











A. Komancza-2, sample 2.
Lamalginite, exhibiting yellow fluo-
rescence (arrow). Fluorescence mode

A. Komaricza 2, probka 2. Lamalginit
wykazujacy fluorescencje¢ w kolorze
z0ltym (strzatka). Tryb fluorescencji

B. Komancza-2, sample 5. Thick-
walled telalginite — Tasmanites sp.
(arrow). Fluorescence mode

B. Komancza 2, probka 5. Telalginit
o grubych $cianach komérkowych —
Tasmanites sp. (strzatka). Tryb fluore-
scencji

C. Komancza-1, sample 1. Bituminite
laminae exhibiting brown fluorescence
(arrows). Fluorescence mode

C. Komancza 1, probka 1. Laminy
bituminitu o brgzowej fluorescencji
(strzatki). Tryb fluorescencji

D. Komancza-1, sample 3. Association
of lamalginite (green arrows) with

fine liptodetrinite particle (red ar-
rows), most probably of algae origin.
Fluorescence mode

D. Komancza 1, probka 3. Asocjacja
lamalginitu (zielone strzalki) z drob-
nymi fragmentami liptodetrynitu
(strzatki czerwone) o najpewniej algo-
wej genezie. Tryb fluorescencji

E. Zyndranowa, sample 6. Two vitrin-
ite fragments with a different reflec-
tance (arrows). Reflected light

E. Zyndranowa, probka 6. Dwa frag-
menty witrynitu o odmiennej reflek-
syjnosci (strzatki). Swiatto odbite

F. Komancza-2, sample 6. Elongated
fragment of saprovitrinite (arrow).
Reflected light

F. Komancza 2, probka 6. Wydtuzony
fragment saprowitrynitu (strzatka).
Swiatto odbite

G. Komancza-2, sample 2. Fragment
of fusinite with preserved cell struc-
ture (arrow). Reflected light

G. Komancza 2, probka 2. Fragment

fuzynitu z zachowang strukturg tkan-
kowa (strzatka). Swiatlo odbite

H. Komancza-2, sample 2. Fragment of semifusinite with preserved cell structure (arrow). Reflected light

H. Komancza 2, probka 2. Fragment semifuzynitu z zachowana struktura tkankowa (strzatka). Swiatto odbite

of organic matter, exhibiting yellow fluorescence — similar to
alginite (plate I, D). It is probably a product of mechanical
degradation of algae. It is a common, although due to its small
size its content does not exceed about 2.5 vol%.

PLATE I/ TABLICAI

—
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The vitrinite group is represented mainly by collotelinite
and witrodetrinite. Collotelinite occurs in the form of elongated
fragments of various sizes. The length of collotelinite fragments
varies from very small up to several hundred pm, and its thick-
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ness usually does not exceed several tens of um (plate I, E, F).
It exhibits more or less intense brown fluorescence.

Fragments of collotelinite show significant diversity
in terms of the reflectance (plate I, E). Usually the largest
population of vitrinite particles have darker color with re-
flectance below 0.2% (so-called “saprovitrinite” or “dark
vitrinite”, [CCP, 1998). The next group consists of fragments
with reflectance being in the range of 0.2—-0.5%. For these
fragments reflectance was measured to determine the de-
gree of maturity of organic matter. Both vitrinite groups are
observed in the form of more or less elongated fragments.
The next group are fragments of the so-called reworked
vitrinite, characterized by high reflectance in the range of
0.6—-1%. Most times they have oval shape, and their size
is usually small.

Collotelinite is usually accompanied by finer parts of
vitrodetrinite, showing similar properties, but characterized
by a particle size smaller than 10 um. The content of all
vitrinite fragments in the examined rocks is relatively low
and reaches up to 1.6 vol%.

Macerals of the inertinite group (fusinite, semifusinite,
inertodetrinite) are usually limited to single occurrences
within the entire investigated sample area. Fusinite is char-
acterized by the highest reflectance (plate I, G). It occurs in
the form of either multicellular structures or their fragments.
Characteristic, sharp-edged fragments usually do not exceed
several tens of micrometers, although sometimes larger ac-
cumulations in the form of laminae with a length of several
hundred micrometers may also occur. Semifusinite in terms
of the form of occurrence is very similar to that of fusinite,
but it is characterized by lower reflectance (plate I, H).
Inertodetrinite form fine (<10 um), sharp-edged fragments
with high reflectance. None of the listed inertinite macerals
exhibit fluorescence.

