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Rocks de pos ited in the Oligocene Paratethys are rec og nized as one of the most im por tant source rocks in the Flysch
Carpathians. The Šitboøice Mem ber (up per most NP23 to low er most NP25 zone) rep re sents the up per part of the Menilite
For ma tion in the Outer Flysch Carpathians of the Czech Re pub lic. This pa per pres ents re sults of bulk geo chem i cal anal y sis,
Rock-Eval py rol y sis and or ganic pe trog ra phy. The geo chem i cal eval u a tion, source rock po ten tial, kerogen type and ther mal
ma tu rity were stud ied us ing bore hole cores. Based on the clas si fi ca tion of Pe ters (1986), the eval u ated Šitboøice Mem ber is
mostly clas si fied as a “very good” source rock ac cord ing to TOC and vari able, mostly “poor” to “good” ac cord ing to the pe tro -
leum po ten tial. How ever, the av er age pe tro leum po ten tial value as signed the mem ber to “good” source rock which is in ac -
cor dance with the TOC clas si fi ca tion if the “live” TOC is used. A com pa ra ble dis tri bu tion be tween kerogen type II and III has
been in di cated by HI. Un like this, the or ganic pe trog ra phy ob ser va tions show the or ganic mat ter be longs to the kerogen type
II which cor re sponds to the re la tion ship of re sid ual hy dro car bon po ten tial ver sus TOC and HI cal cu lated based on “live” or -
ganic car bon. Pre sumed im ma tu rity was con firmed by Rr and Rock-Eval Tmax. Ox y gen-re stricted con di tions or a dysoxic en vi -
ron ment have been in di cated by the TOC/TS ra tio.
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INTRODUCTION

The bi tu mi nous Menilite For ma tion was first de scribed by
Glocker (1844) in the Moravia re gion and re ferred to as “rocks
with menilite”. Menilite is a lay ered grey ish-brown form of the
opal first re ported from Ménilmontant in Paris, France. Its or i gin
may be ex plained by diagenesis of diatomites. Now a days, the
Menilite For ma tion is re garded as one of the most pro lific hy dro -
car bon source rocks of the Outer Flysch Carpathians. Sys tem -
atic re search on the Menilite For ma tion (or its equiv a lents) in
Aus tria, Po land and Ukraine has brought de tailed char ac ter iza -
tion of the depositional en vi ron ment, or ganic mat ter ge netic
type, pe tro leum po ten tial and ther mal ma tu rity (e.g., Koltun,
1992; Schmidt and Erdogan, 1996; Köster et al., 1998a, b;
Schulz et al., 2002, 2004; Curtis et al., 2004; Kotarba et al.,

2005, 2007, 2013, 2014, 2017; Lewan et al., 2006;
Sachsenhofer and Schulz, 2006; Kosakowski et al., 2009,
2018; Sachsenhofer et al., 2010; Gusterhuber et al., 2013;
Kosakowski, 2013; Ziemianin et al., 2015). Ac cord ingly, the
main aim of this study is to fill the gap and eval u ate the source
rock po ten tial, kerogen type and ther mal ma tu rity of the
Šitboøice Mem ber of the Menilite For ma tion in the Ždánice Unit
(Outer Flysch Carpathians, Czech Re pub lic).

GEOLOGICAL SETTINGS

The West ern Carpathian Flysch Belt on the ter ri tory of the
Czech Re pub lic (Fig. 1) forms a SW–NE trending seg ment of
the Carpathians. It is sub di vided into two groups – the
Krosno-Menilite Group of Nappes (also known as the ex ter nal
group) and the Magura Group of Nappes (also known as the in -
ter nal one, Chlupáè et al., 2002). The Krosno-Menilite Group of
Nappes is char ac ter ized by suc ces sions of var ie gated shales of 
Late Cre ta ceous to Late Eocene age, menilitic silicites of Early
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Oligocene age and Krosno-type flysch of the Late Oligocene to
Early Mio cene age (Pícha et al., 2006).

The Krosno-Menilite Group of Nappes com prises the Pouz -
døany, Ždánice, Zdounky, Silesian, Subsilesian and Fore -
-Magura units (Chlupáè et al., 2002). The strati graphic range of
these units ex tends from the Ju ras sic to the Lower Mio cene.
How ever, most of them en com pass the Up per Cre ta ceous to
Lower Mio cene in ter val.

The en tire Carpathian Flysch Belt was thrust north-west -
wards onto the autochthonous Mio cene strata of the Carpa -
thian Foredeep and east ern slope (mar gin) of the Bo he mian
Mas sif (Pícha et al., 2006).

ŽDÁNICE UNIT

This tec tonic unit forms a part of the ex ter nal zone of the
Outer Flysch Carpathians. The con tin u a tion of this unit in the
Aus trian ter ri tory is named the Waschberg Zone (Fuchs et al.,
2001; Rögl et al., 2001; Fig. 1). The Ždánice Unit com prises
strata of the Up per Cre ta ceous (Campanian-Maastrichtian) to
the Lower Mio cene (Egerian to Karpatian). The unit is sub di -
vided into the fol low ing for ma tions (Chlupáè et al., 2002): 

– the Nìmèice For ma tion (in clud ing the Sheshory Marls),

– the Menilite For ma tion (in clud ing the Subchert and Chert

mem bers, Dynow Marlstone and Šitboøice Mem ber), 

– the Ždánice -Hustopeèe For ma tion, 

– the Šakvice Marls, 

– the Pavlovice For ma tion,

– the Laa For ma tion. 
The con tin u ous se quence of the West ern Carpathian

Flysch Belt is rep re sented by the Nìmèice For ma tion of Late
Cre ta ceous to Early Oligocene age, the Menilite For ma tion of
Early to Late Oligo cene age and the Ždánice-Hustopeèe For -
ma tion of Late Oligocene to Early Mio cene (Egerian) age. The
Šakvice Marls, Pavlovice and Laa for ma tions rep re sent Ege -
rian to Karpatian age molasse-type sed i ments of the piggy -
-back type ba sin for med on the folded Ždánice Nappe.

