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Petrographic-geochemical characterization of the
dispersed organic matter in Menilite shales from the
Silesian Unit in the Carpathian Mountains of SE Poland

This article is devoted to the issue of dispersed organic matter present in Menilite shales. A total of 27 samples collected
from 8 outcrops, representing various lithological types (mainly shales and mudstones) types, were examined with the use
of microscopic (optical microscopy) and geochemical (Rock-Eval pyrolysis) methods. Maceral composition in investigated
rocks is relatively monotonous. Liptinite macerals are usually the most numerous, while vitrinite macerals are less com-
mon. Inertinite macerals are very rare. The maceral composition suggest brackish environment. Results of both the vitrinite
reflectance and the Rock-Eval pyrolysis show that the maturity level of the organic matter changes from the immature to
the oil window phase. Maturity increases towards the south-east.
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Charakterystyka petrograficzno-geochemiczna rozproszonej materii organicznej w tupkach
menilitowych z jednostki $laskiej w obrebie polskiej czesci Karpat Zewnetrznych

Artykul poswigcony jest zagadnieniu rozproszonej materii organicznej. Przy uzyciu metod mikroskopowych (mikrosko-
pia optyczna w $wietle przechodzacym i odbitym) i geochemicznych (piroliza Rock-Eval) przebadano ogoétem 27 probek
pobranych z 8 odslonig¢, reprezentujacych rozne typy litologiczne, glownie roznego rodzaju tupki i mutowce. Przebadane
skaty charakteryzuja si¢ stosunkowo monotonnym sktadem maceralowym. Dominuja maceraty grupy liptynitu, mniej licz-
nie obserwuje si¢ maceraty grupy witrynitu, natomiast grupa inertynitu jest obecna jedynie incydentalnie. Sktad macera-
fowy sugeruje srodowisko brakiczne. Zaréwno wyniki pomiarow refleksyjnosci witrynitu, jak i pirolizy Rock-Eval wska-
Zuja, iz stopien dojrzalosci materii organicznej jest zmienny i waha si¢ od stadium niedojrzatego po gtéwne okno ropne,
przy czym obserwuje si¢ trend wzrostowy w kierunku potudniowo-wschodnim.

Stowa kluczowe: tupki menilitowe, materia organiczna, refleksyjnos¢ witrynitu, liptynit, piroliza Rock-Eval.

Introduction

The Menilite Beds are one of the most interesting for-  Different types of shales (clay, marly, carbonate), as well

mations in the Carpathian Mountains, due to their diverse  as siltstones, mudstones, sandstones and cherts occur in the

lithology, occurrence and dispersed organic matter content
(its composition and maturity). These features have a great
impact when considering them as potential source rocks and
for that reason much attention is paid to them [2, 4, 6-17].
The aim of this article is to characterize the organic mat-
ter present in the Menilite shales (both its composition and
maturity level). Menilite Beds have a complex lithology.

outcrops. This paper investigates whether the lithological
character of rocks, influences the variability of the organic
matter composition. The relationship of organic matter with
basic geochemical parameters obtained from Rock-Eval
pyrolysis (TOC, HI, T,,,) was also analyzed. The article
focuses on the Menilite Beds from the eastern part of the
Silesian unit (figure 1).
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Research material and methods

The research material consisted of 27 samples taken from 8
outcrops within the Silesian Unit (Polish part of the Carpathian
Mountains). These outcrops were: Rudawka Rymanowska, Ry-
mandw Zdrdj, Wernejowka, Bobrka, Jabtonki, Strzebowiska,
Wetlina and Monasterzec (figure 1). Strzebowiska, Jabtonki
and Wetlina are located in the Fore-Dukla zone, which is
the southern part of the Silesian Unit. During the field work,
special attention was paid to collecting samples that represent
all the possible lithological varieties that can be distinguished
in the outcrop scale. This was to examine how the dispersed
organic matter composition changes within each outcrop and
also, what are the relations of organic matter composition and
the lithology of the samples. The lack of such information
would prevent a fair comparison of samples taken from the
various outcrops. The applied selection of the outcrops allows
to extrapolate obtained results in order to determine trends
of changes in the composition and maturity of the analyzed
organic matter in a regional scale. The collected samples
represented mainly gray shales (with or without carbonates),
while siltstones, mudstones and cherts were rather rare.

