.97

818

796

406

410

4

M. Gruda

K

15

0.90

0.84

0.17

0.07

6.58

5.98

731

712

424

424

0

M. Gruda

K

16

0.45

0.24

0.33

0.03

2.81

1.35

624

562

423

429

6

Čepelica

K

18

0.93

0.86

0.28

0.07

5.64

4.94

606

574

423

423

0

* T – Triassic; J – Jurassic, K – Cretaceous, E – Eocene, M – Miocene
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have TOC between 0.83% and 3.74%, with HI values ranging
between 333 and 535 mg HC/g TOC. The Jurassic samples
(No. 5–7) have 1.11–2.07% TOC, with rather low HI values
(34–162 mg HC/g TOC). The samples from Cretaceous rocks
(No. 8–18) show the highest petroleum potential in terms
of HI (606–827 mg HC/g TOC) and TOC (up to 5.87%).
The Eocene sample (No. 19) has a high TOC (3.37%), but
a very low HI (37 mg HC/g TOC), and the Miocene sample
(No. 20) is coal (TOC > 50%) with HI of 96 mg HC/g TOC.
According to the T max values, most samples correspond to
an immature stage of thermal maturation (< 430–435 °C).
On the basis of the plot of HI vs. T max (Fig. 4), the kerogen type is estimated for all samples analysed. According to
the diagram, the Triassic samples are characterized by type
II kerogen, the Jurassic samples by type III kerogen, while
the kerogen of the Cretaceous sample corresponds to types
I and II. The organic matter of the Eocene sample analysed
contains type III kerogen, as does the Miocene coal sample
from Gacko.
Ten selected Mesozoic samples (two Triassic, one Jurassic
and seven Cretaceous) from eight localities were also analysed after the extraction of free hydrocarbons, in order to
check the effect of bitumen. The results revealed an increase
in T max after extraction of up to 6 °C (∆T max; Tab. 2).

Observations under the blue light (fluorescence mode)
showed that the organic matter of the Triassic samples contains not only vitrinite, but also liptinite (marine alginite
and bituminite). The observation of Dinoflagellate cysts,
some Tasmanites remains and liptodetrinite (Fig. 6) indicate high bioproductivity and good preservation potential

Organic petrography and vitrinite reflectance
The results of organic petrographic investigations and vitrinite reflectance measurements are shown in Figures 5–7
and in Tables 3 and 4. Figure 5 shows photomicrographs
of characteristic Triassic, Jurassic, Cretaceous and Eocene
samples in non-polarized reflected light (on the left), with
corresponding vitrinite reflectance measurement values (on
the right). Maceral composition at all localities analysed is
given qualitatively in Table 3. Bitumen and framboidal pyrite were observed in all samples from Triassic to Eocene,
but mostly in those from the Jurassic and Cretaceous sedimentary rocks.

Table 3
Qualitative description of maceral composition
at the localities analysed.
Locality

Age

Fig. 4. Plot of HI versus Tmax (according to Espitalié et al.,
1985), outlining the kerogen type and maturity of the samples.

Table 4

Maceral composition

Klobuk

T

L>V>I

Župa

T

L>>V>I

Results of vitrinite/huminite reflectance.

Necvijeće

J

I>L>V

Avtovac

J

V>>L>I

Bogdašići

K

Bit+Lam

Pridvorci

K

Bit+Lam

Klobuk

Triassic

0.78

73

0.057

Triassic

0.66

35

0.052

Locality

Age

Mean
Number of
Standard
reflectance
measurements deviation
(% Rr)

Todorići

K

Bit+Lam>>V+I

Župa

M. Gruda

K

Bit

Avtovac

Jurassic

0.41

169

0.054

Bugovina

K

Bit+Lam>>V+I

Todorići

Cretaceous

0.54

14

0.037

0.53

61

0.061

Čepelica

K

Bit

Bugovina Cretaceous

Kljen

E

V>>I>L

Kljen

Eocene

0.38

456

0.041

V>>I>L

Gacko

Miocene

0.34

384

0.038

Gacko

M
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Fig. 5. Photomicrographs of characteristic samples with representative measurement values. T – Triassic (sample 2),
J – Jurassic (sample 3), K – Cretaceous (sample 17) and E – Eocene (sample 19). Oil immersion, 50x.
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Fig. 6. Photomicrographs in incident fluorescence-mode illumination of sample 1 (T) with marine alginite (Triassic; Klobuk) and the
sample 12 (K) with lamalginite (lam) and bituminite (bit) (Cretaceous; Pridvorci). Oil immersion, incident blue light, 50x.

