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The sed i men tary or ganic mat ter (SOM) as sem blages and sedimentology of the Menilite Beds from the Dukla, Grybów and
Vrancea units in the Slovakian and Ro ma nian Outer Carpathians are de scribed. Qual i ta tive and quan ti ta tive anal y ses of the
SOM help as cer tain depositional con di tions, while the ther mal ma tu rity of the or ganic mat ter stud ied is es ti mated uti liz ing the 
Spore Col our In dex and UV light ex ci ta tion tech niques. The sed i men tary or ganic par ti cles were grouped into ten SOM cat e -
go ries: ma rine palynomorphs (dinoflagellate cysts), sporomorphs (saccate and non-saccate, pol len and spores), fresh wa ter
al gae (Botryococcus sp., and other fresh wa ter microplankton), phytoclasts (cu ti cles, trans lu cent wood, opaque wood), resin
and amor phous or ganic mat ter (AOM). All sam ples are dom i nated by AOM. The pres ence of Botryococcus sp., Pediastrum
sp., Pterospermella sp. and Campenia sp., in some sam ples points to de po si tion un der hyposaline con di tions. It is in ter -
preted that the fresh wa ter in flux in duced wa ter col umn strat i fi ca tion in the ba sin, lead ing to the de vel op ment of dysoxic to
anoxic bot tom-wa ter con di tions that en hanced the pres er va tion of AOM. Kerogen anal y sis in UV light and eval u a tion us ing
the Spore Col our In dex dem on strated dif fer ent ther mal mat u ra tion pat terns from the Slovakian (post-ma ture) and Ro ma nian
(im ma ture) sec tions. In te grated palynofacies anal y sis (no ta bly, the pres ence of fresh wa ter al gae) and sedimentological ob -
ser va tions (e.g., hummocky cross-strat i fi ca tion) lead to the con clu sion that the de po si tion of the Menilite Beds in the Vrancea 
Unit (Ro ma nia) was rel a tively prox i mal to the shore line, above storm wave base, whereas the Slovakian units (Dukla and
Grybów) were de pos ited in a more dis tal set ting.

Key words: Menilite Beds, palynofacies, UV flu o res cence, ther mal ma tu rity, Carpathians.

INTRODUCTION

Or ganic-rich sed i ments de pos ited in the Paratethys Ocean
dur ing the Oligocene have long been con sid ered to be po ten tial
hy dro car bon source rocks (Zuber, 1918; Szajnocha, 1920; De
Cizancourt, 1931; Gucik, 1980; Ziegler and Roure, 1999). The
Menilite Beds are an ex am ple of these de pos its, in which to tal
or ganic car bon (TOC) can ex ceed 20% (Köster et al., 1998;
Kosakowski et al., 2009, 2018). Con se quently, this strati graphic 
unit has been in ves ti gated primarly for its geo chem i cal prop er -
ties and po ten tial for hy dro car bon gen er a tion (Koltun, 1992;
Köster et al., 1998; Kotarba et al., 2007; Belayouni et al., 2009;
Kosakowski et al., 2009, 2018; Sachsenhofer et al., 2015;
Wendorff et al., 2017) over many years, a par tic u larly rel e vant
topic given the nu mer ous con tro ver sies re gard ing the
depositional set ting of the Menilite Beds (Kotlarczyk et al.,
2006; Jankowski, 2015; Dziadzio et al., 2016). How ever, ex ist -
ing stud ies rarely use data from sed i men tary or ganic mat ter
(SOM) anal y ses in their en vi ron men tal in ter pre ta tions, re ly ing
in stead on palynomorph as sem blages (Olaru, 1970; Þabãrã,
2010, 2017; £abãrã et al., 2015).

Biostratigraphic stud ies based on cal car e ous nanoplankton 
(Belayouni et al., 2009; Garecka, 2012), foraminifers
(Olszewska, 1982, 1985), dinoflagellate cysts (£abãrã, 2010,
2017; £abãrã et al., 2015), and ichthyofauna (Kotlarczyk et al.,
2006) sug gest that the Menilite Beds of the Outer Carpathians
were largely de pos ited in the Rupelian (Early Oligocene). How -
ever, in the mar ginal parts of the ba sin, de po si tion con tin ued
un til the Late Oligocene. In some places, de po si tion ex tended
into the late Egerian–ear li est Aquitanian (Mio cene, NN1 Cal -
car e ous Nannoplankton Zone; Andreyeva-Grigorovich and
Gruzman, 1994; Andreyeva-Grigorovich et al., 1997; Garecka,
2012; e.g., the Skole Unit). The de vel op ment and de po si tion of
Menilite-type fa cies (or ganic-rich, fine-grained Oligocene
strata) across the en tire Outer Carpathians (Czech Re pub lic,
Po land, Slovakia, Ukraine, and Ro ma nia) was ini tially driven by
pro gres sive ex ten sion in the Early Oligocene. Con cur rent tec -
tonic mo tion in the Paratethys re gion caused the iso la tion of the
ba sin from the open ocean. There fore, the re stric tion of sa line
oce anic cir cu la tion and con sid er able fresh wa ter in flux into the
ba sin (Baldi, 1980) spurred wa ter col umn strat i fi ca tion
(Bojanowski et al., 2018) and the pe ri odic de vel op ment of
dysoxic con di tions at the sed i ment-wa ter in ter face (Kotlarczyk
and Uchman, 2012). How ever, Miclãuº et al. (2009) sug gested
that anoxic con di tions might have also been fa voured by in -
creased bi o log i cal pro duc tiv ity caused by the iso la tion of the
Parathetys, global cli mate changes, or rel a tive sea-level fluc tu -
a tions. Ox y gen-de fi cient con di tions, com bined with rel a tively
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sta ble sed i men ta tion, drove the de po si tion of or ganic-rich,
fine-grained sed i ments through out the en tire ba sin(s), lead ing
to a high de gree of fa cies uni fi ca tion (Jankowski, 2004;
Kotlarczyk and Uchman, 2012). In the geo log i cal re cord, the
pres ence of anoxic events is of ten re flected in the en hanced
pres er va tion of SOM. A qual i ta tive and quan ti ta tive anal y sis of
SOM may al low for the de ter mi na tion of sed i men tary con di tions 
and fluc tu a tions within the anoxic event in ter val across
isochronous ho ri zons and within ver ti cal suc ces sions of mac ro -
scop i cally iden ti cal rocks (Pilskaln, 1991). Palynofacies anal y -
sis has the po ten tial to re veal hith erto hid den as pects of the
depositional set ting and changes within the Menilite Ba sin.

Palynofacies anal y sis is based on the op ti cal mi cros copy of
or ganic mat ter re leased from the min eral phases of the rock
(Combaz, 1964). This method, based on the di ver sity of ob -
served or ganic mat ter, al lows for the de ter mi na tion of the pe tro -
leum po ten tial (by es ti ma tion of kerogen type) of the sed i men -
tary rocks and the re con struc tion of their depositional en vi ron -

ments (Tyson, 1995; Bat ten, 1996). Or ganic sed i men tary par ti -
cles vis i ble un der a trans mit ted light mi cro scope may show a
large di ver sity of colours, morphologies, opac i ties, and re cog -
nis able struc tures (Tyson, 1995), which is why both quan ti ta tive
and qual i ta tive palynofacies anal y sis are use ful in re con struc t -
ing depositional set tings. 

This study fo cuses on Menilite Beds out crops cur rently sep -
a rated by great dis tances (~600 km) and lo cated within dif fer ent 
tec tonic units (Fig. 1). Palynofacies and sedimentological anal y -
sis should al low for the ver i fi ca tion of (1) sed i men tary con di tions 
within the Oligocene Carpathian ba sin(s) in po ten tially dis tant
depositional zones and (2) or ganic mat ter dis tri bu tions as re -
flected in the pres ent tec tonic pat tern. 

The aims of the pres ent study in clude: (1) a palynofacies
char ac teri sa tion of the Menilite Beds within the Vrancea Unit
(Ro ma nia) and the Smilno and Dara Prislop units (Slovakia); (2)
a de ter mi na tion of their re spec tive sed i men tary set tings; and (3)
an as sess ment of the hy dro car bon po ten tial of the Menilite Beds.
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Fig. 1. Sche matic map of the Al pine-Carpathian-Dinaride do main, with lo ca tion of the sec tions stud ied in di cated 
(af ter Kováè et al., 2007)

Slovakia: 1 – Smilno, 2 – Dara Prislop; Ro ma nia: 3 – Agapia, 4 – Piatra Neamt, 5 – Nechit



GEOLOGICAL SETTING

The study area is lo cated within the Outer Carpathians, al -
ter na tively re ferred to as the Flysch Carpathians (e.g., Kováè et
al., 2007; Jankowski et al., 2012). The Carpathians are the
east ern pro lon ga tion of the Al pine arc and were formed af ter the 
clo sure of the Tethys Ocean dur ing the Cre ta ceous to the Mio -
cene, as a con se quence of the col li sion of a se ries of
microplates with the Eu ro pean Plat form (Froitzheim et al.,
2008). Ac cord ing to the ma jor ity of con cep tual mod els, this pro -
cess may have ter mi nated with the subduction of the Eu ro pean
Plat form mar gin un der a group of microplates, co in ci dent with
the com plete clo sure of the Tethys Ocean. This, in turn, re -
sulted in the de for ma tion and imbrication of strata ac cu mu lated
within the so-called Outer Carpathian Ba sin (Jankowski, 2015;
Olszewska and Szyd³o, 2017), the Carpathian Fore land Ba sin
(e.g., Grasu et al., 1999; Puglisi et al., 2006; Miclãuº et al.,
2009), or the Outer Carpathian Ocean (Golonka et al., 2006)
and their par tial overthrusting onto the plat form (Mahe¾ and
Buday, 1968; Ksi¹¿kiewicz, 1972; Mahe¾, 1974). Tra di tion ally,
in its west ern ex tent the Carpathian Orogen is sub di vided into
the In ner Carpathians and the Outer Carpathians (see Mahe¾
and Buday, 1968; Ksi¹¿kiewicz, 1972).

