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In the Paratethys Sea, iso la tion, the de vel op ment of an oxia and strat i fi ca tion of the wa ter col umn re sulted in de po si tion of or -
ganic-rich sed i ments. In the West ern Carpathians (Cen tral Paratethys) these sed i ments now lie within the Menilite For ma -
tion. Whereas the Eocene–Oligocene tran si tion has been stud ied in the West ern Carpathians and is doc u mented by
dinoflagellate cyst as sem blages, the dinoflagellate cyst stra tig ra phy of the Menilite For ma tion mem bers has been un cer tain.
The Popiele Mem ber and the Menilite For ma tion ex posed at Aksmanice (Boryslav–Pokuttya Nappe, West ern Outer
Carpathians) re flect palaeogeographic changes at the be gin ning of the Oligocene. These pre vi ously stud ied de pos its have
been as signed to lithostratigraphic units, though with out biostratigraphic doc u men ta tion. The age of the Menilite Fm. in the
Carpathian sed i men tary suc ces sion is par tic u larly in ter est ing due to the diachronous char ac ter of the fa cies de vel op ment. In
this study we pro vide biostratigraphic data based on well-pre served or ganic-walled dinoflagellate cyst as sem blages. The
marker taxa re cov ered in di cate a Rupelian age (Early Oligocene) for the Menilite Fm. A dif fer ent as sem blage oc curs in the
Popiele Mem ber un der ly ing the Menilite Fm. Here, the dinoflagellate cysts are more di verse and abun dant, and rep re sented
by typ i cal Eocene taxa at trib uted to Areosphaeridium spp. and Charlesdowniea spp. The Popiele Mem ber may be as signed
to the Priabonian (Late Eocene).
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INTRODUCTION

Dur ing the Early Oligocene a sig nif i cant part of Eu rope and
Cen tral Asia was cov ered by the Paratethys Sea, which was di -
vided into two do mains (1) the large East ern Paratethys (south -
ern Rus sia and Cen tral Asia) and (2) the rel a tively small-scale
West ern and Cen tral Paratethys (Cen tral Eu rope). The West -
ern and Cen tral Paratethys com prised the Al pine Fore land Ba -
sin, the Carpathian ba sin and the Pannonian ba sin
(Sachsenhoffer et al., 2018). Re stricted ma rine ox y gen-poor
con di tions in the Paratethys were caused by (1) sig nif i cant tec -
tonic ac tiv ity lead ing to (2) grad ual iso la tion that co in cided with
(3) global cool ing at the Eocene/Oligocene (E/O) bound ary at
about 33.9 My bp (Gradstein and Ogg, 2004; Gradstein et al.,
2004), fol low ing a prom i nent green house–ice house tran si tion
(Báldi, 1980; Rusu, 1988). In these re stricted bas ins or -
ganic-rich shales were de pos ited dur ing the Oligocene and

Early Mio cene, e.g. the Schöneck For ma tion in the Aus trian
Mollase Ba sin, the Menilite For ma tion in the West ern
Carpathians, the Lower and Up per Dysodilic Shale mem bers in
the East ern Carpathians, and the Maikop Group in West ern
Black Sea and Cas pian Sea (Sachsenhoffer et al., 2018).

The Menilite shales and their or ganic-rich fa cies equiv a lents
form a wide spread marker of the Lower Oligocene in var i ous
nappes along the Outer Carpathians in the Slo vak and Czech re -
pub lics, Po land, Ukraine, Ro ma nia and the Pannonian Ba sin
Sys tem. A spe cific biofacies de vel op ment, con nected with re -
stricted con di tions, al lows dis tinc tion of a “Paratethys
bioprovince”, at first re stricted to the Neo gene (Laskarev, 1924),
then also to the Paleogene (Báldi, 1984, 1989; Rusu, 1988).

These de pos its from ox y gen-poor en vi ron ments are dif fi cult 
to ana lyse biostratigraphically be cause the Menilite For ma tion
is gen er ally de void of microfossils suit able for high-res o lu tion
biostratigraphy. Fur ther more, ob served re work ing ren ders age
de ter mi na tions prob lem atic.

Dinoflagellate cyst as sem blages from the Eocene–Oli -
gocene bound ary in the Boryslav–Pokuttya Nappe (Fig. 1) were 
com pre hen sively stud ied in the Koniusza sec tion by Gedl
(2013). The sec tions ex posed in Koniusza and de scribed here
in Aksmanice are de void of the sub-Menilite Globigerina Marl
Mem ber, which is wide spread in the Carpathian area (Silesian,
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Fig. 1. Lo ca tion of the Aksmanice sec tion

A – sche matic map of the Outer Carpathians: 1 – Magura, Dukla, Silesian nappes, 2 – Skole Nappe, 3 – Boryslav–Pokuttya
(Mar ginal fold in Ro ma nia) and Sambor nappes, 4 – Tarcãu and Vrancea nappes, 5 – Pericarpathian Nappe; B – tec tonic units
(nappes) of the Outer Carpathians of Po land (af ter Ksi¹¿kiewicz, 1962, ̄ ytko et al., 1989, mod i fied); C –  sche matic map of the
Outer Carpathians near Przemyœl (Kotlarczyk et al., 2006)



Subsilesian, Skole and Boryslav–Pokuttya nappes). This unit is
re placed by the Popiele Mem ber, com posed of olistolith de pos -
its and is suc ceeded by or ganic-rich de pos its of the Menilite
For ma tion.

Dinoflagellate cysts are al most com pletely ab sent from
most of the Lower Oligocene de pos its in the Pol ish Flysch
Carpathian area (Pol ish Outer Carpathians; Gedl, 1999, 2005,
2013). They are re placed by palynofacies rich in sporomorphs,
ter res trial phytoclasts or amor phous or ganic mat ter (AOM). The 
biodiversity of other or gan isms (e.g., foraminifera) also de -
creases (Olszewska, 1985). Changes in the or ganic com po si -
tion of the sed i men tary units re flect palaeoenvironmental
changes (sea level fall, ba sin iso la tion events, euxinic con di -
tions) at the be gin ning of the Oligocene in this part of the
Carpathian Ba sin Sys tem (Gedl, 1999).

In the pres ent study, we in ves ti gate dinoflagellate cyst as -
sem blages from the Aksmanice sec tion of the Popiele Mem ber
and the lower part of the Menilite For ma tion from the most ex -
ter nal part of the Pol ish Flysch Carpathians (Boryslav–Pokuttya 
Nappe; Fig. 1). We use the as sem blages to as sign
biostratigraphic ages to the Popiele Mem ber and the lower part
of the Menilite For ma tion, the Rudawka Tractionite Mem ber. Fi -
nally, a palaeoenvironmental re con struc tion is pro vided for the
area stud ied.

GEOLOGICAL SETTING

GEOLOGICAL BACKGROUND

The Boryslav–Pokuttya Nappe is ob served in the East ern
Carpathians (south east ern Po land, east ern Slovakia, Ukraine
and Ro ma nia), with the great ma jor ity lo cated in Ukraine. In the
south-east it ex tends into Ro ma nia, where it is des ig nated as
the Mar ginal Folds Unit (Fig. 1; Jankowski et al., 2012). The
north ern most part of the Boryslav–Pokuttya Nappe is lo cated in
Po land. To the north-east, it is bounded by the Stebnik Nappe,
and to the south-west by the Skole Nappe (Fig. 1B; Kotlarczyk
et al., 2006). The Boryslav–Pokuttya Nappe con sists of Up per
Cre ta ceous to Mio cene strata trans ported by the thrust sys tem
and stuck onto the Stebnik Nappe (Popadyuk et al., 2006). The
depositional suc ces sions are gen er ally sim i lar to those of the
Skole Nappe, as they orig i nated in the same ba sin (Œl¹czka et
al., 2006).

The Popiele Mem ber rep re sents a con sid er able por tion of
the Late Eocene strata in the Outer Carpathians (D¿u³yñski and
Kotlarczyk, 1965). This lithostratigraphic unit out crops only in
the Boryslav–Pokuttya Nappe (in Po land only in the nar row belt
south of Przemyœl; Fig. 1). It lies be tween the Eocene Hi ero -
glyphic and Menilite for ma tions, in stead of the Globigerina
Marls, and rep re sents de pos its of sub ma rine slumps, rec og -
nized as olistostromes. It is mostly com posed of mas sive
mudstones and siltstones, with iso lated blocks of other
lithologies. The blocks are pre dom i nantly com posed of green
shales de rived from the Hi ero glyphic Beds (D¿u³yñski and
Kotlarczyk, 1965). The great ma jor ity of Popiele Mem ber out -
crops are pres ent in Ukraine (Rajchel, 1990).

The Menilite For ma tion (al ter na tively, the Menilite Beds) is
widely dis trib uted through out the Flysch Carpathians in Po land.
It oc curs in most tec tonic units (i.e. the Dukla, Silesian,
Subsilesian, Skole and Boryslav–Pokuttya nappes; Fig. 1). It is
char ac ter ized by brown to black or ganic mat ter-rich and si li -
ceous de pos its, the lat ter mostly formed by menilite, a dark
brown or black form of opal. In terms of li thol ogy the Menilite
For ma tion is char ac ter ized by the al ter na tions of dark si li -

ceous-claystone shales (menilite shales) and var i ous sand -
stones. Lo cally, the for ma tion in cludes also other si li ceous
(e.g., cherts, si li ceous marls and diatomites), and cal car e ous
(e.g., lime stones and marls) de pos its. The clastic de pos its rep -
re sent sub ma rine fans, turbidites and trac tional cur rents orig i -
nat ing along the north ern mar gin of the ba sin (Kotlarczyk and
Leœniak, 1990). The lime stones, diatomites and some
mudrocks have a hemipelagic na ture (Kotlarczyk and Uchman,
2012).