Fig. 7. Histogram of vitrinite (huminite) reflectance measurements in Miocene coal sample (Gacko lignite) with a representative
photomicrograph.

on a restricted shelf during the Late Triassic. The kerogen
of the Jurassic (Avtovac), Eocene (Kljen) and Miocene
(Gacko) samples is represented mainly by detrohumininte.
The kerogen of the Cretaceous samples is composed mainly
of lamalginite and bituminite (Fig. 6), typical components
of the marinite type of oil shale (Hutton, 1987). Vitrinite
particles are very rare in the Cretaceous samples. Thin laminae, rich in organic matter, seen at some Cretaceous outcrops, field evidence of stromatolites, as well as abundant
lamalginite and bituminite observed under the microscope,
strongly indicate a microbial mat origin, probably related to
Cyanobacteria (Ercegovac and Kostić, 2006) and a subareal
and shallow-marine depositional environment.
The predominant maceral in the Gacko coal sample is
atrinite (51%), followed by densinite (39%). Other macerals, present in the sample in only small quantities, are

corpohuminite (5%) and to a lesser extent textinite, ulminite, fusinite and semifusinite.
Correlating maceral composition with HI and TOC
from Rock-Eval pyrolysis (Tab. 1), it is obvious that the
higher amounts of liptinite (L, Bit, Lam) in samples result
in higher values of HI, especially in those of Cretaceous age
(up to 827 mg HC/g TOC), which are near the onset of oil
generation and thus have full generative potential. Besides
liptinite, the Triassic samples have significant amounts of
vitrinite as well and also are at higher stages of maturity, so
the HI varies between 333 and 535 mg HC/g TOC. All samples with scarce liptinite (Jurassic, Eocene, and Neogene)
have low HI values (up to 156 mg HC/g TOC). TOC seems
to be less dependent on maceral composition, as values
both in vitrinite- and liptinite-dominated samples showed
marked variability.
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Data sets for vitrinite reflectance are given for all localities, where the sediments contained an adequate amount
of phytoclasts, i.e., vitrinite and huminite (Tab. 4). Samples
from five Cretaceous localities and one Jurassic locality did
not contain any vitrinite particles, so measurements could
not be done.
The results of thermal maturity determination of the
Triassic sediments analysed show that they have a mean vitrinite reflectance between 0.66% Rr (Župa) and 0.78% Rr
(Klobuk), so both reflectance values support the oil window
stage.
For the Jurassic sedimentary rocks, measurements of
vitrinite reflectance were performed on the sample from
Avtovac. The sample from the Necvijeće locality had no reliable phytoclasts for the measurement of reflectance. The
results show that the Avtovac locality had a lower mean
reflectance of 0.41% Rr (huminite), corresponding to the
immature stage. It should be noted, however, that this locality belongs to a different tectonic unit (Pre-Karst), in the
northern part of the area. Measurements were done on detrohuminite, which is known to have slightly lower values
than telohuminite at the same maturity level (ICCP, 1998).
In the Cretaceous samples, vitrinite particles were observed only at two localities, Todorići (middle Turonian)
and Bugovina (upper Turonian). At Todorići, there were
14 measurements on a representative vitrinite population.
At Bugovina, there were many more (61) measurements, but
all of them in rather fine-grained particles.
The Eocene coaly marl from Kljen has plenty of huminite particles (456 measurements), which frequently are
large, and therefore very reliable results could be obtained.
The mean huminite reflectance was 0.38% Rr, which corresponds to an immature stage of thermal maturity.
The Miocene coal sample analysed (Fig. 7) from the Gacko
coal mine, with huminite as the major maceral group, provided the most reliable data. More than 450 measurements
were made, and the mean reflectance was 0.34% Rr (lignite
coal rank). These are also the first results on vitrinite/huminite reflectance of the Gacko coal, as no such data have been
published to date.