The analyses were based mostly on microscopic obser-
vations. They were divided into two stages. The first stage
involved the analysis in reflected light and also in fluorescence
mode, with the use of polished sections. They were performed

on a Zeiss Axioplan optical microscope, at a magnification of
500x, in immersion oil (immersol 518 N, n = 1.518).

Firstly, a point-counting method was performed (min.
600 points were counted). It was done to examine both the
amount and ratio between macerals of the three main groups
— vitrinite, inertinite and liptinite. Secondly, the measurements
of the vitrinite reflectance were performed. Before perform-
ing the measurements, the microscope was calibrated with
the use of two reflection standards (R, = 0.429 spinel, garnet
R,=0.905).

The second stage was performed in transmitted light, with
the use of thin sections that were analyzed with the Nikon
Eclipse LV100 POL optical microscope, at magnifications
50+1000x. The point-counting method was used again, this
time to determine the type of rock and its mineral composi-
tion (min. 500 points were counted).

The results obtained during the work on both microscopes
were supplemented with photographic documentation.

Microscopic analyses were also supplemented with the
results of the Rock-Eval pyrolysis, performed on the Rock-
Eval — 6 apparatus (standard model). Among the obtained

parameters, special attention was paid to TOC (Total Organic
Carbon), T,
important in organic matter characterization.

and HI (Hydrogen Index), as these are very
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Fig. 1. Geological map of the investigated area with the position of the outcrops [3, edited]

Results

The maceral composition of the investigated samples
is relatively monotonous. Analyzed rocks differ mainly in
maceral proportions. Macerals of all three main groups (vi-
trinite, inertinite and liptinite) are present in the examined
rocks (tab. 1). In some samples solid bitumen were present.
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The solid bitumen usually exhibit orange-yellow fluorescence
(plate I, F).

Liptinite macerals are the most numerous organic compo-
nents observed in analyzed samples (up to 33.3% vol., average
9.7% vol.), represented by alginite, bituminite and liptodetrinite.



=
—t—
-
e
>
s
-
(g

Ppoonou u2jo a1k sureld — gDV Y.L [dwes ur sureid o[3urs — aoe1n

080 8Y'L soeq 6£C aoeq 0 0 HOVIL ooeq (430 (42K
61 61 doen 1S°0€ ooen ooen ooen ADVIL 0 ST1°0 6S1CI 09Z10)SEUOIN
09¢C eL'e 910 eL'e doen doen Joen HOVIL 0 6v°0 8SICI
HOVIL e0 0 0 doen doen 91’0 OVl 0 HOVIL LSTCI
ore Lyl 0 doen doen doen Joen 910 0 91’0 SSICI BUIPPOM
HOVIL 0 0 ooen 0 ooen 0 6v°0 0 HOVIL ecIcl
6C'1 879 0 0 0 0 0 ooen 0 910 59141
0s'1 £ee 0 0 0 0 0 Joen 0 9oen ovIcI BYSIMOQaZNS
9LC 6991 0 I€°0 ooen 0 0 HOVIL 0 ooen 8YICI
soeq I8°1 0 910 Qoen Qoen soen HOVIL 0 HOVIL IvICI
Joen Joen 0 1€°0 0 0 0 0 0 0 144¥4! uorqef
601 6581 0 91’0 0 0 0 HOVYL 0 doen evicl
€0 veT 0 9¢'1 Joen doen Joen HOVYL doen HOVAL 05801
144! 8L°01 0 €09 Joen Joen Jorn 1480 doen ¥1°0 6v801 e3}Iqodg
wl IS 11 ooen $6°0 HOVIL soen soen HOVIL ooen 910 87801
ooen ooen 0 ooen ooen 0 ooen ADVIL 0 ooen €801
85T Ll HOVIL 1443 9oeq) 0 0 HOVIL 0 Q0eq) 801 eymoloutom
¥8'C 68’1 910 (! doen ooen ooen HOVYL 0 HOVIL 7801
€Tl 691 0 6¢'1 soeq soeq 0 HOVIL 0 90 Se801
S6'v (44 0 801 S1°0 Joen Joen S1I'o 0 6¢'1 PE801 [o1p7z mouewky
09v 850 0 sTsl HOVIL HOVIL HOVIL €0 Joen €0 £€801
Sv'l vv'0 0 L80 Joen) Joen doel) vv'0 doen S1°0 6¢801
er'e Qoen 0 81°C Jorn Jorn d%eq HOVYL Joen 290 87801
€60 LTO0 soen 00T soen 0 soeq HOVIL soen HOVIL LT801 Sy S pp—
6LC 96t soen 8001 soeq soeq soeq 910 soen HOVIL 97801
we LY'0 soen ¥8°9 soeq ooeq ooen HOVIL soeq HOVIL S80I
€9°¢ LET S1'0 8L'S ooen doen 0 HOVIL ooen LO'T vC801
onuidre[e) | oyuidjewe| IUIQ) | 9JIUI[RIO[[0D
quumopodi] | ruruInIq 9JIULIOPOJISUT | ATUISNJIWIS uIsny IUINIAONIP
uid[e 9JIULDIAO[)