The de pos its as signed to the Menilite For ma tion were de -
pos ited in re stricted bas ins of the north ern Cen tral Paratethys.
The iso la tion was caused by on go ing clo sure of the Neotethys
Ocean. It was an ef fect of the col li sion be tween the Eu ro pean
Plate and sev eral tec tonic blocks: the united microplate of
Apulia and Adria, and the east ern Al pine (Austroalpine) and In -
ner Carpathian blocks. These de tached from the north ern most
frag ment of Gond wana in the Late Si lu rian (Austroalpine, In ner
Carpathian blocks) and in the Early Me so zoic (Adria-Apulia
microplates) and con tin ued their north ward move ment dur ing
the Ce no zoic Al pine and Hi ma la yan orogenies (Golonka et al.,
2003). The shelf and con ti nen tal slope sed i ments of the East
Eu ro pean Plat form are con sid ered to have been the main
source of sed i ment in put for the Menilite For ma tion (Kotlarczyk, 
1988). The to pog ra phy of the east ern Carpathian Ba sin also in -
cluded sub ma rine ridges (Silesian Ridge, Subsilesian Ridge),
which also rep re sented sig nif i cant sources of siliciclastic ma te -
rial and sep a rated lon gi tu di nal troughs (the Skole, Silesian bas -
ins). The Skole Ba sin was the out er most (north ern most) part of
the Carpathian Ba sin and was sub di vided into an outer nar row
trench, the Boryslav–Pokuttya Nappe, and an in ner broad
trench, the Skole Nappe. It was sep a rated from the Silesian Ba -
sin by the Subsilesian Ridge (Wêglówka Ridge; Golonka et al.,
2003). Sed i ments of the Menilite For ma tion were de pos ited at
the base of con ti nen tal and intrabasinal slopes, and on the ba -
sin floor. Fa cies equiv a lents of the Menilite For ma tion are
known from the en tire ex tent of the Outer Carpathians, the Cen -
tral-Carpathian Paleogene Ba sin (Podhale, Orava, Spiš and
Liptov flysch) and from other re gions of the Alpide belt (an
orogenic belt cre ated dur ing the Al pine orog eny; Roth and
Hanzlikova, 1982). The de po si tion of dark shales, which be gan
at the Eocene/Oligocene bound ary (Œl¹czka et al., 2006), was
likely re lated to sea level fall, lead ing to ba sin iso la tion and
euxinic con di tions (Kotlarczyk, 1988). Those changes in the
Carpathian bas ins as well as in other bas ins of the Paratethys
drove sig nif i cant changes in the eco sys tem, which are dis tinct
in the palynological re cord. The dis ap pear ance of open-wa ter
dinoflagellate cysts (e.g., Impagidinium) in or ganic-rich de pos -
its has been noted (Dale, 1996). Cor re spond ingly, there was a
clear in crease in the abun dance of peridinioid cysts
(Deflandrea, Wetzeliella) as a re sult of en vi ron men tal
eutrophication (Gedl, 1999). More over, in the Oligocene de pos -
its a sig nif i cant en rich ment in ter res trial el e ments, such as plant
cu ti cles or sporomorphs, has been ob served.

The lower bound ary of the Menilite For ma tion is largely syn -
chro nous across the whole Carpathian Ba sin (above the
Globigerina Marls ho ri zon, at the Eocene–Oligocene bound ary; 
Fig. 2). By con trast, the end of sed i men ta tion was diachronous:
sed i men ta tion of the Menilite For ma tion ceased first in the
south ern most ba sin (Dukla Ba sin – Mid dle Oligocene),
whereas de po si tion per sisted much lon ger in the north ern bas -
ins (Skole Ba sin, Boryslav–Pokuttya Ba sin – Early Mio cene;
Fig. 2). The diachronous char ac ter of the up per most Menilite
For ma tion is linked to the pro gres sive onlap of the Krosno For -
ma tion (grey, cal car e ous and micaceous sand stones and
shales) from the south.
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PREVIOUS BIOSTRATIGRAPHIC STUDIES

The first biostratigraphic in ves ti ga tions fo cused on
foraminiferal as sem blages (e.g., Grzybowski, 1894, 1898).
Geroch and Nowak (1984) used the first ap pear ance of
foraminifera spe cies to de vel oped a lo cal zonation. Olszewska
(1997) es tab lished a Carpathian foraminiferal zonation us ing
both first ap pear ances and acme oc cur rences. Ichthyofaunal
stud ies, car ried out by Jerzmañska (1958, 1960, 1968),
Jerzmañska and Kotlarczyk (1976), and Kotlarczyk et al. (2006) 
led to the es tab lish ment of an ichthyofaunal scheme.
GaŸdzicka (2001), Garecka (2008, 2012), Garecka and Malata
(2001) in ves ti gated flysch de pos its in the Skole Nappe based
on nannoplankton – in Cre ta ceous and Lower Paleogene strata 
in the Menilite–Krosno Se ries, re spec tively.

Micropalaeontological dat ing of the Popiele Mem ber, based 
on dinoflagellate cysts, was car ried out by Gedl (2013) at
Koniusza vil lage (Fig. 3), 2.5 kilo metres to the north-west of
Aksmanice, where two large ex po sures and a few smaller ones
are con sid ered the best in this unit in the Pol ish Flysch
Carpathians. At Koniusza, the mem ber stretches along a dis -
tance of 250 m (Gedl, 2013). The Popiele Mem ber ex posed at
Koniusza is much thicker and more lithologically di verse than at 

Aksmanice. It con tains var i ous mudstones (cal car e ous and
non-cal car e ous, green ish, pale and dark) with blocks of marl.
Some of the mudstones con tain gas tro pod and mol lusc shells
and frag ments (Gedl, 2013). The Popiele Mem ber was as -
signed by Gedl (2013) to the Mid dle–Late Eocene age
(Bartonian and Priabonian) and the lower Menilite For ma tion to
the Early Oligocene (Gedl, 2013).

Or ganic-walled dinoflagellate cysts have been in ves ti gated
also in the Eocene/Oligocene bound ary in ter val of the Magura
Nappe (Gedl, 2004, 2005) and of the Boryslav–Pokuttya Nappe 
(the mar ginal part of the Skole Nappe; Gedl, 2013). The dis tri -
bu tion of dinoflagellate cysts in the Folusz out crop (Fig. 1B)
(Magura Nappe) sug gested a Late Eocene age for the
Szymbark shales (Fig. 2; a lithostratigraphical unit from the
east ern Siary zone, the most ex ter nal part of the Magura Nappe 
ly ing be tween var ie gated shales of the £abowa Shale For ma -
tion and the Magura For ma tion; Leszczyñski and Malata, 2002)
and an Early Oligocene age for the over ly ing beds of the
Magura For ma tion (sub di vided into the Zembrzyce Mem ber
and the W¹tkowa Sand stone Mem ber; Fig. 2; Gedl, 2005).

Palynological stud ies have been also un der taken in the In -
ner Carpathian Paleogene Ba sin (Podhale Flysch), in par tic u lar
on the Zakopane and the Szaflary beds, fa cies and age equiv a -
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Fig. 2. Cor re la tion of the Menilite–Krosno For ma tion in the east ern part of the Pol ish Carpathians with the Malcov and Magura
for ma tions based on biostratigraphic stud ies of dif fer ent au thors: Gedl (2004, 2005), Gedl and Leszczyñski (2005), 

Kotlarczyk et al. (2006), Oszczypko-Clowes and ¯ydek (2012)

Brown colours de note Menilite fa cies and their equiv a lents in Malcov For ma tion (light brown shade marks sand stone mem bers), shades
of yel low in di cate Krosno fa cies (darker shade marks shale mem ber), shades of green in di cate Magura fa cies (darker shade marks shale
mem ber), blue col our in di cates Globigerina Marl Mem ber and their equiv a lent – Leluchów Marl Mem ber, grey col our de notes Szymbark
Shale, red col our de notes Popiele Mem ber (af ter Kotlarczyk et al., 2006, mod i fied)

https://gq.pgi.gov.pl/article/view/20747


lents of the Menilite For ma tion (Gedl, 1998, 2000; Filipek et al.,
2017). Out side of Po land, palynological re search in the Outer
Carpathians has been con ducted in Ro ma nia on the Lower
Dysodilic Shale For ma tion and the Up per Dysodilic Shale For -
ma tion, lithostratigraphic units of black shale over ly ing the
Lower Menilite and Bi tu mi nous Marls for ma tions, re spec tively,
that are ex posed in the Tarcãu and Vrancea nappes in the
East ern Carpathian re gion (Fig. 1A; the Moldavian unit; £abãrã
et al., 2015). In the Ukrai nian Carpathians, dinoflagellate cyst
as sem blages were de scribed by Andreeva-Grigorovich (1991)
and Andreeva-Gregorovich and Gruzman (1994).

THE AKSMANICE SECTION

This study fo cuses on a sec tion lo cated near the ham let of
Berendowice of Aksmanice vil lage, south ern Po land, 15 km to
the south of Przemyœl (Figs. 1 and 3); this sec tion has been pre -
vi ously de scribed by Kotlarczyk and Leœniak (1990) and
Kotlarczyk et al. (2006). In Aksmanice (GPS: N49°40.459’,
E022°43.763’), the Popiele Mem ber and Menilite For ma tion are 
ex posed in the Zalesie Stream (Fig. 3), within the
Boryslav–Pokuttya Nappe of the Outer Carpathians. In a
broader geo graphic con text, the Menilite For ma tion is ex posed
along the Boryslav–Pokuttya Thrust from the Nowe Sady area
in the south to the Pikulice area near Przemyœl in the north
(Fig. 1C).

The Aksmanice sec tion rep re sents the best ex po sure of the
for ma tion in the Pol ish Boryslav–Pokuttya Nappe.

The in ter val stud ied com prises a por tion of the Popiele
Mem ber (6 m), fol lowed by the lower Menilite For ma tion (24 m)
(Fig. 4). At the Aksmanice ex po sure, the lat ter con sists of suc -
ces sive dark brown cherts (Kotów Chert Mem ber), grey si li -
ceous marls (Dynów Marl Mem ber) and black si li ceous shales
with thin-bed ded sand stones (Rudawka Tractionites Mem ber).
The low er most part of the sec tion is as signed to the Popiele
Mem ber and is com posed of green (or yel low-green when
weath ered) marly shales. The Kotów Chert Mem ber (13 m)
con sists of black and brown cherts interbedded with mm-thick
brown si li ceous shales (known as the Menilite shales; Fig. 4).
The Dynów Marl Mem ber, (2 m) is de vel oped as grey si li ceous
marls (Fig. 4) with lam i nated chert in ter ca la tions. It is highly re -
duced or ab sent in the Boryslav–Pokuttya Nappe, whereas in
the Skole Nappe, it reaches a thick ness of 20 m (Kotlarczyk and 
Leœniak, 1990). The up per most por tion of the sec tion be longs

to the Rudawka Tractionites Mem ber (9.5 m), which is dom i -
nated by black, clayey-si li ceous shale (Menilite shales).