DISCUSSION
The first results on organic matter composition indicate
that Mesozoic sedimentary rocks in the southern part of
East Herzegovina (the Lastva Anticline) have some good,
possible source rock (Triassic and Cretaceous) that are in
the oil window stage (>0.50% Rr).
A cross-plot for values of vitrinite reflectance and T max
is shown in Figure 8. According to vitrinite reflectance,
a more reliable maturity indicator, the Triassic rocks are
well within the oil window and the Cretaceous rocks are
at its onset. It is important to note that both Triassic and
Cretaceous (oil-prone) samples have a characteristic petroleum odour, indicating petroleum generation, which also
is supported by the presence of bitumen, observed in the
petrographic study. The Jurassic sedimentary rocks, lying
between the Triassic and Cretaceous successions in the
southern area (the Lastva Anticline), lack representative
vitrinite particles, but it is almost certain that they are in

the oil window as well. The Cenozoic sedimentary rocks
are immature in the entire area.
Triassic samples 1 and 2 (Klobuk) also show a T max of
437–439 °C, which corresponds to the oil window stage.
The Jurassic sample from the nearby Necvijeće locality
shows marginal maturation with a T max of 434 °C. However,
T max of all Cretaceous samples is anomalously low (up to
422 °C) for the observed maturity level, indicated by vitrinite reflectance (0.53–0.54% Rr).
As already noticed and discussed in the literature
(Wilhelms et al., 1991; Snowdan, 1995; Yang and Horsfield,
2020), the T max parameter may be suppressed as a result of
either a bitumen contribution to the S2 peak (a “carry-over”
and/or asphaltenes effect) or the presence of hydrogen-rich
or sulphur-rich (and hence thermally labile) kerogen.
The results of Rock-Eval pyrolysis on the East Herzegovina
samples indicate a significant impact of heavy hydrocarbons
(bitumen) on some parameters. It could be concluded that
at the surface, there was degradation of free hydrocarbons
by bacteria and by weathering, resulting in the escape of the
lightest hydrocarbons. Apart from the expected decrease in
the original S1 (hence PI and to a lesser extent TOC), it was
presumed that there was also a relative increase of S2 and HI,
due to the presence of solid bitumen and heavy/asphaltic oil.
By analysing the Rock-Eval pyrolytic curves of the
Mesozoic samples and their “shoulder” shape between
S1 and S2 peaks (at 300 °C), it was suspected that the remaining free hydrocarbons were degraded and are much more
thermally resistive and hence do not distill at 300 °C. This
implies that bitumen has artificially increased and widened
the S2 peak in its lower temperature range (300–400 °C),
as illustrated in Figure 9. The higher temperatures needed
for bitumen cracking probably resulted in partial merging
of the S1 peak into the S2 one, so it was assumed that such
an anomalous S2 also decreased the T max to some extent.
The remaining generative potential (S2) in most samples is
thus a result not only of the cracking of kerogen, but also of
bitumen.
As first noticed by Clementz (1979), solid bitumen and
the heavy fraction of oil produce a measurable S2 response
in the 350–450 °C range, so large quantities of bitumen
or migrated petroleum in rocks can affect the values of S2
and T max. This could even cause non-source rocks to be misidentified as source rocks.

Fig. 8. Cross-plot between %Rr and Tmax (after extraction) for
analyzed samples.

COMPOSITION OF ORGANIC MATTER AND THERMAL MATURITY

385

a lower T max range during pyrolysis. This could also be the
case for the highly oil-prone kerogen of algal origin, especially when it is also sulphur-rich.
Since T max data were ambiguous for most of the Cretaceous
rocks, more detailed microscopic study of the different bitumen generations and microsolubility experiments with
a stronger solvent mixture would help to bridge the gap between %Rr and T max measurements.
The Cenozoic sediments (Eocene coaly marl and Miocene
coal) are immature, i.e., at an early stage of diagenesis.
The maturity level is confirmed by both Rock-Eval pyrolysis
and huminite reflectance. The Eocene sample 19 (Kljen) has
a mean huminite reflectance of 0.38 % Rr, which correlates
well with the T max value of 433 °C (for kerogen type III), and
the Miocene lignite sample 20 (Gacko) has a T max value of
411 °C and a mean vitrinite reflectance of 0.34% Rr.