MENILITE FORMATION

The Menilite For ma tion is sub di vided into the Subchert
Mem ber, Chert Mem ber (also known as menilitic cherts), Dy -
now Marlstone and Šitboøice Mem ber (Stráník et al., 1974;
Stráník, 1981).
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Fig. 1. Sche matic geo log i cal map with po si tion of the se lected bore holes Mouchnice-1, Mouchnice-2 and Nevojice-1

The po si tion of the Køepice-5 bore hole from which a de tailed strati graphic de scrip tion of the Menilite For ma tion orig i nates is added;
 the cross-sec tion is ac cord ing to Pícha et al. (2006)



The Subchert Mem ber grad u ally passes up from the She -
shory Marls and is formed of brown strat i fied marls interbedded
with dark lam i nated shales with fish scales (Pícha et al., 2006).
The mem ber rep re sents strata de pos ited dur ing stepwise iso la -
tion from the world ocean (Švábenická et al., 2007). The
Subchert Mem ber passes up wards into or ganic-rich lam i nated
cherts and non-cal car e ous si li ceous shales of the Chert Mem -
ber. The Chert Mem ber was de pos ited in bathyal, anoxic con di -
tions with lim ited in flux of de tri tal ma te rial (Pícha and Stráník,
1999). The or i gin of the cherts may be ex plained by pro longed
de po si tion of diatomites re lated to low sa lin ity, cool ing of cli -
mate and in creased sea son al ity (Krhovský, 1981). A wa ter
depth from 200 to 1000 m of the depositional en vi ron ment for
the Chert Mem ber was sug gested by Brzobohatý (1981) and
Gregorová (1988). The Dynow Marlstone com posed of nanno -
fossil pe lagic lime stones and marlstones over lies the Chert
Mem ber. Dur ing its de po si tion anoxic con di tions still af fected
the deep wa ter en vi ron ment. Slightly in creased sur face sa lin ity
en abled a mass de vel op ment of cal car e ous nannofossils, but it
did not reach the nor mal val ues re quired to en able the re turn of
plank tonic foraminifers (Krhovský, 1981). The ar gil la ceous se -
quence of the Šitboøice Mem ber rep re sents the ter mi nal part of
the Menilite For ma tion (Stráník, 1981). The base of the Šitbo -
øice Mem ber is com monly formed of slumps and de bris flows
with an ero sional base (Stráník, 1981) re lated to the Šitboøice
Event of Krhovský and Djurasinoviæ (1993). The char ac ter is tic
sec tion of this mem ber is formed of brown non-cal car e ous
shales, oc ca sion ally with bod ies of mudstone in the lower part,
to green and brown shales with car bon ate con cre tions in the
up per part (Stráník et al., 1981). The Šitboøice Mem ber re flects
the res to ra tion of nor mal ma rine sa lin ity. Anoxic con di tions al -
ter nated with oxic ep i sodes is as ap par ent from ho ri zons with
ar tic u lated fish skel e tons. The to tal thick ness of the Menilite
For ma tion in the Ždánice Unit does not ex ceed 200 m. The
Menilite For ma tion in the Ždánice Unit was as signed to the
Lower Oligocene (Krhovský et al., 1992). How ever, ear lier stud -
ies ad mit also the Eocene–Oligocene tran si tion bound ary
(Stráník and Hanzlíková, 1968). The strati graphic cut ting out of
the Ždánice Unit is shown on Fig ure 2 with brief com par i son to
anal o gous units of the Aus trian Molasse Ba sin and Waschberg
Zone. The Eocene–Oligocene bound ary rep re sents a crit i cal

change from a green house cli mate into the ice-house con di -
tions as so ci ated with the ma jor ex tinc tion in the Early Oligocene 
(Prothero et al., 2000) and over all ocean fer til ity in crease
(Baldauf and Barron, 1990; Salamy and Zachos, 1999; Thomas 
et al., 2000) as a pre req ui site of hy dro car bon de vel op ment.

COMPARISON WITH STRATIGRAPHIC ANALOGUES
 IN AUSTRIA, POLAND AND UKRAINE

The Eggerding and Zupfing for ma tions within the Aus trian
Molasse Ba sin and the Thomasl For ma tion in the Waschberg
Zone are re garded as strati graphic an a logues of the Šitboøice
Mem ber (Wag ner, 1996, 1998; Krhovský et al., 2001). 

The li thol ogy of the Eggerding For ma tion is dom i nated by
grey lam i nated pelites with laminae of white nannofossil lime -
stone/nannochalk (Sachsenhofer et al., 2010). The thick ness of 
the for ma tion ranges from ~35 to ~50 m. The over lay ing Zup -
fing For ma tion is com posed of dark grey hemipelagites, dis tal
turbidities, and slump and slide bod ies (Sachsenhofer et al.,
2010). This for ma tion is up to 450 m thick. The li thol ogy of the
Thomasl For ma tion is com posed of dark var ie gated shales with 
cal car e ous and marly lay ers and sandy or silty in ter ca la tions
(Rögl et al., 2001).

Based on the ter mi nol ogy of Pe ters (1986), Sachsenhofer
et al. (2010) eval u ated the lower part of the Eggerding For ma -
tion as a “very good” source rock for oil and the up per part as a
“good” oil-prone source rock. Both the Eggerding and the lower
part of the Zupfing for ma tions are con sid ered to be mi nor
source rocks (Schulz et al., 2002; Sachsenhofer et al., 2010).
Ac cord ing to Pupp et al. (2018), the Thomasl For ma tion en -
coun tered in the Poysdorf and Thomasl wells holds a “fair” to
“good” source rock po ten tial which is in con trast with the “poor”
po ten tial of the same for ma tion of the Ottenthal sec tion.