MATERIALS AND METHODS

Eleven sam ples were col lected from in di vid ual
lithostratigraphical lev els in the sec tion in ves ti gated (Fig. 4).
Sam ples were taken from fine-grained rocks, marls and si li -
ceous rocks. The ma te rial was pro cessed us ing a stan dard
palynological pro ce dure, with hy dro chlo ric acid (37% HCl)
treat ment, to re move cal cium car bon ate, fol lowed by hy dro flu -
oric acid (70% HF) to re move sil ica. The res i due was seived us -
ing a 15 µm ny lon-mesh: or ganic mat ter was then sep a rated
us ing heavy liq uids (ZnCl2+HCl; r = 2.0 g/cm3). Slides were
made from each sam ple, us ing glyc erin jelly as the mount ing
me dium. Pho to graphs were made in trans mit ted light us ing
Nikon Eclipse 600 and Nikon Eclipse LV 100 POL cam eras.
Two slides per sam ple were logged due to the low num ber of
dinoflagellate cysts within the as sem blages stud ied.

RESULTS

Spe cies abun dances and fre quen cies are shown in Fig -
ure 5. The high est abun dances of dinocysts are re corded in
sam ples A0 and A4. The poor est, mostly monospecific as sem -
blages oc cur in sam ples A1 and A5a, the most si li ceous de pos -
its sam pled.

Sam ple A0 is char ac ter ized by a high abun dance of
well-pre served dinoflagellate cysts (Figs. 6 and 7). The most
abun dant are Homotryblium tenuispinosum (14%) and
Spiniferites ramosus (13%). Enneadocysta pectiniformis and
Thalassiphora pe lagic are rel a tively fre quent. Rep re sen ta tives
of the taxa Achomosphaera spp., Areosphaeridium
diktyoplokum, Areosphaeridium michoudi, Charlesdowniea
coleothrypta, Cleistosphaeridium spp., Cordosphaeridium
fibrospinosum, Cribroperidinium tenuitabulatum, Deflandrea
phosphoritica, Homotryblium plectilum, Impagidinium velorum,
Lentinia serrata, Lingulodinium spp., Oligosphaeridium com -
plex and Operculodinium centrocarpum were also noted.
Cleisto sphaeridium placacanthum, Cordosphaeridium cantha -
rellus, Hystrichokolpoma rigaudiae and Nematosphaeropsis
labyrin thus are rarely pres ent.
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Fig. 3. Lo ca tion of study area on a top o graphic sketch-map

https://gq.pgi.gov.pl/article/view/25668
https://gq.pgi.gov.pl/article/view/25668
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Fig. 4. Lithostratigraphic log of the Aksmanice sec tion and age in ter pre ta tions based on dinoflagellate cysts

Dynów M. Mbr. – Dynów Marl Mem ber
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Fig. 5. Dinoflagellate cyst dis tri bu tion of the Aksmanice sec tion

Pop. Mbr. – Popiele Mem ber; K. Ch. Mbr. – Kotów Chert Mem ber; D. M. Mbr. – Dynów Marl Mem ber; A – very good
pres er va tion; B – me di o cre pres er va tion; C – ab sence of dinoflagellate cysts or very poor pres er va tion



The as sem blage from sam ple A1 con tains only a few
dinocysts be long ing to one ge nus, Caligodinium (Fig. 8).

The as sem blage from sam ple A2 (Fig. 8) is dom i nated by
Caligodinium amiculum (36%) and Spiniferites ramosus (26%).
Other taxa are nearly ab sent. Sin gle spec i mens of
Achomosphaera, Caligodinium and Lingulodinium were found.

The as sem blage of sam ple A5a (Fig. 8) is very poor. It con -
sists mainly of Caligodinium amiculum. Other taxa, such as
Wetzel iella gochtii and Wetzeliella symmetrica, are sub or di -
nate. One spec i men of Litosphaeridium siphonophorum was
re cov ered.

Sam ple A5b (Figs. 8 and 9) con tains a rel a tively high per -
cent age of Deflandrea phosphoritica (37%). Rhobodinium
(R. freinwal dense and R. draco) is also com mon (32% in to tal,
both spe cies in sim i lar pro por tions). The re main ing taxa con sist
of Caligodinium amiculum, Chiropteridium ga lea, Homotryblium 
tenuispinosum and Wetzeliella gochtii.

The dinocyst as sem blage from sam ple A3 is quite sim i lar
to that of sam ple A5a (only rep re sen ta tives of the ge nus
Caligodinium), but the num ber of dinocysts is larger.

Sam ple A4  (Figs. 9 and 10) is rich in dinoflagellate cysts.
The most fre quent taxa are Deflandrea phosphoritica (14%)
and Spiniferites ramosus (12%). A rel a tively fre quent oc cur -
rence of Enneado cysta pectiniformis (9%) was noted.
Chiropteridium (C. ga lea and C. lobospinosum),
Cordosphaeridium fibrospinosum, Membranophoridium
aspinatum, Palaeocystodinium golzov ense, Thalassiphora
pelagica, Wetzeliella (W. gochtii and W. symmetrica) are quite
com mon. The other taxa found in sam ple A4 are
Cleistosphaeridium placacanthum, Homotryblium spp.,
Homotryblium tenuispinosum, Impagidinium velorum, Nemato -
sphae ro psis labyrinthus and Pentadinium lophophorum.

The dinoflagellate cyst as sem blage from sam ple A5c is
dom i nated by Caligodinium amiculum and Deflandrea
phosphoritica (both 26%). Other taxa – namely, Cordosphaeri -
dium spp., Spiniferites ramosus, Thalassiphora pe lagic and
Wetzeliella symmetrica – are rare. Sin gle spec i mens of
Chiropteridium ga lea and Membranophoridium aspinatum
were found.

Sam ple A5d (Fig. 9) con tains mainly Deflandrea
phosphoritica (44%) and Spiniferites ramosus (33%). Other
taxa are very rare: Chiropteridium ga lea, Cleistosphaeridium
spp., Wetzel iella symmetrica. Sam ple A6a (Fig. 10) is dom i -
nated by Membrano phoridium aspinatum (24.5%).
Caligodinium amiculum, Chiropteridium ga lea, Deflandrea
phosphoritica, Enneadocysta pectiniformis and Wetzeliella
symmetrica are rel a tively fre quent. A few spec i mens of
Homotryblium abbreviatum, Pentadinium lophophorum and
Rottnestia borussica were no ticed. A sin gle spec i men of
Cordosphaeridium cantharellus was found.

Sam ple A6b (Fig. 10) is dom i nated by Wetzeliella
symmetrica (19%). Other fre quent taxa found in this sam ple are 
Chiropteridium ga lea, Deflandrea phosphoritica, Spiniferites
ramosus, Wetzeliella gochtii. There were rare spec i mens of
Caligodinium amiculum, Chiropteridium lobospinosum, Cleisto -
sphae ridium spp., Cordosphaeridium cantharellus, Cordo -
sphaeridium spp., Enneadocysta pectiniformis, Homotryblium
spp., Homotryblium tenuispinosum, Membranophoridium
aspinatum and Thalassiphora pelagica.

The dis tri bu tion of dinoflagellate cysts shows an ap par ent
re la tion to li thol ogy. Sam ples taken from the most si li ceous de -
pos its are gen er ally im pov er ished in dinocysts and show low di -

ver sity. The most di ver si fied and rich dinoflagellate cyst as sem -
blages were re cov ered from mud flow de pos its and green ish
shales. Hemipelagic spe cies rep re sented here by Impagidi nium 
velorum and Nematosphaeropsis labyrinthus oc cur solely in
green ish shales.

AGE INTERPRETATION

De ter mi na tion of the ages of the re cov ered as sem blages is
based on the co-oc cur ring ranges of well-known taxa and by
com par i son to the stan dard dinocyst zones (Powell, 1992;
Gradstein et al., 2012; Wil liams et al., 2004) with re gard to
biogeographical dis persal.

The ranges of in dex taxa for strati graphic anal y sis are de -
scribed in pub li ca tions in clud ing Costa and Downie (1976),
Châteauneuf (1980), Haq et al. (1987), Brinkhuis (1994), Stover 
et al. (1996), WiIpshaar et al. (1996), Coccioni et al. (2000) and
Köthe and Piesker (2007).

With ref er ence to the sedimentological char ac ter of Popiele
Mem ber de pos its, dat ing re fers to the pe riod of sed i men ta tion
of the green ish shales, which is not the same as the tim ing of
olistostrome for ma tion.

GREENISH SHALES – POPIELE MEMBER

Sam ple A0 (Fig. 4) was col lected from green ish shales and
con tains rich and well-pre served dinoflagellate cyst as sem -
blages, ter res trial sporomorphs, ma rine al gae (Tasmanites,
Schizosporis), and foraminiferal or ganic lin ings. Age-di ag nos tic
dinoflagellate cysts in clude Areosphaeridium diktyoplokum,
Lentinia serrata and Enneadocysta pectiniformis. The last oc -
cur rence of A. diktyoplokum is taken as the event mark ing the
Eocene–Oligocene bound ary. Ac cord ing to Köthe and Piesker
(2007) and Costa and Manuum (1988), this co in cides with the
bound ary of zones D12/D13. How ever, Wil liams et al. (2004)
and Gradstein et al. (2012) sug gest that A. diktyoplokum dis ap -
pears in the Early Rupelian at higher lat i tudes: in this frame -
work,  the last ap pear ance of L. serrata marks the end of the
Eocene (Wil liams et al., 2004). The first oc cur rence of
E. pectiniformis is noted above the Bartonian/Priabonian
bound ary (Wil liams et al., 2004), and can be cor re lated with the
be gin ning of the NP18 nannoplankton zone. The part of the
sec tion with the green ish shales is in the D12 Zone
(Priabonian).