In 41 out of 43 samples, the collotelinite fragments
were numerous enough that it was possible to measure
their reflectance (Tab. 2). In other cases, either there was
not enough representation of the vitrinite fragments, or its
surface prevented proper measurements. For samples in
which reflectance of vitrinite fragments was measured, this
parameter ranges from 0.25% to 0.56%. Rock-Eval pyrolysis
results (Tab. 3) provided additional information, of which the
most important (from the point of view of this study) were
values of TOC, T,,,. and hydrogen (HI) and oxygen (OI)
indices. And so the T,,, parameter indicates temperatures
in the range of 417-449°C, the hydrogen index changes in
wide range from 95 to 502, while the oxygen index does

max

not exceed 133.
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Table 2. Results of vitrinite reflectance measurements
Tabela 2. Wyniki pomiarow refleksyjnosci witrynitu

Vitrinite reflectance

Outcrop Sa;}l)ple R, standard number of
[%] deviation | measurements
1 0.56 0.09 17
Swigtkowa 2 0.56 0.06 55
Wielka 3 0.53 0.07 56
4 0.51 0.09 59
1 0.28 0.05 10
2 0.34 0.06 51
Mszana 3 0.33 0.04 13
4 0.36 0.06 50
5 0.36 0.07 31
1 0.32 0.08 48
2 0.28 0.06 17
3 0.29 0.08 24
Zyndranowa
4 0.28 0.07 13
5 0.28 0.05 25
6 0.30 0.06 51
1 0.29 0.06 20
2 X X X
Wistok Wielki ° 0.2 0.99 >
4 0.31 0.08 37
5 0.25 0.09 12
6 0.31 0.10 17
1 0.25 0.06 46
2 0.27 0.06 16
[zwor stream 3 0.25 0.03 51
4 0.28 0.04 52
5 0.26 0.06 24
1 0.28 0.07 21
2 0.30 0.06 15
3 0.28 0.05 42
Czystogarb
4 X X X
5 0.27 0.04 51
6 0.26 0.05 30
1 0.27 0.04 51
2 0.33 0.05 52
Komancza-1 3 0.27 0.04 52
4 0.28 0.05 48
5 0.28 0.05 38
1 0.28 0.06 13
2 0.41 0.04 53
Komaticza? 3 0.43 0.06 21
4 0.39 0.07 19
5 0.29 0.06 21
6 0.33 0,05 52
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Table 3. Results of Rock-Eval pyrolysis
Tabela 3. Wyniki pirolizy Rock-Eval