Kerogen type II and III within the lower part of the Eggerding
For ma tion (Schulz et al., 2004; Sachsenhofer et al., 2010) and
pre dom i nantly of type III within the rest of the Eggerding
(Schmidt and Erdogan, 1996) and Thomasl for ma tions (Pupp et 
al., 2018) are in di cated by Rock-Eval hy dro gen in dex (HI) val -
ues. The pre vail ing im ma tu rity was sup ported by vitrinite reflec -
tance (Rr) mea sure ments and Rock-Eval Tmax val ues in all of
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Fig. 2. Oligocene strati graphic cor re la tion of the Ždánice Unit, Aus trian Molasse Ba sin and Waschberg Zone 

Mod i fied ac cord ing to Krhovský et al. (2001) for Czech ter ri tory and ac cord ing to Wag ner (1996, 1998) for Aus trian ter ri tory; 
stages of the Cen tral Paratethys are ac cord ing to Rögl (1998); NP Zones are ac cord ing to Berggren et al. (1995)



the Eggerding, Zupfing and Thomasl for ma tions (Sachsen hofer 
et al., 2010; Pupp et al., 2018).

Ox y gen-re stricted con di tions were in di cated by the TOC/TS 
ra tio in the Eggerding and Zupfing for ma tions (Sachsenhofer et
al., 2010) and sup ported by biomarkers in the Thomasl For ma -
tion within the Ottenthal sec tion (Pupp et al., 2018). Strongly ox -
y gen-de pleted con di tions were in di cated by biomarkers in the
same for ma tion in the Thomasl well (Pupp et al., 2018).

Sev eral com pre hen sive stud ies have been pub lished from
the Pol ish and Ukrai nian Carpathians. The Menilite Shales are
known in the area of Po land from the Skole, Subsilesian,
Silesian and Dukla units and strata oc cur ring in tec tonic win -
dows of the Magura Unit. In the area of Ukraine, the Menilite
Shales are known from the Boryslav–Pokuttya, Skyba (Skole),
Krosno (Silesian), Chornogora and Dukla units. Most of the
stud ies are fo cused on the Boryslav–Pokuttya, Skole, Silesian
and Dukla units.

The source rock po ten tial is vari able, mostly very good to
mod er ate (Kotarba and Koltun, 2006; Kotarba et al., 2013,
2014). Good to ex cel lent pe tro leum po ten tial has been ob -
served in the Skole (Skyba) and Boryslav–Pokuttya units
(Kosa kowski et al., 2009; Sachsenhofer and Koltun, 2012). Lo -
cally, the TOC ex ceeds 20 wt.% (e.g., ten Ha ven et al., 1993;
Kruge et al., 1996; Köster et al., 1998a, b; Kotarba et al., 2007;
Kosakowski et al., 2009) but nor mally ranges be tween 4 and 8
wt.% (Sachsenhofer and Koltun, 2012; Kosakowski, 2013;
Kosa kowski et al., 2018).

Oil-prone kerogen type II pre vails in all the Boryslav -
-Pokuttya, Skole (Skyba), Silesian (Krosno) and Dukla units
(Koltun et al., 1998; Sachsenhofer and Koltun, 2012; Kosa -
kowski, 2013; Kotarba et al., 2013, 2014, 2017). Ad mix tures of
kerogen type I and II/III or III are pres ent in the Boryslav -
-Pokuttya, Skole (Skyba), Silesian (Krosno) and Dukla units
(Kosakowski, 2013; Kotarba et al., 2013, 2014, 2017). Ad mix -
tures of kerogen type I and sig nif i cant ad mix tures of kerogen
type III have been ob served within the Skole (Skyba) Unit

(Kosakowski, 2013). The com po si tion of kerogen type II-III was
also in di cated in the Ukrai nian part of the Krosno (Silesian) Unit
by Sachsenhofer and Koltun (2012).

The Tmax tem per a ture in di cates the bot tom of the “oil win -
dow” in the Boryslav-Pokuttya Unit and im ma tu rity or an ini tial
stage of low-tem per a ture thermogenic pro cess in the Skole
(Skyba) Unit (Koltun et al., 1998; Kotarba et al., 2007, 2014;
Kosakowski, 2013). The ini tial to fi nal stage of low-tem per a ture
thermogenic pro cess in the Silesian (Krosno) Unit and ini tial to
main stages of the “oil win dow” and lo cally even overmaturity in
the Dukla Unit have been ob served by Kosakowski (2013) and
Kotarba et al. (2013, 2014, 2017), re spec tively. In gen eral, an
in creas ing trend of ma tu rity to wards the in ter nal units has been
ob served (e.g., Kruge et al., 1996; Köster et al., 1998a, b;
Kotarba and Koltun, 2006; Sachsenhofer and Koltun, 2012).

SAMPLES AND METHODS

Four core in ter vals from 3 bore holes rep re sent ing the Šitbo -
øice Mem ber were stud ied (Fig. 3). All three bore holes pen e -
trated the Ždánice Nappe and reached autochthonous units
(crys tal line base ment over lain by Mio cene strata of the Carpa -
thian Foredeep). In the Ždánice Nappe the Nìmèice, Menilite
and Ždánice-Hustopeèe for ma tions were en coun tered (Fig. 3).