MENILITE FORMATION

Cherts – Kotów Chert Mem ber. In the over ly ing beds of
the Kotów Chert Mem ber (sam ple A1: Fig. 4), dinoflagellate
cysts are poorly pre served and nearly ab sent. The sam ple con -
tains fre quent gym no sperm pol len, along with frag ments of leaf
tis sue. The monospecific dinoflagellate as sem blage is com -
posed of Caligodinium amiculum, a long-rang ing taxon hin der -
ing age in ter pre ta tion. Si li ceous marls – Dynów Marl Mem -
ber. The sam ple from the Dynów Marl Mem ber (sam ple A2:
Fig. 4) is al most en tirely com posed of AOM (amor phous or -
ganic mat ter). It is like wise dom i nated by Caligodinium
amiculum, and rare rep re sen ta tives of Spiniferites ramosus,
Achomosphaera spp. and Lingulodinium spp. were found. The
sam ple is also rich in gym no sperm pol len grains. In light of the
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Fig. 6. Dinoflagellate cysts from the Popiele Mem ber in the Aksmanice sec tion (sam ple A0)

A – Cordosphaeridium cantharellus; B – Homotryblium plectilum; C – Thalassiphora pelagica; D – Deflandrea phosphoritica; 
E – Cleistosphaeridium placacanthum; F – Areosphaeridium michoudi
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Fig. 7. Dinoflagellate cysts from the Popiele Mem ber in the Aksmanice sec tion (sam ple A0)

A – Impagidinium velorum; B – Charlesdowniea coleothrypta; C – Lentinia serrata; D – Hystrichokolpoma rigaudiae; E – Enneadocysta
pectiniformis; F – Cribroperidinium tenuitabulatum; G – Nematosphaeropsis labyrinthus; H – Rhobodinium draco
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 Fig. 8. Dinoflagellate cysts from the Menilite For ma tion: Kotów Mem ber (sam ple A1: A, C), Dynów Mem ber (sam ple A2: B),
Rudawka Tractionites Mem ber (sam ple A5a: D), (sam ple A5b: E–H)

A – Caligodinium amiculum; B – Caligodinium endoreticulatum; C – Paleocystodinium golzowense; D – Caligodinium endoreticulatum;
 E  – Wetzeliella sp.; F – Rhombodinium draco; G, H – Rhombodinium freinwaldense
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Fig. 9. Dinoflagellate cysts from the Menilite For ma tion: Rudawka Tractionites Mem ber (sam ple A5b: A–C, I; sam ple A5d: D–H;
sam ple A4: J–K)

A – Deflandrea phosphoritica; B – Lentinia serrata; C – Hystrichokolpoma rigaudiae; D – Chiropteridium ga lea; E – Membranophoridium
aspinatum; F – Thalassiphora pelagica; G – Homotryblium tenuispinosum; H – Oligosphaeridium com plex; I – Litosphaeridium

siphonophorum; J – Cordosphaerodium fibrospinosum; K – Impagidinium velorum
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Fig. 10. Dinoflagellate cysts from the Menilite For ma tion: Rudawka Tractionites Mem ber (sam ple A4: A, B; sam ple A6a: C–F;
sam ple A6b: G, H)

A – Thalassiphora pelagica; B – Wetzeliella gochtii; C – Chiropteridium ga lea; D – Wetzeliella symmetrica; E – Cordosphaerodium
cantharellus; F – Cordosphaeridium fibrospinosum; G – Chiropteridium ga lea; H – Wetzeliella symmetrica



ab sence of age-di ag nos tic taxa, a biostratigraphic age based
on dinoflagellate cysts can not be de ter mined.

Shales and sand stones – Rudawka Tractionites Mem -
ber. De pos its of this mem ber are lithologically and paly no logi -
cal ly di verse. The pres er va tion of dinoflagellate cysts var ies
from poor to mod er ate, and the tax o nomic com po si tion dif fers
sig nif i cantly from that of the Popiele Mem ber as sem blages.
Black shales al ter nat ing with the light, fine-grained sand stones
of the Rudawka Tractionites Mem ber (Kotlarczyk and Leœniak,
1990; sam ples A5a, A5b, A5c: Fig. 4) con tain im pov er ished
dinoflagellate cyst as sem blages, dom i nated by Peridiniaceae
dinocysts. Within this fam ily, the most com mon ge nus is
Wetzeliella (W. gochtii, W. symmetrica); the gen era
Rhombodinium (R. freinwaldense, R. draco) and Deflandrea
(D. phosphoritica) are slightly less abun dant. 

The age of the dinoflagellate cyst as sem blage from the
black shales is Lower Rupelian (zones D13–D14), as in di cated
by di ag nos tic Oligocene taxa, (namely, Chiropteridium ga lea,
Wetzeliella gochtii, Wetzeliella symmetrica). C. ga lea ap pears
at the be gin ning of the Rupelian, above the last oc cur rence of
Areosphaeridium diktyoplokum at the base of dinocyst Zone
D13. The first ap pear ance of W. gochtii de ter mines the base of
dinocyst Zone D14 and cor re lates with the be gin ning of
nannoplankton Zone NP22 (Wil liams et al., 2004; Gradstein et
al., 2012). Powell (1992) re ported that Wetzeliella gochtii ap -
peared ear lier with W. symmetrica, at the base of Zone D13 and 
in the mid dle of Zone NP21: on this ba sis he dis tin guished the
Wetzeliella gochtii Zone. The last ap pear ance of R. draco de -
fines the top of Zone D14. The du ra tion of black shale sed i men -
ta tion can be con strained to within D13 and D14 (ac cord ing to
Köthe and Piesker, 2007).

The oc cur rence of L. siphonophorum, typ i cally pres ent from 
the end of the Albian through the Cenomanian in ter val, is prob -
a bly a re sult of re work ing.

Mud flow de pos its noted within the Menilite For ma tion in -
cluded brown mudstones, siltstones and si li ceous de pos its.
Sam ple A3 was taken from a si li ceous lens, and con tains a
dinocyst as sem blage sim i lar to that in the si li ceous marls: only
Caligodinium amiculum and Caligodinium endoreticulatum
cysts were found. Con versely, dinocysts are fre quent and
well-pre served in the brown mudstone sam ple (sam ple A4).
This as sem blage in cludes sev eral age-di ag nos tic taxa, in clud -
ing Chiropteridium ga lea, C. lobospinosum, Wetzeliella gochtii,
W. symmetrica, Deflandrea phosphoritica, and Enneadocysta
pectiniformis. In gen eral, this is quite sim i lar to the black shale
as sem blage; the main dif fer ence is the sig nif i cantly better
dinocyst pres er va tion in the mudstones. The pres ence of
W. gochtii, W. symmetrica and C. lobospinosum sug gests an
Oligocene age. More spe cif i cally, C. lobospinosum in di cates a
Late Rupelian age. Ac cord ing to Powell (1992), the first ap pear -
ance of C. lobospinosum oc curs in the Mid dle Rupelian, above
the first ap pear ance of W. gochtii. C. lobospinosum is the ba sis
for de fin ing the base of the Phthanoperidinium cereoides Zone
(Powell, 1992), which is cal i brated with nannoplankton zones
NP23 (up per) and NP24 (lower). Ac cord ing to Gradstein et al.
(2012) and Köthe and Piesker (2007), this event is within Zone
D14a, which is cor re lated to Zone NP23. The up per age con -
straints of this unit are de ter mined by the last ap pear ance of E.
pectiniformis, which is dated to the up per most Rupelian
(WiIpshaar et al., 1996; Wil liams et al., 2004).

The Rudawka Tractionites Mem ber over lies these mud flow
de pos its. In sam ple A5d, col lected from the shales above the
top of the mudstones, a poor dinocyst as sem blage is pres ent,
com posed mainly of Deflandrea phosphoritica. The last ap -
pear ance of this taxon oc curred above the top of Zone D15
(Köthe and Piesker, 2007) be low the Oligocene–Mio cene
bound ary (Haq et al., 1987; Stover et al., 1996), or in the mid dle

of the Aquitanian (Wil liams et al., 2004). A more pre cise age as -
sign ment of this part of sec tion is pos si ble from the su per po si -
tion of ages de ter mined from over ly ing sam ples.

At the top of the suc ces sion (Fig. 4), within the Rudawka
Tractionites Mem ber, a thin bed of fine-grained glauconitic
sand stone oc curs (sam ple A6a). This shows fre quent oc cur -
rences of Wetzeliella symmetrica and Chiropteridium ga lea;
spec i mens of Enneadocysta pectiniformis were also found; the
dinocyst as sem blage sug gests a Rupelian age.

Sam ple A6b was col lected from the sec ond, over ly ing,
glauconitic sand stone (Fig. 4). The dinocyst as sem blage is sim -
i lar to that from sam ple A6a. The fol low ing dinocyst age-di ag -
nos tic taxa have been found: Chiropteridium ga lea,
C. lobospinosum, Wetzeliella gochtii, W. symmetrica, and
Enneadocysta pectiniformis. Based on the pres ence of
C. lobospinosum and E. pectiniformis, the age of the up per
Rudawka Tractionites Mem ber can be con strained to the Mid -
dle–Late Rupelian, cor re spond ing with Zone D15a.

PALAEOENVIRONMENTAL RECONSTRUCTIONS

Sig nif i cant changes in com po si tion are ob served be tween
the Eocene and Oligocene cyst as sem blages. In the Eocene
Popiele Mem ber the as sem blages are di verse and abun dant.
By con trast, the large di ver sity and fre quency of dinoflagellate
cysts dis tinctly de creases in the early Oligocene. This is sim i lar
to other Eocene/Oligocene sec tions within the Pol ish Flysch
Carpathians (Gedl, 1999).

POPIELE MEMBER

The fre quent oc cur rence of Homotryblium, a taxon that is
tol er ant of in creased sa lin ity and oc curs in shal low-wa ter set -
tings, may sug gest near-shore and la goonal set tings (Pross
Brinkhuis, 2005). Other fre quent taxa, such as Cleistosphae -
ridium, Deflandrea, Areosphaeridium, Thalassiphora,
Charlesdow niea, Enneadocysta and Cribroperidinium are char -
ac ter is tic of the in ner shelf (Pross, 2005). The pres ence of
Tasmanites al gae and foraminiferal or ganic lin ings also sug -
gests an in ner shelf set ting (Gedl, 2013). Dinoflagellates from
the peridinioid group (e.g., Charlesdowniea, Deflandrea) pre fer
brack ish and nu tri ent-rich wa ter, which in di cates a fresh wa ter
in flux from the shore; the peridinioids and nu mer ous ter res trial
sporomorphs may have been trans ported from estuarine set -
tings to a more dis tal en vi ron ment. Al ter na tively, the co ex is -
tence of taxa that pre fer high-sa lin ity con di tions (Homotryblium) 
and brack ish en vi ron ments (Charlesdowniea) may also point to
sur face-wa ter strat i fi ca tion (Pross, 2005). The pres ence of
scat tered off shore taxa, such as Nematosphaeropsis and
Impagidinium, may have been caused by ma rine cur rents
(Pross, 2005).

