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Characteristics of dispersed organic matter of the Menilite Beds from
the Dukla Unit based on microscopic analysis and Rock-Eval pyrolysis

Charakterystyka rozproszonej materii organicznej warstw menilitowych jednostki
dukielskiej na podstawie analiz mikroskopowych i pirolizy Rock-Eval

Konrad Ziemianin

Oil and Gas Institute — National Research Institute

ABSTRACT: Organic matter from Menilite Beds of the Dukla Unit was studied (optical microscopy, Rock-Eval pyrolysis). In its com-
position, macerals from vitrinite, liptinite and inertinite groups are observed. Macerals of the liptinite group are dominating (alginite,
bituminite and liptodetrinite). Among all invested lithological types, mudstones have the highest average content of these macerals,
while in case of marly shales, sandstones/siltstones, micrite limestones and chert the content of individual liptinite macerals is always
lower than 1 vol%. The vitrinite group is represented mainly by collotelinite and vitrodetrinite and its average content in all analyzed
lithologies does not exceed 1 vol%. Fragments of collotelinite show significant diversity in terms of the reflectance. Macerals of the
inertinite group (fusinite, semifusinite, inertodetrinite) are usually limited to single occurrences within the entire investigated sample
area. In 41 out of 43 samples, the collotelinite fragments were numerous enough that it was possible to measure the reflectance. For
samples in which reflectance of vitrinite fragments was measured, this parameter ranges from 0.25% to 0.56%. Rock-Eval pyrolysis
results provided additional information, of which the most important were values of TOC (from 0.47% to 6.04%, average 2.61%),
T ax (417-449°C), hydrogen (95-502) and oxygen (<133) indices. In the western part of the investigated area, within the tectonic
window of Swiatkowa, Menilite Beds are in the phase of oil window, while in other locations organic matter is immature. Analyzed
samples contain types II, II/III or I1I of kerogen. Type II dominates in clay shales and mudstones, while type III is most often observed
in marly and carbonate shales and also in sandstones/siltstones.

Key words: menilite shales, alginite, bituminite, vitrinite reflectance, Rock-Eval pyrolysis.

STRESZCZENIE: Przebadano fragmenty rozproszonej materii organicznej z warstw menilitowych jednostki dukielskiej (mikrosko-
pia optyczna, piroliza Rock-Eval). W jej sktadzie obserwuje si¢ maceraly z grupy witrynitu, liptynitu i inertynitu, przy czym mace-
raty z grupy liptynitu (alginit, bituminit i liptodetrynit) sa dominujace. Najwyzszy $redni udziat maceratlow z grupy liptynitu w ob-
rebie wszystkich przebadanych odmian litologicznych obserwuje si¢ w mutowcach, podczas gdy w tupkach marglistych, piaskow-
cach, pytowcach, wapieniach mikrytowych czy rogowcach zaréwno alginit, jak i bituminit i liptodetrynit nie przekraczaja 1% obj.
Grupa maceralow witrynitu jest reprezentowana przez kolotelinit i witrodetrynit, jednak ich $redni udziat nigdy nie przekracza
1% obj. wszystkich sktadnikéw w skale. Fragmenty kolotelinitu sa zréznicowane pod katem refleksyjnosci. Maceraly grupy inerty-
nitu (fuzynit, semifuzynit, inertodetrynit) sa zwykle ograniczone jedynie do pojedynczych wystapien. W przypadku 41 z 43 probek
fragmenty kolotelinitu byty na tyle liczne, ze mozliwy byt pomiar ich refleksyjnosci, ktora miescita si¢ w przedziale od 0,25% do
0,56%. Wyniki analizy mikroskopowej uzupetniono o dane z pirolizy Rock-Eval. Udzial materii organicznej (parametr TOC) waha
si¢ od 0,47% do 6,04% (przy $redniej na poziomie 2,61%). Parametr Tmax zawiera si¢ w przedziale od 417°C do 449°C, indeks
wodorowy HI w przedziale od 95 do 502, natomiast indeks tlenowy OI nie przekracza 133. We wschodniej czesci przebadanego ob-
szaru (okno tektoniczne Swiatkowej) materia organiczna wkroczylta w faze przemian termicznych odpowiadajaca tzw. oknu ropne-
mu, natomiast na pozostatym obszarze jest niedojrzata. Przebadane probki zawieraja kerogen typu II, III, jak rdwniez ich miesza-
ning¢. Typ II dominuje w tupkach ilastych i mutowcach, podczas gdy typ III jest najczgsciej obserwowany w tupkach marglistych
i weglanowych, jak réwniez w piaskowcach i pytowcach.