In Ro ma nia, the Outer Carpathians are re ferred to as the
Moldavide Belt (Sãndulescu, 1975, 1980). In some re ports
(Andrusov, 1968; Plašienka et al., 1997), the term “Cen tral
West ern Carpathians” is used in ter change ably with “In ner
West ern Carpathians”. The bound ary be tween the In ner and
Outer Carpathians is tra di tion ally in ter preted to oc cur along the
Pieniny Klippen Belt, a nar row struc ture pres ently in ter preted in
two ways: (1) as a Early/Mid dle Mio cene su ture be tween the
Eu ro pean fore land and the Alcapa Block of the In ner
Carpathians (Birkenmajer, 1986; Csontos and Nagymarosy,
1998), or (2) as a tec tonic melange zone (Jankowski, 2015) de -
vel oped along a strike-slip fault (Birkenmajer, 1977; Jurewicz,
2005) and char ac ter ized by the pres ence of both older (Tri as -
sic, Ju ras sic, Cre ta ceous) and youn ger (Paleogene) strata. In
the mar ginal In ner and the south ern part of the Outer
Carpathians, Oligocene sed i ments were de pos ited in bas ins
dur ing the extensional phase (Cen tral Carpathian Paleogene
Ba sin – Janoèko and Jacko, 1998; Soták, 1998; East
Carpathian Paleogene Ba sin – Jarmo³owicz-Szulc and Jan -
kow ski, 2011). In the Ro ma nian por tion of the Carpathians,
Oligocene sed i ments were de pos ited in the hin ter land of the
Outer Carpathians or in the Moldavides. Tra di tion ally, the fol -
low ing units are dis tin guished in the Slovakian and Pol ish seg -
ments of the Outer Carpathians: from south to north, the
Magura Unit, the Dukla Unit, the Silesian Unit, a nar row belt of
the Wêglówka Unit, and the Skole Unit. Some re search ers (see
Kotlarczyk, 1988; Jankowski et al., 2004) also dis tin guish the
Boryslav–Pokuttya Unit in the vi cin ity of Przemyœl. 

The Ro ma nian Carpathians are also sub di vided into two re -
gions: an in ner one, com posed of crys tal line base ment nappes
and Me so zoic sed i men tary rocks, and an outer one, pri mar ily
com posed of Cre ta ceous and Paleogene flysch de pos its
(Sãndulescu, 1975, 1980; Balla, 1986; Badescu, 1997). The in -
ner most tec tonic units (i.e., the Macla and Audia nappes) and
the out er most units (the Tarcãu, Vrancea and Subcarpathian
nappes) con sti tute the Moldavide Nappe Com plex (Sãndu -
lescu, 1975; Badescu, 1998; Fig. 1).

Ac cord ing to many stud ies, de po si tion within the Carpa -
thians took place in a se ries of bas ins or sub-bas ins that cor re -
spond to the pres ent-day units of the Outer Carpathians
(Ksi¹¿kiewicz, 1972; Golonka and Krobicki, 2004; Œl¹czka et
al., 2006, 2012; Oszczypko-Clowes et al., 2015). The Skole,
Sub-Silesian, Silesian, Dukla, and Magura sub-bas ins and their 

east ern pro lon ga tion formed part of the rifted Eu ro pean mar gin
(Oszczypko and Oszczypko-Clowes, 2003; Golonka et al.,
2006). Ad ja cent bas ins were lo cally sep a rated by ridges: for in -
stance, the Silesian ridge sep a rated the Silesian and Magura
bas ins (e.g., Golonka et al., 2006). Ac cord ing to Birkemajer
(1986) and Golonka et al. (2006), it is en vi sioned that the
Silesian and Magura bas ins were un der lain by oce anic base -
ment. Tra di tion ally, these bas ins have been in ter preted as pri -
mar ily filled with deep-wa ter, mostly tubiditic de pos its (e.g.,
Kotlarczyk and Uchman, 2012). How ever, some au thors have
re cently sug gested that de po si tion in these ar eas took place in
a sin gle ba sin, sub ject to multi-stage re build ing as a re sult of
changes in the tec tonic re gime (Jankowski, 2004). In this case,
the for ma tion of the Carpathian bas ins was driven mainly by de -
com po si tion of the East Eu ro pean Plat form mar gin.
Contractional stages pin point the for ma tion of a fore land ba sin
(Jankowski and Wysocka, 2019). Jankowski (2007, 2015) and
Jankowski and Wysocka (2019) have ad di tion ally dis tin guished 
an extensional stage, dur ing which sed i men ta tion took place in
half-graben struc tures. The pro cess of ba sin clo sure and sed i -
men ta tion ces sa tion was diachronous, pro gress ing from west
to east; in Ro ma nia, this pro cess ex tended into the Plio cene
(e.g., Royden and Baldi, 1988; Linzer et al., 1998; Golonka et
al., 2006).

MENILITE BEDS

The Menilite Beds (the name is de rived from a va ri ety of opal, 
known as menilite; Glocker, 1843) oc cur in al most all tec tonic el -
e ments of the West ern and Ro ma nian Carpathians (Murgeanu
et al., 1970; Lexa et al., 2000; Jankowski et al., 2004, 2007,
2012; Wag ner, 2008). The unit is also re ferred to as the Menilite
For ma tion, Amphisyla, the Disodilic Beds (Cordier, 1808, de rived 
from disodil, a va ri ety of menilite), and the Meletta, Czeczwin,
and Smilno beds (Glocker, 1843; Jankowski et al., 2004, 2007,
2012). In the west ern part of the Ro ma nian Carpathians, the
Menilite Beds are di vided into two units: (1) the Menilite Beds
(lower), which mainly con sists of cherts and shales, is sep a rated
by the Bi tu mi nous Marl from (2) the shale unit (up per) with cherts
and sand stones, here re ferred to as the Disodilic Beds (up per;
e.g., Jankowski et al., 2012; £abãrã, 2017; Fig. 2). In the
Slovakian Carpathians, the Menilite Beds are di vided into three
sub units: (1) the Cherts, (2) the Lower Menilite Beds, and (3) the
Up per Menilite Beds (Stránik and Hanzlikowá, 1963). The
Menilite Beds are vari able in thick ness, which is largely con -
trolled by the de vel op ment of sand stone units (e.g., Gucik and
Wójcik, 1982; Gucik, 1987; Kotlarczyk and Leœniak, 1990;
Kotlarczyk et al., 2006). Jarmo³owicz-Szulc and Jankowski
(2011) in ter preted the oc cur rence of dif fer ent lithologies (i.e.,
con glom er ates, sand stones, diatomites, marls, car bon ates, and
dif fer ent types of shale) as as so ci ated with de po si tion in mor pho -
log i cally di verse ba sin(s). 

The de po si tion of the Menilite Beds ini ti ated in the early
Oligocene in an iso lated, mar ginal part of the Paratethys. The
ba sin was char ac ter ized by fluc tu at ing sa lin ity and re stricted cir -
cu la tion (Baldi, 1980; Popov et al., 2010). The Menilite Beds are
dom i nated by or ganic-rich, fine-grained strata de pos ited un der
anoxic con di tions (e.g., Pauèa, 1936; Vetö, 1987; Sachsenhofer
et al., 2015). The basal bound ary of the Menilite Beds is con sid -
ered to be isochronous (Olszewska, 1985). In con trast, their up -
per bound ary is diachronous (Garecka, 2008, 2012). The
Menilite Beds are pro gres sively over lain from the south by the
Krosno Beds. In the mar ginal por tions of the Outer Carpathian
Ba sin(s), sed i men tary brec cias, such as the Slon Beds, the Gura 
Soimului Beds, and the Vorotyshcha Beds, over lie the Menilite
Beds (Fig. 2; Grasu et al., 1988; Jankowski et al., 2012). 
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Thin lay ers of coccolithic lime stone, pre sum ably re lated to
phytoplankton blooms, are found in the Menilite Beds (Uhlig,
1882; Nowak, 1965; Haczewski, 1989; Ciurej and Haczewski,
2016). These lay ers – the Tylawa, Wujskie, and Jas³o lime -
stones – are con sid ered to be isochronous (Jucha and
Kotlarczyk, 1961; Koszarski and ¯ytko, 1961; Jucha, 1969;
Kotlarczyk et al., 2006). In the lower part of the Menilite Beds
suc ces sion, re gional tuff ho ri zons (Sikora et al., 1959;
Koszarski and Wieser, 1960) and diatomites (the Futoma Di at -
o mite) are rec og nized (Krzy¿anowski, 1962; Kotlarczyk, 1988;
Kotlarczyk and Leœniak, 1990).

Nu mer ous lithostratigraphic equiv a lents of the Menilite
Beds have been dis tin guished, which are re ferred to as the
“Menilite fa cies” due to their com mon fea tures (Oligocene or -
ganic-rich, pri mar ily fine-grained strata; Jarmo³owicz-Szulc and

Jankowski, 2011). The Menilite Beds are pres ent within the suc -
ces sions of the Cen tral Carpathian Paleogene Ba sin (Po land,
Slovakia, and the Czech Re pub lic), the Buda-type Paleogene
(Croatia, Slovenia and Hun gary), the Transylvanian Ba sin (Ro -
ma nia), and the Black Sea re gion (Ukraine and Rus sia; Puglisi
et al., 2006; Jarmo³owicz-Szulc and Jankowski, 2011; Filipek et
al., 2017; Mayer et al., 2018). The Menilite Beds are
stratigraphically equiv a lent to a por tion of the fine-grained
source rocks from the east ern Paratethys called the Maikop
Group, which was de pos ited in sim i lar, brack ish-wa ter con di -
tions dur ing the �Solenovian Event� (Voronina and Popov,
1984; Popov et al., 1993; Popov and Studencka, 2015). In par -
tic u lar, marlstones with dif fer ent re gional no men cla ture (the
Dynów Marl, the Ostracoda Beds and the Ro ma nian Bi tu mi -
nous Marl) are con sid ered to be a Paratethys-wide marker ho ri -
zon (Mayer et al., 2018). Uni form, shal low-wa ter fau nas of small 
bi valves, with the no ta ble pres ence of Solenovian-type en -
demic gen era, lo cally to gether with var i ous fau nal groups (e.g.,
fresh wa ter cal car e ous nannofossils, ma rine fish), have been
iden ti fied in these marlstones in Po land, Ukraine, the Czech
Re pub lic, Kazakhstan, Geor gia and Ro ma nia (Kazakhashvili,
1984; Voronina and Popov, 1984; Rusu, 1999; Popov and
Studencka, 2015; Studencka et al., 2016).

HYDROCARBON POTENTIAL OF THE MENILITE BEDS

The Outer Carpathians are one of the old est pe tro leum-pro -
duc ing re gions in the world: the first oil ex plo ra tion in this re gion
was doc u mented in 1853 (Karnkowski, 1999). Pe tro leum ac cu -
mu la tions have been iden ti fied in al most all sandy
lithostratigraphic mem bers (the Istebna, Hi ero glyphic and
Krosno Beds; Fig. 2) and in the Pa leo zoic–Me so zoic base ment
of the Outer Carpathians (Kotarba and Koltun, 2006; Wiêc³aw
et al., 2011). 