The pres ence of the typ i cally high-lat i tude taxon Impa -
gidinium velorum (Bujak, 1984) sug gests cool ing of the sur face
wa ter layer, which matches with the gen eral Late Eocene cli ma tic 
cool ing trend, start ing in the mid dle Early Eocene and cul mi nated 
in the ear li est Oligocene (Zachos et al., 2001; Miller et al., 2009).

MENILITE FORMATION

Dinocyst as sem blage di ver sity de creased dur ing the Early
Oligocene. These changes are in ter preted as a re sult of
eutrophication, the ap pear ance of dysoxic or anoxic con di tions,
and the iso la tion of the Paratethys bas ins (Gedl, 1999).
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Sam ples from cherts and si li ceous marls are gen er ally poor
in dinoflagellate cysts and rich in AOM. The pres ence of
Caligodinium, Spiniferistes, and Achomosphaera, taxa char ac -
ter is tic of an in ner neritic en vi ron ment (Vasilyeva and Musatov,
2012), and frag ments of leaf tis sue, sug gest a near-shore en vi -
ron ment. The pres ence of Lingulodinium also points to ward nu -
tri ent-rich wa ters (£abãrã et al., 2015).

The most tax o nom i cally re duced as sem blages oc cur in the
si li ceous marls, in which only a monospecific as sem blage of
Caligodinium is found. The cysts are very rare and mostly cov -
ered by AOM.

More di verse as sem blages were iden ti fied in black shales
and glauconitic sand stones from the Rudawka Tractionites
Mem ber. These sam ples are dom i nated by peridinioids
(Deflandrea, Wetzeliella, Rhombodinium), taxa char ac ter is tic of 
the shal low wa ters of the in ner shelf. Chiropteridium and
Membranophoridium are rep re sen ta tives of shal low-wa ter taxa
that are found in black shales (Gedl, 2000). A lack of oce anic
spe cies, such as Impagidinium, in the black shales sup ports the 
in ter pre ta tion of a prox i mal set ting. The oc cur rence of nu mer -
ous brack ish taxa, such as Deflandrea and Wetzeliella, the
fresh wa ter al gae Tasmanites, and ter res trial el e ments such as
cu ti cles, pol len grains and sporomorphs, in di cates a prom i nent
fresh wa ter in flux, e.g. the prox im ity of a river mouth. The prev a -
lence of Peridiniales sug gests the prev a lence of eutrophic con -
di tions and ox y gen de pri va tion. These trophic con di tions can be 
re lated to the iso la tion of the Paratethys Sea and con se quently
to de creased cir cu la tion.

The rich est, best-pre served dinoflagellate cyst as sem -
blages were found in mudstones from the mud flow de pos its.
The su pe rior pres er va tion of dinocysts may have been caused
by the prev a lence of mud and silt sed i men ta tion, which might
have pro vided better pro tec tion against com pac tion. In creased
ac cu mu la tion of cysts may be as so ci ated with redeposition, as
sug gested by the char ac ter of mud flow de pos its. The as sem -
blages from these de pos its are sim i lar to the as sem blages
found in the black shale sam ples. The oc cur rence of the off -
shore taxon Impagidinium velorum is pos si bly the re sult of
redeposition.

In an in ter pre ta tive frame work, the dinoflagellate cyst as -
sem blages re flect a de creased cir cu la tion and a grad ual
eutrophication of the bas ins from the end of the Eocene to the
Early Oligocene. Fur ther more, the de cline in abun dance of
open sea taxa and cor re spond ing in crease of their brack ish
coun ter parts sug gest a pro gres sive clo sure of the ba sin and an
in creased sup ply of fresh wa ter.

DISCUSSION

POPIELE MEMBER

The Popiele Mem ber is rep re sented by pale-green ish shales
in the Aksmanice lo cal ity. The pres ent study in di cates that this
lithological unit is of Priabonian age. The Priabonian age of
dinoflagellate cyst as sem blages from the Popiele Mem ber at
Aksmanice is con sis tent with that of the mudstones from the
Koniusza ex po sures. In Koniusza, older (Bartonian) marl clasts
are also pres ent; these are ab sent at Aksmanice (Gedl, 2013).

Other biostratigraphic age in ter pre ta tions are con gru ent
with those re ported here. Nu mer ous mol lusc shells in these
strata were ex am ined by Wiœniowski (1908), Rogala (1925),
and Krach (1985). While Wiœniowski clas si fied the Menilite
Beds as of a Lower Oligocene age, Rogala (1925) re vised his
clas si fi ca tion and con sid ered them to have a Mid dle to Up per
Eocene age (Bartonian or Priabonian; Krach, 1985). In later

mol lus can stud ies, Krach in di cated a Priabonian to Bartonian
age for the Popiele Mem ber (Krach, 1985).

The foraminifera and nannoplankton as sem blages from the 
Popiele Mem ber in Ukraine were stud ied by Garecka et al,
(2008). Based on nannoplankton, the age of this
lithostratigraphic unit was de ter mined to be Up per Eocene to
low er most Oligocene, sim i lar to the Globigerina Marl Mem ber.
The pres ence of spe cies such as Clausicoccus subdistichus,
Isthmolithus recurvus, Lanternithus minutus, Reticulofenestra
lockeri, R. ornata and R. umbilica in di cates a Lower Oligocene
age. The foraminiferal as sem blages also point to wards an age
around the Eocene–Oligocene bound ary (Garecka et al.,
2008).

Other palaeontological stud ies of the Popiele Mem ber are
gen er ally in dic a tive of a nearshore shelf set ting. The Popiele
Mem ber from Koniusza (Gedl, 2013) var ies in terms of li thol -
ogy, is sim i lar as re gards the dinoflagellate cyst as sem blages.
There, dark mudstones (sim i lar to the green ish shales from
Aksmanice), were de pos ited near to shore; in both cases, there
was a no ta ble fresh wa ter in flu ence. Ac cord ing to Krach (1985),
bi valve and gas tro pod as sem blages sug gest sed i men ta tion
took place in the neritic zone, slightly be low a depth of 100 m.

MENILITE FORMATION

At the Aksmanice ex po sure the Menilite For ma tion con sists 
of suc ces sive dark brown cherts (Kotów Chert Mem ber), grey
si li ceous marls (Dynów Marl Mem ber) and black si li ceous
shales with thin-bed ded sand stones (Rudawka Tractionites
Mem ber). By con trast, at Koniusza the for ma tion be gins with
dark brown cal car e ous shales and thin-bed ded sand stones
(Gedl, 2013), over lain by dark cherts (Kotów Chart Mem ber;
Kotlarczyk and Leœniak, 1990). This sug gests that the shale
lay ers stud ied by Gedl (2013) be long to the so-called ‘sub-chert
beds’. Si li ceous marls are ab sent.

Most palaeontological age de ter mi na tions of the Menilite
For ma tion are based on foraminifera (Geroch et al., 1967;
Olszewska, 1982, 1985, 1997) and cal car e ous nannoplankton
(Garecka and Malata, 2001; Garecka, 2008, 2012). The Dynów 
Marl Mem ber in the Paratethys re gion is cor re lated with the
lower part of NP23 zone, based on a nannoplankton event: a
bloom of Reticulofenestra ornata (Krhovský, 1981, 1998;
Krhovský et al., 1992; Schulz et al., 2004; Melinte, 2005;
Švábenická et al., 2007).

In the lower Menilite For ma tion (cherts and marls at
Aksmanice and dark shales at Koniusza), dinoflagellate cysts
are rare or prac ti cally ab sent and cov ered by AOM, so their tax -
o nomic clas si fi ca tion can not be as sessed. Rare spec i mens of
Wetzeliella gochtii were found in the low est Menilite For ma tion
above the Globigerina Marls at the Krosno ex po sure (Silesian
Nappe; van Couvering et al., 1981), which in di cates an Early
Oligocene age. How ever, W. gochtii and W. symmetrica were
found in Late Eocene de pos its in the Magura Nappe of the Pol -
ish Carpathians (Folusz sec tion; Gedl, 2005). This is con sis tent 
with ob ser va tions from the Silesian Nappe (Znamirowice sec -
tion, Fig. 1B), where W. gochtii was found in the Globigerina
Marl Mem ber within Zone NP19-NP20 (van Couvering et al.,
1981). In the North Al pine Fore land ba sin in south ern Ger many
W. gochtii was re ported in the Late Eocene Deutenhausen For -
ma tion (turbiditic de pos its; van der Boon et al., 2018). Fur ther -
more, a Late Eocene first ap pear ance of this taxon has also
been pro posed based on re search in the Med i ter ra nean re gion
(e.g., Brinkhuis, 1994; Coccioni et al., 2000).

The re sults of dinoflagellate age de ter mi na tions for the
lower Menilite For ma tion sup port the re sults of foraminiferal
stud ies (Olszewska, 1982, 1985, 1997).
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Cherts from the Kotów Chert Mem ber are de void of
foraminifera (Olszewska, 1985) and con tain only se verely dam -
aged cal car e ous nannoplankton spec i mens (Garecka, 2012)
which makes age de ter mi na tions im pos si ble. Black shales from 
lay ers above the chert ho ri zon con tain dinoflagellate cysts typ i -
cal of the Rupelian. The foraminiferal as sem blages from this
part of the Menilite For ma tion are con sis tent with an the Early
Oligocene age, in part be cause of the oc cur rence of the in dex
taxon Tenuitella liverovskae (Olszewska, 1985). Ac cord ing to
Garecka (2012), this lower Menilite For ma tion rep re sents Zone
NP23.

An equiv a lent of the Menilite For ma tion in the south ern
Magura Nappe is the Smereczek Shale Mem ber, which over -
lies the Leluchów Marl Mem ber – the equiv a lent of the
Globigerina Marl Mem ber (Malcov For ma tion; Fig. 2;
Birkenmajer and Oszczypko, 1989). Based on the oc cur rence
of Wetzeliella gochtii just be low the base of this unit (Leluchów
sec tion), the age of this mem ber was as signed by Gedl (2004)
to the Early Oligocene.

