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Dispersed organic matter in shales from Menilite
Beds within Polish Outer Carpathians — preliminary
diagnosis

Samples of shales from Menilite Beds from different units were analyzed (Skole, Silesian, Dukla, Magura and Bo-
ryslav—Pokuttya Units). The aim of this paper was to present the diversity in organic matter type, maturity and com-
position between different units and within each unit. Obtained results revealed that collected shales share similar
petrographic composition of organic matter, dominated by bituminite, alginite and vitrinite (present in different pro-
portions). The maturity (determined on the basis of both 7, and R, parameters) varies from immature to late “oil
window” phase or even to early “gas window”. The content of organic matter changes in a wide range — obtained
TOC values are in the range of below 1.5% up to 13%. Such a diversity in results revealed the need for more deta-
iled field work, focusing on collecting samples in relation to both local and regional geology.

Key words: Menilite Beds, shale, organic matter, alginite, vitrinite.

Rozproszona materia organiczna w tupkach z warstw menilitowych Karpat Zewnetrznych
— wstepna charakterystyka

Przebadano probki tupkéw z warstw menilitowych z ré6znych jednostek w obrebie Karpat Zewnetrznych (jednostka
skolska, $laska, weglowiecka, dukielska, magurska oraz borystawsko-pokucka). Celem niniejszej pracy byto przed-
stawienie zréznicowania materii organicznej (pod katem jej zawartoéci w skale, rodzaju i dojrzatoéci) pomiedzy
probkami z réznych jednostek, a takze w obrebie kazdej z nich. Uzyskane wyniki ujawnity, iz badane probki tupkow
menilitowych charakteryzuja si¢ zblizonym sktadem petrograficznym materii organicznej, zdominowanym przez
alginit, bituminit oraz witrynit (obecnymi w réznych proporcjach). Jej dojrzatos¢ (oszacowana na podstawie wyn-
ikow pirolizy Rock-Eval oraz pomiaréw refleksyjnosci witrynitu) zmienia si¢ od niedojrzatej do pdznej fazy ,,okna
ropnego”/wczesnej fazy ,,okna gazowego”. Udzial materii organicznej w badanych tupkach jest zmienny w szerokim
zakresie — wartosci TOC mieszcza si¢ w przedziale od 1,5% do 13%. Roznorodno$¢ uzyskanych wynikow ujawnita
potrzebe bardziej zaawansowanych prac terenowych, skupionych na poborze probek z jednoczesnym uwzglednieniem
sytuacji geologicznej zardwno lokalnej (w skali odstonigcia), jak rowniez regionalne;.

Stowa kluczowe: warstwy menilitowe, fupek, materia organiczna, alginit, witrynit.

Introduction

This paper deals with dispersed organic matter in shales  because menilite shales are considered to be very important
from Menilite Beds localized in the Polish part of the Outer  (if not the most important) source rocks for hydrocarbons in
Carpathians. Characteristics of both its composition and ma-  the Outer Carpathians. The paper is an introduction to the topic,
turity in the aspect of spatial variability is extremely important, ~ which will be extended in further, more detailed publications.
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The results presented in this study will be used to develop the
best strategy for collecting samples, as they give a general view
of the nature of changes in organic matter (both in terms of
composition and maturity) and therefore provide information
of what can be expected in different parts of the studied area.
The paper presents the results of analyses of geochemical
(Rock-Eval pyrolysis) and micro- and macroscopic investi-

gations of 17 samples collected from outcrops within Units:
Skole, Silesian (with Wegléwka Unit), Magura, Dukla and
Boryslav—Pokuttya. Naturally, such a large study area cannot
be characterized fully with such a small amount of samples,
however, the results allow to make general conclusions that
can be treated as a good base for more detailed work in the
future.

Menilite Beds as a source formation for hydrocarbons in the Outer Carpathians

Menilite Beds is one of the most interesting formation in
the Carpathians, both in terms of their diverse lithology and
occurrence, and also because of the high content of dispersed
organic matter, its composition and maturity. Mentioned fea-
tures have a huge impact on considering these sediments as
potential source rocks. That is a reason why menilite shales
are the topic of many geological and geochemical papers
[2,6-10, 12,13, 16-19, 22, 23].