Two bore hole cores came from the Mouchnice-1 bore hole
(Core No° 6 from the depth of 997.5 to 1002 m and Core No° 7
from 1050.5 to 1055 m, re spec tively), one from the Mou chnice-2
bore hole (depth of 1040 to 1043.9 m) and one from the
Nevojice-1 bore hole (depth of 500 to 503 m). Each core was
lithologically de scribed and sam pled in or der to re cord de tailed
changes and to cover the whole se quence of cored in ter vals (Ta -
ble 1). The sam ples were ground and to tal or ganic mat ter, to tal
sul phur and free and re sid ual hy dro car bons were de ter mined.
Sam ples of up to 80 mg were used for each mea sur ing round.
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Fig. 3. Bore hole pro files com par i son

Mod i fied ac cord ing to Stráník (1979) for Køepice-5, Krejèí et al. (1989) for Nevojice-1, Dohnal et al. (1987) for Mouchnice-1 and Krejèí et
al. (1991) for Mouchnice-2; stages of Cen tral Paratethys are ac cord ing to Rögl (1998); NP Zones are ac cord ing to Berggren et al. (1995)
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T a  b l e  1

Char ac ter is tics of the or ganic mat ter from the Šitboøice Mem ber in the area of the Ždánice Unit
 in the SE part of the Czech Re pub lic

Bore hole
Depth

Rock-Eval data Bulk geo chem i cal data

S1 S2 S1+S2 Tmax HI PI TOC TS TOC/TS TIC Calc. Eq. Rr

[m] [mg HC/g] [°C]   [mg  HC/g TOC] [wt.%] [wt.%]  [wt.%] [wt.%] [%]

Mouchnice-1

(Core No° 6)

  997.5 0.1 2.6 2.7 423 150 0.02 1.7 3.1 0.56 0.2 2.0 –

  997.9 0.1 4.3 4.4 414 151 0.02 2.8 3.1 0.91 0.4 3.1 0.24

  998.5 0.0 0.6 0.6 422   81 0.03 0.8 2.9 0.26 0.2 1.8 –

  999.0 0.1 2.4 2.5 410   90 0.03 2.7 3.2 0.83 0.0 0.0 0.28

  999.1 0.0 0.8 0.8 412   55 0.05 1.4 2.5 0.56 0.0 0.4 –

  999.5 0.0 0.6 0.7 417   65 0.05 1.0 2.1 0.47 0.1 0.7 –

  999.8 0.0 1.0 1.1 421   98 0.03 1.1 2.6 0.41 0.5 4.1 –

1000.5 0.0 1.2 1.3 422 100 0.03 1.2 3.3 0.37 0.3 2.5 –

1000.9 0.1 1.6 1.7 420 104 0.03 1.6 2.2 0.70 0.3 2.1 –

1001.0 0.0 0.8 0.9 413   58 0.05 1.4 2.1 0.65 0.0 0.3 –

1002.0 0.0 1.6 1.7 424 121 0.03 1.3 2.6 0.52 0.8 6.4 –

Mouchnice-1

(Core No° 7)

1050.5 0.1 1.5 1.6 411   72 0.05 2.1 2.9 0.73 0.0 0.1 –

1050.95 0.2 5.3 5.4 410 136 0.03 3.9 3.1 1.24 0.2 1.7 –

1051.5 0.2 8.5 8.6 421 247 0.02 3.4 3.4 1.02 2.9 24.0  –

1051.9 0.7 23.7 24.4  407 346 0.03 6.9 4.4 1.55 1.9 15.8  –

1052.0 0.2 7.4 7.6 409 166 0.02 4.5 3.1 1.44 0.0 0.0 –

1052.3 0.2 7.1 7.3 412 188 0.02 3.8 3.8 1.00 0.6 4.6 –

1052.8 0.1 4.9 5.1 413 163 0.03 3.0 3.0 1.00 0.7 5.5 –

1053.5 0.2 7.7 7.9 406 184 0.03 4.2 3.2 1.31 0.0 0.1 –

1053.9 0.2 6.4 6.5 405 213 0.03 3.0 2.6 1.16 0.1 0.6 –

1054.0 0.5 26.5 27.0  416 541 0.02 4.9 2.5 1.95 6.2 52.1  –

1055.0 0.3 9.3 9.6 410 232 0.03 4.0 3.2 1.25 1.7 14.5  –

Mouchnice-2

1040  0.0 0.3 0.4 413   53 0.06 0.6 2.7 0.23 1.0 8.3 –

1040.5 0.1 4.6 4.7 411 202 0.02 2.3 3.6 0.64 0.3 2.8 –

1040.9 0.1 5.7 5.9 416 249 0.02 2.3 3.2 0.73 1.2 9.7 –

1041.1 0.1 2.9 3.0 410 131 0.03 2.2 2.8 0.79 0.1 0.7 –

1041.9 0.5 26.4  26.9  413 535 0.02 4.9 3.9 1.27 0.4 3.4 –

1042.1 0.1 3.2 3.3 412 153 0.03 2.1 2.7 0.80 0.3 2.4 –

1042.5 0.8 26.9  27.7  403 406 0.03 6.6 4.0 1.64 0.0 0.1 –

1042.9 0.3 14.4  14.8  410 384 0.02 3.8 3.4 1.09 0.3 2.4 –

1043.2 0.4 20.5  20.9  410 468 0.02 4.4 3.5 1.23 0.8 6.9 0.26

1043.5 0.3 9.3 9.6 403 249 0.03 3.7 3.3 1.14 0.1 0.7 –

1043.9 0.4 11.9  12.2 409 322 0.03 3.7 4.0 0.92 0.2 1.7 –

Nevojice-1

500 0.0 1.1 1.2 414   85 0.03 1.3 2.4 0.54 0.1 1.0 –

501 0.1 3.6 3.8 404 126 0.04 2.9 2.3 1.23 0.1 0.9 0.31

502 0.1 2.0 2.1 400   80 0.06 2.5 2.9 0.86 0.0 0.0 –

503 0.2 7.7 8.0 401 238 0.03 3.2 2.1 1.53 0.0 0.0 –

S1 – free hy dro car bons con tent; S2 – re sid ual hy dro car bon po ten tial; S1+S2 – pe tro leum po ten tial; Tmax – tem per a ture of max i mum of S2 peak;
HI – hy dro gen in dex; PI – pro duc tion in dex; TOC – to tal or ganic car bon; TS – to tal sul phur con tent; TIC – to tal in or ganic car bon; Calc. Eq. –
cal cite equiv a lent; Rr – ran dom vitrinite reflectance



The bore hole cor re la tions and strati graphi cal re con struc -
tion of the cored in ter vals within the Menilite For ma tion were
done based on bore hole gamma log ging re cords (Hrubanová
and Tìžký, 1980; Šelle, 1987, 1988; Kowalska et al., 1988).