The bi tu mi nous Menilite Beds are con sid ered to be the one of 
the source units in the Carpathian re gion (see Zuber, 1918;
Ionescu, 1994; Dicea, 1995; Kotarba and Koltun, 2006;
Stefanescu et al., 2006; Belayouni et al., 2009; Kosakowski,
2013). The high hy dro car bon po ten tial of the Menilite Beds is in -
ter preted and de duced based on its high TOC val ues and
kerogen type. In some lo cal i ties, TOC ex ceeds 20% (Köster et
al., 1998; Kosakowski et al., 2009, 2018; Sachsenhofer et al.,
2015; Jirman et al., 2018; Rauball et al., 2019). The kerogen con -
tent of the Menilite Beds con sists mainly of oil-prone, low-sul phur
Type-II kerogen, with the oc ca sional oc cur rence of Type-III
kerogen (Curtis et al., 2004; Lewan et al., 2006; Kosakowski et
al., 2009; Rauball et al., 2019). In the Menilite Beds, vari abil ity in
kerogen type re flects a com bi na tion of the in put of dif fer ent
sources of or ganic mat ter, to gether with vari able en vi ron men tal
con di tions and bathymetry (Kotarba and Koltun, 2006). Within
the Outer Carpathians, the east ern part of the Silesian Unit and
the Ukrai nian re gion are char ac ter ized by the great est hy dro car -
bon po ten tial, pri mar ily due to the dom i nance of oil-prone Type-II
kerogen (Kotarba and Koltun, 2006). The Menilite Beds reached
a spec trum of dis tinct ther mal mat u ra tion lev els, pri mar ily driven
by vari a tions in or ganic mat ter type, burial his tory, and geo ther -
mal gra di ent (e.g., Stefanescu et al., 2006). 

Geo chem i cal anal y ses of the Menilite Beds in sev eral out -
crops in the Pol ish, Ukrai nian and Ro ma nia Carpathians in di -
cate that the strati graphic unit is ther mally im ma ture to mar gin -
ally ma ture, reach ing into the early stages of the oil win dow
(Curtis et al., 2004; Anastasiu, 2016; Wendorff et al., 2017;
Kosakowski et al., 2018; Rauball et al., 2019). In the Pol ish and
Ukrai nian Carpathians, ther mal ma tu rity of the Menilite Beds in -
creases from the outer to the in ner tec tonic units, from im ma -
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Fig. 2. Cor re la tion of re gional lithostratigraphic units 
(based on Jankowski et al., 2012) with the ex po sures 

stud ied in di cated

Units from which sam ples were col lected are un der lined; Ro ma nia,
Vrancea Unit: 1 – Doftana Beds, 2 – Brebu Con glom er ate, 3 – Salt
Beds, 4 – Slon Beds, 5 – Gyp sum Beds (Gura Soimului Beds, Gura
Misina Beds), 6 – Up per Dysodilic Shale, 7 – Kliva Sand stone, 8 –
Lower Dysodilic Shale, Bi tu mi nous Marl, Menilite Beds, 9 –
Globigerina Marl, Lucãceºti Sand stone, 10 – Bisericani Beds, 11 –
Doamna Beds, 12 – Jgheabu Marl, 13 – Greºu Beds, 14 – Piatra
Uscata Beds, Caºin Beds, 15 – Lepºa Beds; Slovakia, Dukla and
Grybów units: 1 – Cergowa Beds, 2 – Menilite Beds, 3 – Kliva Sand -
stone, 4 – Cergowa Sand stone, 5 – Papin Beds, 6 – Mszanka Beds,
7 – Globigerina Marl, 8 – Submenilite Beds, 9 – Bukovec Sand -
stone, 10 – Cisna Sand stone, 11 – £upków Beds
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ture in the Skole and Boryslav–Pokuttya units to overmature in
the south ern parts of the Silesian and Dukla units (Kotarba et
al., 2007; Kosakowski et al., 2018). A sim i lar re la tion ship be -
tween ther mal ma tu rity and lo ca tion within the orogen was also
no ticed in Ro ma nia (Vrancea and Tarcãu units) by Wendorff et
al. (2017). How ever, at some lo cal i ties in Ukraine (the
Boryslav–Pokuttya Unit and lo cally the Skiba Unit), where the
unit was bur ied to be tween 3 and 6 km depth, the Menilite Beds
are in the oil or gas win dow (Koltun, 1992; Kosakowski et al.,
2018). The or ganic geo chem i cal com pounds of oils, and in par -
tic u lar the pres ence of oleanane, at these lo cal i ties sug gest that 
they were gen er ated from the Menilite Beds (Kotarba and
Koltun, 2006; Wiêc³aw et al., 2012) from an early stage to the
peak of the oil win dow.

The pres ence of sand stone and con glom er ate lithosomes
in the Menilite Beds (e.g., the Kliva, Magdalena and Cergowa
Sand stones, and the Maly Vyžen Beds; Jankowski et al., 2012)
is im por tant, as these coarse-grained siliciclastic strata serve as 
po ten tial hy dro car bon mi gra tion routes or res er voir rocks.
Coarse-grained de pos its of Oligocene age have good res er voir
po ten tial in both shal low and deep struc tures of the Outer
Carpathians (Dziadzio et al., 2006). In some ar eas, the Menilite
Beds may be source rocks as well as res er voir rocks.

MATERIAL 

In the pres ent study, sam ples were col lected from three
geo log i cal units: the Dukla and Grybów units (Slovakia), and
the Vrancea Unit (Ro ma nia; Fig. 1 and Ta ble 1). In to tal, 42
sam ples from the Menilite Beds were col lected from the fol low -
ing ex po sures: Smilno (Slovakia; 5 sam ples), Dara Prislop
(Slovakia; 16 sam ples), Piatra Neamt (Ro ma nia; 4 sam ples),
the Nechit River (Ro ma nia; 14 sam ples), and Agapia (Ro ma -
nia; 3 sam ples from the Menilite Beds and 2 sam ples from the
Slon Beds (equiv a lent of the Vorotyshcha Beds; Fig. 1). It can
be as sumed, based on lithostratigraphic stud ies (Kotlarczyk et
al., 2006; Jankowski et al., 2012), that the Menilite Beds of Ro -
ma nia (Nechit, Bi tu mi nous Marl) and Slovakia (Dara Prislop,
Cergowa Beds) were de pos ited at ap prox i mately the same
time. To eval u ate dif fer ences in or ganic mat ter dis tri bu tion be -
tween the var i ous parts of the sed i men tary ba sin, the sam ples
were col lected at lo ca tions orig i nally dis tant from each other
dur ing the de po si tion of the Menilite Beds. Fur ther more, these
lo cal i ties are lo cated in dif fer ent tec tonic units at pres ent, al low -
ing for an as sess ment of post-depositional vari abil ity in their de -
vel op ment (e.g., ther mal ma tu rity dif fer en ti a tion). 
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Lo cal ity Sam ple GPS co or di nates

Dara Prislop

DP 10, DP 9B, DP 9A, DP 8B, DP 8A,
DP 7, DP 6, DP 5C, DP 5B, DP 5A,

DP 4B, DP 4A, DP 3B, DP 3A, DP 2,
DP 1A

49°2’50.644"N 22°17’25.598"E

Smilno

S 2 49°21’22.026"N 21°25’45.778"E

S 12 49°21’22.026"N 21°25’45.778"E

S 16 49°21’22.026"N 21°25’45.778"E

S 24 49°21’22.421"N 21°25’45.500"E

S 30 49°21’22.421"N 21°25’45.500"E

Nechit

N 1008b, N 1008a 46°45’55.166"N 26°26’19.824"E

1003a 46°46’15.899"N 26°25’37.715"E

1001 46°46’14.949"N 26°25’31.904"E

1000 46°46’15.107"N 26°25’27.847"E

993b 46°46’21.166"N 26°25’12.933"E

991 46°46’20.298"N 26°25’8.461"E

977 46°46’16.468"N 26°24’11.765"E

971 46°46’14.246"N 26°23’58.661"E

962 46°45’53.777"N 26°23’4.056"E

961 46°45’53.042"N 26°23’1.766"E

960 46°45’52.801"N 26°23’1.277"E

952 46°45’53.064"N 26°22’50.754"E

949 46°45’51.595"N 26°22’46.762"E

Piatra Neamt

PN KG 46°56’27.840"N 26°22’10.320"E

PN SPK 46°56’13.200"N 26°22’10.320"E

PN PM 46°56’5.220"N 26°22’4.320"E

PN PK 46°56’17.940"N 26°22’7.860"E

Agapia

A 1040b, A 1040a 47°9’43.715"N 26°13’50.696"E

A 1041 47°9’44.525"N 26°13’50.308"E

A 1042j, 1042c 47°9’46.019"N 26°13’54.415"E

T a  b l e  1

GPS co or di nates for the in ves ti gated ex po sures (source: ArcGIS Basemap)

https://gq.pgi.gov.pl/article/view/7762


The num ber and dis tri bu tion of sam ples from each sec tion
was de pend ent on the ac ces si bil ity and type of ex po sure. In
tec toni cally un dis turbed sec tions of con sid er able thick ness
(Dara Prislop, Smilno, Piatra Neamt, and Agapia), sam ples
were col lected within the strati graphic or der of the sec tion. At
the Nechit River site, ow ing to re gional fold ing and the partly in -
ac ces si ble na ture of the Menilite Beds, the sam ples were col -
lected from ex po sures lo cated along the stream (Fig. 3). Sam -
ples were col lected from var i ous lithologies (mainly shales) at
each of these lo cal i ties (Figs. 4 and 5). 

METHODS

All sam ples col lected were pro cessed fol low ing mod i fied
palynological tech niques used at the lab o ra tory of the Fac ulty of 
Ge ol ogy, Uni ver sity of War saw. 40.23–43.00 grams of crushed
rocks were treated with 37% hy dro chlo ric acid to re move car -
bon ates. Dif fer ent times of HCl were used ac cord ing to the car -
bon ate con tent of in di vid ual sam ples. At least one hour of HCl
treat ment was enough for shales and mudstones. In case of
sam ples of marl and lime stone, small amounts of HCl are suc -
ces sively added un til ac cel er a tion of the re ac tion ceases. Af ter
that sam ples were washed with H2O, which is re moved dur ing
de cant ing. Then 70% hy dro flu oric acid was used to re move sil -
ica and sil i cates. Sam ples with HF were left for one week. The
or ganic re sid uum was sieved through a 15 µm mesh sieve. In
or der to con cen trate palynomorphs, a heavy liq uid sep a ra tion
was used (ZnCl2; den sity 2.0 g/cm3) and the re sid uum was
sieved once again through a 15 µm mesh sieve. Slides were
made for each sam ple, us ing UV-cured glue as the mount ing
me dium. Mi cro pho to graphs were taken in trans mit ted and UV
light us ing a Nikon Eclipse E-600 mi cro scope equipped with a
dig i tal cam era.

In the pres ent study, at least 300 SOM par ti cles were
counted, and sta tis ti cal anal y ses were con ducted us ing var i ous
or ganic com po nents of the SOM (Tyson, 1995). The abun dant
structureless AOM was stud ied un der UV light to de ter mine its
pri mary com po nents and the de gree of sub se quent re work ing

(e.g., Van Gijzel, 1961). The SOM rec og nized in this study is
grouped into ten cat e go ries (sensu Combaz, 1964), shown in
Ta ble 2. The ma tu rity of the Menilite Beds was also eval u ated
us ing the Spore Col our In dex Chart and this was used for the
first time in the Slovakian area (Fischer et al., 1980).