CONCLUSION

Fig. 9. Pyrolytic curves from the Cretaceous sample 14
(Todorići, TpkS2 = 435; T max = 397 °C) and Triassic sample 2
(Klobuk, TpkS2 = 478; T max= 439 °C). Note a significantly wider
peak S2 and anomalously low T max for the Cretaceous sample.

Besides the observed increase of T max after solvent extraction (Tab. 2), an additional conclusion from the Rock-Eval
extraction tests is that the standard, procedural temperature
of 300 °C is obviously not sufficient for obtaining accurate
S1 (and hence S2) values from the surface samples, containing heavy hydrocarbons. Furthermore, the artificial increase
in S2 due to bitumen cracking turned out to be as much as
25%–30% and in one of the samples was even more than
doubled (M. Gruda, sample 16). The chemical extraction of
the samples from Pridvorci and Todorići left a substantial
fraction that distilled at 300 °C (larger S1`), indicating that
part of the bitumen is not extractable by standard solvents or
is embedded in the mineral matter/kerogen. Those observations are similar to the conclusions of Wilhelms et al. (1991).
Since the initial decrease of T max could not be attributed
solely to bitumen cracking, it is proposed that besides the
impact of the significant presence of bitumen in almost all
Cretaceous and some Jurassic (6, 7; Avtovac) and Triassic
(3, 4; Župa) samples, Cretaceous kerogen represented by
lamalginite and bituminite generates petroleum at lower
values of T max. It is well known that bituminite can generate
petroleum when the huminite reflectance is close to 0.4% Rr
(Cook, 1982; Pickel et al., 2017), so such kerogen could have

The results of the organic matter study show that the
outcropping Mesozoic rocks in the southern part of East
Herzegovina (the Lastva Anticline) have some good, possible source rocks (Carnian and Turonian) and are in the oil
window, while the Cenozoic rocks are immature throughout
the area. Vitrinite reflectance measurements showed sufficient thermal maturity of the Mesozoic rocks – with mean
values between 0.53% (Cretaceous) and 0.78% Rr (Triassic).
The finding that the Triassic to Cretaceous sedimentary
rocks are mature enough at ground level implies significant
erosion in an area with such a low geothermal gradient (due
to the uplift of the orogen and high thermal conductivity),
but could also indicate a higher heat flow in the past, i.e.,
processes related to the evolution of the oceanic crust of the
Tethys.
Considering the results of the methods applied in the determination of thermal maturity, it is concluded that RockEval is less reliable than vitrinite reflectance for the outcropping sedimentary rocks. Many Mesozoic samples showed
anomalously low T max values obtained by Rock-Eval pyrolysis, especially those of the Cretaceous rocks. Low T max values
are partly due to the presence of bitumen, but probably more
related to the specific kerogen that generates petroleum at
a lower maturation level, hence at lower T max, values.
The Cenozoic samples show good correlation between
mean huminite reflectance and T max.Their maturity level
corresponds to a diagenetic stage, characterized by mean
reflectance from 0.34% Rr for the Miocene coal (the Gacko
lignite) to 0.38% Rr for the Eocene coaly marl.
Further study of organic matter in East Herzegovina
should include more detailed microscopic studies and microsolubility experiments, but also analyses of biomarkers
and kerogen transformation kinetics.
Acknowledgements
The study was supported by the Ministry of Education, Science
and Technological Development of the Republic of Serbia
(Projects TR-33001 and OI-176006). The article greatly benefitted
from critical remarks by the reviewers George Siavalas and Boško
Vuković.