 Con tents of to tal car bon (TC), to tal or ganic car bon (TOC)
and to tal sul phur (TS) were ana lysed us ing the ELTRA S/C El e -
ment Analyser. TOC was de ter mined af ter sam ple de-car bon -
iza tion by con cen trated phos pho ric acid. To tal in or ganic car bon 
(TIC) was cal cu lated by the dif fer ence be tween TC and TOC.
Based on TIC, the cal cite equiv a lent was cal cu lated as TIC
8.333, where 8.333 is the stoichiometric cal cu la tion fac tor for
CaCO3. All re sults are given in weight per cent (wt.%).

Rock-Eval py rol y sis was used to as sess the source rock po -
ten tial, pre vail ing kerogen type and ther mal ma tu rity (Espitalié et
al., 1977; Lafargue et al., 1998; Behar et al., 2001). Free hy dro -
car bon con tent S1 [mg HC/g rock], re sid ual hy dro car bon po ten -
tial S2 [mg HC/g rock] and tem per a ture of max i mum of S2 peak
Tmax [°C] were de ter mined us ing the Rock-Eval 6 in stru ment
(Institut Français du Pétrole). The pe tro leum po ten tial (PP) is
rep re sented by S1+S2 val ues [mg HC/g rock], the pro duc tion in -
dex (PI) was cal cu lated as S1/(S1+S2) (Lafargue et al., 1998) and
the hy dro gen in dex (HI) as 100 · S2/TOC (mg HC/g TOC).

An Olym pus BX51 mi cro scope with a Zeiss Photomultiplier
MK3 sys tem and flu o res cence was used to mea sure the ran -
dom reflectance with oil im mer sion and a lens with 40× mag ni fi -
ca tion. The eval u a tion was car ried out in ac cor dance with the
ISO 7404 stan dard. Ran dom reflectance val ues were de ter -
mined from par tic u late pol ished sec tions by SpectraVision soft -
ware cal i brated by spinel (R = 0.422%) and sap phire (R =
0.596%) stan dards. The maceral com po si tion was de ter mined
us ing the same equip ment ac cord ing to ICCP (1998, 2001).

RESULTS

The gamma log ging re cords of the Menilite For ma tion in ter -
vals from the se lected bore holes were cor re lated and the best

fit dis tin guished (Fig. 4). As the re sult, the re con structed depth
was es tab lished. In this ar range ment the cores of the
Nevojice-1 and Mouchnice-2 bore holes were cor re lated with
the Mouchnice-1 bore hole pro file as anal o gous se quences
(Fig. 4). As a con se quence, the ex pected se quence of the
Menilite For ma tion in the area was re stored (Fig. 5).

The Køepice-5 bore hole gamma log of the Menilite For ma -
tion, in clud ing its strati graphic de scrip tion (Stráník, 1979;
Stráník et al., 1981), was at tached for more de tailed sub di vi sion 
of the Menilite For ma tion (Fig. 4). Based on this, the pre vi ous
in di ca tions of all stud ied cores ac cord ing to the sam ple char ac -
ter be long to the Šitboøice Mem ber was con firmed. More over,
the NP24 zone was dem on strated by the pres ence of Helico -
sphaera recta in the low er most Mouchnice-1 (Core No° 7).
How ever, the low er most part of NP25 can not be ex cluded
within the up per most part of the suc ces sion.

BULK GEOCHEMICAL DATA

The li thol ogy of all cores is com posed pre dom i nantly of
non-cal car e ous dark grey silty shales with laminae of siltstone.
A marly layer has been dis tin guished within the Mouchnice-1
(Core No° 7) with the cal cite equiv a lent of 52 wt.% (TIC of 6.2
wt.%). The av er age value of cal cite equiv a lent ex clud ing this
sin gle sam ple with the max i mum value reaches only 3.6 wt.%
which rep re sents a TIC con tent of <0.5 wt.%.

TOC and Rock-Eval py rol y sis data were used for the pri -
mary as sess ment of the source rock po ten tial and de ter mi na -
tion of the pre dom i nant type of or ganic mat ter. TOC ranges
from 0.63 to 6.9 wt.%, with the av er age of 2.9 wt.% (Fig. 5; Ta -
ble 1). TOC val ues vary widely and do not show a sig nif i cant
cor re la tion with the TIC. The high est val ues of TOC were de ter -
mined on the Mouchnice-1 (Core No° 7) sam ples (from 2.1 to
6.9 wt.%) and Mouchnice-2 sam ples (from 0.63 to 6.6 wt.%).
The Šitboøice Mem ber eval u ated has higher TOC in a wider
range as com pared to the strati graphi cal an a logues of the Aus -
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Fig. 4. Fi nal gamma log cor re la tion of the Menilite For ma tion from bore holes Nevojice-1, Mouchnice-1 and Mouchnice-2

The Køepice-5 bore hole gamma log in clud ing its strati graphic de scrip tion (Stráník, 1979; Stráník et al., 1981) is at tached 
for more de tailed sub di vi sion of the for ma tion; cores from Nevojice-1 and Mouchnice-2 bore holes (sym bol ized as col oured 

rect an gles) were cor re lated to the pro file of Mouchnice-1 as an analogousical se quences



trian Molasse Ba sin and Waschberg Zone (Schmidt and Erdo -
gan, 1996; Sachsenhofer et al., 2010; Gusterhuber et al., 2013;
Pupp et al., 2018).