Sim i lar re sults were ob tained for an other equiv a lent of the
lower Menilite For ma tion – the Lower Dysodilic Shale For ma tion in 
Ro ma nia (Tarcãu Nappe; £abãrã et al., 2015). In both the Menilite 
and the Lower Dysodilic for ma tions, the fol low ing taxa were re -
ported: Wetzeliella gochtii, Rhombodinium draco, Cordo -
sphaeridium gracile, Deflandrea phosphoritica, Thalassi phora
pelagica, and Palaeocystodinium golzowense. These dinocyst as -
sem blages in di cate a Rupelian to Lower Chattian age.

Oligocene dinoflagellate cysts from the Menilite For ma tion
may be com pared with those de scribed from the Podhale
Paleogene Flysch (Fig. 1B; Cen tral Carpathian Paleogene Ba -
sin, Cen tral Paratethys; Gedl, 2000). In the Menilite For ma tion,
dinocysts are less abun dant than in the Podhale Flysch. Based
on sim i lar taxa, the Menilite For ma tion may be com pared with
the Zakopane and Szaflary beds. The Szaflary and Zakopane
beds were as signed to the Rupelian based on the pres ence of
the fol low ing spe cies: Wetzeliella symmetrica, W. gochtii and
Chiropteridium lobospinosum. These ob ser va tions sug gest a
par al lel in ter val of sed i men ta tion, but with dif fer ent palaeo -
environmental con di tions in these two bas ins. Poor dinocyst as -
sem blages in the Menilite For ma tion re flect un fa vor able liv ing
con di tions in the bas ins of the Outer Carpathians rel a tive to the
Cen tral Carpathian Ba sin.

Palaeoenvironmental in ter pre ta tions based on foraminifera
(Olszewska, 1985) are sim i lar to those from dinocyst as sem -
blages. Foraminiferal as sem blages, con sist ing mainly of
Globigerina and in smaller amounts Turborotalia, point to wards
de po si tion in the shal low re gions of the pe lagic zone (wa ter
depth, 20–200 m). The dom i nance of one taxon (Globigerina)
sug gests high pro duc tiv ity, and a lack of ben thic foraminifera
sug gests anoxic con di tions at the sed i ment-wa ter in ter face.
The oc cur rence of eas ily adapt able spe cies may im ply cli ma tic
cool ing.

Sim i lar re sults were ob tained by Bobrinskaya et al. (1998) in 
the Ukrai nian Flysch Carpathians. In ad di tion, the de vel op ment
of small, smooth-walled spe cies of Globigerina and Turbo -
rotalia in the ear li est Oligocene was noted.

Sev eral lines of ev i dence sug gest ing shal low wa ter depths,
de creased sa lin ity and eutrophication dur ing the Eocene– Oli -
gocene tran si tion are in ac cor dance with anal y ses of cal car e -
ous nannoplankton as sem blages from the lower Menilite For -
ma tion (Garecka, 2012). The Dynów marls are rich in spe cies
such as Reticulofenestra ornata and R. tokodensis, which are
in dic a tive of high nu tri ent lev els and de creased sa lin ity. The
same spe cies are abun dant in dark shales ly ing above the
marls, co ex ist ing with other taxa with sim i lar en vi ron men tal
pref er ences (Transversopontis fib ula, Reticulofenestra lockeri).
In ter pre ta tions of a nearshore en vi ron ment are sup ported by

the pres ence of Pontosphaera latelliptica and P. multipora,
which are par tic u larly abun dant in dark shales. The large num -
ber of D. bisectus and Dictyococcites scripsae also point to a
nearshore en vi ron ment with an in creased sup ply of nu tri ents.
Dur ing de po si tion of the lower Menilite For ma tion, a de crease in 
warm wa ter spe cies (e.g., Discoaster barbadiensis) and in -
crease in cold wa ter taxa (e.g., Lanternithus minutus) was ob -
served, which is con sis tent with a grad ual cli ma tic cool ing.

CONCLUSIONS

The spe cific com po si tion and abun dance of dinocysts in the 
Aksmanice sec tion has a clear cor re la tion with the sed i ment
com po si tion in the suc ces sion. Dinoflagellate cysts are fre quent 
in the brown mudstones and glauconitic sand stones, rel a tively
rare in the black shales and al most ab sent in the si li ceous de -
pos its (cherts, si li ceous marls and si li ceous lenses within the
mudstones).

The Popiele Mem ber is char ac ter ized by a rich
dinoflagellate cyst as sem blage, in con trast to the over ly ing
Menilite For ma tion. A dis tinct re duc tion in abun dance and di -
ver sity of dinocyst taxa is ob served in the Menilite For ma tion. In
the Kotów Chert Mem ber, dinoflagellate cysts are nearly ab sent 
and poorly pre served. The Dynów Marl Mem ber is com posed
al most en tirely of AOM. How ever, the Rudawka Tractionites
Mem ber did yield well-pre served dinoflagellate cysts.

Dinocyst taxa in di cate that the Popiele Mem ber was de pos -
ited dur ing the Late Eocene (Priabonian), based on the pres -
ence of Areosphaeridium diktyoplokum, Enneadocysta
pectiniformis and Lentinia serrata. The Menilite For ma tion (in -
clud ing the Kotów Cherts, Dynów Marls and the Rudawka
Tractionite) formed dur ing the Lower Oligocene.

The low er most Rudawka Tractionites Mem ber co in cides
with dinocyst Zones D13–D14 (Lower Rupelian), based on the
oc cur rence of Wetzeliella gochtii, W. symmetrica, Chiro -
pteridium ga lea and Rhombodinium draco. The mudstones and 
the up per Rudawka Tractionites Mem ber were at trib uted to the
Up per Rupelian (Zone D15a), due to the pres ence of
Wetzeliella gochtii, Chiropteridium ga lea, and Enneadocysta
pectiniformis.

The dinocyst as sem blages show that both lithostratigraphic
units, the Popiele Mem ber and the Menilite For ma tion, were de -
pos ited in in ner shelf en vi ron ments. The green shales from the
Popiele Mem ber prob a bly ac cu mu lated in a more dis tal set ting
than the Menilite For ma tion, as in di cated by the oc cur rence of
more oce anic taxa (for in stance, Impagidinium and Nemato -
sphaeropsis) in the Popiele Mem ber. The Menilite For ma tion
(Kotów Chert, Dynów Marl and the Rudawka Tractionites mem -
bers) ac cu mu lated closer to the shore, as open sea taxa are ab -
sent (or nearly ab sent) and shal low-wa ter taxa (peridinioids) are 
more abun dant. The in crease in abun dance of peridinoids in di -
cates the on set of eutrophication and ox y gen de pri va tion in this
ba sin dur ing basal Menilite For ma tion sed i men ta tion. It co in -
cides with a sed i men tary color change, from the pale green
shales of the Popiele Mem ber to the dark brown or black shales
of the Menilite For ma tion. The en vi ron ment in which the
Menilite For ma tion was de pos ited was more in flu enced by river
mouths than that of the Popiele Mem ber, lead ing to el e vated
nu tri ent lev els and an in creased pres ence of ter res trial ma te rial.

Ac knowl edg ments. The au thors wish to thank
B. S³odkowska, P. Gedl and A. van der Boon for con struc tive
crit i cism and de tailed re view of the manu script. The au thors
would also like to thank J. Todes for help with the lin guis tic cor -
rec tions.

554 Arleta Suchocka, Marcin Barski and Ma³gorzata Bieñkowska-Wasiluk



REFERENCES

Andreeva-Grigorovich, A.S., 1991. Phytoplankton (dinocyst and
nanoplankton) zonal stra tig ra phy of the Paleogene of south ern
SSSR. Ph.D. the sis (in Rus sian). The Acad emy of Sci ences of
the USSR, In sti tute of Geo log i cal Sci ence, Kiev.

Andreeva-Grigorovich, A.S., (as Andreyeva-Grigorovich),
Gruzman, A.D., 1994. The biostratigraphic ba sis of the
Paleogene–Neo gene bound ary in the Cen tral (Ukrai nian
Carpathians) and East ern (Black Sea de pres sion, North ern
Cau ca sus) Paratethys. Geologica Carpathica, 45: 333–342.

Báldi,  T.,  1980.  The  early  his tory  of  the  Paratethys. Földtani
Közlöny, Bul le tin of the Hun gar ian Geo log i cal So ci ety, 110:
456–472.

Báldi, T., 1984. The ter mi nal Eocene and Early Oligocene events in
Hun gary and the sep a ra tion of an anoxic, cold Paratethys.
Eclogae Geologicae Helvetiae, 30: 1–27.

Báldi, T., 1989. Tethys and Paratethys through Oligocene times. Re -
marks to a com ment. Geologický Zborník – Geologica
Carpathica, 40: 85–99.

Bujak, J.P., 1984. Ce no zoic dinoflagellate cysts and acritarchs from 
the Be ring Sea and north ern North Pa cific, D. S. D. P. Leg 19.
Micropaleontology, 30: 180–212.

Birkenmajer, K., Oszczypko, N., 1989. Cre ta ceous and
Palaeogene lithostratigraphic units of the Magura Nappe,
Krynica Sub unit, Carpathians. Annales Societatis Geologorum
Poloniae, 59: 145–181.

Bobrinskaya, O.G., Gruzman, A.D., Krasheninnikov, V.A.,
Serova, M.Y., Venglynskyi, I.V., 1998. Stra tig ra phy of the
Oligocene and Mio cene de pos its of the west ern Ukraine and
Moldavia. Ahandlungen der Senckenbergischen Naturforschen -
den Gesellschaft, 549: 34–43.

Brinkhuis, H., 1994. Late Eocene to Early Oligocene dinoflagellate
cysts from the Priabonian type-area (North east It aly):
biostratigraphy and palaeoenvironmental in ter pre ta tion.
Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy, 107:
121–163.

Châteauneuf, J.-J., 1980. Palynostratigraphie et paléoclimatologie
de l’Eocene supérieur et de l’Oligocene du Bassin de Paris
(France). Bul le tin du Bu reau de recherches géologiques et
miniÀres, 116: 1–360.

Coccioni, R., Basso, D.,  Brinkhuis, H., Galeotti, S., Gardin, S.,
Monechi, S., Spezzaferri, S., 2000. Ma rine bi otic sig nals
across a late Eocene im pact layer at Massignano, It aly: ev i -
dence for long-term en vi ron men tal per tur ba tions? Terra Nova,
12: 258–263.