so[dwres pazA[eue oy Jo uonisodwos [erooew Ay ‘| 9[qe],

837

Nafta-Gaz, nr 11/2017



Alginite content varies from trace to 30.5% vol. (average
4% vol.). This is mainly lamalginite, present in the form of
single algae bodies or algae colonies (plate I, A). Apart from
lamalginite, telalginite is also (but rarely) observed (< 0.2%
vol.). Telalginite is present in a form of a single algae with
relatively thick cell walls, which most likely can be classi-
fied as Tausmanites (plate 1, B). Both types of alginite exhibit
a strong, bright yellow fluorescence. Another very common
maceral within the liptinite group is bituminite (plate I, C).
Bituminite is present usually in the form of laminae. It gener-
ally shows brownish fluorescence, but in a few samples no
fluorescence was observed. Bituminite content in analyzed
samples reaches up to 18.6% vol. (average 4.2% vol.). In all
the samples the fine liptinite detritus (<10 pm), most likely
of algal origin, is noticed (average content is 2.3% vol., but
it can reach up to 5.6% vol.). Liptodetrinite exhibits yellow
fluorescence.

Apart from liptinite, macerals of the vitrinite group are
also present in the investigated rocks. In the analyzed samples
both collotelinite and detrovitrinite are common, while te-
linite is rare. Telovitrinite reaches the maximum content of
1.4% vol. (average 0.2% vol.), while detrovitrinite does not
exceed 0.5% vol. There are various types of vitrinite particles
present (plate I, D). Some grains have reduced reflectance,
due to saturation with lipoid substance. They are usually
present in the form of elongated clasts (tens of microns) and
exhibit brown fluorescence. Next to them, elongated particles
of a slightly higher reflectance, in which the lipoid impregna-
tion is less intense, are present. Finally, redeposited vitrinite
particles with the highest reflectance can be distinguished.
The diversity of reworked vitrinite reflectance values may
suggest its origin from various sources. They usually have
an oval shape and do not show any fluorescence. Apart from
the grains described above, very rarely, grains of telinite
with preserved cellular structure can be noticed. Grains of
detrovitrinite are relatively common. They occur in the form
of small (<10 pm), sharp-edged particles.

The least common macerals in the analyzed samples
are inertinite macerals. They are present in trace amounts,
only rarely approaching 0.2% vol. There are fragments of
fusinite, semifusinite and inertodetrinite present. Fusinite
is characterized by the highest reflectance and preserved
cellular structure (usually a few cells). Semifusinite has
a lower reflectance than fusinite, with a similar state of
preservation of the morphological features. There are also
particles of fusinite and semifusinite where the cell structure
is not preserved, but the characteristic shape of sharp-edged
grains can still be seen (plate I, E). Small (<10 um) frag-
ments of inertodetrinite are relatively often, but their content
is rather very low.
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Thermal maturity

The commonly used parameter of thermal maturity is vi-
trinite reflectance (R,). In case of the analyzed samples this
parameter is in the range of 0.24 to 0.94% (table 2), which
indicates the maturity spectrum of the analyzed rocks from
immature (17 samples) to the oil window phase (6 samples).
For four samples it was impossible to provide reliable measure-
ments of the vitrinite reflectance, due to a very low number of
measurements. In these samples both the size and surface qual-
ity of the vitrinite particles were not suitable for the analysis.
The obtained reflectance measurements are confirmed by the
results of Rock-Eval pyrolysis (table 2). The 7, parameter is
in the range of 412 to 468°C, corresponding to both immature
(16 samples) and the oil window (11 samples) stage of maturity.