386

N. ALEKSIĆ Et Al.

REFERENCES
Bechtel, A., Oberauer, K., Kostić, A., Gratzer, R., Milisavljević, V.,
Aleksić, N., Stojanović, K., Groß, D. & Sachsenhofer, R. F.,
2018. Depositional environment and hydrocarbon source potential of the Lower Miocene oil shale deposit in the Aleksinac
Basin (Serbia). Organic Geochemistry, 115: 93–112.
Behar, F., Beaumont, V., & De B. Penteado, H.L., 2001. Rock-Eval
6 Technology: Performances and developments. Oil & Gas
Science and Technology – Revue d’IFP Energies Nouvelles, 56:
111–134.
Bosellini, A., Morsilli, M. & Neri, C., 1999. Long term-stratigraphy
of the Apulian Platform margin (Upper Jurassic – to Eocene,
Gargano, Southern Italy). Journal of Sedimentary Research, 69:
1241–1252.
Carella, R., 1999. Italian geothermal district heating systems. GeoHeat Center Quarterly Bulletin, 20 (4): 23–27.
Cazzini, F., Dal Zotto, O., Fantoni, R., Ghielmi, M., Ronchi, P.
& Scotti, P., 2015. Oil and gas in the Adriatic foreland, Italy.
Journal of Petroleum Geology, 38: 255–279.
Clementz, D. M., 1979. Effect of oil and bitumen saturation on
source rock pyrolysis. AAPG Bulletin, 63: 2227–2232.
Cook, A. C., 1982. Organic facies in the Eromanga Basin. In:
Moore, P. S. & Mount, T. J. (eds), Eromanga Basin Symposium.
Geological Society of Australia and Petroleum Exploration
Society of Australia, Summary Papers. Geological Society of
Australia and Petroleum Exploration Society of Australia,
Adelaide, pp. 234–257.
Cooles, G. P., Mackenize, A. S. & Quigley T. M., 1986. Calculation
of petroleum masses generated and expelled from source
rocks. Organic Geochemistry, 10: 235–245.
Cota, L. & Barić, G., 1998. Petroleum potential of the Adriatic offshore, Croatia. Organic Geochemistry, 29: 559–570.
Dembicki, H., 2017. Practical Petroleum Geochemistry for
Exploration and Production. Elsevier, Amsterdam, 342 pp.
Dimitrijević, M., Karamata, S., Sikošek, B. & Veselinović, D. (eds),
1971. Geological Map of the Yugoslavia 1:500000. Institute
for Geological and Mining Exploration and Investigation of
Nuclear and Other Mineral Raw Materials, Belgrade.
Ercegovac, M. & Kostić, A., 2006. Organic facies and palynofacies:
Nomenclature, classification and applicability for petroleum
source rock evaluation. International Journal of Coal Geology,
68: 70–78.
Espitalié, J., Deroo, G. & Marquis, F., 1985. La pyrolyse Rock-Eval
et ses applications. Deuxième partie. Oil & Gas Science and
Technology. L’Institut Français du Pétrole Energies Nouvelles,
40: 755–784.
Espitalié, J., Laporte, J. L., Madec, M., Marquis, F., Leplat, P., Poulet,
J. & Boutefeu, A., 1977. Méthode rapide de caracterisation des
roches mères, de leur potential petrolier et de leur degre d’evolution. Revue de l’Institut Français du Pétrole, 32: 23–42.
Espitalié, J. & Bordenave, M. L., 1993. Rock-Eval pyrolysis. In:
Bordenave, M. L. (ed.), Applied Petroleum Geochemistry.
Editions Technip, Paris, pp. 237–261.
Frasheri, A., Cela, B., Kodhelaj, N. & Thodhorjani, S., 2009.
Menagment of geothermal energy resources in Albania.
In: Markopoulos, T., Fotidis, I., Kotsopoulos, T. & NikitaMartzopoulou, C. (eds), Geothermal Energy in the Spotlight,
International Forum, 11–12 December 2009. Aristotle University
of Thessaloniki, Thessaloniki, pp. 2–3.