Menilite Beds were first described by Glocker in Mora-
via and referred to as “rocks with menilite” [3, 20]. These
sediments are developed mainly as clay rich and marly
shales, with characteristic cleavage and dispersed organic
matter content that may excess 20% [1, 9, 15]. In the area
of the Polish Outer Carpathians Menilite Beds begin the
final stage of flysch sedimentation. The sediments belong-
ing to this formation are commonly found in the Skole,
Silesian, Weglowka and Dukla Units and rarely in the most

southern part of the Magura Unit. They are also present
in the Grybow Unit, occurring in tectonic windows within
the Magura Unit [20]. The thickness of menilites is vari-
able and ranges from 100 m in the Silesian Unit to 500 m
in the Skole Unit [2]. Paleontological research showed
that the bottom of menilites is isochronous, while the top
part of the formation is variable in time — sedimentation
was ended first in the southern part of the basin, while in
northern parts it lasted longer [11, 20]. Paleobathymetry
is considered to be extremely variable — from shallow to
deep water environments [6, 14].

Menilite shales are also heterogeneous in terms of geo-
chemical parameters — with a wide range of TOC values (from
less than 1% to over 20%) and a different level of maturity
(from immature, through the stage of “oil window” to the
early stage of “gas window”). Most often type II kerogen is
described, with minor contents of types III and I [8].

Samples

Samples from 17 outcrops were collected (fig. 1), one
sample from each outcrop was obtained. The localities of
outcrops were chosen in a way, that they could represent many
tectonic units, especially the Skole, Silesian and Dukla Units.
After field work, collected samples represented 5 tectonic units:

Skole (5 samples), Silesian (with Weglowka) (5 samples),
Dukla (3 samples), Magura (2 samples) and Boryslav—Pokut-
tya (2 samples). These were mostly dark grey and gray, often
silicified, calcareous or noncalcareous, clay rich shales. The
map of outcrops localizations is given in fig. 1.

Methods

The results were obtained with the use of optical micros-
copy and the Rock-Eval pyrolysis. For optical investigations
microscopes: Nikon Opthiphot, Zeiss Axioplan and Nicon
Eclipse were used.

Samples were analysed using both reflected (polished
samples) and transmitted light (isolated kerogen) and also
under fluorescence mode. Magnifications from 200 to 500x
were used. Vitrinite reflectance (R,) was measured using
Zeiss Axioplan microscope. Proportions between different
macerals were obtained only on the basis of microscopic
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observations — no quantitative analysis was performed for
these samples.

The Rock-Eval pyrolysis was performed with the Rock-
Eval-6 standard model.

From all the samples kerogen was isolated, using stan-
dard procedure — sample undergoes HCI and HF treatment
to remove carbonates and silicates, and then organic matter
is separated from heavy minerals using high density liquid
(CdJ,, density 2.2 g/cm®). The final stage is removing the
finest fraction of kerogen by sieving (15 um).
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Fig. 1. Geological map of study area with the localization of outcrops [4, 5]

Localization of outcrops: K — Kniazyce-1 and 2, B — Bircza, L — Leszczawa Goérna-1 and 2, W — Wojtkowa, M — Monasterzec, BA — Bandrow,
J — Jablonki, H — Habkowce, S — Strzebowiska, WE — Wetlina, SO — Solinka, MS — Mszana, P — Polany, SW — Swiqtkowa, SE — S¢kowka

Results

Analyzed samples represent a wide range of lithologi-
cal diversity of Menilite Beds. These rocks are mostly dark
grey and dark brown, often silicified and calcarcous (rarely
noncalcareous), clay rich shales, splitting into parts around
1 cm thick, sometimes with visible yellow or rusty signs
of weathering. In mineralogical composition clay minerals
dominate. Carbonates, quartz and feldspars are also present,
but in smaller amounts. Dispersed organic matter is always
present, but TOC values are variable and reach from 1% to
13% (average 4.75%).

Petrographic composition of dispersed organic matter is
dominated by bituminite, alginite and vitrinite, which occur
in different proportions. Other macerals like liptodetrinite or
inertinite are less frequently or rarely observed. These observa-
tions are confirmed by investigations of isolated kerogen, which
is developed as amorphous matter, exhibiting fluorescence
(algal-derived material) or showing its lack (terrestrial-derived
organic matter). Maturity level ranges from immature, through

all stages of “oil window” to early stage of “gas window””.
Measured reflectance of vitrintie is in the range from 0.24 to
1.33% (average 0.75%), while T,,,. parameter, obtained from
the Rock-Eval pyrolysis, reaches from 400°C to 478°C (aver-
age 430°C). Detailed results of the Rock-Eval pyrolysis are
shown in table 1, 2 and in figures 2 and 3.