RESULTS

LITHOLOGY AND SEDIMENTOLOGICAL FEATURES 
OF THE SECTIONS STUDIED 

SMILNO

The sec tion stud ied in Smilno is lo cated in the Grybów Unit
(Slovakia). In this ex posed sec tion the Menilite Beds are dom i -
nated by fine-grained de pos its (lam i nated siltstones, shales),
which are in places interbedded with sand stone lay ers char ac -
ter ized by sed i men tary struc tures in clud ing hor i zon tal lam i na -
tion, len tic u lar bed ding, flaser bed ding, rip ple cross-lam i na tion,
sole marks (Fig. 4E) and de for ma tion struc tures. The shales
are mainly black and lo cally con tain traces of oil. Sam ples were
col lected from the shales.

DARA PRISLOP 

In the Dara Prislop sec tion (Slovakia), the Cergowa Beds
sand stones were ob served. They are rep re sented by sev eral
re pet i tive se quences of clastic rocks (mostly char ac ter ized by a
fin ing-up wards se quence; Fig. 4B). Most pack ages start with
micaceous, fine-grained sand stones, which tran si tion into grey
sandy mudstones, ul ti mately capped by black siltstones/shales. 
Sole marks (tool marks and flute moulds), in dic a tive of dif fer ent
palaeotransport di rec tions (from E to W, and from N to S), were
iden ti fied in the sec tion (Fig. 4C). Con vo lu tion and load struc -
tures were also pres ent in the sand stone lay ers (Fig. 4D). Sam -
ples for palynofacies anal y sis were col lected from dif fer ent
lithologies, with the in ten tion of re cog nis ing the di ver sity of SOM 
in var i ous rock types.
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Fig. 3. Top o graphic map of the Nechit River area (Vrancea Unit, Ro ma nia), with sam pling sites marked
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Fig. 4. Menilite Beds and Slon Beds in the Slovakian and Ro ma nian sec tions

A – gen eral over view of the ex po sure at Dara Prislop; B – pack ages rep re sented by re peated clastic rock se quences
(fine-grained sand stones through sandy mudstones pass ing into siltstones), Dara Prislop, tri an gles in di cate fin ing-up suc ces -
sions; C – sole marks (Dara Prislop), ar rows point in the di rec tion of trans port; D – load struc tures (Dara Prislop); E – sole
marks (Smilno); F – gen eral over view of the Bi tu mi nous Marl ex po sure at Piatra Neamt; G – gen eral over view of the Menilite
Shale ex po sure at Piatra Neamt; H – strongly de formed clasts of the Menilite Shale in cor po rated into a yel low ma trix (Slon
Beds, Agapia); pho to graphs A–D, F–H by Anna Wysocka, pho to graph E by Marcin Barski



AGAPIA

In the Agapia sec tion (Ro ma nia), sam ples were col lected
from 2 ex po sures, which are 20 m apart. The ex po sures are
sep a rated by a stream, so the con tact be tween them is not vis i -
ble. In the first ex po sure, the Bi tu mi nous Marl was ex posed in
the lower part, over lain by bi tu mi nous si li ceous shales with
some sand stone in ter ca la tions in the up per part. At the top of
the sec tion, the pro por tion of thin-bed ded sand stones in -
creases. Load struc tures are oc ca sion ally vis i ble in the lower
parts of the sand stone beds. The Slon Beds (Oligo -
cene– Miocene) were pres ent in the sec ond ex po sure, and are
com posed of sand stone-claystone brec cias, pri mar ily ce -
mented by dark grey clays and mudstones. Menilite shale
clasts have been iden ti fied within the Slon Beds (“Vorotyshcha
Beds” fa cies). The strongly de formed clasts of Menilite shales
are in cor po rated into a yel low ma trix. Sam ples were col lected
from both the matrix and clasts to perform a comparative
analysis.

PIATRA NEAMT

In the Piatra Neamt area (Ro ma nia), sam ples were col -
lected from 4 ex posed sec tions. The Bi tu mi nous Marl was pres -
ent in the first (PN KG) and the sec ond ex po sure (PN SPK).
Marls char ac ter ized by hor i zon tal lami na tions, with fish skel e -
tons and scales, are interbedded with brown car bon ate-rich

shales. The third ex po sure (PN PM) rep re sents mainly mo not o -
nous brown si li ceous shales typ i cal of the Menilite Beds. The
last ex po sure (PN PK) is dom i nated by grey shales and
thin-bedded sandstones.

NECHIT

Field work in Nechit was fo cused on sedimentological anal y -
sis and sam pling along the Nechit stream. Due to in tense re -
gional fold ing and the partly in ac ces si ble na ture of the Menilite
Beds here it was not possisble to cre ate a sin gle log (Fig. 3). In
ex po sure 949, cherts are ex posed in the lower part and over lain 
by black and brown shales, which are interbedded with thin- and 
me dium-bed ded sand stones. In the up per part of the ex po sure,
slumped de pos its oc cur. The Menilite Beds, in ex po sures 952,
1000, 1001, 960 and 962, are rep re sented only by brown
shales. In ex po sures 961 and 991 si li ceous bi tu mi nous brown
marls (Bi tu mi nous Marls) were iden ti fied. In ex po sure 961, the
sam ple was taken from the up per part of a marl pack age.

Ex po sure 971 is char ac ter ized by a re versed strati graphic
or der, as shown by load struc tures. The lower part is dom i -
nated by dark shales, which are in ter ca lated with lo cally hor i -
zon tally lam i nated sand stone beds. In the up per part,
thick-bed ded mas sive sand stones and con glom er ates with
ero sional bound aries oc cur. In one of these, chert and sand -
stone peb bles were iden ti fied.
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Fig. 5. Se lected pho to graphs of the Nechit River sec tion

A – gen eral over view of an ex po sure in the Nechit River sec tion dom i nated by black shales and thinly-bed ded cherts (red dot marks
sam ple 952); B – bound ary be tween the Menilite shales and cherts and the Bi tu mi nous Marl (red dot marks the lo ca tion of sam ple
1003a); C – shale-sand stone bed packet with hummocky cross-strat i fi ca tion struc tures; D – sand stones with hummocky cross-strat i -
fi ca tion struc tures, sam ple 993b



Ex po sures 977 and 1008 are dom i nated by black and
brown shales, which are in places interbedded with mudstone
de bris-flow de pos its with synsedimentary folds. Ex po sure 993
is dom i nated by sand stones with flaser bed ding rip ple
cross-lam i na tion or hummocky cross-strat i fi ca tion and
black/brown shales. In Ex po sure 1000, a sharp con tact be -
tween the cherts and shales (the lower part of the log) and the
Bi tu mi nous Marls (up per part) is clearly visible. 

PALYNOFACIES ANALYSIS 

SMILNO 

In Smilno (Fig. 4C), palynofacies in five sam ples are char -
ac ter ized by a very high abun dance of AOM (93.2–99% of
SOM) and a rel a tively low abun dance of opaque phytoclasts
(1.0–6.1%; Ta ble 3 and Fig. 6C). The AOM is non-flu o res cent.
The min i mum AOM abun dance (81.7%) is ob served in one
sam ple (S16) with the max i mum abun dance of opaque wood
par ti cles (18.3%). In gen eral, non-flu o res cent, gran u lar, and
blocky frag ments dom i nate the AOM in this ex po sure. Amor -
phous phytoclasts, char ac ter ized by hav ing a sur face 50% in -
tact, were iden ti fied in the sam ples: these in di cate an in ter me di -
ate stage in their con ver sion to AOM. The prasinophytae alga
Tasmanites sp., with a dark brown hue, was ob served in sam -
ple S16.

DARA PRISLOP 

From Dara Prislop, palynofacies in 16 sam ples are ana -
lysed. AOM (80.6–99.7%) con sti tutes a ma jor ity of the SOM,
with opaque phytoclasts as a mi nor com po nent (0.3–17.8%)
(Ta ble 3 and Fig. 6A–C). The AOM is dom i nated by gran u lar,
dark brown or black frag ments in all sam ples. AOM may reach
con sid er ably larger sizes (reach ing ~700 µm) with more vari -

able shapes rel a tive to the sam ples from Smilno. The AOM is
non-flu o res cent. No lithological de pend ence was noted in this
sam ple suite. Sam ple DR 4A dif fers from the other sam ples due 
to the pres ence of a cu ti cle con tent (1.7%) char ac ter ized by
dark brown colours.

AGAPIA 

From Agapia, palynofacies in five sam ples were ana lysed.
Sam ples col lected from the Menilite Beds (A 1041 from the Bi -
tu mi nous Marls/Dynów Marl, A 1040a and A 1040b from the
dark brown bi tu mi nous shales), are char ac ter ized by high AOM
abun dances (80.5, 82.4 and 99.4%, re spec tively). The
palynological as sem blages from the shale are more di verse
than the or ganic mat ter in the Dynów Marl: seven SOM com po -
nents oc cur in the shale sam ples, while only two are found in
the Dynów Marl sam ples. Dinocysts in sam ple A 1040a are lim -
ited to Caligodinium sp. and the Mid dle Ju ras sic dinoflagellate
cyst Nannoceratopsis sp., sug ges tive of re work ing. UV light
anal y sis re vealed vari able flu o res cence types (brown and dark
or ange), in di cat ing the pres ence of two AOM types in dif fer ent
preservational states. The darker one may be re worked. Sam -
ple A 1040b is char ac ter ized by a more di verse dinoflagellate
cyst as sem blage, in clud ing Glaphyrocysta sp., Rhombo -
dinium sp., Chiropteridium sp., Caligodnium sp., Wetzeliella
symme trica, and Deflandrea phosporitica and AOM is also
more ho mo ge neous rel a tive to sam ple A 1040a. Ex am i na tion
in UV light showed that the palynomorphs have dark yel low and
or ange flu o res cence colours. Ad di tion ally, UV flu o res cence
dem on strated the pres ence of fresh wa ter al gae: namely,
Botryococcus sp., Pediastrum sp. and Pterospermella sp.
(Fig. 6N), which were not seen in trans mit ted light.

Sam ple A 1042cz, col lected from clasts within the Slon Beds, 
is dom i nated by dark or ange AOM with weak or no UV flu o res -
cence. The dinoflagellate cysts in this sam ple are rare and char -
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Group Sub group Cat e gory Char ac ter is tics/Ex am ple

Struc tured

Palynomorphs

Or ganic-walled ma rine
phytoplankton Dinoflagellate cysts Rest ing cysts pro duced by Dinoflagellata

sensu Wil liams et al. (1998)

Other microplankton

Botryococcus Brack ish-wa ter tol er ant fresh wa ter co lo nial
green al gae Botryococcus sp.

