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In the Paratethys Sea, isolation, the development of anoxia and stratification of the water column resulted in deposition of or-
ganic-rich sediments. In the Western Carpathians (Central Paratethys) these sediments now lie within the Menilite Forma-
tion. Whereas the Eocene—Oligocene transition has been studied in the Western Carpathians and is documented by
dinoflagellate cyst assemblages, the dinoflagellate cyst stratigraphy of the Menilite Formation members has been uncertain.
The Popiele Member and the Menilite Formation exposed at Aksmanice (Boryslav—Pokuttya Nappe, Western Outer
Carpathians) reflect palaeogeographic changes at the beginning of the Oligocene. These previously studied deposits have
been assigned to lithostratigraphic units, though without biostratigraphic documentation. The age of the Menilite Fm. in the
Carpathian sedimentary succession is particularly interesting due to the diachronous character of the facies development. In
this study we provide biostratigraphic data based on well-preserved organic-walled dinoflagellate cyst assemblages. The
marker taxa recovered indicate a Rupelian age (Early Oligocene) for the Menilite Fm. A different assemblage occurs in the
Popiele Member underlying the Menilite Fm. Here, the dinoflagellate cysts are more diverse and abundant, and represented
by typical Eocene taxa attributed to Areosphaeridium spp. and Charlesdowniea spp. The Popiele Member may be assigned
to the Priabonian (Late Eocene).
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INTRODUCTION Early Miocene, e.g. the Schoneck Formation in the Austrian
Mollase Basin, the Menilite Formation in the Western

Carpathians, the Lower and Upper Dysodilic Shale members in

During the Early Oligocene a significant part of Europe and
Central Asia was covered by the Paratethys Sea, which was di-
vided into two domains (1) the large Eastern Paratethys (south-
ern Russia and Central Asia) and (2) the relatively small-scale
Western and Central Paratethys (Central Europe). The West-
ern and Central Paratethys comprised the Alpine Foreland Ba-
sin, the Carpathian basin and the Pannonian basin
(Sachsenhoffer et al., 2018). Restricted marine oxygen-poor
conditions in the Paratethys were caused by (1) significant tec-
tonic activity leading to (2) gradual isolation that coincided with
(3) global cooling at the Eocene/Oligocene (E/O) boundary at
about 33.9 My bp (Gradstein and Ogg, 2004; Gradstein et al.,
2004), following a prominent greenhouse—icehouse transition
(Baldi, 1980; Rusu, 1988). In these restricted basins or-
ganic-rich shales were deposited during the Oligocene and
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the Eastern Carpathians, and the Maikop Group in Western
Black Sea and Caspian Sea (Sachsenhoffer et al., 2018).

The Menilite shales and their organic-rich facies equivalents
form a widespread marker of the Lower Oligocene in various
nappes along the Outer Carpathians in the Slovak and Czech re-
publics, Poland, Ukraine, Romania and the Pannonian Basin
System. A specific biofacies development, connected with re-
stricted conditions, allows distinction of a “Paratethys
bioprovince”, at first restricted to the Neogene (Laskarev, 1924),
then also to the Paleogene (Baldi, 1984, 1989; Rusu, 1988).

These deposits from oxygen-poor environments are difficult
to analyse biostratigraphically because the Menilite Formation
is generally devoid of microfossils suitable for high-resolution
biostratigraphy. Furthermore, observed reworking renders age
determinations problematic.

Dinoflagellate cyst assemblages from the Eocene-Oli-
gocene boundary in the Boryslav—Pokuttya Nappe (Fig. 1) were
comprehensively studied in the Koniusza section by Gedl
(2013). The sections exposed in Koniusza and described here
in Aksmanice are devoid of the sub-Menilite Globigerina Marl
Member, which is widespread in the Carpathian area (Silesian,
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Fig. 1. Location of the Aksmanice section

A — schematic map of the Outer Carpathians: 1 — Magura, Dukla, Silesian nappes, 2 — Skole Nappe, 3 — Boryslav—Pokuttya
(Marginal fold in Romania) and Sambor nappes, 4 — Tarcau and Vrancea nappes, 5 — Pericarpathian Nappe; B — tectonic units
(nappes) of the Outer Carpathians of Poland (after Ksigzkiewicz, 1962, Zytko et al., 1989, modified); C — schematic map of the
Outer Carpathians near Przemysl (Kotlarczyk et al., 2006)
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Subsilesian, Skole and Boryslav—Pokuttya nappes). This unit is
replaced by the Popiele Member, composed of olistolith depos-
its and is succeeded by organic-rich deposits of the Menilite
Formation.

Dinoflagellate cysts are almost completely absent from
most of the Lower Oligocene deposits in the Polish Flysch
Carpathian area (Polish Outer Carpathians; Gedl, 1999, 2005,
2013). They are replaced by palynofacies rich in sporomorphs,
terrestrial phytoclasts or amorphous organic matter (AOM). The
biodiversity of other organisms (e.g., foraminifera) also de-
creases (Olszewska, 1985). Changes in the organic composi-
tion of the sedimentary units reflect palaeoenvironmental
changes (sea level fall, basin isolation events, euxinic condi-
tions) at the beginning of the Oligocene in this part of the
Carpathian Basin System (Ged|, 1999).

In the present study, we investigate dinoflagellate cyst as-
semblages from the Aksmanice section of the Popiele Member
and the lower part of the Menilite Formation from the most ex-
ternal part of the Polish Flysch Carpathians (Boryslav—Pokuttya
Nappe; Fig. 1). We use the assemblages to assign
biostratigraphic ages to the Popiele Member and the lower part
of the Menilite Formation, the Rudawka Tractionite Member. Fi-
nally, a palaeoenvironmental reconstruction is provided for the
area studied.

GEOLOGICAL SETTING

GEOLOGICAL BACKGROUND

The Boryslav—Pokuttya Nappe is observed in the Eastern
Carpathians (southeastern Poland, eastern Slovakia, Ukraine
and Romania), with the great majority located in Ukraine. In the
south-east it extends into Romania, where it is designated as
the Marginal Folds Unit (Fig. 1; Jankowski et al., 2012). The
northernmost part of the Boryslav—Pokuttya Nappe is located in
Poland. 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 consists of Upper
Cretaceous to Miocene strata transported by the thrust system
and stuck onto the Stebnik Nappe (Popadyuk et al., 2006). The
depositional successions are generally similar to those of the
Skole Nappe, as they originated in the same basin (Slgczka et
al., 2006).