Outerop Sa;tll)ple T oo S, S, S, . PC RC TOC - or MINC
[°C] | [mg/g] | [mg/g] | [mg/g] [%] [%] [%o] [%]
1 448 0.12 0.82 0.20 0.13 0.09 0.73 0.82 100 24 1.25
Swiatkowa 2 448 0.86 8.08 0.17 0.10 0.76 3.90 4.66 173 4 0.85
Wielka 3 449 1.03 9.60 0.27 0.10 0.91 3.95 4.86 198 6 0.69
4 448 0.33 2.42 0.70 0.12 0.28 1.77 2.05 118 34 3.22
1 429 0.57 9.14 0.58 0.06 0.84 0.98 1.82 502 32 4.80
2 424 0.27 5.05 0.59 0.05 0.48 1.08 1.56 324 38 4.15
Mszana 3 430 0.05 0.66 0.50 0.07 0.09 0.38 0.47 140 106 7.85
4 431 0.12 1.90 0.65 0.06 0.20 0.89 1.09 174 60 4.46
5 429 0.11 2.23 0.39 0.05 0.22 0.87 1.09 205 36 5.92
1 432 0.13 7.81 3.39 0.02 0.83 2.94 3.77 207 90 0.19
2 431 0.50 10.62 1.75 0.05 1.02 2.44 3.46 307 51 0.11
3 436 0.05 2.66 2.15 0.02 0.32 1.73 2.05 130 105 0.38
Zyndranowa
4 430 0.60 12.98 1.83 0.04 123 2.82 4.05 320 45 0.12
5 432 0.60 11.21 1.67 0.05 1.07 2.46 3.53 318 47 0.10
6 430 0.68 21.32 3.07 0.03 1.99 4.05 6.04 353 51 2.60
1 420 0.15 11.96 0.40 0.01 1.07 2.73 3.80 315 11 0.13
2 428 0.14 0.74 0.88 0.16 0.14 0.52 0.66 112 133 2.35
Wistok 3 417 0.29 9.98 0.73 0.03 0.94 3.54 4.48 223 16 0.20
Wielki 4 430 0.07 0.75 0.37 0.08 0.10 0.41 0.51 147 73 3.47
5 424 0.16 6.98 0.18 0.02 0.63 1.85 2.48 281 7 0.09
6 420 0.20 15.78 0.33 0.01 1.38 2.32 3.70 426 9 0.10
1 423 0.22 14.36 0.21 0.02 1.25 1.65 2.90 495 7 0.08
2 424 0.35 18.82 0.21 0.02 1.64 2.20 3.84 490 5 0.10
Izwor stream 3 431 0.02 0.82 0.81 0.02 0.11 0.62 0.73 112 111 2.67
4 436 0.01 0.63 0.70 0.02 0.09 0.57 0.66 95 106 3.10
5 422 0.21 16.49 0.50 0.01 1.45 2.70 4.15 397 12 0.16
1 432 0.25 12.51 1.45 0.02 1.15 2.16 331 378 44 0.16
2 434 0.24 7.04 2.01 0.03 0.71 2.16 2.87 245 70 0.13
3 431 0.30 7.09 1.24 0.04 0.68 1.67 2.35 302 53 0.25
Czystogarb
4 433 0.07 1.23 0.31 0.05 0.13 0.35 0.48 256 65 0.04
5 429 0.26 11.40 1.44 0.02 1.05 2.11 3.16 361 46 0.11
6 433 0.10 459 1.71 0.02 0.48 1.84 2.32 198 74 0.15
1 426 0.52 16.12 0.26 0.03 1.41 2.66 4.07 396 6 0.13
2 425 0.87 20.61 0.70 0.04 1.84 3.21 5.05 408 14 0.17
Komancza-1 3 425 1.63 17.52 0.10 0.09 1.62 3.02 4.64 378 2 0.18
4 432 0.35 4.61 1.77 0.07 0.50 1.91 2.41 191 73 0.15
5 427 0.24 6.71 1.44 0.03 0.66 1.75 2.41 278 60 0.16
1 437 0.66 10.86 0.26 0.06 0.98 1.83 2.81 386 9 0.40
2 435 0.21 1.96 0.45 0.10 0.21 0.85 1.06 185 42 241
Komatipad 3 435 0.07 0.61 0.41 0.11 0.08 0.52 0.60 102 68 321
4 433 0.28 1.70 0.31 0.14 0.19 0.70 0.89 191 35 3.09
5 434 0.31 11.91 0.18 0.03 1.04 2.09 3.13 381 6 0.16
6 439 0.45 2.74 0.70 0.14 0.30 1.18 1.48 185 47 1.17
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Discussion

Relations between maceral composition, lithological
types and basic geochemical parameters

The maceral composition in most of the samples is repre-
sented by the association of macerals:

collotelinite + vitrodetrinite + alginite + bituminite +
+ liptodetrinite + fusinite/semifusinite/inertodetrinite

Taking this into consideration, the interpretation draws atten-
tion not so much to the qualitative composition, which is rather
similar, as to the varying proportions between the macerals, as
here more distinct differences occur. The average content of
individual macerals in relation to lithology is shown in Fig. 3.

10,0

8,0

6,0

4,0

2,0

Average content [vol. %]

0,0 -

Vitrinite Alginite Bituminite Liptodetrinite

W Carbonate shales
B Mudstones

M Clay shales
M Sandstones/siltstones

M Marly shales
M Cherts

Fig. 3. Average content of macerals in relation to lithology

Fig. 3. Sredni udziat maceratéw w odniesieniu do wyksztatcenia
litologicznego

Mudstones have the highest average content of alginite,
which reaches 9 vol%. Average contents of bituminite and
liptodetrinite (3.3 and 1.4 vol.% respectively) are also the
highest of all analyzed lithologies. Clay shales have a wide
range of alginite content, from 0.2 to 13.2 vol%, with an av-
erage value of 2.3 vol%. Average contents of bituminite and
liptodetrinite are 1.6 and 1.1 vol% respectively. These values
are lower than those observed for mudstones, but still higher
than in case of all other lithologies. In case of marly shales,
sandstones/siltstones, micrite limestones and chert the content
of individual liptinite macerals is always lower than 1 vol%. The
average content of vitrinite macerals in all analyzed lithologies
does not exceed 1 vol%. Their highest content is observed in
sandstone sample (1.6 vol%). Inertinite group, irrespective to
lithology, is represented only by single fragments of fusinite,
semifusinite and inertodetrinite.