All analyzed samples are characterized by a similar
composition of kerogen (oil-prone type I/I1, represented by
bituminite and alginite, and gas-prone type III represented
by vitrinite). However, significant changes can be noticed
both in the degree of maturity of the organic matter and its
content in rock (tab. 1, 2). This means that Menilite Beds
are certainly not homogeneous in terms of hydrocarbons
generation potential. Hydrocarbons generation and thermal
history must have proceeded to different stage in different
parts of the basin. As a result of this situation, overall in-
terpretation is rather complex and more detailed field work
is needed to solve it.

Skole Unit

Within Menilite Beds belonging to the Skole Unit, 5 sam-
ples were collected during the filled work from outcrops:
Leszczawa Gorna (2 outcrops), Wojtkowa, Bandréw and
Bircza (fig. 1). These are very similar lithologically rocks —
dark brown or dark grey, silicified, noncalcareous (except
the sample from Bircza outcrop, which is calcareous and
contains 30% vol. of carbonates), clay rich shales, splitting
into very small (few mm thickness) plates. They all exhibit
yellow color related to the weathering process.

In organic matter composition, bituminite and alginite
dominates, although vitrinite is also present and often been
noticed (samples from Leszczawa Gorna and Bircza outcrops).
In case of samples from Wojtkowa and Bandrow, vitrinite is
less frequent. The isolated kerogen is dominated by fluores-
cent amorphous organic matter which is algal derived and
exhibits medium to strong fluorescence.

On the basis of the Rock-Eval analysis (tab. 1, 2), two groups
of samples can be distinguished. The first one is composed of
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samples from the Leszczawa Gérna and Bandréw outcrops and
has HI value in range from 360 to 456, which indicates type II
kerogen. The values of TOC for this group of samples ranges
from 6.37% to 12.95%, which is relatively high, compared to

all other samples. The 7,,,,. parameter is in the range from 410°C

to 423°C and corresponds to lower maturity of organic matter,
while the vitrinite reflectance (R, = 0.63+0.70%) is suggesting
the early oil window [21]. The second group of samples (from
the Bircza and Wojtkowa outcrops) differs from the first one and
has much lower HI values, which range from 156 to 209, which
is typical for organic matter belonging to type III kerogen. These
samples, as compared to the first group, also have high TOC
values (4.29+7.74%). Values of the T, parameter are similar,

in range of 410+419°C, which imply on low maturity of these

samples. Some changes are observed in vitrinite reflectance,
which is 0.70% for sample from the Bandrow outcrop (early
oil window) and 1.09% for sample from the Bircza outcrop
(late oil window).

To sum up, samples from Skole Unit have both type II
and type III kerogen (fig. 2, 3), represented by bituminite,
alginite (fig. 4) and vitrinite, present in different proportions,
mostly dominated by bituminite exhibiting fluorescence. The
content of organic matter is high, which is evidenced by TOC
values ranging from 4.29% to 12.95% (average is around
8%). It is, for most samples investigated, immature and only
the sample from the Bircza outcrop exhibits a higher level
of maturity. No visible geographical trends in the diversity
of HI and TOC parameters can be noticed.

Silesian and Wegléwka Units

Within the Silesian and Wegldwka Units, samples from
5 outcrops were analysed: Jabtonki, Wetlina, Monasterzec,
Strzebowiska and Mszana (fig. 1). Samples from these outcrops
are mostly grey or dark grey, dark brown or black, calcare-
ous (samples from outcrops: Jabtonki, Wetlina, Mszana) or
noncalcareous (samples from outcrops: Monasterzec and Str-
zebowiska) clay rich shales, splitting into plates of up to 1 cm
thick, sometimes with yellow colors indicating weathering.