Hackley, C. P., Araujo, V. C., Borrego, G. A., Bouzinos, A., Cardott, J. B.,
Cook, C. A., Eble, C., Flores, D., Gentzis, T., Goncalves, P. A.,
Filho Mendoca, G. J., Hamor-Vido, M., Jelonek, I., Kommeren,
K., Knowles, W., Kus, J., Mastalerz, M., Menezes, R. T.,
Newman, J., Oikonomopoulos, K. I., Pawlewicz, M., Pickel, W.,
Potter, J., Ranasinghe, P., Read, H., Reyes, J., De La Rosa
Rodriguez, G., Viegas Alves Fernandes de Souza, I., SuarezRuiz, I., Sykorova, I. & Valentine, J. B., 2015. Standardization of
reflectance measurements in dispersed organic matter: Results
of an exercise to improve interlaboratory agreement. Marine
and Petroleum Geology, 59: 22–34.
Hrvatović, H., 2006. Geological Guidebook trough Bosnia and
Herzegovina. Geological Survey of Federation Bosnia and
Herzegovina, Sarajevo, 172 pp.
Hunt, J. M., 1996. Petroleum Geochemistry and Geology. W. H.
Freeman and Company, New York, 743 pp.
Hutton, A. C., 1987. Petrographic classification of oil shales.
International Journal of Coal Geology, 8: 203–231.
ICCP (International Committee for Coal Petrology), 1963, 1971,
1975. International Handbook of Coal Petrology. Centre National
Recherche de la Scientifique, Paris, (2nd ed.), 1963: 165 pp;
1st Supplement 1971: 400 pp; 2nd Supplement, 1975: 68 pp.
ICCP, 1998. The new vitrinite classification (ICCP System 1994).
Fuel, 77: 349l–358.
ISO 7404-5, 2009. Methods for the Petrographic Analysis of Coals –
Part 5: Method of Determining Microscopically the Reflectance of
Vitrinite. ISO/TC 27/SC 5 – Methods of analysis, International
Organization for Standardization, Geneva, 14 pp.
Juračić, M. & Palinkaš, A. P., 2004. Adriatic-Dinaridic Mesozoic
carbonate platform, environments and facies from Permian
to recent time. In: Guerrieri, L., Rischia, I. & Serva, L. (eds),
Field Trip Guide Book P-53. Volume 5, XXXII International
Geological Congress, Florence, Italy, 20–28 August 2004. Italian
Agency for the Environmental Protection and Technical Services.
Lito Terrazzi Srl, Firenze, Italy, pp. 3–5.
Kostić, A., 2000. The generative petroleum potential of the Tertiary
sediments in the Banat Depression (Pannonian Basin). AAPG
Bulletin, 84: 1866.
Kostić, A., 2012. Petroleum generation in the southeastern part
of the Pannonian Basin. Technics – Mining, Geology and
Metallurgy, Special Edition, 63: 43–47.
Kotenev, M., 2015. The hydrocarbon potential of Albania. AAPG
Search and Discovery Article #10710 (2015) [https://www.
searchanddiscovery.com/documents/2015/10710kotenev/
ndx_kotenev.pdf; pp. 12.]
Lafargue, E., Marquis, F. & Pillot, D., 1998. Rock-Eval 6 applications in hydrocarbon exploration, production, and soil contamination studies. Revue de l’Institut Français du Pétrole, EDP
Sciences, 53: 421–437.
Mandić, O., De Leeuw, A., Vuković, B., Krijgsman, W., Harzhauser, M.
& Kuiper, K. F., 2011. Palaeoenvironmental evolution of Lake
Gacko (Southern Bosnia and Herzegovina): Impact of the
Middle Miocene Climatic Optimum on the Dinaride Lake
System. Palaeogeography, Palaeoclimatology, Palaeoecology,
299: 475–492.
Masseti, D., Fantoni, R., Romano, R., Sartorio, D. & Trevisane, E.,
2012. Tectonostratigraphic evolution of the Jurassic extensional basins of eastern Sothern Alps and Adriatic foreland based
on an integrated study of surface and subsurface data. AAPG
Bulletin, 96: 2065–2089.