In lithological interpretations it is necessary to refer also
to the parameters obtained from Rock-Eval pyrolysis (TOC,
HI, OI). These are summarized in Table 4.

The presented data shows that clay shales have the highest
average TOC of 3.4%, which is slightly higher compared to
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Table 4. Values of TOC, HI, OI in relation to lithology

Tabela 4. Wartosci parametrow TOC, HI, OI w odniesieniu
do litologii

Lithology Value Tg} ]C HI (0)
Min. 0.82 100 2

Clay shales Max. 5.05 495 105
Average 3.43 303 33

Min. 0.73 112 34

Marly shales Max. 6.04 353 111
Average 2.58 192 61

Carbonate shales Min. 0.47 102 32
and micritic Max. 1.82 502 106
limestones Average | 0.94 206 57
Min. 2.41 278 6

Mudstones Max. 3.16 381 60
Average 2.90 340 37

Min. 0.66 95 38

Si"l‘?s‘:s;‘:;es’ Max. 1.56 324 133
Average 0.96 177 92

Chert X 0.48 256 65

mudstones (2.9%) and marly shales (2.6%). For other litholo-
gies, the average value of this parameter does not exceed 1%.
The average value of the hydrogen index (HI) only in the
case of clay shales and mudstones exceeds 300 (303 and 340,
respectively). For other lithologies, the average value of this
parameter is in the range 177-256 (the lowest for sandstones/
siltstones). Oxygen index (OI) values behave inversely to the
hydrogen index and for mudstones and clay shales, the average
value of this parameter is the lowest (37 and 33 respectively),
while for sandstones/siltstones it is the highest and reaches 92.
For other lithologies, the average value of this parameter in
the range of 50-65.

Organic matter maturity and kerogen type

In case of assessing the thermal maturity of organic mat-
ter, two parameters were used — vitrinite reflectance R, and
the T, parameter. Both of these parameters clearly indicate
some variation in the degree of transformation of organic mat-
ter within the studied area.

In the western part, within the tectonic window of
Swiatkowa, the Menilite Beds are in the phase of oil window,
as evidenced by T,,,, of 448°C and R, reaching 0.54%. In none
of the other locations, such a high degree of organic matter
transformation is observed. The average T,,,, in the remaining
area is in the range of 427-436°C which suggest the immature
phase or exceptionally the border between the immature phase
and the beginning of the oil window. The average vitrinite
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Fig. 4. Average vitrinite reflectance (left) and T,,,, (right) for the investigated outcrops
Rys. 4. Srednia refleksyjno$é witrynitu (po lewej) oraz $redni T,,,, (po prawej) dla poszczegdlnych odstonigé na przebadanym obszarze

0% 20% 40% 60% 80% 100%
reflectance is in range of 0.26 to 0.33, which indicates the im- Clay shale ' ' ‘ ' ' '
maturity of the organic matter. Both T,,, and R, differs very
little within the analyzed area which make it impossible to Marly shale m type I
draw any geographic trends of these changes (Fig. 4). Carbonate shale u type 11/l

Analyzed samples contain type 11, II/III or III of kerogen Mudstone = type Ii

(Fig. 5, 6). Type Il dominates in clay shales and mudstones,

. . . sand il
while type III is most often observed in marly and carbonate andstone/sitstone

shales and also in sandstones/siltstones. Chert

Fig. 5. Kerogen types in relation to lithology
Rys. 5. Typ kerogenu w wydzieleniach litologicznych
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Summary

The composition of the organic matter of the Menilite Beds
within the Dukla Unit is dominated by macerals belonging
to the liptinite group — alginite, bituminite and liptodetrinite.
Macerals of the vitrinite (collotelinite, vitrodetrinite) and iner-
tinite (fusinite, semifusinite, inertodetrinite) are also present,
but their content is rather low. The richest in organic matter
are clay shales and mudstones, while other lithologies are
characterized by lower content of organic fragments. Analyzed
organic matter is most often in the immature phase, a greater
degree of thermal transformation, corresponding to so-called
oil window is observed only in the Swiatkowa tectonic window
in the western part of the studied area. Composition of organic
matter corresponds to the types Il and III (and their mixture)
of the kerogen.