In organic matter composition 3 petrographic components
are most common: bituminite, alginite and vitrinite. Bituminite
generally dominates. Proportions between alginite and vitrinite
are changing. In samples from the Mszana and Monasterzec
outcrops alginite content is higher than vitrinite, while opposite
is in samples from Jabtonki, where vitrinite seems to be present
in larger amount than alginite. In the Wetlina and Strzebowiska
outcrops, organic matter content is generally very low, and
both alginite and vitrinite are very rare. In isolated kerogen,
amorphous organic matter dominates. It exhibits fluorescence
(strong — Mszana, medium — Monasterzec), which indicates
aquatic origin, or is lacking fluorescence, which may suggest
terrestrial origin (Jabtonki, Wetlina, Strzebowiska).

From the geochemical point of view 2 groups of samples can
be distinguished (tab.1, fig. 2, 3). The first group is composed
of samples from the western part of the study area, from the
outcrops of Mszana and Monasterzec. These samples have
HI values ranging between 400 and 625, which is related to
type Il kerogen. The TOC values within this group range from
3.50% to 3.65%, which seems to be typical for samples from
the Silesian/Wegloéwka Units, but it is also much lower than
TOC values for samples from the Skole Unit. The 7, param-
eter indicates an immature stage of maturity, reaching values
414+427°C. This is confirmed by vitrinite reflectance measure-
ments (R, = 0.59+0.62%), which suggest an immature/early oil

618 Nafta-Gaz, nr 9/2015

window stage. The second group of samples contains samples
from Jabtonki, Wetlina and Strzebowiska. These samples can
be characterized by lower HI values, ranging from 41 to 109,
which corresponds to type III kerogen. They also have TOC
values changing in quite a wide range (1.99% for sample from
Wetlina, 3.09% for sample from Strzebowiska and 6.91% for
sample from Jabtonki). The 7, parameter is higher than in
the first group and reaches 441+465°C, indicating the main
and late phase of oil generation (oil window). This is, at least
partly, confirmed by R, values, which are 1.33% (Jabtonki)
and 1.16% (Wetlina) — suggesting the late oil window or even
carly gas window. Only the sample from Strzebowiska shows
a lower value of R, (0.54%). and does not correlate with 7,,,.,
indicating the immature/early oil window phase. This can be
explained by the imperfect vitrinite grains, which are often
small, heterogeneous and may affect the results of the reflec-
tance measurements.

To sum up, in the case of samples from the Silesian and
Weglowka Units some changes in composition of the organic
matter (alginite and vitrinite proportions — from common al-
ginite and rare vitrinite to common vitrinite and rare alginite),
its content (TOC values from 1.99% to 6.91%) and maturity
(from immature, through the early and main oil window to
late oil window or early gas window) can be evidenced. Con-
sidering the small amount of samples any clear geographical
trends in theses changes are not possible to be indicated, but
some very general directions can be suggested. It seems that
samples from the western part of the Silesian and Weglowka
Units (Mszana, Monasterzec) have a higher content of alginite
and at the same time this organic matter is less mature than
samples from the eastern part of the study area (Jabtonki,
Strzebowiska, Wetlina) for which a higher content of vitrinite
and also higher maturity level is observed.



Dukla Unit

Within the Dukla Unit 3 samples were collected during
field work, from outcrops: Habkowce, Swiatkowa and Solinka
(fig. 1). These shales are grey and dark grey, calcareous
(Swigtkowa) or noncalcareous (Habkowce, Solinka), rich
in clay minerals.

In organic matter composition, bituminite, alginite and
vitrinite are present. Vitrinite seems to occur in higher content
than alginite, which is very rare. These observations were
confirmed by investigations of isolated kerogen, which is
dominated by nonfluroescent (terrestrial derived), amorphous
organic matter.

Microscopic observations can be convincingly correlated
with geochemical results (fig. 2, 3, tab. 1, 2). And so, the in-
creased content of vitrinite results in low HI values, which are
characteristic for type III kerogen (gas-prone) and range from
52 (Solinka) to 135 (Habkowce). The values of the 7,,,. param-
eter are from 442°C to 478°C, which indicates both the early
(Swiatkowa, Habkowce) and late phase of the oil window or the

early phase of the gas window (Solinka). Vitrinite reflectance
also suggest higher maturity of organic matter for samples from
Habkowce and Solinka (R, = 1.02+1.05%, which corresponds
to the late oil window). For sample from Swigtkowa outcrop
this parameter suggest an immature/early oil window phase
(R, = 0.55%). The content of the organic matter is generally
lower than in other units, with TOC as low as 0.88+214%.