The Popiele Member represents a considerable portion of
the Late Eocene strata in the Outer Carpathians (Dzutynski and
Kotlarczyk, 1965). This lithostratigraphic unit outcrops only in
the Boryslav—Pokuttya Nappe (in Poland only in the narrow belt
south of Przemysl; Fig. 1). It lies between the Eocene Hiero-
glyphic and Menilite formations, instead of the Globigerina
Marls, and represents deposits of submarine slumps, recog-
nized as olistostromes. It is mostly composed of massive
mudstones and siltstones, with isolated blocks of other
lithologies. The blocks are predominantly composed of green
shales derived from the Hieroglyphic Beds (Dzutynski and
Kotlarczyk, 1965). The great majority of Popiele Member out-
crops are present in Ukraine (Rajchel, 1990).

The Menilite Formation (alternatively, the Menilite Beds) is
widely distributed throughout the Flysch Carpathians in Poland.
It occurs in most tectonic units (i.e. the Dukla, Silesian,
Subsilesian, Skole and Boryslav—Pokuttya nappes; Fig. 1). It is
characterized by brown to black organic matter-rich and sili-
ceous deposits, the latter mostly formed by menilite, a dark
brown or black form of opal. In terms of lithology the Menilite
Formation is characterized by the alternations of dark sili-

ceous-claystone shales (menilite shales) and various sand-
stones. Locally, the formation includes also other siliceous
(e.g., cherts, siliceous marls and diatomites), and calcareous
(e.g., limestones and marls) deposits. The clastic deposits rep-
resent submarine fans, turbidites and tractional currents origi-
nating along the northern margin of the basin (Kotlarczyk and
Lesniak, 1990). The limestones, diatomites and some
mudrocks have a hemipelagic nature (Kotlarczyk and Uchman,
2012).

The deposits assigned to the Menilite Formation were de-
posited in restricted basins of the northern Central Paratethys.
The isolation was caused by ongoing closure of the Neotethys
Ocean. It was an effect of the collision between the European
Plate and several tectonic blocks: the united microplate of
Apulia and Adria, and the eastern Alpine (Austroalpine) and In-
ner Carpathian blocks. These detached from the northernmost
fragment of Gondwana in the Late Silurian (Austroalpine, Inner
Carpathian blocks) and in the Early Mesozoic (Adria-Apulia
microplates) and continued their northward movement during
the Cenozoic Alpine and Himalayan orogenies (Golonka et al.,
2003). The shelf and continental slope sediments of the East
European Platform are considered to have been the main
source of sediment input for the Menilite Formation (Kotlarczyk,
1988). The topography of the eastern Carpathian Basin also in-
cluded submarine ridges (Silesian Ridge, Subsilesian Ridge),
which also represented significant sources of siliciclastic mate-
rial and separated longitudinal troughs (the Skole, Silesian bas-
ins). The Skole Basin was the outermost (northernmost) part of
the Carpathian Basin and was subdivided into an outer narrow
trench, the Boryslav—Pokuttya Nappe, and an inner broad
trench, the Skole Nappe. It was separated from the Silesian Ba-
sin by the Subsilesian Ridge (Wegléwka Ridge; Golonka et al.,
2003). Sediments of the Menilite Formation were deposited at
the base of continental and intrabasinal slopes, and on the ba-
sin floor. Facies equivalents of the Menilite Formation are
known from the entire extent of the Outer Carpathians, the Cen-
tral-Carpathian Paleogene Basin (Podhale, Orava, Spis and
Liptov flysch) and from other regions of the Alpide belt (an
orogenic belt created during the Alpine orogeny; Roth and
Hanzlikova, 1982). The deposition of dark shales, which began
at the Eocene/Oligocene boundary (Slaczka et al., 2006), was
likely related to sea level fall, leading to basin isolation and
euxinic conditions (Kotlarczyk, 1988). Those changes in the
Carpathian basins as well as in other basins of the Paratethys
drove significant changes in the ecosystem, which are distinct
in the palynological record. The disappearance of open-water
dinoflagellate cysts (e.g., Impagidinium) in organic-rich depos-
its has been noted (Dale, 1996). Correspondingly, there was a
clear increase in the abundance of peridinioid cysts
(Deflandrea, Wetzeliella) as a result of environmental
eutrophication (Gedl, 1999). Moreover, in the Oligocene depos-
its a significant enrichment in terrestrial elements, such as plant
cuticles or sporomorphs, has been observed.

The lower boundary of the Menilite Formation is largely syn-
chronous across the whole Carpathian Basin (above the
Globigerina Marls horizon, at the Eocene—Oligocene boundary;
Fig. 2). By contrast, the end of sedimentation was diachronous:
sedimentation of the Menilite Formation ceased first in the
southernmost basin (Dukla Basin — Middle Oligocene),
whereas deposition persisted much longer in the northern bas-
ins (Skole Basin, Boryslav—Pokuttya Basin — Early Miocene;
Fig. 2). The diachronous character of the uppermost Menilite
Formation is linked to the progressive onlap of the Krosno For-
mation (grey, calcareous and micaceous sandstones and
shales) from the south.
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Fig. 2. Correlation of the Menilite—Krosno Formation in the eastern part of the Polish Carpathians with the Malcov and Magura
formations based on biostratigraphic studies of different authors: Gedl (2004, 2005), Gedl and Leszczynski (2005),
Kotlarczyk et al. (2006), Oszczypko-Clowes and Zydek (2012)

Brown colours denote Menilite facies and their equivalents in Malcov Formation (light brown shade marks sandstone members), shades
of yellow indicate Krosno facies (darker shade marks shale member), shades of green indicate Magura facies (darker shade marks shale
member), blue colour indicates Globigerina Marl Member and their equivalent — Leluchéw Marl Member, grey colour denotes Szymbark
Shale, red colour denotes Popiele Member (after Kotlarczyk et al., 2006, modified)

PREVIOUS BIOSTRATIGRAPHIC STUDIES

The first biostratigraphic investigations focused on
foraminiferal assemblages (e.g., Grzybowski, 1894, 1898).
Geroch and Nowak (1984) used the first appearance of
foraminifera species to developed a local zonation. Olszewska
(1997) established a Carpathian foraminiferal zonation using
both first appearances and acme occurrences. Ichthyofaunal
studies, carried out by Jerzmanska (1958, 1960, 1968),
Jerzmanska and Kotlarczyk (1976), and Kotlarczyk et al. (2006)
led to the establishment of an ichthyofaunal scheme.
Gazdzicka (2001), Garecka (2008, 2012), Garecka and Malata
(2001) investigated flysch deposits in the Skole Nappe based
on nannoplankton —in Cretaceous and Lower Paleogene strata
in the Menilite—Krosno Series, respectively.