Stowa kluczowe: tupki menilitowe, alginit, bituminit, refleksyjno$¢ witrynitu, piroliza Rock-Eval.
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Introduction

The Menilite Beds were first described by Glocker in Moravia
in 1843 (Swidzinski, 1947). Since then, they have become the
subject of intensive research. Their high organic matter content
and wide distribution within the Carpathian area are the reasons
why they play a key role in analyzing petroleum systems in this
region. At the beginning of the 1990s, the rate and conditions of
deposition based on Rock-Eval pyrolysis as well as analysis of
sulfur content and carbon-sulfur ratio were determined by Vet
and Hetényi (1991), while the maturation and type of kerogen
for menilite shales from Ukraine were characterized by Koltun
(1992). In the similar period, the geochemical studies of the
Menilite Beds were carried out by ten Haven et al. (1993), point-
ing to genetic relationships between analyzed oil and potential
source rocks. In turn, Matyasik (1994) performed geochemical
characterization of menilite samples from the Skole Unit. The
increase in interest in the menilite shales generation potential
results in subsequent publications on the subject (Koster at al.,
1995, 1998a; Kruge et al., 1996; Matyasik and Kupisz, 1996;
Koltun et al., 1998). Analysis of biomarkers and carbon isotopes
become the basis for attempts to reconstruct the palacoenviron-
ment (Koster at al., 1996, 1998b). Although generally very good
(Koster at al., 1998a) or even excellent menilite shales generation
potential (Kruge et al., 1996), in 2001 Matyasik et al. indicated
that the degree of maturity of menilite shales is insufficient to
consider them as the only source of oil in the Carpathians. The
origin of the oil originating from the menilite shales, as well as the
relationship between organic sulfur and the kinetics of the hydro-

carbon generation processes was described by Wigclaw in 2002.

The kinetics of the oil generation process from type Il and IIS
kerogen from menilite shales were also investigated by Lewan
et al. (2006). In a number of publications (Kotarba and Lewan,
2002, Curtis et al., 2004, Kotarba et al., 2005), the subject of
correlation of petroleum and source rocks was investigated based
on water pyrolysis of the menilite shales. The problem of the
mentioned correlations and the generation potential of menilite
shales of both Polish and Ukrainian part of the Carpathians was
developed by Kotarba et al in 2007 (authors studied rock, oil and
gas samples). The issue of the composition and genesis of gas
from the Menilite Beds was discussed in detail by Kotarba and
Nagao (2008) and Kotarba et al. (2009). Menilite shales were
described as the main source of hydrocarbons in the Carpathians
by Pawlewicz (2006) and Schasenhofer and Koltun (2012).
The issue of the source and occurrence of hydrocarbons in the
Carpathian region was also investigated by Kotarba and Koltun
(2006). For selected profiles in the eastern part of the Outer
Carpathians, attention was paid to the vertical variation in the
maturity indexes (Wiectaw et al., 2008). The results of the me-
nilite shales maturity investigations were summarized in 2009
by Kosakowski et al. The authors investigated large number of
samples of the menilite rocks (>550) and confirmed that Menilite
Beds are the best source rocks and the type I kerogen present in
them is generally immature or mature in the early stage of the
“oil window”. The newer publications of Kotarba et al. (2013,
2014) also confirmed the best generation potential of menilite
shales. Recently, the influence of changes of deposition facies
on the generation potential of the Menilite Beds was examined
(Kosakowski et al., 2018) and it was found that there is no direct
correlation in this case.
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Fig. 1. Area of investigation with the location of the outcrops (Jankowski 2008, Jankowski, Probulski, 2011, modified). Outcrops: 1 —
Swiqtkowa Wielka, 2 — Mszana, 3 — Zyndranowa, 4 — Wistok Wielki, 5 — Izwor Stream, 6 — Czystogarb, 7 — Komancza-1, 8 — Komancza-2

Rys. 1. Obszar badan (Jankowski 2008, Jankowski, Probulski, 2011, zmieniony). Odstonigcia: 1 — Swiatkowa Wielka, 2 — Mszana,
3 — Zyndranowa, 4 — Wistok Wielki, 5 — potok Izwor, 6 — Czystogarb, 7 — Komancza-1, 8§ — Komancza-2
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Geochemical interpretations are not complete unless they
are supplemented with optical characteristics of dispersed
organic matter. Unfortunately, petrography of organic matter
in the case of the Menilite Beds is often either completely
marginalized or limited only to vitrinite reflectance measure-
ments. Therefore, publications where the results of microscopic
investigations of organic matter are presented are rather rare
(Koltun, 1992; Kruge et al., 1996; Kotulva, 2004; Semyrka,
2009; Kosakowski et al., 2009, 2018; Zielinska, 2012; Kotarba
etal., 2013, Waliczek et al., 2017, Wendorff et al., 2017).