Generally, samples from the Dukla Unit are relatively
homogeneous in terms of both organic matter composition
(with higher content of vitrinite and only traces of alginite)
and its content, which is low. On the basis of 3 samples it is
difficult to draw any geographical trends, but it seems that the
sample form the western part of the study area (Swiatkowa)
is less mature, while samples from the eastern part (Solinka,
Habkowce) show higher maturity levels. This situation is
quite unusual, because the Swiatkowa outcorp is located in
a tectonic window within the Magura Unit, which in composed
of sediments that are generally immature.

Boryslav—Pokuttya Unit

Within the Boryslav—Pokuttya Unit samples from 2 out-
crops (fig. 1) were collected (Kniazyce-1 and 2). These shales
are dark gray and dark brown, noncalcareous, silicified, rich
in clay minerals, splitting into thin fragments of a few mm
thick or showing a high level of disintegrity. In the case of
the sample from the Kniazyce-2 outcrop, weathering signs
are visible (yellow color).

In organic matter composition bituminite and alginite
dominate over vitrinite. This is confirmed by the analysis of
isolated kerogen, which is dominated by amorphous organic
matter, showing strong (Kniazyce-2) or medium fluorescence
(Kniazyce-1).

The results of geochemical analysis (tab. 1, fig. 2, 3) show
that these samples have both similar and different features.
For example HI parameter values are different with 54 for the
Kniazyce-1 and 373 for the Kniazyce-2, which corresponds

to type III (Kniazyce-1) and type 11 (Kniazyce-2) kerogen.
On the other hand, values of the T

max

parameter are simi-
lar, indicating that these samples are immature (400°C for
Kniazyce-1 and 414°C for Kniazyce-2). Values of measured
vitrinite reflectance are also similar (0.73% for Kniazyce-1
and 0.86% for Kniazyce-2), suggesting the main oil window
phase. The content of organic matter is also similar — TOC
values range from 2.26% (Kniazyce-2) to 3,43% (Kniazyce-1).

For obvious reasons, any geographical trends are not pos-
sible to be drown. However, it is important to state that these
samples are similar from a geochemical point of view (content
and level of maturity) and at the same time they consist of
organic matter belonging to different types of kerogen. It may
suggest that these samples might have had the same thermal
history, but paleobathymetry in the basin and conditions dur-
ing sedimentation might have been diversified.

Magura Unit

Within the Magura Unit 2 samples were collected for
analysis, from the outcrops Sekowka and Polany (fig. 1).
These shales are grey, calcareous (Polany) or noncalcareous
(Sekowka), rich in clay minerals, splitting up into fragments
of up to 1 cm thick.

In organic matter composition bituminite dominates,
but alginite and vitrinite are also present. In sample from
Polany outcrop alginite is more common than vitrinite, in

Sekowka the situation is opposite (fig. 5). In isolated kerogen
amorphous organic matter dominates and shows only weak
fluorescence (algal derived, Polany) or is nonfluorescent
(terrestrial derived, S¢kowka).

From the geochemical point of view, only sample from
Se¢kowka outcrop can be interpreted (tab. 1). The 7, and
HI results for sample from Polany outcrop does not seem to
be reliable. Firstly, 7,

max

is very high, with value of 519°C,
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which would suggest main gas phase. If that would be true,
higher values of vitrinite reflectance (around 1+3%) should
be expected, while obtained value of this parameter is much
lower and equals 0+24%, which suggests very immature
phase. The result of vitrinite reflectance seems to be more reli-
able, as similar result was obtained for sample from Sekowka
(0.28%). Also obtained HI value is around 0 cannot be cor-
rect, due to presence of algal material in the sample. The
wrong result may be a consequence of a very low content of
organic matter in the sample. For second sample (Polany)
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Fig. 2. Hl vs. T,,,, diagram for analyzed samples

the obtained results are more reliable — it is very rich in or-
ganic matter (TOC = 8.99%), which is, however, immature
(T, =422°C, R,=0.28%). The HI is 283 and corresponds
to type II/III kerogen.