Micropalaeontological dating of the Popiele Member, based
on dinoflagellate cysts, was carried out by Gedl (2013) at
Koniusza village (Fig. 3), 2.5 kilometres to the north-west of
Aksmanice, where two large exposures and a few smaller ones
are considered the best in this unit in the Polish Flysch
Carpathians. At Koniusza, the member stretches along a dis-
tance of 250 m (Gedl, 2013). The Popiele Member exposed at
Koniusza is much thicker and more lithologically diverse than at

Aksmanice. It contains various mudstones (calcareous and
non-calcareous, greenish, pale and dark) with blocks of marl.
Some of the mudstones contain gastropod and mollusc shells
and fragments (Gedl|, 2013). The Popiele Member was as-
signed by Gedl (2013) to the Middle-Late Eocene age
(Bartonian and Priabonian) and the lower Menilite Formation to
the Early Oligocene (Gedl, 2013).

Organic-walled dinoflagellate cysts have been investigated
also in the Eocene/Oligocene boundary interval of the Magura
Nappe (Gedl, 2004, 2005) and of the Boryslav—Pokuttya Nappe
(the marginal part of the Skole Nappe; Gedl, 2013). The distri-
bution of dinoflagellate cysts in the Folusz outcrop (Fig. 1B)
(Magura Nappe) suggested a Late Eocene age for the
Szymbark shales (Fig. 2; a lithostratigraphical unit from the
eastern Siary zone, the most external part of the Magura Nappe
lying between variegated shales of the Labowa Shale Forma-
tion and the Magura Formation; Leszczynski and Malata, 2002)
and an Early Oligocene age for the overlying beds of the
Magura Formation (subdivided into the Zembrzyce Member
and the Watkowa Sandstone Member; Fig. 2; Ged|, 2005).

Palynological studies have been also undertaken in the In-
ner Carpathian Paleogene Basin (Podhale Flysch), in particular
on the Zakopane and the Szaflary beds, facies and age equiva-
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lents of the Menilite Formation (Gedl, 1998, 2000; Filipek et al.,
2017). Outside of Poland, palynological research in the Outer
Carpathians has been conducted in Romania on the Lower
Dysodilic Shale Formation and the Upper Dysodilic Shale For-
mation, lithostratigraphic units of black shale overlying the
Lower Menilite and Bituminous Marls formations, respectively,
that are exposed in the Tarcau and Vrancea nappes in the
Eastern Carpathian region (Fig. 1A; the Moldavian unit; Tabara
et al., 2015). In the Ukrainian Carpathians, dinoflagellate cyst
assemblages were described by Andreeva-Grigorovich (1991)
and Andreeva-Gregorovich and Gruzman (1994).

THE AKSMANICE SECTION

This study focuses on a section located near the hamlet of
Berendowice of Aksmanice village, southern Poland, 15 km to
the south of Przemysl (Figs. 1 and 3); this section has been pre-
viously described by Kotlarczyk and Lesniak (1990) and
Kotlarczyk et al. (2006). In Aksmanice (GPS: N49°40.459’,
E022°43.763’), the Popiele Member and Menilite Formation are
exposed in the Zalesie Stream (Fig. 3), within the
Boryslav—Pokuttya Nappe of the Outer Carpathians. In a
broader geographic context, the Menilite Formation is exposed
along the Boryslav—Pokuttya Thrust from the Nowe Sady area
in the south to the Pikulice area near Przemys$l in the north
(Fig. 1C).

The Aksmanice section represents the best exposure of the
formation in the Polish Boryslav—Pokuttya Nappe.

The interval studied comprises a portion of the Popiele
Member (6 m), followed by the lower Menilite Formation (24 m)
(Fig. 4). At the Aksmanice exposure, the latter consists of suc-
cessive dark brown cherts (Kotow Chert Member), grey sili-
ceous marls (Dynéw Marl Member) and black siliceous shales
with thin-bedded sandstones (Rudawka Tractionites Member).
The lowermost part of the section is assigned to the Popiele
Member and is composed of green (or yellow-green when
weathered) marly shales. The Kotéw Chert Member (13 m)
consists of black and brown cherts interbedded with mm-thick
brown siliceous shales (known as the Menilite shales; Fig. 4).
The Dynéw Marl Member, (2 m) is developed as grey siliceous
marls (Fig. 4) with laminated chert intercalations. It is highly re-
duced or absent in the Boryslav—Pokuttya Nappe, whereas in
the Skole Nappe, it reaches a thickness of 20 m (Kotlarczyk and
Lesniak, 1990). The uppermost portion of the section belongs

to the Rudawka Tractionites Member (9.5 m), which is domi-
nated by black, clayey-siliceous shale (Menilite shales).

MATERIALS AND METHODS

Eleven samples were collected from individual
lithostratigraphical levels in the section investigated (Fig. 4).
Samples were taken from fine-grained rocks, marls and sili-
ceous rocks. The material was processed using a standard
palynological procedure, with hydrochloric acid (37% HCI)
treatment, to remove calcium carbonate, followed by hydroflu-
oric acid (70% HF) to remove silica. The residue was seived us-
ing a 15 ym nylon-mesh: organic matter was then separated
using heavy liquids (ZnCl,+HCI; p = 2.0 g/cm3). Slides were
made from each sample, using glycerin jelly as the mounting
medium. Photographs were made in transmitted light using
Nikon Eclipse 600 and Nikon Eclipse LV 100 POL cameras.
Two slides per sample were logged due to the low number of
dinoflagellate cysts within the assemblages studied.

RESULTS

Species abundances and frequencies are shown in Fig-
ure 5. The highest abundances of dinocysts are recorded in
samples AO and A4. The poorest, mostly monospecific assem-
blages occur in samples A1 and A5a, the most siliceous depos-
its sampled.