This paper is focused on microscopic characterization of
organic matter, while the results of geochemical analyzes (Roc-
Eval pyrolysis) are used here only to make it more complete.
The aim of this paper is to present the maceral composition
of Menilite Beds within the Dukla Unit, while organic matter
composition of Menilite Beds within Skole and Silesian units
were a subject of previous papers (Ziemianin, 2017, 2018).

Field work and research material

The research covered the area of the Polish part of the Dukla
Unit (Fig. 1). Samples (43) were collected from 8 outrocps of
the Menilite Beds (Swigtkowa Wielka, Mszana, Zyndranowa,
Wistok Wielki, Izwor stream, Czystogarb, and 2 outrocrops
from the Komancza region).

The collected rocks represented a variety of the lithologi-
cal types (Fig. 2) — mainly various shale types (clay, marly
or carbonate) and in smaller quantities mudstones, siltstones,
sandstones and sporadically cherts and micrite limestones.

2%

M Clay shales

® Marly shales

M Carbonate shales and
micritic limestones

M Mudstones

M Sandstones, siltstones

W Cherts

Fig. 2. Content of different lithological types within the collected
samples

Rys. 2. Udzial r6znych typow litologicznych wsrod zebranych
probek

Methods

For microscopic analysis polished samples and thin plates
were prepared. Observations were made in reflected light and
fluorescence mode (analysis of maceral composition and vitrin-

artykuty

ite reflectance measurements), as well as in transmitted light
(determination of lithological type and mineral composition).
Observations in reflected light and fluorescence mode were
performed with the use of Carl Zeiss Axioplan microscope,
at magnification 500x, in immersion (oil immersol 518 N,
n = 1.518), while observations in transmitted light were made
using a Nikon Eclipse LV100 POL microscope, at magnifica-
tions in range from 50x to 1000x. In order to determine the
maceral composition, a planimetric analysis was performed
(at least 500 points were counted). Measurements of vitrinite
reflectance were also performed. During the measurements re-
deposited grains (with higher reflectance) as well as those satu-
rated with lipid substances (lowering reflectance) were avoided.
Before the measurements were made, the microscope was
calibrated using three standards of defined reflectance (spinel
R, =0.421%, sapphire R, = 0.593%, garnet R, = 0.900%). The
results were supplemented with photographic documentation.

Additionally, Rock-Eval pyrolytic analysis was carried out
using Rock-Eval-6 model (standard equipment). A number of
parameters have been obtained, among which most important

were: TOC (total organic carbon content), T, (temperature

at the point of maximum hydrocarbon generation), hydrogen
index HI (calculated as S2/TOC, expressed in mg of hydro-
carbons per g TOC), oxygen index OI (calculated as S3/TOC,

expressed in mg CO, per g TOC).

Results

Organic matter most often occurs in the form of elongated
laminae or fine, dispersed fragments with a slight elongation
in the studied rocks. The content of organic matter (determined
on the basis of Rock-Eval pyrolysis results — TOC parameter)
ranges from 0.47% to 6.04% (average 2.61%). In its composi-
tion, macerals from vitrinite, liptinite and inertinite groups are
observed (Tab. 1).

Macerals of the liptinite group are dominating. Within
the macerals of this group, alginite, bituminite and liptode-
trinite are observed. Alginite is most often observed in the
form of a fine, elongated lamalginite (plate I, A) and slight-
ly less frequently in the form of larger bodies — telalginite.
Within the telalginite Tasmanites are observed (plate I, B).
Both forms of alginite show yellow fluorescence (telalginite
fluorescence appears to be more intense). The content of al-
ginite ranges from individual occurrences up to 20 vol% of
all components in the rock, with an average of about 2 vol%.
Bituminite forms more or less regular laminae (plate I, C).
It exhibits brown fluorescence. Its maximum content reach-
es 5 vol%., although there are samples in which it is not present
at all. Liptodetrinite is composed of fine (<10 pm) fragments
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Table 1. Maceral content in the investigated samples