On the basis of the obtained data, it is possible to state,
that samples from the Magura Unit are similar in terms of
maturity (immature), but differ in both types of organic matter
(alginite to vitrinite relations) and its content (TOC from below
1.5% to around 9%). Naturally, due to the small amount of
samples, all these statements are very preliminary.
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Table 2. Comparison of geochemical parameters and vitrinite reflectance between samples from different units

156+456 (321)

410+423 (415)

0.63+1.09 (0.76)

41+625 (255)

414+465 (441)

0.54+1.33 (0.85)

52+135 (102)

442+478 (456)

0.55+1.05 (0.87)

283

422

0.24+0.28 (0.26)

Skole 4.29+12.95 (8.16")
Silesian 1.99+6.91 (3.82)
Dukla 0.88+2.14 (1.69)
Magura 1.18+8.99 (5.09)
Boryslav—Pokuttya 2.26+3.43 (2.85)

65+373 (219)

400+414 (407)

0.73+0.86 (0.80)

“ Average value is given in brackets.
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Fig. 4. Alginite (A) and bituminite (B) in sample from
Leszczawa Gorna-1 outcrop, Skole Unit. Fluorescence mode

Fig. 5. Vitrinite (V) in sample from Se¢kowka outcrop,
Magura Unit. Reflected light

Conclusions

The obtained results showed that Menilite Beds are very
heterogeneous. This diversity is related to the composition of
organic matter, its content in a rock and maturity. The analyzed
material was sufficient for some general statements to be made,
but definitely was too poor to characterize trends in changes of
different parameters within each of the analyzed units.

Menilite Beds within the Skole Unit are characteristic,
due to the highest content of organic matter (average TOC is
around 8%), which is dominated by bituminite and alginite
(type /Il kerogen).Vitrinite (type III kerogen) is also pres-
ent, but in lower amounts. This is confirmed by the highest
average HI values, which is 321 mgHC/gTOC. Maturity
level suggest the immature phase (on the basis of 7,,,.) or all
stages of the oil window (on the basis of vitrinite reflectance).

In comparison to the Skole Unit, Menilite Beds from the
Silesian and Weglowka Units reach medium values of organic
matter content (TOC values are in range of 1.99+6.91%).
Average value of HI is also not as high as in the Skole Unit
and reaches 255, which is a result of higher vitrinite content.
Maturity level ranges from the immature/early oil phase to
the late oil window.

Menilite Beds within the Dukla Unit in comparison to
those within the Skole and Silesian/Weglowka Units seem
to be poorer in organic matter (average TOC value is 1.69%),

but the maturity level is higher (average 7, is highest and

suggest oil window, average R, is also the highest — only one
sample suggest the immature phase, the rest can be interpre-

tated as the late oil window phase).

Please cite as: Nafta-Gaz 2015, no. 9, pp. 615-623

The Boryslav—Pokuttya Unit can be characterized by
a little higher average content of organic matter than samples
from the Dukla Unit (TOC is between 2.26% and 3.43%) and
at the same time much lower than samples from the Skole
Unit. In the composition of organic matter, there is a domi-
nance of bituminite and alginite over vitrinite, which results
in HI values being from 65 (for the sample with the highest
content of vitrinite) to 373 (for the sample with the lowest
content of vitrinite). These samples are immature or in the
main phase of the oil window.

From the Magura Unit only very general conclusions can
be made. So far, it seems that Menilite Beds from this unit are
heterogeneous with both organic matter content (TOC from
1.18% to 8.99%) and its type (there are samples with the
dominance of type I/II kerogen, but also samples with a high
content of type III kerogen are present), but quite homoge-
neous when it comes to its maturity level — interpretation of
both the 7,

max

and R, suggest the immature phase.

The results described above are only preliminary to the
topic. More detailed work is needed, in order to obtain the
information of not only the difference in organic matter com-
position and its maturity between different units, but also to
find out, if there are any trends in changes of these parameters
in different parts of the same unit. The detailed field work will
not only be needed to be focused on the amount of samples
collected from outcrops within the study area, but also the
results of analyses needed to be attached to the geological
situation on both the local and regional scale.

Article contributed to the Editor 26.01.2015. Approved for publication 22.04.2015.

The article was written on the basis of the following statutory work: Characteristics of dispersed organic matter in menilite sha-
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and Higher Education, order no. 44/SG/14, archival no. SG-4101-44/14.
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