The to tal sul phur con tent of the sam ples stud ied ranges
from 2.1 to 4.4 wt.% and does not show a sin gle trend. The av -
er age con tent is equal to 3.0 wt.%. The TOC/TS ra tio was
used as the en vi ron men tal in di ca tor. Val ues around 2.8 are
typ i cal of nor mal ma rine con di tions. In con trast, val ues >2.8
are be lieved to in di cate brack ish con di tions, whereas a sig nif i -
cantly lower TOC/TS ra tio pos si bly re flects sul phate re duc tion
(Berner, 1984; Berner and Raiswell, 1984). In the case of
euxinic bot tom wa ter con di tions, bac te rial sul phate re duc tion
oc curs both in the wa ter col umn and in the sed i ments
(Raiswell and Berner, 1985). The TOC/TS ra tio of the cores
stud ied reaches an av er age of 0.93 with the high est value of
1.95. The TOC/TS has a slightly de creas ing up wards trend
(Fig. 5) as clearly ev i dent on sam ples from the Mouchnice-2
bore hole and both cores of the Mouchnice-1 bore hole which
start and ter mi nate the re stored suc ces sion. Sam ples from the 
up per most Mouchnice-1 (Core No° 6) reach an av er age

TOC/TS value of 0.57, while those of the low er most cored se -
quence of Mouchnice-1 (Core No° 7) reach 1.24. Sam ples
from other cores reach val ues of nearly 1.

ROCK-EVAL PYROLYSIS

The HI ranges from 53 to 541 mg HC/g TOC (with an av er -
age of 196 and me dian of 153 mg HC/g TOC). The HI dis tri bu -
tion (Fig. 6) has a ran dom char ac ter in the Mouchnice-1 (Core
No° 7) and Mouchnice-2 sam ples, but shows a nar row range in
the Nevojice-1 sam ples (from 85 to 238 mg HC/g TOC) and es -
pe cially in the Mouchnice-1 (Core No°6) sam ples (from 55 to
151 mg HC/g TOC). Lower HI val ues as so ci ated with the low
TOC may sug gest min eral ma trix er rors af fect ing the HC yields
(Espitalié et al., 1980).

All sam ples stud ied reach a rel a tively nar row range of Tmax

val ues from 400 to 424°C in di cat ing low ther mal ma tu rity and
the pres ence of a large por tion of un con verted orig i nal or ganic
mat ter. This pat tern is re flected in the kerogen type de ter mi na -
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Fig. 5. Chart se lec tion of re sults sorted ac cord ing to the real depth of the Šitboøice Mem ber

Sche matic li thol ogy; TOC – to tal or ganic car bon; TS – to tal sul phur; HI – hy dro gen in dex; Tmax – tem per a ture of max i mum of S2 peak



tion and the eval u a tion of its source rock po ten tial. Or ganic mat -
ter type de ter mined based on the HI and Tmax (Espitalié et al.,
1985) in di cates a com pa ra ble dis tri bu tion be tween ge netic
com po nents re lated to kerogen type II and III (Fig. 6).

In the case of a very nar row Tmax in ter val, ad di tional data are 
needed to in ter pret the depositional en vi ron ment. The sam ples
with high HI val ues (kerogen type II in Fig. 6) have a sig nif i cantly 
higher TOC/TS ra tio rang ing from 0.64 to 1.95 (av er age 1.2).
By con trast, sam ples that ac cord ing to the Rock-Eval py rol y sis
data be long to kerogen type III have TOC/TS from 0.23 to 1.24
(av er age 0.7) (Ta ble 1).

The free hy dro car bons con tent ranges from 0.02 to 0.82 mg 
HC/g rock, while the re sid ual hy dro car bon po ten tial ranges be -
tween 0.34 to 26.9 mg HC/g rock (Ta ble 1). The pe tro leum po -
ten tial var ies be tween 0.36 to 27.7 mg HC/g rock with an av er -
age of 7.4 mg HC/g rock. Sam ples of Mouchnice-1 (Core No° 7) 
and Mouchnice-2 reach higher val ues in all pa ram e ters of free
hy dro car bons con tent, re sid ual hy dro car bon po ten tial and pe -
tro leum po ten tial with av er age pe tro leum po ten tials of 10.01 or
11.8 mg HC/g rock, re spec tively. The pro duc tion in dex val ues
vary be tween 0.02 and 0.06 with an av er age of 0.03 (Fig. 7).

ORGANIC PETROGRAPHY

The or ganic mat ter oc cur ring in the sam ples ana lysed con -
sists of macerals of the liptinite group with ad mix tures of the
vitrinite group. All the ma te rial stud ied is fairly ho mo ge neous
(Fig. 8), both lithologically and with re spect to its maceral com -
po si tion. The pre cise clas si fi ca tion of the or ganic par ti cles was
lim ited due to the ex tremely fine-grained na ture of all sam ples

stud ied. The dom i nant macerals are alginite ac com pa nied by
spo radic cutinite, sporinite and bituminite. This maceral com po -
si tion does not agree with Rock-Eval data.

The alginite con sists mainly of lamalginite (Fig. 8), de rived
from small, uni cel lu lar or thin-walled co lo nial plank tonic or ben -
thic al gae, with a dis tinc tive lamellar form with out rec og niz able
struc ture. The trans lu cency of the lamalginite is high.

The vitrinite macerals are pres ent in low amounts and their
size var ies be tween 5 and 30 µm. Vitrinite reflectance mea sure -
ment was dif fi cult due to the small size of the par ti cles and their
very close as so ci a tion with py rite. The ran dom vitrinite reflec -
tance (Rr) was mea sured on vitrinite par ti cles (n = 30) and
ranges from 0.24 to 0.31%.