Other
microplankton

e.g., Quadriflagellate, spher i cal al gae
Tasmanites sp., co lo nial fresh wa ter al gae

Pediastrum sp., prasinophyta (Pterospermella
sp.) and Campenia sp. (as signed to al gae, but
with un clear tax o nomic af fin ity, due to smooth
walls and lack of mor pho log i cal fea tures, i.e.
ap pend ages, pores or lam i nated walls Tyson,

1995)

Sporomorphs

Saccates Saccate pol len (pol len grains with buoy ancy
sacs) 

Other non-saccate
pol len and spores

Megaspores and miospores, non-saccate 
pol len; vari able size, thick ness 

and or na men ta tion

Phytoclasts Macrophyte plant de bris 

Cu ti cle Leaf and plant mem bra nous tis sue

Trans lu cent wood Brown, biostructured wood, cor tex

Opaque wood Black, bio chem i cally oxi dised wood

Un struc tured Amor phous 
or ganic mat ter

Bac te ri ally or phytoplankton 
de rived amor phous or ganic

mat ter; diagenetic amor phous
prod ucts of macrophyte tis sues

AOM

All par tic u late or ganic com po nents which
 ap pear structureless at the scale of light 
mi cros copy (sin gle par ti cle of AOM was

 de ter mined as ev ery piece of AOM in which
the min i mum size is >15 µm)

Higher plant se cre tions Un struc tured
lithified resin

Intra-/ex tra-cel lu lar res ins; mainly dark or ange, 
conchoidal

T a  b l e  2

Clas si fi ca tion of sed i men tary or ganic mat ter (SOM; mod i fied af ter Tyson, 1993, 1995; Roncaglia, 2004; McArthur et al., 2016)
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DP 10 black shale 0.0 0.0 0.3 0.0 0.0 0.0 0.3 4.0 95.4 0.0

DP 9B grey mudstone 0.0 0.0 0.0 0.0 0.0 0.0 0.3 6.9 92.8 0.0

DP 9A black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.3 12.8  86.9 0.0

DP 8B black mudstone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 99.7 0.0

DP 8A grey shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 88.1 0.0

DP 7 black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 97.1 0.0

DP 6 black shale 0.0 0.0 0.3 0.0 0.0 0.0 0.7 8.0 91.0 0.0

DP 5C black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.4 93.6 0.0

DP 5B grey shale 0.0 0.0 0.0 0.0 0.0 0.0 0.3 7.3 92.4 0.0

DP 5A grey mudstone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.9 93.1 0.0

DP 4B black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 98.4 0.0

DP 4A grey shale 0.0 1.7 0.0 0.0 0.0 0.0 0.0 16.8  81.5 0.0

DP 3B grey shale 0.0 0.0 0.0 0.0 0.0 0.0 1.6 17.8  80.6 0.0

DP 3A black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.3 4.8 94.9 0.0

DP 2 grey mudstone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.5 82.5 0.0

DP 1A black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.3 6.6 93.1 0.0

S 2 black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 98.7 0.0

S 12 black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 99.0 0.0

S 16 black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.3  81.7 0.0

S 24 black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 96.9 0.0

S 30 black shale 0.0 0.0 0.0 0.0 0.0 0.0 0.6 6.1 93.2 0.0

N 1008b lam i nated lime stone 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 97.8 0.3

N 1008a lam i nated lime stone 0.0 0.0 0.9 0.0 1.8 0.0 0.3 0.3 96.7 0.0

N 1003a black shale 0.0 0.0 0.0 0.6 1.3 0.0 0.6 0.3 97.1 0.0

N 1001 black shale 0.0 0.0 0.3 0.0 0.9 0.0 3.1 0.0 90.3 5.3

N 1000 black shale 0.0 0.3 9.6 0.0 10.4  0.3 12.8  10.1  43.5 13.0  

N 993b black shale 0.0 0.0 0.3 0.0 0.0 0.0 1.7 0.0 93.4 4.7

N 991 bi tu mi nous marl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0  0.0

N 977 black shale 0.0 0.0 0.3 0.0 1.0 0.0 0.6 6.1 88.1 3.8

N 971 brown shale 0.0 0.0 1.6 0.0 2.3 1.6 3.2 2.6 75.7 12.9  

N 962 brown shale 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 99.4 0.3

N 961 bi tu mi nous marl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0  0.0

N 960 brown shale 0.0 0.0 0.9 0.0 1.9 0.0 0.0 0.3 96.0 0.9

N 952 brown shale 0.0 2.0 9.3 0.0 11.3  0.0 3.0 1.7 71.7 1.0

N 949 grey siltstone 0.0 0.0 1.0 0.0 1.3 0.3 1.6 3.5 92.3 0.0

PN KG bi tu mi nous marl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 98.7 0.0

PN SPK bi tu mi nous marl 0.0 0.0 0.0 0.0 0.0 0.0 4.8 9.6 85.5 0.0

PN PM shale 0.0 0.0 0.0 0.0 0.0 0.0 2.5 3.1 94.4 0.0

PN PK shale 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.9 97.8 0.0

A 1040b shale 0.3 0.0 6.8 0.0 1.5 0.9 7.1 0.3 80.5 2.7

A 1040a shale 1.0 0.0 4.2 0.3 8.7 0.6 1.3 1.0 82.4 0.6

A 1041 marl 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0 99.4 0.0

A 1042j brec cia ma trix 0.0 0.0 0.9 0.0 0.3 0.0 7.8 27.8  29.9 33.4  

A 1042c clast from brec cia 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.7 98.7 0.3

T a  b l e  3

Rel a tive abun dances of SOM re cog nized in this study



Palynofacies anal y sis, sedimentology and hy dro car bon po ten tial of the Menilite Beds (Oligocene)... 599

Fig. 6. Palynofacies, phytoclasts and palynomorphs from se lected sam ples

A – palynofacies com posed of black AOM and opaque phytoclasts, sam ple DP 5C; B – dark brown cu ti cle, DP 4A; C – or -
ganic ma te rial char ac ter ized by the dom i nance of black AOM, sam ple S 2; D – palynofacies com posed mainly of pale
AOM, sam ple PN KG; E – palynological ma te rial char ac ter ized by dom i nance of yel low AOM, sam ple N 962; F – or ganic
ma te rial char ac ter ized by the dom i nance of yel low AOM with high py rite con cen tra tions, sam ple N 952; G – trans lu cent
phytoclast with sharp edges, sam ple N 977; H – cu ti cle (in cen tre), sam ple N 993b; I – foraminiferal lin ings (blue ar row),
sam ple N 1000; J – or ganic ma te rial char ac ter ized by a great abun dance of the fresh wa ter co lo nial al gae Botryococcus
sp., sam ple PN SPK; K – palynological ma te rial char ac ter ized by palynomorphs with dif fer ent de grees of pres er va tion,
white ar rows in di cate dinoflagellate cysts iden ti fied as Deflandrea phosporitica, with bright yel low flu o res cence; grey ar -
rows in di cate dinoflagellate cysts with or ange flu o res cence, sam ple N 1000; L – Pterospermella sp., sam ple N 1000; M –
Campenia sp., sam ple N 1000; N – Pediastrum sp., sam ple A 1040a; scale bar on all pho to graphs – 100 µm



ac ter ized by a very poor state of pres er va tion, of ten ham per ing
iden ti fi ca tion. The sam ple in cludes Enneadocysta pectiniformis,
Charlesdowniea coleothrypta, Deflandrea phosporitica,
Spiniferites sp. and Cordosphaeridium sp. Ex am i na tion in UV
light showed that the palynomorphs have or ange flu o res cence.
By con trast, in sam ple A 1042j col lected from the sed i ment ma -
trix, dinoflagellate cysts are the most abun dant com po nents of
the SOM (Ta ble 3). The sam ple yielded Enneadocysta
pectiniformis, Membranophoridium aspinatum, Deflandrea
phosporitica, Homotryblium tenuispinosum, Achomosphaera sp. 
and Spiniferites sp. Un der UV light, all cyst spec i mens ex hib ited
sim i lar flu o res cence colours (Fig. 7I, J).

PIATRA NEAMT 

From Piatra Neamt, palynofacies in 4 sam ples were ana -
lysed. The SOM from the sam ples col lected at Piatra Neamt is
dom i nated by AOM (85.5–98.7%), with a sec ond ary phytoclast
com po nent. Trans lu cent (max. 4.8%) and opaque (max. 9.6%)
wood was iden ti fied in all four sam ples. Sam ple PN PK dif fers
from other sam ples due to the pres ence of Botryococcus sp.
(1.2%), which was ob served in trans mit ted light. In trans lu cent
light, the AOM is char ac ter ized by yel low and or ange colours.
Anal y sis un der UV light re vealed an ad di tional fresh wa ter al gae 
taxon, Pediastrum sp., in the sam ples. In sam ple PN SPK, a
rel a tively high abun dance of Botryococcus sp. was also ob -
served (Fig. 6J).

NECHIT RIVER 

From Nechit, palynofacies in 14 sam ples were ana lysed.
Most sam ples from the Nechit River sec tion are char ac ter ized
by a larger de gree of vari abil ity than in other sec tions, with AOM 
as the dom i nant com po nent (43.5–100%). In trans mit ted light,
most of the AOM shows bright colours, with py rite pres ent.
Sam ples where AOM was the only type of SOM (N 961 and
N 991) were col lected from the Dynów Marl. UV light anal y sis
showed that the AOM in these two sam ples has weak or ab sent 
flu o res cence and a structureless na ture. There fore, it is not
pos si ble to iden tify pri mary el e ments pres ent in the AOM. In
some other sam ples, UV anal y sis re vealed the pres ence of var -
i ous com po nents hosted within the AOM: sporomorphs (sam -
ple N 952; Fig. 7A) and palynomorphs (sam ple N 1000). Anal y -
sis of or ganic mat ter un der UV light also al lowed for the iden ti fi -
ca tion of fresh wa ter al gae in the fol low ing sam ples: N 1000
(Botryococcus sp., Pterospermella sp., Campenia sp.; Fig. 6L,
M), N 1003a (Botryococcus sp.) and N 1008a (Botryoco -
ccus sp.).

Sam ples N 971 and N 1000 are char ac ter ized by a higher
abun dance of dinoflagellate cysts (12.9 and 13%, re spec tively)
rel a tive to other sam ples. The dinoflagellate cysts in these two
sam ples are poorly pre served and are pos si bly re worked [sam -
ple N 971: Areosphaeridium diktyoplokum (Fig. 7M) and
Cerodinium wardenense (Fig. 7D, E); sam ple N 1000:
Areosphaeridium diktyoplokum (Fig. 7G)]. Sam ple N 993b, col -
lected above a bed with typ i cal com bined flow struc tures, in -
clud ing hummocky cross-strat i fi ca tion (Fig. 5C, D), con tains cu -
ti cle frag ments (Fig. 6H). In sam ples N 949, N 971, N 1000
resin was also iden ti fied.