Sample A0 is characterized by a high abundance of
well-preserved dinoflagellate cysts (Figs. 6 and 7). The most
abundant are Homotryblium tenuispinosum (14%) and
Spiniferites ramosus (13%). Enneadocysta pectiniformis and
Thalassiphora pelagic are relatively frequent. Representatives

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.
Cleistosphaeridium placacanthum, Cordosphaeridium cantha-
rellus, Hystrichokolpoma rigaudiae and Nematosphaeropsis
labyrinthus are rarely present.
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AO Al A2 ASa [ ASb | A3 | A4 | ASc | ASd | ABa | ABb Samples
4 Achomosphaera spp.
8 Areosphaeridium diktyoplokum
9 14 6 3 |15 6 5 2 Caligodinitum amiculum
3 9 Caligodinium endoreticulatum
3 5 Caligodium spp.
4 Charlesdowniea coleothrypta
3 8 1 2 6 7 Chiropteridium galea
12 3 Chiropteridium lobospinosum
3 2 Cleistosphaeridium placacanthum
8 1 4 Cleistosphaeridium spp.
3 1 2 Cordosphaeridium cantharellus
6 6 Cordosphaeridium fibraspinosum
2 1 Cordosphaeridium spp.
4 Cribroperidinium tenuitabulatum
22 2| 6 8 5 8 Deflandrea phosphoritica
11 15 4 4 Enneadocysta pectiniformis

Homotryblium abbreviatum

3] Homaotryblium plectilum
3 2 Homotryblium spp.
23 6 4 2 Homotryblium tenuispinosum

=

Hystrichokolpoma rigaudiae

6 7 Impagidinium velorum
4 Lentinia serrata
3] B Linguladinium spp.
1 Lifosphaeridium siphonophorum
9 1 12 | 3 | Membranophoridium aspinatum
3 2 Nematosphaeropsis labyrinthus
9 Qligosphaeridium complex
8 Operculodinium centrocarpum
9 Palaeocystodinium golzovense
3 3 Pentadinium lophophorum
9 Rhobodinium draco
10 Rhobodinium freinwaldense
2 Rottnestia borussica
21 10 191 3 6 7 Spiniferites ramosus
12 13 ] 2 2 Thalassiphora pelagica
1 6 9 5 Wetzeliella gochtii
1 11 2 1 9 12 Wetzeliella symmetrica
166 12 39 12 | 59 |24 154 | 23 | 18 | 49 | B4 Total

Fig. 5. Dinoflagellate cyst distribution of the Aksmanice section

Pop. Mbr. — Popiele Member; K. Ch. Mbr. — Kotéw Chert Member; D. M. Mbr. — Dynéw Marl Member; A — very good
preservation; B — mediocre preservation; C — absence of dinoflagellate cysts or very poor preservation
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The assemblage from sample A1 contains only a few
dinocysts belonging to one genus, Caligodinium (Fig. 8).

The assemblage from sample A2 (Fig. 8) is dominated by
Caligodinium amiculum (36%) and Spiniferites ramosus (26%).
Other taxa are nearly absent. Single specimens of
Achomosphaera, Caligodinium and Lingulodinium were found.

The assemblage of sample A5a (Fig. 8) is very poor. It con-
sists mainly of Caligodinium amiculum. Other taxa, such as
Wetzeliella gochtii and Wetzeliella symmetrica, are subordi-
nate. One specimen of Litosphaeridium siphonophorum was
recovered.

Sample A5b (Figs. 8 and 9) contains a relatively high per-
centage of Deflandrea phosphoritica (37%). Rhobodinium
(R. freinwaldense and R. draco) is also common (32% in total,
both species in similar proportions). The remaining taxa consist
of Caligodinium amiculum, Chiropteridium galea, Homotryblium
tenuispinosum and Wetzeliella gochtii.

The dinocyst assemblage from sample A3 is quite similar
to that of sample A5a (only representatives of the genus
Caligodinium), but the number of dinocysts is larger.

Sample A4 (Figs. 9 and 10) is rich in dinoflagellate cysts.
The most frequent taxa are Deflandrea phosphoritica (14%)
and Spiniferites ramosus (12%). A relatively frequent occur-
rence of Enneadocysta pectiniformis (9%) was noted.
Chiropteridium  (C. galea and C. lobospinosum),
Cordosphaeridium  fibrospinosum, Membranophoridium
aspinatum, Palaeocystodinium golzovense, Thalassiphora
pelagica, Wetzeliella (W. gochtii and W. symmetrica) are quite
common. The other taxa found in sample A4 are
Cleistosphaeridium  placacanthum, Homotryblium  spp.,
Homotryblium tenuispinosum, Impagidinium velorum, Nemato-
sphaeropsis labyrinthus and Pentadinium lophophorum.

The dinoflagellate cyst assemblage from sample A5c is
dominated by Caligodinium amiculum and Deflandrea
phosphoritica (both 26%). Other taxa — namely, Cordosphaeri-
dium spp., Spiniferites ramosus, Thalassiphora pelagic and
Wetzeliella symmetrica — are rare. Single specimens of
Chiropteridium galea and Membranophoridium aspinatum
were found.

Sample A5d (Fig. 9) contains mainly Deflandrea
phosphoritica (44%) and Spiniferites ramosus (33%). Other
taxa are very rare: Chiropteridium galea, Cleistosphaeridium
spp., Wetzeliella symmetrica. Sample A6a (Fig. 10) is domi-
nated by Membranophoridium  aspinatum  (24.5%).
Caligodinium amiculum, Chiropteridium galea, Deflandrea
phosphoritica, Enneadocysta pectiniformis and Wetzeliella
symmetrica are relatively frequent. A few specimens of
Homotryblium abbreviatum, Pentadinium lophophorum and
Rottnestia borussica were noticed. A single specimen of
Cordosphaeridium cantharellus was found.

Sample A6b (Fig. 10) is dominated by Wetzeliella
symmetrica (19%). Other frequent taxa found in this sample are
Chiropteridium galea, Deflandrea phosphoritica, Spiniferites
ramosus, Wetzeliella gochtii. There were rare specimens of
Caligodinium amiculum, Chiropteridium lobospinosum, Cleisto-
sphaeridium spp., Cordosphaeridium cantharellus, Cordo-
sphaeridium spp., Enneadocysta pectiniformis, Homotryblium
spp., Homotryblium tenuispinosum, Membranophoridium
aspinatum and Thalassiphora pelagica.