ACKNOWLEDGES: The author would like to thank Leszek
Jankowski for his advice on outcrop selection.

This paper was written on the basis of the statutory work entitled:
Characteristics of the dispersed organic matter in the Menilite
Beds from the Dukla Unit — the work of the Oil and Gas Institute
— National Research Institute was commissioned by the Ministry
of Science and Higher Education; order number: 52/SG/18,
archival number: SG-4101-52/18.

Literature

Curtis J.B., Kotarba M.J., Lewan M.D., Wigctaw D., 2004. Oil/
source rock correlations in the Polish Flysch Carpathians and
mesozoic basement and organic facies of the oligocene me-
nilite shales: insights from hydrobus pyrolysis experiments.
Organic Geochemistry, 35: 1573—-1596. DOI:10.1016/j.
orggeochem.2004.06.018.

International Committee for Coal and Organic Petrology (ICCP),
1998. The new vitrinite classification (ICCP System 1994). Fuel,
77(5): 349-358.

Jankowski L., 2008. Kompleksy chaotyczne Karpat Polskich.
Materiaty konferencyjne ,,Przewodnik sesji terenowej”, Krakow
— Polanczyk 2008, 26-88.

Jankowski L., Probulski J., 2011. Rozw¢j tektoniczno-basenowy
Karpat zewnetrznych na przyktadzie budowy geologicznej zt6z
Grabownica, Strachocina i Lodyna oraz ich otoczenia. Geologia,
37: 555-583.

Koltun Y.V., 1992. Organic matter in oligocene Menilite formation
rocks of the Ukrainian Carpathians: palacoenvironment and
geochemical evolution. Organic Geochemistry, 18: 423—-430.
DOI: 10.1016/0146-6380(92)90105-7.

Koltun'Y., Espitalie J., Kotarba M., Roure F., Ellouz N., Kosakowski P.,
1998. Petroleum generation in the Ukrainian external Carpathians
and the adjacent foreland. Journal of Petroleum Geology, 21(3):
265-288. DOI: 10.1111/j.1747-5457.1998.tb00782.x.

Kosakowski P., Koltun Y., Machowski G., Papiernik B., 2018. The
geochemical characteristics of the Oligocene-lower Miocene
menilite formation in the Polish and Ukrainian Outer Carpathians:
A review. Journal of Petroleum Geology, 41(3): 319-335. DOLI:
10.1111/jpg.12705.

312 Nafta-Gaz, nr 6/2019

Kosakowski P., Wigctaw D., Kotarba M.J., 2009. Charakterystyka ma-
cierzystosci wybranych utworéw fliszowych w przygranicznej stre-
fie polskich Karpat Zewngtrznych. Geologia, 35(4/1): 155-190.

Koster J., Kotarba M., Lafargue E., Kosakowski P., 1998a. Source
rock habitat and hydrocarbon potential of oligocene menilite
formation (Flysch Carpathians, Southeast Poland): an organic
geochemical and isotope approach. Organic Geochemistry, 29:
543-558. DOI: 10.1016/S0146-6380(98)00059-X.

Késter J., Rospondek M., Kotarba M., Zubrzycki A., de Leeuw J.W.,
Sinninghe Damsté J.S., 1996. Biological markers and stable
carbon isotope ratios in palacoenvironmental reconstructions:
examples from the Menilite Formation (Oligocene) of the Flysch
Carpathians. Sediment’96. 11. Sedimentologen-Treffen, §3.

Koster J., Rospondek M., Schouten S., Kotarba M., Zubrzycki A.,
Sinninghe Damste J.S., 1998b. Biomarker geochemistry of a fore-
land basin: the Oligocene Menilite Formation in the Flysch
Carpathians of Southeast Poland. Organic Geochemistry, 29:
649-669. DOI: 10.1016/S0146-6380(98)00182-X.