The organic matter content (TOC parameter) in the case
of the analyzed samples is in the range from 0.3 to 10.4%
(average 3.4%). Hydrogen index (HI) also changes in a wide
range of 16 to 597, which mainly corresponds to types II
and III of kerogen and also to their mixture (figure 2).
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Fig. 2. The analyzed samples plotted into
van Krevelen’s HI-T,,,, diagram
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The relations between dispersed organic matter
content and lithology

The composition of organic matter in relation to the type
of rock dispersed within it, is an interesting issue. Unfortu-
nately, such characteristics in this work cannot go beyond
only very general observations. This is due to two reasons.
Firstly, in the analyzed samples, the content of both vitrinite
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Table 2. Vitrinite reflectance measurement results and the most important geochemical parameters obtained for analyzed samples

std. dev.
10824 clay shale 424 6.57 456 0.24 0.07
10825 clay shale 424 4.05 488 0.31 0.08
Rudawka Rymanowska 10826 clay shale 425 4.35 415 0.30 0.05
10827 mudstone 428 1.29 239 0.29 0.06
10828 clay shale 428 2.97 314 0.24 0.05
10829 mudstone 430 2.84 493 0.26 0.03
10833 mudstone 427 7.08 597 0.25 0.05
Rymanow Zdroj 10834 mudstone 425 10.42 481 0.26 0.07
10835 clay shale 427 3.34 358 0.27 0.06
10841 clay shale 436 2.06 197 X X
Wernejowka 10842 clay shale 435 2.55 244 0.33 0.07
10843 siltstone 441 0.82 151 0.35 0.11
10848 clay shale 416 6.82 562 0.28 0.09
Bobrka 10849 mudstone 412 5.05 518 0.26 0.05
10850 clay shale 422 3.12 336 0.29 0.08
12143 marly shale 465 3.81 124 0.75 0.13
Jabtonki 12144 chert 468 0.35 126 X X
12146 marly shale 461 0.32 62 X X
12148 clay shale 444 2.87 36 0.72 0.08
Strzebowiska 12149 clay shale 451 1.45 52 X X
12151 mudstone 426 2.78 16 0.77 0.06
12153 carbonate shale 462 0.78 58 0.94 0.15
Wetlina 12155 clay shale 461 2.03 87 0.83 0.08
12157 carbonate shale 458 0.70 61 0.94 0.11
12158 clay shale 412 4.84 339 0.28 0.07
Monasterzec 12159 clay shale 416 4.17 554 0.24 0.05
12162 clay shale 419 3.40 283 0.26 0.05

and inertinite maceral groups, is usually very low, effectively shales, carbonate shales and mudstones (1+1.6% vol.), while

making it impossible to examine the statistically reliable rela- in the marly shales and siltstone, only trace amount of vitrin-
tionship between them, in relation to the different lithologies.
Secondly, the group of collected samples, although relatively
diverse in terms of their lithology (different varieties of shales,
siltstones, mudstones, chert, limestone), is too small for all
rock types to be represented in an amount, where it could be ~ °
possible to conclude that the obtained results are characteristic
for the specific lithological type. Having that in mind, it can

only be stated that:

ite is present; vitrinite is not observed in the studied chert,
inertinite is usually very rare — it is observed most fre-
quently in carbonate shales and mudstones, while in chert
it is absent,

content of liptinite is usually the highest; it is observed
most often in clay shales, marly shales and mudstones
(average of 11+12% vol.); the content of this maceral
group in the carbonate shales is slightly lower (approxi-

» average content of the dispersed organic matter in analyzed

shales and mudstones is in the range of from 1 to 5% vol.
and is significantly higher than in the studied siltstone and

mately 2% vol.), while in the siltstone and chert it does
not exceed 0.7% vol.
Data for the maceral groups with respect to lithology is

chert, where it does not exceed 1% vol., shown in figure 3. The separate results for alginite, bituminite
» average content of vitrinite in all types of rocks does not

exceed 0.6% vol.; the largest content is observed for the clay

and liptodetrinite, due to their high content in the analyzed
samples, are also presented.
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A — Lamalginite. Monasterzec, sam-
ple 12159.