The distribution of dinoflagellate cysts shows an apparent
relation to lithology. Samples taken from the most siliceous de-
posits are generally impoverished in dinocysts and show low di-

versity. The most diversified and rich dinoflagellate cyst assem-
blages were recovered from mudflow deposits and greenish
shales. Hemipelagic species represented here by Impagidinium
velorum and Nematosphaeropsis labyrinthus occur solely in
greenish shales.

AGE INTERPRETATION

Determination of the ages of the recovered assemblages is
based on the co-occurring ranges of well-known taxa and by
comparison to the standard dinocyst zones (Powell, 1992;
Gradstein et al., 2012; Williams et al., 2004) with regard to
biogeographical dispersal.

The ranges of index taxa for stratigraphic analysis are de-
scribed in publications including Costa and Downie (1976),
Chateauneuf (1980), Haq et al. (1987), Brinkhuis (1994), Stover
et al. (1996), Wilpshaar et al. (1996), Coccioni et al. (2000) and
Kéthe and Piesker (2007).

With reference to the sedimentological character of Popiele
Member deposits, dating refers to the period of sedimentation
of the greenish shales, which is not the same as the timing of
olistostrome formation.

GREENISH SHALES - POPIELE MEMBER

Sample A0 (Fig. 4) was collected from greenish shales and
contains rich and well-preserved dinoflagellate cyst assem-
blages, terrestrial sporomorphs, marine algae (Tasmanites,
Schizosporis), and foraminiferal organic linings. Age-diagnostic
dinoflagellate cysts include Areosphaeridium diktyoplokum,
Lentinia serrata and Enneadocysta pectiniformis. The last oc-
currence of A. diktyoplokum is taken as the event marking the
Eocene—Oligocene boundary. According to Kothe and Piesker
(2007) and Costa and Manuum (1988), this coincides with the
boundary of zones D12/D13. However, Williams et al. (2004)
and Gradstein et al. (2012) suggest that A. diktyoplokum disap-
pears in the Early Rupelian at higher latitudes: in this frame-
work, the last appearance of L. serrata marks the end of the
Eocene (Wiliams et al., 2004). The first occurrence of
E. pectiniformis is noted above the Bartonian/Priabonian
boundary (Williams et al., 2004), and can be correlated with the
beginning of the NP18 nannoplankton zone. The part of the
section with the greenish shales is in the D12 Zone
(Priabonian).

MENILITE FORMATION

Cherts — Kotéw Chert Member. In the overlying beds of
the Kotéw Chert Member (sample A1: Fig. 4), dinoflagellate
cysts are poorly preserved and nearly absent. The sample con-
tains frequent gymnosperm pollen, along with fragments of leaf
tissue. The monospecific dinoflagellate assemblage is com-
posed of Caligodinium amiculum, a long-ranging taxon hinder-
ing age interpretation. Siliceous marls — Dynéw Marl Mem-
ber. The sample from the Dynéw Marl Member (sample A2:
Fig. 4) is almost entirely composed of AOM (amorphous or-
ganic matter). It is likewise dominated by Caligodinium
amiculum, and rare representatives of Spiniferites ramosus,
Achomosphaera spp. and Lingulodinium spp. were found. The
sample is also rich in gymnosperm pollen grains. In light of the
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Fig. 6. Dinoflagellate cysts from the Popiele Member in the Aksmanice section (sample 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 Member in the Aksmanice section (sample 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 Formation: Kotéw Member (sample A1: A, C), Dynéw Member (sample A2: B),
Rudawka Tractionites Member (sample A5a: D), (sample 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 Formation: Rudawka Tractionites Member (sample A5b: A-C, |; sample A5d: D-H;
sample A4: J—K)

A — Deflandrea phosphoritica; B — Lentinia serrata; C — Hystrichokolpoma rigaudiae; D — Chiropteridium galea; E — Membranophoridium
aspinatum; F — Thalassiphora pelagica; G — Homotryblium tenuispinosum; H — Oligosphaeridium complex; | — Litosphaeridium
siphonophorum; J — Cordosphaerodium fibrospinosum; K — Impagidinium velorum
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Fig. 10. Dinoflagellate cysts from the Menilite Formation: Rudawka Tractionites Member (sample A4: A, B; sample A6a: C-F;
sample A6b: G, H)

A — Thalassiphora pelagica; B — Wetzeliella gochtii; C — Chiropteridium galea; D — Wetzeliella symmetrica; E — Cordosphaerodium
cantharellus; F — Cordosphaeridium fibrospinosum; G — Chiropteridium galea; H — Wetzeliella symmetrica
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absence of age-diagnostic taxa, a biostratigraphic age based
on dinoflagellate cysts cannot be determined.

Shales and sandstones — Rudawka Tractionites Mem-
ber. Deposits of this member are lithologically and palynologi-
cally diverse. The preservation of dinoflagellate cysts varies
from poor to moderate, and the taxonomic composition differs
significantly from that of the Popiele Member assemblages.
Black shales alternating with the light, fine-grained sandstones
of the Rudawka Tractionites Member (Kotlarczyk and Lesniak,
1990; samples Aba, ASb, A5c: Fig. 4) contain impoverished
dinoflagellate cyst assemblages, dominated by Peridiniaceae
dinocysts. Within this family, the most common genus is
Wetzeliella (W. gochtii, W. symmetrica); the genera
Rhombodinium (R. freinwaldense, R. draco) and Deflandrea
(D. phosphoritica) are slightly less abundant.

The age of the dinoflagellate cyst assemblage from the
black shales is Lower Rupelian (zones D13-D14), as indicated
by diagnostic Oligocene taxa, (namely, Chiropteridium galea,
Wetzeliella gochtii, Wetzeliella symmetrica). C. galea appears
at the beginning of the Rupelian, above the last occurrence of
Areosphaeridium diktyoplokum at the base of dinocyst Zone
D13. The first appearance of W. gochtii determines the base of
dinocyst Zone D14 and correlates with the beginning of
nannoplankton Zone NP22 (Williams et al., 2004; Gradstein et
al., 2012). Powell (1992) reported that Wetzeliella gochtii ap-
peared earlier with W. symmetrica, at the base of Zone D13 and
in the middle of Zone NP21: on this basis he distinguished the
Wetzeliella gochtii Zone. The last appearance of R. draco de-
fines the top of Zone D14. The duration of black shale sedimen-
tation can be constrained to within D13 and D14 (according to
Kothe and Piesker, 2007).