Costa, L.I., Downie, C., 1976. The dis tri bu tion of the dinoflagellate
Wetzeliella in the Palaeogene of north-west ern Eu rope. Palae -
on tol ogy, 19: 591–614.

Costa, L.I., Manum, S.B., 1988. The de scrip tion of the in ter re gional
zonation of the Paleogene (D1–D15) and the Mio cene
(D16-D20). Geologisches Jahrbuch, A100: 321–342.

Dale, B., 1996. Dinoflagellate cyst ecol ogy: mod el ling and geo log i -
cal ap pli ca tions. In: Palynology: Prin ci ples and Ap pli ca tions
(eds. J. Jansonius and D.C. McGregor), 3: 1249–1275. Amer i -
can As so ci a tion of Strati graphic Paly nolo gists Foun da tion, Dal -
las, Texas.

D¿u³yñski, S., Kotlarczyk, J., 1965. Sed i men ta tion of the Popiele
beds in the Pol ish Carpathians. Rocznik Polskiego Towarzystwa 
Geologicznego, 35: 103–105.

Filipek, A., Wysocka, A., Barski, M., 2017. Depositional set ting of
the Oligocene se quence of the West ern Carpathians in the Pol -
ish Spisz re gion – a re in ter pre ta tion based on in te grated
palynofacies and sedimentological anal y ses. Geo log i cal Quar -
terly, 61 (4): 859–876.

Garecka, M., 2008. Oligocene/Mio cene bound ary in the Pol ish
Outer Carpathians based on cal car e ous nannoplankton (in Pol -
ish with Eng lish sum mary). Biuletyn Pañstwowego Instytutu
Geologicznego, 432: 1–54.

Garecka, M., 2012. Re cord of changes in the Oligocene-Mio cene
sed i ments of the Menilite-Krosno se ries of the Skole Unit based

on cal car e ous nannoplankton stud ies – biostratigraphy and
paleogeographical im pli ca tions (Pol ish Outer Carpathians).
Biuletyn Pañstwowego Instytutu Geologicznego, 453: 1–22.

Garecka, M., Malata, T., 2001. Nanoplankton wapienny serii
menilitowo-kroœnieñskiej jednostki skolskiej (rejon na pó³noc od
Leska) (in Pol ish). Posiedzenia Naukowe Pañstwowego
Instytutu Geologicznego, 57: 89–91.

Garecka, M., Jankowski, L., Szyd³o, A., 2008. Sp³ywowe osady
paleogenu wschodnich Karpat zewnêtrznych w strefie
przygranicznej Polski i Ukrainy (in Pol ish). In: Pierwszy Polski
Kongres Geologiczny, Kraków 26–28 czerwca 2008, Abstrakty
(ed. G. Haczewski): 28–29. Polskie Towarzystwo Geologiczne,
Kraków.

GaŸdzicka, E., 2001. Stages of Skole sed i men tary ba sin evo lu tion
in the Cre ta ceous and early Paleogene – nannoplankton re cord
(in Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 49:
449–451.

Gedl, P., 1998. The age of Podhale flysch based on dinocysts (in
Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 46:
45–46.

Gedl, P., 1999. Palynology of the Eocene-Oligocene bound ary in
the Pol ish Flysch Carpathians - pre lim i nary re sults (in Pol ish
with Eng lish sum mary). Przegl¹d Geologiczny, 47: 394–398.

Gedl, P., 2000. Biostratigraphy and palaeoenvironment of the
Podhale Palaeogene (In ner Carpathians, Po land) in the light of
palynological stud ies. Part I (in Pol ish with Eng lish sum mary).
Studia Geologica Polonica, 117: 69–154.

Gedl, P., 2004. Dinoflagellate cyst re cord of the Eocene-Oligocene
bound ary suc ces sion in flysch de pos its at Leluchów, Carpathian 
Moun tains, Po land. Geo log i cal So ci ety Spe cial Pub li ca tions,
230: 309–324.

Gedl, P., 2005. Late Eocene–early Oligocene or ganic-walled
dinoflagellate cysts from Folusz, Magura Nappe, Pol ish
Carpathians. Acta Palaeobotanica, 45: 27–83.

Gedl, P., 2013. Eocene dinoflagellate cysts from the Popiele beds at 
Koniusza (Skole Nappe, Flysch Carpathians, Po land): tax on -
omy, biostratigraphy, and palaeoenvironmental re con struc tion
of a mar ginal ma rine ba sin. Studia Geologica Polonica, 136:
5–197.

Gedl, P., Leszczyñski, S., 2005. Palynology of the
Eocene-Oligocene tran si tion in the mar ginal zone of the Magura 
Nappe at Folusz (West ern Carpathians, Po land). Geologica
Carpathica, 56: 155–167.

Geroch, S., Jednorowska, A., Ksi¹¿kiewicz, M., Liszkowa, J.,
1967. Stra tig ra phy based upon foraminifera of the west ern Pol -
ish Carpathians. Instytut Geologiczny, Biuletyn, 211: 185–267.

Geroch, S., Nowak, W., 1984. Pro posal of zonation for the Late
Tithonian-Eocene, based upon the arenaceous foraminifera
from the outer Carpathians, Po land. In: Benthos ’83; 2nd In ter -
na tional Sym po sium on Ben thic Foraminifera, Pau (France) (ed. 
H.J. Oertli) : 225–239, April 11–15, 1983: Esso REP: and To tal
CFP. Pau and Bor deaux.

Golonka, J., Krobicki, M., Oszczypko, N., S³omka, T., 2003. Early
stages of the Carpathian bas ins de vel op ment. Mineralia
Slovaca, 35: 4–6.

Gradstein, F.M., Ogg, J.G., 2004. A Geo logic Time Scale 2004 –
why, how, and where next! Lethaia, 37: 175–181.

Gradstein, F.M., Ogg, J.G., Smith, A.G, 2004. A Geo logic Time
Scale 2004. Cam bridge Uni ver sity Press.

Gradstein, F.M., Ogg, J.G., Schmitz, M.D., Ogg, G.M., 2012. A
Geo logic Time Scale 2012. Cam bridge Uni ver sity Press.

Grzybowski, J., 1894. Mikrofauna piaskowca karpackiego z pod
Dukli (in Pol ish). Rozprawy Wydzia³u Matematyczno-przy -
rodniczego, Akademia Umiejêtnoœci w Krakowie, 2: 181–214.

Grzybowski, J., 1898. Otwornice pok³adów naftonoœnych okolicy
Krosna (in Pol ish). Rozprawy Wydzia³u Matema tyczno- przy -
rodniczego, Akademia Umiejêtnoœci w Krakowie, 2: 257–305.

Haq, B.U., Hardenbol, J., Vail, P.R., 1987. Chro nol ogy of fluc tu at -
ing sea lev els since the Tri as sic. Sci ence, 235: 1156–1167.

Dinoflagellate cyst stra tig ra phy of the Popiele Mem ber and Menilite For ma tion in the Boryslav–Pokuttya Nappe... 555



Jankowski, L., Kopciowski, R., Ry³ko, W., Danysh, V.,
Tsarnenko, P. N., Hnylko, O., 2012. Lithostratigraphic cor re la -
tion of the Outer Carpathian bor der lands of Po land, Ukraine,
Slovakia and Ro ma nia. Biuletyn Pañstwowego Instytutu
Geologicznego, 449: 87 –98.

Jerzmañska, A., 1958. Sta tus of re search on Ter tiary fishes in Po -
land (in Pol ish with Eng lish sum mary). Kwartalnik Geologiczny,
2 (1): 177–186.

Jerzmañska, A., 1960. Ichthyofauna from the Jas³o shales at
Sobniów (in Pol ish with Eng lish sum mary). Acta Palae -
ontologica Polonica, 5: 367–425.

Jerzmañska, A., 1968. Ichtyofaune des couches á ménilite (flysch
des Karpathes). Acta Palaentologica Polonica, 13: 379–488.

Jerzmañska, A., Kotlarczyk, J., 1976. The be gin nings of the
Sargasso as sem blage in the Tethys? Palaeo ge ogra phy,
Palaeoclimatology, Palaeo ec ol ogy, 20: 297–306.

Kotlarczyk, J., 1988. Problemy sedymentologii, stratygrafii i
tektoniki Karpat Przemyskich oraz ich najbli¿szego przedpola
(in Pol ish). In: Karpaty Przemyskie (eds. J. Kotlarczyk, K.
Pêkala and S. Gucik). Przewodnik 59 Zjazdu Polskiego
Towarzystwa Geologicznego, Przemyœl, 16–18.IX.1988,
Pañstwowy Instytut Geologiczny, Wydawnictwo Akademii
Górniczo-Hutniczej, Kraków.

Kotlarczyk, J., Leœniak, T., 1990. Lower part of the Menilite For ma -
tion and re lated Futoma di at o mite mem ber in the Skole unit of
the Pol ish Carpathians (in Pol ish with Eng lish sum mary). AGH,
Instytut Geologii i Surowców Mineralnych. Wydawnictwa
w³asne.

Kotlarczyk, J., Jerzmañska, A., 1976. The be gin nings of the
Sargasso as sem blage in the Tethys? Palaeo ge ogra phy,
Palaeoclimatology, Palaeo ec ol ogy, 20: 297–306.

Kotlarczyk, J., Uchman, A., 2012. In te grated ichnology and ich thy -
ol ogy of the Oligocene Menilite For ma tion, Skole and
Subsilesian nappes, Pol ish Carpathians: a proxy to ox y gen a tion 
his tory. Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy,
331–332: 104–118.

Kotlarczyk, J., Jerzmañska, A., Œwidnicka, E., Wiszniowska, T.,
2006.  A frame work of ichthyofaunal ecostratigraphy of the
Oligocene-Early Mio cene strata of the Pol ish Outer Carpathian
ba sin. Annales Societatis Geologorum Poloniae, 76: 1–111.

Köthe, A., Piesker, B., 2007. Strati graphic dis tri bu tion of
Paleogene and Mio cene dinocysts in Ger many. Re vue de
Paléobiologie, 26: 1–39.

Krach, W., 1985. The Eocene mol lusk fauna from Koniusza near
Przemyœl (Pol ish East ern Carpathians) (in Pol ish with Eng lish
sum mary). Annales Societatis Geologorum Poloniae, 55:
139–190.