DISCUSSION

SOURCE ROCK POTENTIAL

The cross-plot show ing the re la tion ship of pe tro leum po ten -
tial ver sus TOC dem on strates the high vari abil ity of the source
rock po ten tial and of the qual ity of the source rock. Based on
screen ing re sults of this study (Fig. 9) the Šitboøice Mem ber
sam ples are mostly clas si fied as “very good” (26 of 37 sam ples) 
source rock ac cord ing to TOC and vari able, mostly “poor” (14
sam ples) to “good” (12 sam ples) ac cord ing to the pe tro leum po -
ten tial. How ever, the av er age pe tro leum po ten tial of 7.4 mg
HC/g rock in di cates a “good” source rock po ten tial.

The dif fer ent source rock po ten tial es ti ma tion is at least
partly caused by in ert or ganic car bon within the TOC. A com -
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Fig. 6. Cross-plot of hy dro gen in dex ver sus tem per a ture Tmax clas si fied
the kerogen type and ther mal ma tu rity of the rock and pre vail ing

source po ten tial

Mat u ra tion paths for kerogen ac cord ing to Espitalié et al. (1985); ar chi val data 
of the strati graphi cal an a logues of the Šitboøice Mem ber (shaded area) are

ac cord ing to Sachsenhofer et al. (2010) and Pupp et al. (2018)



pre hen sive in sight can be gained by ap ply ing a method sug -
gested by Dahl et al. (2004) who pre sented a study on Rock -
-Eval py rol y sis per for mance on sam ples of vari able li thol ogy
and or ganic mat ter con tent. A more pre cise source rock po ten -
tial and kerogen type clas si fi ca tion can be de ter mined by “live”
TOC cal cu lated when the in ert or ganic car bon is sub tracted
from the TOC. The amount of the in ert or ganic car bon was es ti -
mated from the TOC ver sus S2 cross-plot (Fig. 10) and reaches 
1.67 wt.% for the Šitboøice Mem ber eval u ated. Based on this,
the av er age “live” TOC reaches only 1.23 wt.% (not 2.9 wt.%)
sug gest ing mostly a “good” source rock po ten tial which is in ac -
cor dance with the av er age pe tro leum po ten tial eval u ated
based on S1 and S2 val ues.

KEROGEN TYPE AND DEPOSITIONAL ENVIRONMENT

There are many stud ies dem on strat ing the sig nif i cance and
cred i bil ity of Rock-Eval py rol y sis for kerogen ge netic type eval -
u a tion (e.g., Arfaoui et al., 2007; Aderoju and Bend, 2013;
Ramachandran, 2013; Nady et al., 2015). How ever, the Rock -
-Eval method it self is of ten over-in ter preted. The in flu ence of

low ther mal ma tu rity, li thol ogy or TOC con cen tra tion on the re -
sult ing val ues has been well-doc u mented (e.g., Katz, 1983; Pe -
ters, 1986; Dembicki, 1992; Dahl et al., 2004; Geršlová et al.,
2015; Hazra et al., 2017). There fore, it is ad vis able to al ways
use sup port ive in de pend ent anal y sis such as maceral anal y sis,
kerogen el e men tal data or biomarkers to dem on strate the kero -
gen type es pe cially in the case of low-TOC sec tions (Delarue et
al., 2013; Carvajal and Gentzis, 2015).

A com pa ra ble dis tri bu tion of kerogen type II and III has been 
in di cated by HI val ues (Fig. 6) in the Šitboøice Mem ber eval u -
ated, the same as in its strati graphi cal an a logues (Sachsen -
hofer et al., 2010; Pupp et al., 2018). How ever, a de tailed ex am -
i na tion of the se lected sam ples dem on strated the dom i nant role 
of the alginite macerals from the liptinite group (Fig. 8) with ad -
mix tures of huminite from the vitrinite maceral group. The
amount of terrigenous macerals was low. The dom i nant alginite
would clas sify the kerogen as type I, but the pres ence of vary ing 
amounts of spores and pol len to gether with plant par ti cles sug -
gests rather the pres ence of kerogen type II. No sig nif i cant dif -
fer ences be tween the in di vid ual sam ples pres ent was found in
terms of li thol ogy and maceral com po si tion. For this rea son, it
seems highly un likely that the dif fer ence be tween the HI val ues
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Fig. 7. Chart se lec tion of re sults sorted ac cord ing to anal o gous depth of the Menilite For ma tion 
in the Mouchnice-1 bore hole in di cat ing the qual ity of the source rock

 Tmax – tem per a ture of max i mum of S2 peak; TOC – to tal or ganic car bon; PI – pro duc tion in dex



is due to a dif fer ent kerogen type. The sam ples stud ied are
lithologically com pa ra ble and the dif fer ences in HI can not be
due to dif fer ent be hav iour of the ma trix dur ing py rol y sis, as re -
ported by Dembicki (1992).

The av er age HI cal cu lated based on the “live” TOC reaches 
452 mg HC/g TOC and sug gests the pres ence of kerogen type
II, which is in ac cor dance with the or ganic pe trog ra phy ob ser va -
tions and the re la tion ship of re sid ual hy dro car bon po ten tial ver -
sus TOC (Fig. 10). More over, the trend as shown in Fig ure 10
re flects the strati graphi cal po si tion of the sam ples where the
less ma ture sam ples of Mouchnice-1 (Core No° 6) from the top
of the se quence are po si tioned bot tom left.