The occurrence of L. siphonophorum, typically present from
the end of the Albian through the Cenomanian interval, is prob-
ably a result of reworking.

Mudflow deposits noted within the Menilite Formation in-
cluded brown mudstones, siltstones and siliceous deposits.
Sample A3 was taken from a siliceous lens, and contains a
dinocyst assemblage similar to that in the siliceous marls: only
Caligodinium amiculum and Caligodinium endoreticulatum
cysts were found. Conversely, dinocysts are frequent and
well-preserved in the brown mudstone sample (sample A4).
This assemblage includes several age-diagnostic taxa, includ-
ing Chiropteridium galea, C. lobospinosum, Wetzeliella gochtii,
W. symmetrica, Deflandrea phosphoritica, and Enneadocysta
pectiniformis. In general, this is quite similar to the black shale
assemblage; the main difference is the significantly better
dinocyst preservation in the mudstones. The presence of
W. gochtii, W. symmetrica and C. lobospinosum suggests an
Oligocene age. More specifically, C. lobospinosum indicates a
Late Rupelian age. According to Powell (1992), the first appear-
ance of C. lobospinosum occurs in the Middle Rupelian, above
the first appearance of W. gochtii. C. lobospinosum is the basis
for defining the base of the Phthanoperidinium cereoides Zone
(Powell, 1992), which is calibrated with nannoplankton zones
NP23 (upper) and NP24 (lower). According to Gradstein et al.
(2012) and Kothe and Piesker (2007), this event is within Zone
D14a, which is correlated to Zone NP23. The upper age con-
straints of this unit are determined by the last appearance of E.
pectiniformis, which is dated to the uppermost Rupelian
(Wilpshaar et al., 1996; Williams et al., 2004).

The Rudawka Tractionites Member overlies these mudflow
deposits. In sample A5d, collected from the shales above the
top of the mudstones, a poor dinocyst assemblage is present,
composed mainly of Deflandrea phosphoritica. The last ap-
pearance of this taxon occurred above the top of Zone D15
(Kéthe and Piesker, 2007) below the Oligocene—Miocene
boundary (Haq et al., 1987; Stover et al., 1996), or in the middle

of the Aquitanian (Williams et al., 2004). A more precise age as-
signment of this part of section is possible from the superposi-
tion of ages determined from overlying samples.

At the top of the succession (Fig. 4), within the Rudawka
Tractionites Member, a thin bed of fine-grained glauconitic
sandstone occurs (sample A6a). This shows frequent occur-
rences of Wetzeliella symmetrica and Chiropteridium galea;
specimens of Enneadocysta pectiniformis were also found; the
dinocyst assemblage suggests a Rupelian age.

Sample A6b was collected from the second, overlying,
glauconitic sandstone (Fig. 4). The dinocyst assemblage is sim-
ilar to that from sample A6a. The following dinocyst age-diag-
nostic taxa have been found: Chiropteridium galea,
C. lobospinosum, Wetzeliella gochtii, W. symmetrica, and
Enneadocysta pectiniformis. Based on the presence of
C. lobospinosum and E. pectiniformis, the age of the upper
Rudawka Tractionites Member can be constrained to the Mid-
dle-Late Rupelian, corresponding with Zone D15a.

PALAEOENVIRONMENTAL RECONSTRUCTIONS

Significant changes in composition are observed between
the Eocene and Oligocene cyst assemblages. In the Eocene
Popiele Member the assemblages are diverse and abundant.
By contrast, the large diversity and frequency of dinoflagellate
cysts distinctly decreases in the early Oligocene. This is similar
to other Eocene/Oligocene sections within the Polish Flysch
Carpathians (Gedl, 1999).

POPIELE MEMBER

The frequent occurrence of Homotryblium, a taxon that is
tolerant of increased salinity and occurs in shallow-water set-
tings, may suggest near-shore and lagoonal settings (Pross
Brinkhuis, 2005). Other frequent taxa, such as Cleistosphae-
ridium, Deflandrea, Areosphaeridium, Thalassiphora,
Charlesdowniea, Enneadocysta and Cribroperidinium are char-
acteristic of the inner shelf (Pross, 2005). The presence of
Tasmanites algae and foraminiferal organic linings also sug-
gests an inner shelf setting (Ged|, 2013). Dinoflagellates from
the peridinioid group (e.g., Charlesdowniea, Deflandrea) prefer
brackish and nutrient-rich water, which indicates a freshwater
influx from the shore; the peridinioids and numerous terrestrial
sporomorphs may have been transported from estuarine set-
tings to a more distal environment. Alternatively, the coexis-
tence of taxa that prefer high-salinity conditions (Homotryblium)
and brackish environments (Charlesdowniea) may also point to
surface-water stratification (Pross, 2005). The presence of
scattered offshore taxa, such as Nematosphaeropsis and
Impagidinium, may have been caused by marine currents
(Pross, 2005).

The presence of the typically high-latitude taxon Impa-
gidinium velorum (Bujak, 1984) suggests cooling of the surface
water layer, which matches with the general Late Eocene climatic
cooling trend, starting in the middle Early Eocene and culminated
in the earliest Oligocene (Zachos et al., 2001; Miller et al., 2009).

MENILITE FORMATION

Dinocyst assemblage diversity decreased during the Early
Oligocene. These changes are interpreted as a result of
eutrophication, the appearance of dysoxic or anoxic conditions,
and the isolation of the Paratethys basins (Gedl, 1999).
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Samples from cherts and siliceous marls are generally poor
in dinoflagellate cysts and rich in AOM. The presence of
Caligodinium, Spiniferistes, and Achomosphaera, taxa charac-
teristic of an inner neritic environment (Vasilyeva and Musatov,
2012), and fragments of leaf tissue, suggest a near-shore envi-
ronment. The presence of Lingulodinium also points toward nu-
trient-rich waters (Tabara et al., 2015).

The most taxonomically reduced assemblages occur in the
siliceous marls, in which only a monospecific assemblage of
Caligodinium is found. The cysts are very rare and mostly cov-
ered by AOM.