B —Telalginite. Wernejowka, sample
10842.

C — Bituminite (red arrow) and al-
ginite (green arrow). Bobrka,
sample 10849.

D — Two kinds of vitrinite particles —
elongated, not reworked (red ar-
row) and oval, reworked (green
arrow). Rudawka Rymanowska,
sample 10827.

E —Fusinite. Jabtonki, sample 12146.

F — Solid bitumen. Strzebowiska,
sample 12149.

Correlations of the most important geochemical
parameters, vitrinite reflectance and organic matter
composition

Correlations between the most important parameters ob-

tained from the Rock-Eval analysis, results of the vitrinite
reflectance measurements and liptinite maceral group content

were analyzed. There were a number of interesting relations
noticed (table 3), of which the most important are:

very good correlation (correlation index = 0.84) of T,,,,, and
R, parameters; these two parameters define the maturity
of organic matter,

strong correlation (—0.78) between vitrinite reflectance (R,)
and the hydrogen index, which is reasonable, because
the HI decreases with the increasing degree of organic
matter transformation; consequently, the hydrogen index
also decreases with the increasing 7,,,. parameter (—0.69),
the presence of alginite has a significant impact on the
hydrogen index (0.58), which should not be surprising, as
alginite is assigned to the types I and II of kerogen (which
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have a high hydrogen Table 3. Correlations between different parameters and maceral components
index); lack or a lower

content of the alginite in
the studied rocks lowers
the HI parameter down to
values characteristic for

—0.62

the type III kerogen (at —0.82 —0.76 0.75
low or even trace content —0.28 —0.45 0.66 0.54
of vitrinite, which is the -0.43 -0.46 0.49 0.63 0.77
true type III of kerogen). 0.22 -0.02 0.22 -0.09 0.48 -0.15
-0.34 -0.37 0.71 0.47 0.45 0.36 -0.04

The maturity of organic

matter and its regional variability maturity. The increase maturity level from immature in the
The results from both vitrinite reflectance measurements ~ western and northern parts of the analyzed area to the oil

and the analysis of Rock-Eval (parameter 7,,), allowed to ~ window phase in the southern-east part was noticed. This

determine regional trends in the changes of organic matter  trend is shown in figures 4 and 5.

Outcrops: ()
1 — Bobrka

2 — Rymanéw Zdroj
3 — Rudawka Rymanowska
4 — Wernejowka

5 — Monasterzec

Outcrops: ()

1 — Bobrka

2 — Rymanow Zdroj
3 — Rudawka Rymanowska
4 — Wernejowka

5 —Monasterzec

6 — Jabtonki 6 — Jabtonki
7 — Strzebowiska 7 — Strzebowiska
8 — Wetlina 8 — Wetlina

Fig. 4. Vitrinite reflectance changes within the analyzed area Fig. 5. The T,,,, parameter distribution within the analyzed area

Conclusions
1. Maceral composition of the investigated samples is relative- Liptinite is most numerous in clay shales, marly shales
ly monotonous — analyzed rocks differ mainly in maceral and mudstones, while the highest content of vitrinite is
proportions. Liptinite macerals (alginate, bituminite and in clay and carbonate shales and also in mudstones.
liptodetrinite) are the most numerous. Vitrinite macerals 4. There are several good correlations between organic matter
(collotelinite, telinite, detrovitrinite) are common, but their components described with the use of optical microscope
content is lower than liptinite macerals. Inertinite macerals and geochemical parameters obtained from Rock-Eval
(fusinite, semifusinite and inertodetrinite) are rather rare. pyrolysis. These two methods used together can give
2. There is an increase maturity level from immature in the very detailed and complete information on organic matter
western and northern parts of analyzed area to the oil components in rocks.
window phase in the southern-east part. 5. The maceral association (alginie + bituminie + vitrin-
3. Analyzed shales and mudstones are significantly richer ite + detritus of all 3 main maceral groups) present in the
in organic components than studied siltstone and chert. samples may suggest the brackish environment [1].
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