COMPOSITION OF ORGANIC MATTER AND THERMAL MATURITY
McCarthy, K., Rojas, K., Niemann, M., Palmowski, D., Peters, K.
& Stankiewicz, A., 2011. Basic petroleum geochemistry for
source rock evaluation. Oilfield Review, 23: 32–43.
Miljuš, P., 1971. Geological and tectonic structure and history of
development of external Dinarides and Adriatic. Unpublished
PhD Thesis, Faculty of Mining and Geology, University of
Belgrade, 255 pp. [In Croatian, with English abstract.]
Miošić, N., Samardžić, N. & Hrvatović, H., 2010. The current status of geothermal energy use and development in Bosnia and
Herzegovina. In: Proceedings World Geothermal Congress 2010,
Bali, Indonesia, 25–29 April 2010. International Geothermal
Association, Bali, pp. 1–10. [CD Edition.]
Mirković, M., Kalezić, M., Pajović, M., Rašković, S., Čepić, M. &
Vujisić, P., 1974. Osnovna geološka karta SFRJ 1:100000. Tumač
za list Gacko, K 34-26. Institut za geološka istraživanja, Sarajevo,
Savezni geološki zavod, Beograd, 42 pp. [In Serbo-Croatian.]
Mojićević, M. & Laušević, M., 1965. Osnovna geološka karta SFRJ
1:100000. Tumač za list Nevesinje K 34−25. Institut za geološka
istraživanja, Sarajevo, Savezni geološki zavod, Beograd, 52 pp.
[In Serbo-Croatian.]
Mukhopadhyay, P. K., 1994. Vitrinite reflectance as maturity parameter – petrographic and molecular characterization and
its application to basin modeling. In: Mukhopadhyay, P. K. &
Dow, W. G. (eds), Vitrinite Reflectance as Maturity Parameter
– Applications and Limitations. American Chemical Society,
Washington, DC, pp. 1–24.
Natević, Lj. & Petrović, V., 1970. Osnovna geološka karta SFRJ
1:100000. Tumač za list Trebinje K 34−37. Institut za geološka
istraživanja, Sarajevo, Savezni geološki zavod, Beograd, 46 pp.
[In Serbo-Croatian.]
Novelli, L. & Demaison, G., 1988. Triassic oils and related hydrocarbons „kitchens“ in the Adriatic Basin. AAPG Bulletin, 72:
1016.
Pamić, J., Glušić, I. & Jelaska, V., 1998. Geodynamic evolution of the
Central Dinarides. Tectonophysics, 297: 251–268.
Peters, K. E. & Cassa, M. R., 1994. Applied source rock geochemistry. In: Magoon, L. B. & Dow, W. G. (eds), The Petroleum
System – From Source to Trap. AAPG Memoir, 60: 93–120.
Peters, K. E. & Nelson, D. A., 1992. REESA – An expert system
for geochemical logging of wells. AAPG Annual Convention
Abstract, Calgary, Alberta, Canada, June 22–25, 1992. AAPG
Search and Discovery Article #91012 p. 103.
Peters, K. E., Walters, C. C. & Moldowan, J. M., 2005. The Biomarkers
Guide, Vol. 2 – Biomarkers and Isotopes in the Environment
and Human History. Cambridge University Press, Cambridge,
474 pp.
Petsch, S. T., Berner, R. A. & Eglinton, T. I., 2000. A field study of
the chemical weathering of ancient sedimentary organic matter. Organic Geochemistry, 31: 475–487.
Philippi, G. T., 1965. On the depth, time and mechanism of petroleum generation. Geochemica et Cosmochimica Acta, 29:
1021–1049.
Pickel, W., Kus, J., Flores, D., Kalaitzidis, S., Christanis, K., Cardott,
B. J., Misz-Kennan M., Rodrigues, S., Hentschel, A., HamorVido, M., Crosdale, P. & Wagner, N., 2017. Classification of
liptinite – ICCP System 1994. International Journal of Coal
Geology, 169: 40–61.
Prifti, I. & Muska, K., 2013. Hydrocarbon occurrences and petroleum geochemistry of Albanian oils. Italian Journals of
Geosciences, 132: 228–235.