Gen er ally, ox y gen-re stricted con di tions or a dysoxic en vi -
ron ment can be ex pected based on the TOC ver sus TS re la -
tion ship within the eval u ated Šitboøice Mem ber (Fig. 11), the
same as in the strati graphi cal an a logues of the Aus trian
Molasse Ba sin and Waschberg Zone (Sachsenhofer et al.,

2010; Pupp et al., 2018). Note that post-depositional pro cesses
which may cause py rite framboids and the diagenetic deg ra da -
tion of or ganic mat ter may also lead to un der es ti ma tion of the
TOC/TS ra tio.

THERMAL MATURITY

The ther mal ma tu rity of the or ganic mat ter is a very im por -
tant pa ram e ter in terms of source rock po ten tial be cause the hy -
dro car bons can be pro duced only un der a fa vour able ther mal
re gime (Tissot and Welte, 1984). The ther mal ma tu rity was in di -
cated by Rock-Eval PI and Tmax tem per a ture sup ported by
vitrinite Rr (Ta ble 1).

Both the Rock-Eval Tmax (from 400 to 424°C) and PI val ues 
(from 0.02 to 0.06) in di cate the im ma tu rity of or ganic mat ter
com pared to the strati graphi cal an a logues of the Aus trian
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Fig. 8A–D – de tailed char ac ter iza tion of the or ganic mat ter in the min eral ground-mass with dis persed fine py rite
framboids [Mouchnice-1 (Core No° 7), 1051.5 m]; the same area shown in po lar ized light (A and C) and flu o res cent light
(B and D): V – vitrinite par ti cle, A – alginite, P – py rite; E, F – se lec tion of sam ples from Mouchnice-1 (Core No° 6) (997.9
m), Mouchnice-2 (1043.2 m) and Nevojice-1 (501 m) in po lar ized (E and F) or flu o res cence (G) light in di cat ing the
lithological ho mo ge ne ity and com pa ra ble maceral com po si tion of all sam ples stud ied



Molasse Ba sin and Waschberg Zone (Sachsenhofer et al.,
2010; Pupp et al., 2018). A ther mal ma tu rity com pa ra ble for all
sam ples ac cord ing to the Rock-Eval py rol y sis was sup ported
by Rr data (from 0.24 to 0.31% Rr). The ther mal im ma tu rity in -
di cates the pres ence of bi o log i cal ther mally la bile or ganic mat -
ter that can re lease, dur ing the lab o ra tory mea sure ments,
more effluents as dis cussed above. Even though the Šitboøice 
Mem ber stud ied has source rock po ten tial, no sig nif i cant
amounts of hy dro car bons were gen er ated be cause of the low
ther mal ma tu rity.

CONCLUSIONS

The pres ent study of or ganic mat ter from the Šitboøice
Mem ber of the Ždánice Unit rep re sents the first com pre hen sive
geo chem i cal re sults from the Menilite For ma tion in the ter ri tory
of the Czech Re pub lic.

The source rock po ten tial of the Šitboøice Mem ber is in this
study clas si fied mostly as “very good” ac cord ing to TOC and
vari able, mostly “poor” to “good” ac cord ing to the pe tro leum po -
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Fig. 9. Cross-plot of pe tro leum po ten tial ver sus TOC in di cat ing the qual ity of the source rock

Mod i fied ac cord ing to Pe ters (1986)

Fig. 10. Cross-plot of re sid ual hy dro car bon po ten tial (Rock-Eval S2 peak) ver sus TOC re veal ing 
the amount of in ert or ganic car bon (re gres sion line off set is 1.67 wt.%)

Mod i fied ac cord ing to Dahl et al. (2004); ge netic bound aries of kerogen types are ac cord ing to Lang ford and Blanc-Valleron (1990)



ten tial (S1+S2). The av er age pe tro leum po ten tial value as -
signed the Šitboøice Mem ber eval u ated to “good” source rock
which is in ac cor dance with the TOC clas si fi ca tion if the “live”
TOC is used. How ever, the Šitboøice Mem ber within the area
stud ied is im ma ture based on both the ran dom vitrinite ref -
lectance and Rock-Eval data.

A com pa ra ble dis tri bu tion be tween kerogen type II and III
has been in di cated by HI. Un like it, the maceral com po si tion
does not agree with Rock-Eval data. The or ganic pe trog ra phy
ob ser va tions show that the or ganic mat ter in the Šitboøice
Mem ber be longs to the kerogen type II (kerogen type I is not ex -
cluded) with ad mix tures of vari able amounts of kerogen type III.
The or ganic pe trog ra phy ob ser va tions in di cate that or ganic
mat ter con sists of alginite macerals from the liptinite group with
ad mix tures of huminite from the vitrinite maceral group. All of
the sam ples are fairly ho mo ge neous both lithologically and with
re spect to the maceral com po si tion. More over, both the re la -
tion ship of re sid ual hy dro car bon po ten tial ver sus TOC (Dahl et

al., 2004) and HI val ues cal cu lated based on “live” or ganic car -
bon cor re spond to kerogen type II. These re sults are in agree -
ment with the or ganic pe trog ra phy.

Ox y gen-re stricted con di tions or a dysoxic en vi ron ment
have been in di cated by the TOC/TS ra tio as a re sult of gen er -
ally high sul phur con tents (av er age of 3.0 wt.%). The TOC/TS
ra tio has a slightly de creas ing up wards trend. Sam ples from the 
up per most Mouchnice-1 (Core No° 6) reach an av er age
TOC/TS value of 0.57, while those of the low er most cored se -
quence of Mouchnice-1 (Core No° 7) reach 1.24.

Ac knowl edge ments. All sam pled core ma te rial ana lysed
and dis cussed in this study orig i nate from MND, a.s. Spe cial
thanks go to re view ers Y.V. Koltun, E. Bilkiewicz and P. Wójcik -
-Tabol for con struc tive re marks and com ments which sig nif i -
cantly im proved on a pre vi ous ver sion of the manu script. The
re search has been fi nan cially sup ported by the in sti tu tional
funds of Masaryk Uni ver sity.
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