More diverse assemblages were identified in black shales
and glauconitic sandstones from the Rudawka Tractionites
Member. These samples are dominated by peridinioids
(Deflandrea, Wetzeliella, Rhombodinium), taxa characteristic of
the shallow waters of the inner shelf. Chiropteridium and
Membranophoridium are representatives of shallow-water taxa
that are found in black shales (Gedl, 2000). A lack of oceanic
species, such as Impagidinium, in the black shales supports the
interpretation of a proximal setting. The occurrence of numer-
ous brackish taxa, such as Deflandrea and Wetzeliella, the
freshwater algae Tasmanites, and terrestrial elements such as
cuticles, pollen grains and sporomorphs, indicates a prominent
freshwater influx, e.g. the proximity of a river mouth. The preva-
lence of Peridiniales suggests the prevalence of eutrophic con-
ditions and oxygen deprivation. These trophic conditions can be
related to the isolation of the Paratethys Sea and consequently
to decreased circulation.

The richest, best-preserved dinoflagellate cyst assem-
blages were found in mudstones from the mudflow deposits.
The superior preservation of dinocysts may have been caused
by the prevalence of mud and silt sedimentation, which might
have provided better protection against compaction. Increased
accumulation of cysts may be associated with redeposition, as
suggested by the character of mudflow deposits. The assem-
blages from these deposits are similar to the assemblages
found in the black shale samples. The occurrence of the off-
shore taxon Impagidinium velorum is possibly the result of
redeposition.

In an interpretative framework, the dinoflagellate cyst as-
semblages reflect a decreased circulation and a gradual
eutrophication of the basins from the end of the Eocene to the
Early Oligocene. Furthermore, the decline in abundance of
open sea taxa and corresponding increase of their brackish
counterparts suggest a progressive closure of the basin and an
increased supply of fresh water.

DISCUSSION

POPIELE MEMBER

The Popiele Member is represented by pale-greenish shales
in the Aksmanice locality. The present study indicates that this
lithological unit is of Priabonian age. The Priabonian age of
dinoflagellate cyst assemblages from the Popiele Member at
Aksmanice is consistent with that of the mudstones from the
Koniusza exposures. In Koniusza, older (Bartonian) marl clasts
are also present; these are absent at Aksmanice (Gedl, 2013).

Other biostratigraphic age interpretations are congruent
with those reported here. Numerous mollusc shells in these
strata were examined by Wisniowski (1908), Rogala (1925),
and Krach (1985). While Wisniowski classified the Menilite
Beds as of a Lower Oligocene age, Rogala (1925) revised his
classification and considered them to have a Middle to Upper
Eocene age (Bartonian or Priabonian; Krach, 1985). In later

molluscan studies, Krach indicated a Priabonian to Bartonian
age for the Popiele Member (Krach, 1985).

The foraminifera and nannoplankton assemblages from the
Popiele Member in Ukraine were studied by Garecka et al,
(2008). Based on nannoplankton, the age of this
lithostratigraphic unit was determined to be Upper Eocene to
lowermost Oligocene, similar to the Globigerina Marl Member.
The presence of species such as Clausicoccus subdistichus,
Isthmolithus recurvus, Lanternithus minutus, Reticulofenestra
lockeri, R. ornata and R. umbilica indicates a Lower Oligocene
age. The foraminiferal assemblages also point towards an age
around the Eocene-Oligocene boundary (Garecka et al.,
2008).

Other palaeontological studies of the Popiele Member are
generally indicative of a nearshore shelf setting. The Popiele
Member from Koniusza (Gedl|, 2013) varies in terms of lithol-
ogy, is similar as regards the dinoflagellate cyst assemblages.
There, dark mudstones (similar to the greenish shales from
Aksmanice), were deposited near to shore; in both cases, there
was a notable freshwater influence. According to Krach (1985),
bivalve and gastropod assemblages suggest sedimentation
took place in the neritic zone, slightly below a depth of 100 m.

MENILITE FORMATION

At the Aksmanice exposure the Menilite Formation consists
of successive dark brown cherts (Kotéw Chert Member), grey
siliceous marls (Dynéw Marl Member) and black siliceous
shales with thin-bedded sandstones (Rudawka Tractionites
Member). By contrast, at Koniusza the formation begins with
dark brown calcareous shales and thin-bedded sandstones
(Gedl, 2013), overlain by dark cherts (Kotow Chart Member;
Kotlarczyk and Lesniak, 1990). This suggests that the shale
layers studied by Ged| (2013) belong to the so-called ‘sub-chert
beds’. Siliceous marls are absent.

Most palaeontological age determinations of the Menilite
Formation are based on foraminifera (Geroch et al., 1967;
Olszewska, 1982, 1985, 1997) and calcareous nannoplankton
(Garecka and Malata, 2001; Garecka, 2008, 2012). The Dynéw
Marl Member in the Paratethys region is correlated with the
lower part of NP23 zone, based on a nannoplankton event: a
bloom of Reticulofenestra ornata (Krhovsky, 1981, 1998;
Krhovsky et al., 1992; Schulz et al., 2004; Melinte, 2005;
Svabenicka et al., 2007).

In the lower Menilite Formation (cherts and marls at
Aksmanice and dark shales at Koniusza), dinoflagellate cysts
are rare or practically absent and covered by AOM, so their tax-
onomic classification cannot be assessed. Rare specimens of
Wetzeliella gochtii were found in the lowest Menilite Formation
above the Globigerina Marls at the Krosno exposure (Silesian
Nappe; van Couvering et al., 1981), which indicates an Early
Oligocene age. However, W. gochtii and W. symmetrica were
found in Late Eocene deposits in the Magura Nappe of the Pol-
ish Carpathians (Folusz section; Gedl, 2005). This is consistent
with observations from the Silesian Nappe (Znamirowice sec-
tion, Fig. 1B), where W. gochtii was found in the Globigerina
Marl Member within Zone NP19-NP20 (van Couvering et al.,
1981). In the North Alpine Foreland basin in southern Germany
W. gochtii was reported in the Late Eocene Deutenhausen For-
mation (turbiditic deposits; van der Boon et al., 2018). Further-
more, a Late Eocene first appearance of this taxon has also
been proposed based on research in the Mediterranean region
(e.g., Brinkhuis, 1994; Coccioni et al., 2000).