Tabela 1. Udziat poszczegdlnych maceratéw w przebadanych probkach

collotelinite | vitrodetrinite | fusinite | semifusinite | inertodetrinite | alginite | bituminite | liptodetrinite
< clay shale 1 TRACE TRACE n.o n.o trace 0.16 n.o 0.63
é % clay shale 2 0.46 0.46 trace trace trace 1.08 n.o 0.46
g = clay shale 3 0.74 0.55 trace n.o trace 0.18 n.o 0.92
A
marly shale 4 TRACE 0.20 n.o n.o trace trace n.o. trace
carbonate shale 1 trace TRACE trace trace trace 0.79 TRACE 1.89
- sandstone 2 1.28 0.32 trace trace n.o. 0.80 1.91 TRACE
§ micritic limestone 3 TRACE TRACE n.o trace trace 0.33 0.33 TRACE
= carbonate shale 4 0.79 0.16 TRACE trace TRACE 2.05 1.74 0.95
micritic limestone 5 TRACE 0.16 n.o trace n.o. TRACE n.o. TRACE
clay shale 1 0.76 TRACE n.o n.o n.o. 1.89 0.38 1.32
§ clay shale 2 TRACE 0.20 n.o n.o n.o. 2.57 n.o 1.38
% clay shale 3 0.18 TRACE n.o n.o n.o. 0.55 n.o. 0.55
E clay shale 4 TRACE TRACE n.o n.o trace 0.97 0.39 2.13
N clay shale 5 TRACE TRACE n.o n.o n.o. 1.29 n.o 0.74
marly shale 6 0.20 0.40 n.o. n.o n.o. 1.60 trace 1,00
clay shale 1 0.19 0.19 trace n.o. trace 1.69 1.69 0.94
= sandstone 2 trace TRACE n.o n.o. n.o. trace n.o. trace
§ clay shale 3 0.39 0.78 trace n.o. trace 2.15 2.54 0.39
,,é carbonate shale 4 0.20 0.40 trace n.o. trace TRACE n.o. 0.40
= clay shale 5 0.38 TRACE trace trace trace 1.34 1.15 0.95
clay shale 6 TRACE TRACE trace n.o. n.o 1.90 5.14 1.52
clay shale 1 TRACE 0.19 trace n.o. trace 1.30 0.93 1.86
% clay shale 2 TRACE 0.39 trace trace trace 1.96 0.39 0.98
% marly shale 3 TRACE TRACE n.o n.o. n.o. 0.38 trace TRACE
E siltstone 4 0.40 TRACE trace n.o. n.o. 0.20 0.20 TRACE
clay shale 5 0.39 TRACE trace n.o. 0.2 0.98 2.16 0.39
clay shale 1 TRACE 0.39 n.o n.o trace 4.43 1.93 1.73
o clay shale 2 0.20 TRACE n.o n.o. n.o. 7.23 3.41 0.40
§n clay shale 3 0.39 TRACE n.o n.o. n.o. 1.17 1.57 0.20
E’ chert 4 trace TRACE n.o n.o. n.o. TRACE n.o. 0.20
“ mudstone 5 0.37 TRACE trace n.o. n.o. 2.61 5.03 0.56
clay shale 6 TRACE TRACE trace n.o. n.o. 0.60 3.79 0.60
clay shale 1 0.15 TRACE trace trace n.o. 2.11 2.11 2.11
Es clay shale 2 0.17 TRACE trace n.o. n.o. 2.19 422 1.18
‘% clay shale 3 0.33 TRACE n.o n.o. n.o. 2.94 2.45 2.45
5 clay shale 4 0.16 TRACE trace trace trace 0.47 4.1 TRACE
mudstone 5 TRACE TRACE trace n.o. n.o. 3.31 4.57 0.94
clay shale 1 TRACE TRACE n.o n.o n.o. 13.16 0.85 222
~ carbonate shale 2 0.98 0.16 n.o trace n.o. 1.14 0.33 0.33
g carbonate shale 3 0.16 0.32 trace trace n.o. 0.49 n.o 0.49
g carbonate shale 4 0.16 TRACE trace trace trace 1.28 n.o. 0.16
M mudstone 5 0.16 TRACE trace trace n.o. 20.39 0.49 2.63
marly shale 6 0.63 0.47 trace n.o. n.o. 1.26 n.o 0.78

TRACE — fragments often observed; trace — very few fragments; n.o. — not observed
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PLATE I/ TABLICAI

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

A. Komancza 2, probka 2. Lamalginit
wykazujacy fluorescencje¢ w kolorze
z6ttym (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 zachowana 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 zachowang struktura tkankowa (strzatka). Swiatto odbite

of organic matter, exhibiting yellow fluorescence — similar to The vitrinite group is represented mainly by collotelinite
alginite (plate I, D). It is probably a product of mechanical and witrodetrinite. Collotelinite occurs in the form of elongated
degradation of algae. It is a common, although due to its small ~ fragments of various sizes. The length of collotelinite fragments
size its content does not exceed about 2.5 vol%. varies from very small up to several hundred um, 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
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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.
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