INTERPRETATION

In spite of the large pres ent-day dis tance (100 km) be tween
the Slovakian Menilite Beds ex po sures (Dara Prislop and
Smilno), their or ganic mat ter has sim i lar prop er ties. In all sam -

ples, the AOM is dom i nated by gran u lar, dark brown or black
ag gre gates. Opaque phytoclasts are the sec ond most com mon
com po nent of the SOM (Fig. 5). The black and brown colours of
AOM, cu ti cles, and Tasmanites sp. im ply a high de gree of ther -
mal mat u ra tion (i.e., post-ma ture source rock). The re sults from 
Slovakia are prob a bly re lated to the rel a tively high geo ther mal
ac tiv ity in the re gion, known as the Carpathian Con duc tiv ity
Anom aly (Majcin et al., 2014). This high heat flux was as so ci -
ated with a deep-seated fault sys tem on the mar gin of the Eu ro -
pean Plat form (Kuchariè et al., 2013; Majcin et al., 2014). This
fault sys tem is thought to be re spon si ble for the for ma tion of Ce -
no zoic vol ca nic rocks and ac tive heat trans fer through fluid mo -
bi li za tion, which ad di tion ally may in crease ther mal ma tu rity
(Majcin et al., 2014).

The SOM as sem blages from the se lected Ro ma nian ex po -
sures are char ac ter ized by high AOM abun dances. In con trast
to the AOM from the Slovakian sec tions, their AOM is pale yel -
low to or ange, with the com mon pres ence of py rite. The sam -
ples from Ro ma nian sec tions are also char ac ter ized by a larger
di ver sity of or ganic mat ter com po nents (in some sam ples,
seven com po nent types are pres ent, of both ma rine and ter res -
trial or i gin) than the sam ples from Slovakia. To gether, this sug -
gests that the Slovakian Menilite Beds were de pos ited in the
cen tre of the ba sin, at a greater dis tance from the or ganic mat -
ter source area than the Vrancea Menilite Beds (Ro ma nia). In
con trast, the re sults from Nechit and Piatra Neamt sug gest that
the Vrancea Menilite Beds were de pos ited in the mar ginal part
of the ba sin. An AOM-palynomorph-phytoclast ter nary plot sug -
gests that the Menilite Beds were de pos ited un der dis tal,
suboxic-anoxic con di tions (Fig. 8). How ever, the pres ence of
cu ti cle in these sam ples is in dic a tive of a rel a tively prox i mal
depositional set ting (Tyson, 1993). This is due to the leaf or i gin
of cu ti cle, which can not be trans ported for long dis tances be -
cause it is ex tremely prone to me chan i cal deg ra da tion and bac -
te rial de com po si tion, caus ing it to rain out of the wa ter col umn
(Spicer, 1991). As an ex cep tion, cu ti cle par ti cles can oc cur in
deep-wa ter en vi ron ments when they are fun nelled down sub -
ma rine can yons (Shepard, 1964; Cross et al., 1966; Schnyder,
2017). Within the Menilite Beds, the Cergowa Beds are con sid -
ered to be sub ma rine fan de pos its (e.g., Pszonka and
Wendorff, 2017). This lithostratigraphic unit was ana lysed in the 
Dara Prislop ex po sure, where typ i cal tur bid ity cur rent struc tures 
were iden ti fied, in clud ing graded in ter vals, load struc tures, con -
vo lute bed ding, tool marks, and flute marks. In sam ple DP 4A,
from grey sandy mudstones in the lower part of the pack age
char ac ter ized by nor mal grad ing, cu ti cle frag ments were ob -
served. The pres er va tion of these eas ily de graded plant re -
mains may have been due to rapid de po si tion and burial in
turbiditic sed i ments.

In the Vrancea Unit, cu ti cle frag ments were also iden ti fied.
More over, typ i cal sub ma rine fan struc tures were not ob served
in this re gion. There fore, the de po si tion of the Menilite Beds in
the Nechit River area is un likely to have oc curred in a deep-wa -
ter set ting, be cause cu ti cle frag ments, which are prone to bac -
te rial de com po si tion, caus ing them to rain out of the wa ter col -
umn, are pres ent in sam ples.This is sup ported by the li thol ogy
of the Nechit River ex po sure: namely, the pres ence of
hummocky cross-strat i fi ca tion struc tures gen er ally in ter preted
as in dic a tive of storm wave base con di tions (Duke et al., 1991;
Dumas and Ar nott, 2006; Fig. 5D). More over, storm con di tions
can in tro duce and pre serve plant frag ments through rapid
trans port and pro vide good burial con di tions (Spicer, 1980).
Such con di tions are prob a bly doc u mented in sam ple N 993b
(Fig. 5D), in which cu ti cle frag ments were com mon. Tyson
(1993) sug gests that sim i lar or ganic mat ter as sem blages, with
dom i na tion of AOM and low per cent ages of palynomorphs, may 
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Fig. 7. Palynomorphs and sporomorphs from the Menilite (A–H, K–M) and Slon beds (I–J)

A – bisaccate pol len grains, sam ple N 952; B – Wetzelliela articulata, sam ple N 962; C – Rhombodinium freienwaldense,
sam ple N 960; D, E – Cerodonium wardenense, N 971; F – Hystrichosphaeridium tubiferum, sam ple N 1000; G –
Areosphaeridium diktyoplokum, sam ple N 1000; H – Glaphyrocysta sp., N 1000; I – dinoflagellate cysts from the Slon Beds in 
trans mit ted light, sam ple A 1042j; J – dinoflagellate cysts from the Slon Beds in UV light, sam ple A 1042j; K, L –
dinoflagellate cyst with two styles of flu o res cence, sam ple N 971; M – Reticulatosphaera actinocoronata and
Areosphaeridium diktyoplokum, sam ple N 971; scale bar on all pho to graphs – 100 µm



also be char ac ter is tic of strat i fied shelf seas. This in ter pre ta tion
is sup ported by geo chem i cal in ves ti ga tions (Kotarba et al.,
2013; Sachsenhofer et al., 2015; Bojanowski et al., 2018). Wa -
ter col umn strat i fi ca tion might have been in duced by ba sin iso -
la tion and sub se quent fresh wa ter in flux, as in the case of the
mod ern Black Sea (e.g., Murray et al., 1989). As a re sult, zones 
with re duced sa lin ity and large-scale fresh wa ter al gae growth
might have oc curred in prox i mal set tings within the ba sin. 

No ta bly, fresh wa ter al gae have been iden ti fied in the Ro ma -
nian sec tions. In the Vrancea Unit (Ro ma nia), the green al gae
Botryococcus sp. and Pediastrum sp. and the prasinophytes
Pterospermella sp. and Campenia sp. are found, whereas in
Smilno (Slovakia) only the prasinophyte Tasmanites sp. oc curs.
Botryococcus com prises a group of co lo nial green al gae abun -
dant in fresh wa ter and brack ish set tings (e.g., lakes, seas,
ponds; Metzger and Largeau, 2006; Mendonça Filho et al.,
2012). Mo bile mats with thick nesses of up to sev eral centi metres 
and ar eas of hun dreds of square metres may be formed dur ing
Botryococcus blooms (Guy-Ohlson, 1992). As a typ i cal fresh wa -
ter co lo nial form, Botryococcus may be trans ported by rivers to
bas ins (Caratini et al., 1983; Guy-Ohlson, 1992), where it can
co-oc cur with ma rine palynomorphs. Rep re sen ta tives of the ex -
tant ge nus Pediastrum mainly oc cur in fresh wa ter en vi ron ments:
they are rarely found in brack ish-wa ter bas ins and these sparse
ap pear ances are re lated to fresh wa ter in fluxes at river mouths
(Komárek and Jankovská, 2001). Pterospermella sp. is also in -
ter preted as an in di ca tor of re duced sur face sa lin ity (Mudie,
1992; Be low and Kirsch, 1997). In the frame work of the Menilite
Beds, these al gae have also been iden ti fied in Po land, in the
west ern part of the Silesian Unit.

By con trast, rep re sen ta tives of the ge nus Tasmanites are
euryhaline, eurythermal ma rine al gae found in a broad di ver sity
of en vi ron ments (Guy-Ohlson, 1988). Con se quently, these al -
gae can be reg u larly re cov ered from widely dif fer ing sed i men -
tary fa cies (Guy-Ohlson, 1988). There are also re ports that link
Tasmanites sp. to eutrophic wa ters with reg u lar and am ple nu -
tri ent sup ply (Vigran et al., 2008). 

The pres ence of these al gal gen era points to the ex is tence
of zones with sig nif i cantly re duced sa lin ity dur ing the de po si tion
of the Menilite Beds. Com par a tively large vari abil ity in or ganic
mat ter com po si tion, and the pres ence of typ i cal fresh wa ter al -
gae (Pediastrum sp., Pterospermella sp.) and al gae tol er ant of
low-sa lin ity set tings (Botryococcus sp.), were ob served in the
mar ginal Outer Carpathians (Vrancea Unit). In con trast, the in -
ter nal Outer Carpathians (Dukla and Grybów units) are char ac -
ter ized by low or ganic mat ter vari abil ity and the pres ence of
only Tasmanites sp., which has a higher tol er ance to sa lin ity
than Botryococcus sp., Pediastrum sp. and Pterospermella sp.
The pres ence of those di ag nos tic al gae and sedimentological
ob ser va tions sug gest that the de po si tion of the Menilite Beds in
the Vrancea Unit oc curred in a mar ginal zone at a rel a tively
short dis tance from the shore line, above storm wave base.
How ever, the de po si tion of the Menilite Beds at Dara Prislop
and Smilno oc curred far ther from the shore in a more cen tral
part of the ba sin where sa lin ity was higher than in its mar ginal
zones.

Poor pres er va tion of re worked palynomorphs (Areosphae -
ridium diktyoplokum, Cerodinium wardenense) may be a con -
se quence of phys i cal de te ri o ra tion, as the re sult of trans port
pro cesses dur ing redeposition and the growth of py rite crys tals
within. Some au thors have found Areosphaeridium diktyoplo -
kum in Lower Oligocene de pos its (e.g., Maier, 1959; Œliwiñska
et al., 2012). How ever, poor pres er va tion of Areo sphae ridium
diktyoplokum and co-oc cur rence with Cerodinium wardenense
in di cate that they are prob a bly re de pos ited. UV anal y sis of
sam ples from Nechit re veal dif fer ences in the flu o res cence
colours of palynomorphs and sporomorphs (Fig. 6K), tes ti fy ing
to the re work ing of some palynomorphs and sporomorphs from
older rocks and the pres ence of two dis tinct SOM groups with
dif fer ent ther mal ma tu ri ties (Figs. 6K and 7K, L). Ad di tion ally,
sam ples with out re worked spec i mens are dom i nated by
peridinioid cysts (mainly Wetzelielloidae; Fig. 6B, C), whereas
sam ples N 971 and N 1000, in which re worked palynomorphs
were iden ti fied, are dom i nated by gonyaulacoid cysts (Figs. 6F,
7G, K–M). In deed, sam ple N 971 con tains three types of
palynomorph flu o res cence (yel low, or ange, dark or ange;
Fig. 7). How ever, con trary to the gen eral par a digm of UV flu o -
res cence in ter pre ta tion (Hartkopf-Fröder et al., 2015), a case
was iden ti fied where older cysts (Cerodinium werde nense) are
char ac ter ized by lighter flu o res cence colours than youn ger
cysts (e.g., Reticulatosphaera actinocoronata) char ac ter is tic of
the Oligocene. This vari abil ity may be linked to re work ing from
rocks with in ter nally di verse ther mal his to ries. Sim i lar flu o res -
cence vari abil ity was ob served in sam ple N 1000, where
Eocene dinoflagellate cysts were ob served; fur ther more, dif fer -
ent UV light colours were noted among sporomorphs as well
(Fig. 6K). The re work ing of or ganic par ti cles from older rocks is
likely to have caused much greater vari abil ity of SOM than in
sam ples de void of re worked ma te rial. 