Krhovský, J., 1981. Microbiostratigraphic cor re la tions in the Outer
Flysch Units of the south ern Moravia and in flu ence of the
eustasy on their palaeo geo graphi cal de vel op ment. Zemny Plyn
a Nafta, 26: 665–688.

Krhovský, J., 1998. Ge ol ogy, stra tig ra phy and palaeoenvironment
of the South ern-Moravian Flysch Belt. Abhandlungen der
Senckenbergischen Naturforschenden Gesellschaft, 549:
18–23.

Krhovský, J., Adamowa J., Hladikow, J., Maslowská, H., 1992.
Palaeoenvironmental changes across the Eocene–Oligocene
bound ary in the Ždanice Pouzdrany Units (West ern
Carpathians, Czecho slo va kia): the long-term trend and or bit ally
forced changes in cal car e ous nannofossil as sem blages. In:
Nannoplankton re search (eds. B. Harmšmid and J. Young). Pro -
ceed ings of the  4yh INA Con fer ence, Praga, 1991. Knih. ZPN,
14b/2: 189–221.

Ksi¹¿kiewicz, M., ed., 1962. At las geologiczny Polski –
Zagadnienia stratygraficzno-facjalne. 1:600 000, z. 13. Kreda i
starszy trzeciorzêd w Polskich Karpatach Zewnêtrznych (in Pol -
ish). Instytut Geologiczny, Warszawa.

Laskarev, V., 1924. Sur les equiv a lents du Sarmatien superieur en
Serbie. In: Receuil de traveaux offert ́  M. Jo- van Cvijic par ses
amis et collaborateurs (ed. P. Vujeviæ): 73–85. Drzhavna
Shtamparija, Beograd.

Leszczyñski, S., Malata, E., 2002. Sed i men tary con di tions in the
Siary zone of the Magura ba sin (Carpathians) in the late

Eocene–early Oligocene. Annales Societatis Geologorum
Poloniae, 72: 201–239.

Melinte, M., 2005. Oligocene palaeoenvironmetal changes in Ro -
ma nian Carpathians, reveald by cal car e ous nannofossils.
Studia Geologica Polonica, 124: 341–352.

Miller, K.G., Wright, J.D., Katz, M.E., Wade, B.S., Brown ing, J.V.,
Cramer, B.S., Rosenthal, Y., 2009. Cli mate thresh old at the
Eocene-Oligocene tran si tion: Ant arc tic ice sheet in flu ence on
ocean cir cu la tion. Geo log i cal So ci ety of Amer ica Spe cial Pa -
pers,  452: 169–178.

Olszewska, B., 1982. Some re marks on biostratigraphy of the
Menillite–Krosno Se ries in the Pol ish Outer Carpathians (in Pol -
ish with Eng lish sum mary). Kwartalnik Geologiczny, 26 (1):
137–145.

Olszewska, B., 1985. Foraminifera of the Menilite Beds (Pol ish Ex -
ter nal Carpathians) (in Pol ish with Eng lish sum mary). Rocznik
Polskiego Towarzystwa Geologicznego, 55: 201–250.

Olszewska, B., 1997. Foraminiferal biostratigraphy of the Pol ish
Outer Carpathians: a re cord of ba sin geohistory. Rocznik
Polskiego Towarzystwa Geologicznego, 67: 325–337.

Oszczypko-Clowes, M., ¯ydek, B., 2012. Paleoecology of the Up -
per Eocene–Lower Oligocene Malcov Ba sin based on the cal -
car e ous nannofossils: a case study of the Leluchów sec tion
(Krynica Zone, Magura Nappe, Pol ish Outer Carpathians).
Geologica Carpathica, 63: 149–164.

Popadyuk, I., Vul, M., Ladyzhensky, Y., Shpak, P., 2006. Pe tro -
leum ge ol ogy of the Boryslav–Pokuttya zone, the Ukrai nian
Carpathians. AAPG Mem oir, 84: 455–466.

Powell, A.J., 1992. Dinoflagellate cysts of the Ter tiary Sys tem. In: A
Strati graphic In dex of Dinoflagellate Cysts (ed. A.J. Powell).
Brit ish Micropalaeontological So ci ety Pub li ca tion Se ries. Chap -
man & Hall, Lon don.

Pross, J., Brinkhuis, H., 2005. Or ganic-walled dinoflagellate cysts
as paleoenvironmental in di ca tors in the Paleogene: a syn op sis
of con cepts. Paläontologische Zeitschrift, 79: 53–59.

Rajchel, J., 1990. Lithostratigraphy of the Up per Palaeo cene and
Eocene sed i ments from the Skole Unit (In Pol ish with Eng lish
sum mary). Zeszyty naukowe AGH, Geologia, 48: 1–112.

Rogala, W., 1925. Materiaux pour la géologie de Karpathes. III. Le
faune et l’age des “couches” de Popiele (in Pol ish with French
sum mary). Kosmos, 30: 932–939.

Roth, Z., Hanzlíková, E., 1982. Palaeotectonic and palaeo eco logi -
cal po si tion of the Menilitic For ma tion in the Carpathian Mts.
Èasopis pro Mineralogii a Geologii, 27: 113–126.

Rusu, A., 1988. Oligocene events in Transylvania (Ro ma nia) and
the first sep a ra tion of Paratethys. Dari Seama, In sti tute of Ge ol -
ogy and Geo phys ics:72–73, 207–223.

Sachsenhofer, R.F., Popov, S.V., Coric, S., Mayer, J., Misch, D.,
Mor ton, M.T., Pupp, M., Rauball, J., Tari, G., 2018.
Paratethyan pe tro leum source rocks: an over view. Jour nal of
Pe tro leum Ge ol ogy, 41: 219–246.

Schulz, H.M., Bechtel, A., Rainer, T., Sachsenhofer, R.F., Struck,
U., 2004. Paleoceanography of the west ern Cen tral Paratethys
dur ing nannoplankton zone NP23: The Dynow Marlstone in the
Aus trian Molasse Ba sin. Geologica Carpathica, 55: 311–323.

Stover, L.E., Brinkhuis, H., Damassa, S.P., de Verteuil, L., Helby,
R.J., Monteil, E., Par tridge, A.D., Powell, A.J., Rid ing, J.B.,
Smelror, M., Wil liams, G.L., 1996. Me so zoic-Ter tiary
dinoflagellates, acritarchs and prasinophytes.  Palynology, 2 
(eds. J. Jansonius and  D.C. McGregor): 641–750. Amer i can
As so ci a tion of Strati graphic Paly nolo gists Foun da tion, Dal las,
Texas.

Œl¹czka, A., Kruglow, S., Golonka, J., Oszczypko, N., Popadyuk, 
I., 2006. Ge ol ogy and hy dro car bon re sources ofthe Outer
Carpathians, Po land, Slovakia, and Ukraine: the gen eral ge ol -
ogy of the Outer Carpathians, Po land, Slovakia, and Ukraine.
AAPG Mem oir, 84: 221–258.

Švábenická, L., Bubík, M., Stráník, Z., 2007. Biostratigraphy and
paleoenvironmental changes on the tran si tion from the Menilite
to Krosno lithofacies (West ern Carpathians, Czech Re pub lic).
Geologica Carpathica, 58: 237–262.

£abãrã, D., Pacton, M., Makou, M., Chirilã, G., 2015. Palynofacies
and geo chem i cal anal y sis of Oligo-Mio cene bi tu mi nous rocks

556 Arleta Suchocka, Marcin Barski and Ma³gorzata Bieñkowska-Wasiluk



from the Moldavidian Do main (East ern Carpathians, Ro ma nia):
im pli ca tions for pe tro leum ex plo ra tion. Re view of Palaeobotany
and Palynology, 216: 101–122.

Van Couvering, J.A., Aubry, M.P., Berggren, W.A., Bujak, J.P.,
Naeser, C.W., Wieser, T., 1981.The ter mi nal Eocene event and
the Pol ish con nec tion. Palaeo ge ogra phy, Palaeoclimatology,
Palaeo ec ol ogy, 36: 321–362.

Van der Boon, A., GaŸdziecka, E., Ciurlej, A., Krijgsman, W.,
Langereis, C.G., Sachsenhofer, R.F., Grothe, A., Beniest, A.,
2018. The Eocene-Oligocene tran si tion in the North Al pine
Fore land Ba sin and sub se quent clo sure of a Paratethys gate -
way. Global and Plan e tary Change, 162: 101–119.

Vasilyeva, O., Musatov, V., 2012. The Paleogene Dinoflagellate
Cyst and Nannoplankton Biostratigraphy of the Cas pian De -
pres sion. Strati graphic Anal y sis of Lay ered De pos its (ed. Ö.
Elitok), doi: 10.5772/34019

Wil liams, G.L., Brinkhuis, H., Pearce, M.A., Fensome, N.A.,
Weegink, J.W., 2004. South ern Ocean and global dinoflagellate 
cyst events com pared: in dex events for the late Cre ta -

ceous-Neo gene. Pro ceed ings of the Ocean Drill ing Pro gram,
Sci en tific Re sults, 189: 1–98.

Wilpshaar, M., Santarelli, A., Brinkhuis, H., Visscher, H., 1996.
Dinoflagellate cysts and mid-Oligocene chronostratigraphy in
the cen tral Med i ter ra nean re gion. Jour nal of the Geo log i cal So -
ci ety, Lon don, 153: 553–561.

Wiœniowski, T., 1908. At las geologiczny Galicji (in Pol ish). Tekst do
zeszytu XXI. Kraków.

Zachos, J.C., Pagani, M., Sloan, L.C., Thomas, E., Billups, K.,
2001. Trends, rhythms, and ab er ra tions in global cli mate 65 Ma
to pres ent. Sci ence, 292: 686–693.

¯ytko, K., Gucik, S., Oszczypko, N., Zaj¹c, R., Garlicka, I.,
Nemèok, J., Eliaš, M., Menèik, E., Dvorak, J., Stranik, Z.,
Rakuš, M., Matejovska, O., 1989. Geo log i cal map of the West -
ern Outer Carpathians and their fore land with out Qua ter nary
for ma tions. In: Geo log i cal At las of the West ern Carpathians and 
their Fore land. 1:500 000 (eds. D. Poprawa and J. Nemèok).
Pañstwowy Instytut Geologiczny, Warszawa.

Dinoflagellate cyst stra tig ra phy of the Popiele Mem ber and Menilite For ma tion in the Boryslav–Pokuttya Nappe... 557