Kaoster J., Rospondek M.J., Zubrzycki A., Kotarba M., de Leeuw J.W.,
Sinninghe Damsté J.S., 1995. A molecular organic geochemi-
cal study of black shales associated with diatomites from the
Oligocene Menilite Shales (Flysch Carpathians, SE Poland). [in:]
Organic Geochemistry: Developments and Applications to Energy,
Climate, Environment and Human History. Eds. J.O. Grimalt,
C. Dorronsoro. A.I.G.O.A: 87-89.

Kotarba M.J., Curtis J.B., Lewan M.D., 2009. Comparison of
natural gases accumulated in Oligocene strata with hydrous
pyrolysis gases from Menilite Shales of the Polish Outer
Carpathians. Organic Geochemistry, 40: 769-783. DOI: 10.1016/j.
orggeochem.2009.04.007.

Kotarba M.J., Koltun Y.V., 2006. Origin and habitat of hydrocarbons
of the Polish and Ukrainian parts of the Carpathian Province.
[in:] Golonka J., Picha F. Eds. The Carpathians: Geology and
Hydrocarbon Resources. American Association of Petroleum
Geologists Memoir, 84: 395-443.

Kotarba M.J., Lewan M.D., 2002. Hydrocarbon potential of Oligocene
Menilite formation of the Polish Flysch Carpathians by hydrous
pyrolysis and stable isotopes. US—Poland Maria Sklodowski-Curie
Joint Fund II-Project Report MEN/USGS-97-319.

Kotarba M.J., Lewan M.D., Wiectaw D., Curtis J.B., 2005. Stable car-
bon isotope fractionation and organic sulphur content in hydrous
pyrolysis (24-108 h and 300-365°C) immiscible oils, bitumens
and kerogens from the Oligocene Menilite Shales of the Polish
Flysch Carpathians. Seville, Spain: 22" International Meeting
on Organic Geochemistry: 338-339.

Kotarba M.J., Nagao K., 2008. Composition and origin of natural gases
accumulated in the Polish and Ukrainian parts of the Carpathian
region: gaseous hydrocarbons, noble gases, carbon dioxide and
nitrogen. Chemical Geology, 255: 426—438. DOI: 10.1016/].
chemgeo.2008.07.011.

Kotarba M.J., Wiectaw D., Koltun Y.V., Marynowski L., Kusmierek J.,
Dudok 1.V., 2007. Organic geochemical study and genetic cor-
relation of natural gas, oil and Menilite source rocks in the area
between San and Stryi rivers (Polish and Ukrainian Carpathians).
Organic Geochemistry, 38(8): 1431-1456. DOI: 10.1016/j.org-
geochem.2007.03.012.

Kotarba M.J., Wigctaw D., Dziadzio P., Kowalski A., Bilkiewicz E.,
Kosakowski P., 2013. Organic geochemical study of source rocks
and natural gas and their genetic correlation in the central part of
the Polish Outer Carpathians. Marine and Petroleum Geology,
45:106-120. DOI: 10.1016/j.marpetgeo.2013.04.018.

Kotarba M.J., Wigctaw D., Dziadzio P., Kowalski A., Kosakowski P.,
Bilikiewicz E., 2014. Organic geochemical study of source rocks



and natural gas and their genetic correlation in the central part of
the Polish Outer Carpathians and Paleozoic-Mesozoic basement.
Marine and Petroleum Geology, 56: 97—122. DOI: 10.1016/].
marpetgeo.2014.03.014.

Kotulova J., 2004: Oligocene Menilite black shales — geochemical
and maceral analysis. Florence: 32" International Geological
Congress: 1-752.

Kruge M.A., Mastalerz M., Solecki A., Stankiewicz B.A., 1996.
Organic geochemistry and petrology of oil source rocks,
Carpathian Overthrust region, southeastern Poland — implications
for petroleum generation. Organic Geochemistry, 24: 897-912.
DOI: 10.1016/S0146-6380(96)00067-8.

Lewan M.D., Kotarba M.J., Curtis J.B., Wigctaw D., Kosakowski P.,
2006. Oil-generation kinetics for organic facies with Type-II
and —1IS kerogen in the Menilite Shales of the Polish Carpathians.
Geochimica et Cosmochimica Acta, 70: 3351-3368. DOI:
10.1016/j.gca.2006.04.024.

Matyasik I., 1994. Badania geochemiczne warstw menilitowych,
inoceramowych i spaskich jednostki skolskiej fliszu karpackie-
g0. Nafia-Gaz, 40: 234-243.