ASSESSMENT OF THE HYDROCARBON
POTENTIAL OF THE MENILITE BEDS

The high ther mal ma tu rity ob served in sam ples from the
Dara Prislop and Smilno sec tions (Slovakia) sug gests that hy -
dro car bons were prob a bly gen er ated or ther mally de com posed
from these parts of the Menilite Beds. The re sults sup port
biomarker anal y sis, which sug gests that the Menilite Beds in in -
ner tec tonic units are overmature (Kotarba et al., 2007;
Kosakowski et al., 2018). The or ganic mat ter from the Vrancea
Unit Menilite Beds is be tween 2.5 and 6.5 (Fig. 6B) on the Spore 
Col our In dex Chart (Fischer et al., 1980), which in di cates that it
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Fig. 8. AOM-palynomorph-phytoclast ter nary plot 
(af ter Tyson, 1989)

Palynofacies fields: I – highly prox i mal shelf or ba sin, II – mar ginal
dysoxic-anoxic ba sin, III – heterolithic oxic shelf (“prox i mal shelf”),
IV – shelf to ba sin tran si tion, V – mud-dom i nated oxic shelf (“dis tal
shelf”), VI – prox i mal suboxic-anoxic shelf, VII – dis tal
dysoxic-anoxic “shelf”, VIII – dis tal dysoxic-anoxic shelf, IX – dis tal
suboxic-anoxic ba sin



is ei ther im ma ture or in the ini tial oil win dow (Waples, 1985;
Mar shall, 1990). The high hy dro car bon po ten tial of the Menilite
Beds is re flected in the pres ence of abun dant AOM (of ma -
rine/al gal or i gin) and of al gae (Tasmanites sp., Botryococcus
sp., Campenia sp.), es pe cially in the Vrancea area. All these al -
gae – but in par tic u lar Botryococcus sp. and Campenia sp. –
have an abil ity to syn the sise and ac cu mu late lipid sub stances,
in clud ing hy dro car bon pre cur sors (Metzger and Largeau,
2006). How ever, UV light anal y sis of ex po sures of Ro ma nian
Menilite Beds show very bright flu o res cence colours, in dic a tive
of a low de gree of ther mal mat u ra tion. My in ter pre ta tion agrees
with pre vi ous geo chem i cal in ves ti ga tions (Wendorff et al.,
2017). This may im ply that parts of the Menilite Beds with high
po ten tial for hy dro car bon gen er a tion may ex ist in deep struc -
tures within the Ro ma nian Outer Carpathians, where the top of
the Menilite Beds in the Vrancea Unit is lo cated at an av er age
depth of 2.5 km (Dicea, 1995; Popescu and Anastasiu, 2017).
Kosakowski et al. (2018) en vis aged a sim i lar sit u a tion in the
Boryslav-Pokuttya Unit in Ukraine, where the or ganic mat ter
from ex po sures of the Menilite Beds is gen er ally im ma ture.
How ever, the Menilite Beds bur ied be tween 3 and 6 km in the
Boryslav-Pokuttya Unit are lo cated in the oil and gas win dows.
This may be a sign that hy dro car bons were also gen er ated from 
the Menilite Beds in the Vrancea area. To test this idea,
palynofacies stud ies and UV light anal y sis should be per formed 
on core sam ples col lected from Menilite Beds, which ex ist at
depth in this re gion.

DEPOSITIONAL ENVIRONMENT 
OF THE MENILITE BEDS

Stud ies of the Outer Carpathians have pre vi ously in ter -
preted the flysch-like de po si tion of the Outer Carpathians suc -
ces sion as hav ing mainly oc curred in deep-ma rine set tings
(Ksi¹¿kiewicz, 1975; Unrug, 1979; Van Couvering et al., 1981;
Leszczyñski and Uchman, 1991; Kotlarczyk et al., 2006;
Barwicz-Piszkorz and Rajchel, 2012; Oszczypko et al., 2015).
In this frame work, the Menilite For ma tion, in par tic u lar, was
sup pos edly de pos ited in the dis tal parts of turbidite sys tems
and in a pe lagic en vi ron ment on a con ti nen tal slope, sub ma rine
ridges, and an abys sal plain as so ci ated with the de vel op ment of 
sub ma rine fans through time (Kotlarczyk and Leœniak, 1990;
Puglisi et al., 2006; Prekopová and Janoèko, 2009; Kotlarczyk
and Uchman, 2012).

In con trast to this view, Baldi (1980), Van Couvering et al.
(1981), and Rögl (1998) sug gested that the de po si tion of the
Menilite Beds took place in a ba sin iso lated from the open
ocean. As a con se quence of this set ting, pe ri od i cally anoxic
con di tions de vel oped, and black bi tu mi nous shales were de -
pos ited in deep-ma rine depositional set tings (Kotlarczyk et al.,
2006; Kotlarczyk and Uchman, 2012). Kotlarczyk and Uchman
(2012) re lated an oxia at the sea bot tom primarly to wa ter-col -
umn strat i fi ca tion and par tially to upwelling. Ichthyological anal -
y sis of the Outer Carpatian showed that dif fer ent eco log i cal
groups of meso- and bathypelagic fish ex isted, in di cat ing a
depth in the 200–2000 m in ter val (Kotlarczyk et al., 2006;
Kotlarczyk and Uchman, 2012). How ever, in the Pol ish (Skole
Unit) and Ro ma nian (Vrancea Unit) Outer Carpatians, sev eral
shal low-wa ter fish taxa (e.g., flat fish), and taxa tol er ant of brack -
ish wa ter fluxes have also been iden ti fied (Paucã, 1931;
Kotlarczyk et al., 2006; Baciu et al., 2016). Based on foramini -
feral as sem blages, Olszewska (1985) in ter preted the Menilite
Beds to have been de pos ited be tween the sublittoral and the
up per bathyal zones. More over, in the past two de cades some

au thors have dis tin guished shal low and shelf ar eas dur ing the
de po si tion of the Menilite Beds, pri mar ily on the ba sis of purely
sedimentological in ves ti ga tions (Miclãuº et al., 2008, 2009;
Dziadzio et al., 2016; Dziadzio, 2018; Dziadzio and Matyasik,
2018) and sedimentological ob ser va tions in gen eral geo log i cal
pa pers (Watkinson et al., 2001; Jarmo³owicz-Szulc and
Jankowski, 2011).

A few stud ies sug gested that sa lin ity de creased dur ing the
de po si tion of the Menilite Beds (Kotlarczyk and Kaczmarska,
1987; Melinte, 2005; Garecka, 2012; Studencka et al., 2016).
Car bon ate units are char ac ter ized by the pres ence of brack ish
cal car e ous nannoplankton, bi valves, and the fresh wa ter fish
Barbus sp., as well as ma rine fish (Melinte, 2005; Kotlarczyk et
al., 2006; Garecka, 2012; Studencka et al., 2016). Con sid er -
able fresh wa ter in fluxes are also in ferred in the pres ent study.
Fresh wa ter al gae – i.e., Botryococcus sp., Pediastrum sp. and
Pterospermella sp. – were rec og nized in the Piatra Neamt,
Agapia, Nechit, and Dara Prislop sec tions. How ever, fresh wa -
ter al gae were not ob served in the Dynów Marl, prob a bly be -
cause the sam ples were dom i nated by structureless AOM.
Sachsenhofer et al. (2015) sug gested that the MTTC ra tio
(0.32–0.85) in di cates re duced and en hanced sa lin ity dur ing Bi -
tu mi nous Marls de po si tion. 

Changes in sed i men tary con di tions within the Carpathian
ba sin(s) in the Oligocene were driven by os cil la tions in rel a tive
sea level, in turn re sult ing from eustatic changes (Popov et al.,
2010) and/or trans for ma tion of the ba sin as a re sult of re gional
tectonism (Jankowski and Probulski, 2011). Ac cord ing to these
hy poth e ses, changes in the tec tonic re gime and an on go ing,
mul ti stage re con struc tion of the ba sin re sulted in a con stantly
vari able ba sin mor phol ogy. The de po si tion of the Menilite Beds
took place dur ing the re or ga ni za tion of the sea way and the
extensional stage of ba sin de vel op ment, in di cated by the pres -
ence of synsedimentary faults (Jankowski and Probulski,
2011). The old est part of the Menilite Beds was de pos ited in the 
ear li est Rupelian (Olszewska, 1985). At this time, the
Paratethys ex pe ri enced a eustatic sea level rise fol lowed by
iso la tion of the ba sin (Baldi, 1980; Haq, 1981; Van Couvering et 
al., 1981; Rögl, 1998; Popov et al., 2010). Sub stan tial fresh wa -
ter in put and a re duced sup ply of sa line wa ter drove the for ma -
tion of low-sa lin ity re gions in the mar ginal parts of the
Paratethys.

Tyson et al. (1979) sug gested that strat i fied wa ter col umns
de velop in bas ins with high fresh wa ter sup ply, re duc ing the ef fi -
ciency of ver ti cal mix ing pro cesses and driv ing the de vel op -
ment of an aer o bic con di tions at the sed i ment-wa ter in ter face.
Lime stone and marl ho ri zons con tain ing cal car e ous nanno -
plankton may rep re sent the ter mi nal stage in the de vel op ment
of an aer o bic con di tions (Tyson et al., 1979). In the Menilite Ba -
sin, the equiv a lent lime stone and marl de pos its are rep re sented 
by the Tylawa Lime stones and the Dynów Marl. Prev a lent
anoxic con di tions dur ing the de po si tion of the Dynów Marl
drove an el e vated con cen tra tion of fine AOM, within which spe -
cific sed i men tary or ganic partciles can not be iden ti fied, even
un der UV light. Con sid er able sup port for this no tion co mes from 
Bojanowski et al. (2018) and fo cuses on the coccolith lime -
stones from the Menilite Beds: here, sam ples with abun dant
AOM are bar ren with re gard to palynomorphs. Tyson et al.
(1979) sug gested that coccolith blooms are in duced by high nu -
tri ent sup ply to the euphotic zone and shal lower wa ter depths,
lead ing to a cy clic lithological pat tern: clay (ox y gen ated bot tom
wa ter con di tions), to bi tu mi nous/oil shale (an aer o bic/in ter mit -
tently an aer o bic bot tom wa ter con di tions), to coccolith lime -
stone (con vec tive mix ing which stim u lates coccolith blooms). In 
this frame work, the pres er va tion of lami na tions in marls and
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lime stones is in dic a tive of hemipelagic or pe lagic de po si tion,
and large ac cu mu la tions of py rite within AOM point to de po si -
tion dur ing the acme of anoxic con di tions (Tyson et al., 1979).
Sachsenhofer et al. (2015) sug gested that or ganic mat ter from
the Bi tu mi nous Marls in the Tazlau sec tion, which is lo cated
~8 km from Nechit, con tains a large amount of chrysophyte al -
gae, prob a bly dinoflagellatas. How ever, based on this
biomarker anal y sis (with out spec i fy ing the spe cies) it is not pos -
si ble to de ter mine depositional set tings.