387

Robertson, A., Karamata, S. & Šarić, K., 2009. Overview of ophiolites and related units in the Late Palaeozoic–Early Cenozoic
magmatic and tectonic development of Tethys in the northern
part of the Balkan region. Lithos, 108: 1–36.
Schmid, S. M., Fügenschuh, B., Kounov, A., Maţenco, L., Nievergelt, P.,
Oberhänsli, R., Pleuger, J., Schefer, S., Schuster, R.,
Tomljenović, B., Ustaszewski, K. & Van Hinsbergen, D. J. J.,
2020. Tectonic units of the Alpine collision zone between
Eastern Alps and western Turkey. Gondwana Research, 78:
308–374.
Schwarzbauer, J. & Jovančićević, B., 2020. Introduction to
Analytical Methods in Organic Geochemistry. Springer Nature,
Switzerland, 145 pp.
Snowdon, L. R., 1995. Rock-Eval Tmax suppression: documentation and amelioration. AAPG Bulletin, 79: 1337–1348.
Sweeney, J. J. & Burnham, A. K., 1990. Evaluation of a simple model of vitrinite reflectance based on chemical kinetics. AAPG
Bulletin, 74: 1559–1570.
Taylor, G. H., Teichmüller, M., Davis, A., Diessel, C. F. K., Littke, R.
& Robert, P., 1998. Organic Petrology. Gebrüder Borntraeger,
Berlin, 704 pp.
Tegelaar, E. W. & Noble, A. N., 1994. Kinetics of hydrocarbon
generation as a function of the molecular structure of kerogen as revealed by pyrolysis-gas chromatography. Organic
Geochemistry, 22: 543–574.
Teichmüller, M. & Durand, B., 1983. Fluorescence microscopical rank studies on liptinites and vitrinites in peat and coals,
and comparison with results of the Rock-Eval pyrolysis.
International Journal of Coal Geology, 2: 197–230.
Tissot, B. P., Pelet, R. & Ungerer, P., 1987. Thermal history of sedimentary basins, maturation indices, and kinetics of oil and gas
generation. AAPG Bulletin, 71: 1445–1466.
Tissot, B. P. & Welte, D. H., 1978. Petroleum Formation and
Occurrence: A New Approach to Oil and Gas Exploration.
Springer-Verlag, Berlin, 538 pp.
Van Gijzel, P., 1981. Characterization and identification of kerogen
and bitumen and determination of thermal maturation by
means of qualitative and quantitative microscopical techniques.
In: Staplin, F. L., Dow, W. G., Milner, C. W. D., O’Connor, D. I.,
Pocock, S. A. J., van Gijzel, P., Welte, D. H. & Yukler M. A.
(eds), How to Assess Maturation and Paleotemperature, SEPM
Short Course 7. Society for Sedimentary Geology, Tulsa,
Oklahoma, pp. 159–216.
Van Unen, M., Matenco, L., Nader, F. H., Darnault, R., Mandic,
O. & Demir, V., 2019. Kinematics of foreland-vergent crustal
accretion: Inferences from the Dinarides evolution. Tectonics,
38: 49–36.
Velaj, T., 2011. Tectonic style in Western Albania Thurstbelt and its
implication on hydrocarbon exploration. AAPG International
Convention and Exhibition, Milan, Italy, October 23–26, 2011.
AAPG Search and Discovery Article #10371. [17 pp.]
Velaj, T., 2015. The structural style and hydrocarbon exploration of
the subthrust in the Berati Anticlinal Belt, Albania. Journal of
Petroleum Exploration and Production Technology, 5: 123–145.
Vlahović, I., Mandic, O., Mrinjek, E., Bergant, S., Ćosović, V.,
De Leeuw, A., Enos, P., Hrvatović, H., Matičec, D., Mikša, G.,
Nemec, W., Pavelić, D., Penciger, V., Velić I. & Vranjković, A.,
2012. Marine to continental depositional systems of Outer
Dinarides foreland and intramontane basins (Eocene–
Miocene, Croatia and Bosnia and Herzegovina). Field Trip

388

N. ALEKSIĆ Et Al.

Guide, 29th IAS Meeting of Sedimentology, Schladming/Austria,
Journal of Alpine Geology, 54: 405–470.
Vlahović, I., Tišljar, J., Velić, I. & Matičec, D., 2005. Evolution of the
Adriatic Carbonate Platform: Paleogeography, main events
and depositional dynamics. Paleogeography, Palaeoclimatology,
Paleoecology, 220: 333–360.
Vujisić, T., 1975. Osnovna geološka karta SFRJ 1:100000. Tumač za
list Nikšić K 34−38. Institut za geološka istraživanja, Sarajevo,
Savezni geološki zavod, Beograd, 53 pp. [In Serbo-Croatian.]
Welte, D. H., 1989. The changing face of geology and future needs.
Geologische Rundschau, 64: 916–927.

Wilhelms, A., Larter, S. R. & Leythaeuser, D., 1991. Influence of
bitumen-2 on Rock-Eval pyrolysis. Organic Geochemistry, 17:
351–354.
Wirgley, R., Hodgson, N. & Esestime, P., 2015. Petroleum geology and hydrocarbon potential of the Adriatic basin, offshore
Croatia. Journal of Petroleum Geology, 38: 4–5.
Yang, S. & Horsfield, B., 2020. Critical review of the thermal uncertainty of Tmax in revealing the thermal maturity of organic matter in sedimentary rocks. International Journal of Coal
Geology, 225: 103500.