Matyasik I., Kupisz L., 1996. Geological and geochemical conditions
of the hydrocarbon generation in the Menilite Beds from the south
part of the Strzyzoéw Depression. Janowice: The 2™ Conference
on the Geochemical and Petrophysical Investigations in Oil and
Gas Exploration: 179-197.

Matyasik I., Steczko A., Mastalerz M., Brassell S.C., 2001.
Petrographic and geochemical characterization of source rock
variability in the Carpathian region of Poland: implication for
oil generation. [in:] Abstracts of Eighteenth Annual Meeting of
the Society for Organic Petrology, 18: 78—83.

Pawlewicz M., 2006. Total Petroleum Systems of the North Carpathian
Province of Poland, Ukraine, Czech Republic and Austria. U.S.
Geological Survey Bulletin 2204-D, 26.

Sachsenhofer R., Koltun Y., 2012. Black shales in Ukraine — A review.
Marine and Petroleum Geology, 31: 125-136. DOI: 10.1016/j.
marpetgeo.2011.08.016.

Semyrka G., 2009. Refleksyjnos¢ witrynitu i typy kerogenu w pro-
filach wiercen wschodniej czesci Karpat polskich. Geologia,
35(2/1): 49-59.

Swidzinski H., 1947. Stownik stratygraficzny potnocnych Karpat fli-
szowych. Biuletyn Instytutu Geologicznego, 124.

ten Haven H.L., Lafargue E., Kotarba M., 1993. Oil/oil and oil/source
rock correlations in the Carpathian Foredeep and Overthrust,
south-east Poland. Organic Geochemistry, 20: 935-959. DOI:
10.1016/0146-6380(93)90105-K.

artykuty

Vet 1., Hetényi, M., 1991. Fate of Organic carbon and reduced sul-
phur in dysoxic-anoxic Oligocene facies of the Central Paratethys
(Carpathian Mountains and Hungary). In: Modern and Ancient
Continental Shelf Anoxia. Eds. R.V. Tyson, T.H. Pearson. London:
Geological Society Special Publication, 58: 449—460.

Waliczek M., Machowski G., Swierczewska A., 2017. Bitumen in
rocks from the Skrzydlna Thrust Sheet and the Mszana Tectonic
Window (Outer Carpathians). Mineralogia — Special Papers, 46.

Wendorff M., Rospondek M.J., Kluska B., Marynowski L., 2017.
Organic maturity and hydrocarbon potential of the Lower
Oligocene Menilite facies in the Eastern Flysch Carpathians
(Turcau and Vrancea Nappes), Romania. Applied Geochemistry,
78:295-310. DOI: 10.1016/j.apgeochem.2017.01.009.

Wigctaw D., 2002. Geneza oligocenskiej ropy naftowej polskich
Karpat fliszowych — siarka organiczna w kerogenie warstw menili-
towych a kinetyka procesu generowania weglowodoréw. Krakow:
PhD thesis, Akademia Gorniczo-Hutnicza im. St. Staszica.

Wiectaw D., Kotarba M.J., Kusmierek J., Kowalski A., Machowski G.,
2008. Pionowa zmiennos¢ wskaznikow macierzystosci warstw
menilitowych w wybranych profilach wschodniej czgsci polskich
Karpat Zewngtrznych. Prace Instytutu Nafty i Gazu, 150, 455-460.

Zielinska M., 2012. Petrologiczne stadium uweglonego materiatu or-
ganicznego we fliszu zewnetrznych Karpat Zachodnich. Krakow:
PhD thesis, Akademia Gérniczo-Hutnicza im. St. Staszica.

Ziemianin K., 2018. Characteristics of dispersed organic matter in
the Menilite Beds from the Skole Unit. Nafta-Gaz, 9: 636-646.
DOI: 10.18668/NG.2018.09.02.

Ziemianin, K., 2017. Petrographic-geochemical characterization of
the dispersed organic matter in Menilite shales from the Silesian
Unit in the Carpathian Mountains of SE Poland. Nafta-Gaz, 11:
835-842. DOI: 10.18668/NG.2017.11.02.

Konrad ZIEMIANIN M.Sc.
Assistant at the Geology and Geochemistry
Department

- Oil and Gas Institute — National Research Institute
25 A Lubicz St.

31-503 Krakow
E-mail: konrad.ziemianin@inig.pl

Nafta-Gaz, nr 6/2019 313