The palynofacies and sedimentology of the ex po sures se -
lected in Slovakia and Ro ma nia in di cate that the Menilite Beds
were de pos ited in dis tinct sed i men tary set tings. Hummocky
cross-strat i fi ca tion struc tures in the Vrancea Unit (Miclãuº et
al., 2009, and the pres ent study) sug gest a rel a tively shal -
low-wa ter depositional en vi ron ment. How ever, hummocky
cross-strat i fi ca tion can be also found in other depositional en vi -
ron ments, such as turbidite se quences (e.g., Mulder et al.,
2009; Tinterri and Muzzi Magalhaes, 2011), shoreface-off shore 
(e.g., Handford, 1986), fan-delta (e.g., DeCelles and Cavazza,
1992; Uroza and Steel, 2008), river-delta (e.g., Leithold and
Bour geois, 1984; Plint and Norris, 1991), flu vial (Browne and
Plint, 1994), lac us trine (Eyles and Clark, 1986), and even
pyroclastic de pos its (e.g., Fisher, 1990). More over, a va ri ety of
hummocky cross-strat i fi ca tion for ma tion mech a nisms ex ist:
they can be caused by os cil la tory, com bined, or uni di rec tional
flows, re lated to the os cil la tion of the wave-base lo ca tion of the
sur face or in ter nal waves (e.g., Myrow et al., 2002; Pomar et al., 
2012). There fore, in ter pre ta tion of hummocky cross-strat i fi ca -
tion type struc tures should be com bined with other
sedimentological and/or palaeo eco logi cal re cords. For this rea -
son, these struc tures to gether with cu ti cle frag ments and frag -
mented and re worked palynomorphs are in ter preted here as an 
in di ca tor for rel a tively shal low-wa ter en vi ron ments, prob a bly
os cil lat ing around storm wave-base. Ad di tion ally, the pres ence
of cu ti cle frag ments in sam ples above hummocky cross-strat i fi -
ca tion points to wards a rel a tively short dis tance from the source 
area. Cu ti cle frag ments were also iden ti fied in Tazlau sec tion,
which is lo cated a short dis tance from Nechit (Sachsenhofer et
al., 2015). At the same time, si mul ta neous wa ter col umn strat i fi -
ca tion and an aer o bic sed i ment-wa ter in ter faces pre vailed in
some parts of the ba sin (e.g., Bojanowski et al., 2018). In the
Vrancea Unit, cherts are pres ent. The or i gin of these cherts
may be ex plained by the diagenetic trans for ma tion of
diatomites – spe cif i cally, trans for ma tion of the opal within the di -
a tom frustules (Kaczmarska and Kilarski, 1979; Krhovský,
1981b; Vetö and Hetényi, 1991). Diatomites are pre dom i nantly
com posed of fresh wa ter spe cies, such as Melosira islandica
(Krhovský, 1981a). It is likely that the com po si tion of diatomites
is re lated to coastal blooms in re gions where sa lin ity was re -
duced. The pres ence of fresh wa ter al gae (Botryococcus sp.,
Pediastrum sp., Pterospermella sp.) sup port these con clu -
sions.

Meyers (1997) com pared the con di tions of ma rine
nearshore zones to lac us trine set tings. Their com mon char ac -
ter is tics in clude a large sup ply of con ti nen tal or ganic mat ter
(e.g., phytoclasts, cu ti cle frag ments, sporomorphs), rel a tively
high sed i men ta tion rates, and re duced sa lin ity. Sim i lar con di -
tions could have po ten tially oc curred dur ing the de po si tion of
the Menilite Beds, al low ing for the ap pear ance of al gae typ i cally 
char ac ter is tic of brack ish en vi ron ments and the de vel op ment of 
depositional cy cles in rel a tively shal low parts of the ba sin sus -
cep ti ble to depth changes, with a con stant sup ply of ter res trial
nu tri ents and clastic ma te rial. 

In the Dara Prislop ex po sure, stacked fin ing-up wards se -
quences with load struc tures and sole marks were ob served,
po ten tially in dic a tive of de po si tion dur ing turbidite ac tiv ity along
horst slopes. The sam ples from Dara Prislop and Smilno are

char ac ter ized by a low di ver sity of or ganic mat ter (Ta ble 3 and
Fig. 6A, C). This may be as so ci ated with fast depositional rates,
re sult ing from tur bid ity cur rent sed i men ta tion and the pref er en -
tial pres er va tion of com po nents re sis tant to me chan i cal deg ra -
da tion (e.g., opaque wood). In the Slovakian sec tions (Smilno,
Dara Prislop), only a few ter res trial or ganic par ti cles were iden ti -
fied (cu ti cle par ti cles in DP 4A and spores in DP 10). Ad di tion -
ally, the pres ence of Tasmanites sp., which may oc cur in wa ters 
with higher sa lin ity than Botryococcus sp. and Pediastrum sp.,
sug gests the Dara Prislop and Smilno (Slovakia) sec tions were
prob a bly lo cated far ther from the source area of or ganic mat ter
in flux than the Vrancea area. It should be em pha sized, though,
that the source ar eas might be dif fer ent as well. That is why
palynofacies and sedimentological anal y sis should be car ried
out in a larger area of the Outer Carpathians. This will al low for
con straints on  the sed i ment trans port di rec tions dur ing de po si -
tion of the Menilite Beds.

If the pres ence of sev eral sed i men tary bas ins, as op posed
to a uni tary ba sin, in the Outer Carpathians is as sumed, the dis -
tri bu tion of or ganic mat ter in di cates the pres ence of Paratethys
shal low-wa ter zones with re duced sa lin ity dur ing the de po si tion
of the Menilite Beds in the out er most ba sin, as so ci ated with
fresh wa ter in fluxes ad ja cent to river mouths. In the Dara Prislop
and Smilno area, lo cated in the in ner ba sin (Dukla Ba sin), the
low di ver sity of or ganic com po nents in di cates the ab sence of
prox i mal ter res trial ar eas and con sid er able dis tances from the
source area. How ever, Cergowa Beds type de pos its pin point
the presence of elevated areas, probably submarine highs.

The oc cur rence of sev eral deep-wa ter ad ja cent sub-bas ins, 
sep a rated by sub aque ous to subaerial el e va tions, would be re -
flected in rep e ti tions in the na ture of or ganic mat ter dis tri bu tion
(a de crease in or ganic mat ter com po nent di ver sity and the dis -
ap pear ance of ter res tri ally de rived par ti cles with greater dis -
tance from the source area). G¹ga³a et al. (2012) sug gested
that the min i mum orogenic short en ing of the Outer Carpathians
was ~507 km. In this con text, the width of the Outer Carpathians 
ba sin(s) was prob a bly ~700 km. There fore, the de vel op ment of
sev eral deep-wa ter bas ins seems un likely.

In the semi-iso lated, mul ti ple sub-ba sin model, the
Slovakian sam ples would ex pect a larger num ber and greater
di ver sity of ter res trial par ti cles (e.g., pol len, spores, res ins, cu ti -
cle frag ments, trans lu cent wood) or re worked or ganic mat ter
from sub ma rine highs/land ar eas. Their ab sence may sug gest
that the de po si tion of the Menilite Beds took place in a large,
more or less mor pho log i cally di verse ba sin (with po ten tial sub -
ma rine highs), with a cen tre in Slovakia and mar ginal el e ments
in Vrancea. To test this model, in te grated anal y sis (in clud ing
sedimentological and palynofacies stud ies) should be car ried
out in units to the north of Dara Prislop and Smilno and to the
west of the Vrancea Unit. This will al low a more pre cise re con -
struc tion of basinal de vel op ment and of the depositional
settings of the Menilite Beds.

CONCLUSIONS

A de tailed palynofacies anal y sis of 42 sam ples from the 23
ex po sures in the Menilite Beds of the Ro ma nian (21 sam ples)
and Slovakian (21 sam ples) Outer Carpathians was con ducted. 
These sam ples rep re sent var i ous lithologies (siltstones,
mudstones, lime stones, marls). Ad di tion ally, two sam ples from
the over ly ing Slon Beds (Agapia area in Ro ma nia) were in ves ti -
gated. The SOM con tent of the Menilite Beds from Dara Prislop, 
Smilno, and the Vrancea Unit ar eas pro vides in sight into the re -
gional depositional en vi ron ment dur ing the Oligocene. The fol -
low ing ob ser va tions are of particular importance:
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1. The palynofacies show great AOM abun dances in all
sam ples stud ied. In sam ples with re worked palyno -
morphs (e.g., dinoflagellate cysts and sporomorphs), a
larger vari abil ity of or ganic mat ter com po nents and re -
duced AOM con tent is noted.

2. UV-light anal y sis al lowed for the iden ti fi ca tion of
dinoflagellate cysts, sporomorphs, and fresh wa ter al gae 
(Botryococcus sp., Campenia sp., Pediastrum sp. and
Pterospermella sp.), which are gen er ally not vis i ble in
trans mit ted light. The pres ence of fresh wa ter al gae
points to the ex is tence of zones with re duced sa lin ity
dur ing the de po si tion of the Menilite Beds. It is likely
these zones were as so ci ated with fresh wa ter in fluxes
ad ja cent to river mouths.

3. Palynofacies re sults, or ganic mat ter ob ser va tions un der 
UV light, and sedimentological ob ser va tions (e.g.,
hummocky cross-strat i fi ca tion) sug gest that a rel a tively
shal low-wa ter (above storm wave base), brack ish en vi -
ron ment pre vailed dur ing de po si tion of those Menilite
Beds pres ently ex posed in the Vrancea Unit, which is
among the mar ginal units of the Outer Carpathians. 

4. The Menilite Beds de pos its in Slovakia (Dukla Unit – in -
ter nal Carpathian Unit) were de pos ited far ther from the
source area than those of the Vrancea Unit (ex ter nal
Carpathian Unit).

5. The pres ence of al gae (Tasmanites sp., Botryococcus
sp., Campenia sp.) char ac ter ized by the abil ity to syn -

the sise and ac cu mu late lipid sub stances, in clud ing hy -
dro car bon pre cur sors, points to a high hy dro car bon po -
ten tial. How ever, palynomorph colours in both trans mit -
ted and UV light are in dic a tive of ther mal im ma tu rity in
the Vrancea Unit. By con trast, the dark colours of
palynomorphs and AOM from Dara Prislop and Smilno
in di cate that in the Slovakian ex po sures, or ganic mat ter
in the Menilite Beds is char ac ter ized by a high de gree of
ther mal ma tu rity, re lated to the oc cur rence of the
Carpathian Con duc tiv ity Anom aly zone in this re gion.
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