The results of dinoflagellate age determinations for the
lower Menilite Formation support the results of foraminiferal
studies (Olszewska, 1982, 1985, 1997).
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Cherts from the Kotow Chert Member are devoid of
foraminifera (Olszewska, 1985) and contain only severely dam-
aged calcareous nannoplankton specimens (Garecka, 2012)
which makes age determinations impossible. Black shales from
layers above the chert horizon contain dinoflagellate cysts typi-
cal of the Rupelian. The foraminiferal assemblages from this
part of the Menilite Formation are consistent with an the Early
Oligocene age, in part because of the occurrence of the index
taxon Tenuitella liverovskae (Olszewska, 1985). According to
Garecka (2012), this lower Menilite Formation represents Zone
NP23.

An equivalent of the Menilite Formation in the southern
Magura Nappe is the Smereczek Shale Member, which over-
lies the Leluchéw Marl Member — the equivalent of the
Globigerina Marl Member (Malcov Formation; Fig. 2;
Birkenmajer and Oszczypko, 1989). Based on the occurrence
of Wetzeliella gochtii just below the base of this unit (Leluchow
section), the age of this member was assigned by Gedl (2004)
to the Early Oligocene.

Similar results were obtained for another equivalent of the
lower Menilite Formation — the Lower Dysodilic Shale Formation in
Romania (Tarcau Nappe; Tabara et al., 2015). In both the Menilite
and the Lower Dysodilic formations, the following taxa were re-
ported: Wetzeliella gochtii, Rhombodinium draco, Cordo-
sphaeridium gracile, Deflandrea phosphoritica, Thalassiphora
pelagica, and Palaeocystodinium golzowense. These dinocyst as-
semblages indicate a Rupelian to Lower Chattian age.

Oligocene dinoflagellate cysts from the Menilite Formation
may be compared with those described from the Podhale
Paleogene Flysch (Fig. 1B; Central Carpathian Paleogene Ba-
sin, Central Paratethys; Gedl, 2000). In the Menilite Formation,
dinocysts are less abundant than in the Podhale Flysch. Based
on similar taxa, the Menilite Formation may be compared with
the Zakopane and Szaflary beds. The Szaflary and Zakopane
beds were assigned to the Rupelian based on the presence of
the following species: Wetzeliella symmetrica, W. gochtii and
Chiropteridium lobospinosum. These observations suggest a
parallel interval of sedimentation, but with different palaeo-
environmental conditions in these two basins. Poor dinocyst as-
semblages in the Menilite Formation reflect unfavorable living
conditions in the basins of the Outer Carpathians relative to the
Central Carpathian Basin.

Palaeoenvironmental interpretations based on foraminifera
(Olszewska, 1985) are similar to those from dinocyst assem-
blages. Foraminiferal assemblages, consisting mainly of
Globigerina and in smaller amounts Turborotalia, point towards
deposition in the shallow regions of the pelagic zone (water
depth, 20—200 m). The dominance of one taxon (Globigerina)
suggests high productivity, and a lack of benthic foraminifera
suggests anoxic conditions at the sediment-water interface.
The occurrence of easily adaptable species may imply climatic
cooling.

Similar results were obtained by Bobrinskaya et al. (1998) in
the Ukrainian Flysch Carpathians. In addition, the development
of small, smooth-walled species of Globigerina and Turbo-
rotalia in the earliest Oligocene was noted.

Several lines of evidence suggesting shallow water depths,
decreased salinity and eutrophication during the Eocene—Oli-
gocene transition are in accordance with analyses of calcare-
ous nannoplankton assemblages from the lower Menilite For-
mation (Garecka, 2012). The Dynéw marls are rich in species
such as Reticulofenestra ornata and R. tokodensis, which are
indicative of high nutrient levels and decreased salinity. The
same species are abundant in dark shales lying above the
marls, coexisting with other taxa with similar environmental
preferences (Transversopontis fibula, Reticulofenestra lockeri).
Interpretations of a nearshore environment are supported by

the presence of Pontosphaera latelliptica and P. multipora,
which are particularly abundant in dark shales. The large num-
ber of D. bisectus and Dictyococcites scripsae also point to a
nearshore environment with an increased supply of nutrients.
During deposition of the lower Menilite Formation, a decrease in
warm water species (e.g., Discoaster barbadiensis) and in-
crease in cold water taxa (e.g., Lanternithus minutus) was ob-
served, which is consistent with a gradual climatic cooling.

CONCLUSIONS

The specific composition and abundance of dinocysts in the
Aksmanice section has a clear correlation with the sediment
composition in the succession. Dinoflagellate cysts are frequent
in the brown mudstones and glauconitic sandstones, relatively
rare in the black shales and almost absent in the siliceous de-
posits (cherts, siliceous marls and siliceous lenses within the
mudstones).

The Popiele Member is characterized by a rich
dinoflagellate cyst assemblage, in contrast to the overlying
Menilite Formation. A distinct reduction in abundance and di-
versity of dinocyst taxa is observed in the Menilite Formation. In
the Kotéw Chert Member, dinoflagellate cysts are nearly absent
and poorly preserved. The Dynéw Marl Member is composed
almost entirely of AOM. However, the Rudawka Tractionites
Member did yield well-preserved dinoflagellate cysts.

Dinocyst taxa indicate that the Popiele Member was depos-
ited during the Late Eocene (Priabonian), based on the pres-
ence of Areosphaeridium diktyoplokum, Enneadocysta
pectiniformis and Lentinia serrata. The Menilite Formation (in-
cluding the Kotéw Cherts, Dynéw Marls and the Rudawka
Tractionite) formed during the Lower Oligocene.

The lowermost Rudawka Tractionites Member coincides
with dinocyst Zones D13-D14 (Lower Rupelian), based on the
occurrence of Wetzeliella gochtii, W. symmetrica, Chiro-
pteridium galea and Rhombodinium draco. The mudstones and
the upper Rudawka Tractionites Member were attributed to the
Upper Rupelian (Zone D15a), due to the presence of
Wetzeliella gochtii, Chiropteridium galea, and Enneadocysta
pectiniformis.

The dinocyst assemblages show that both lithostratigraphic
units, the Popiele Member and the Menilite Formation, were de-
posited in inner shelf environments. The green shales from the
Popiele Member probably accumulated in a more distal setting
than the Menilite Formation, as indicated by the occurrence of
more oceanic taxa (for instance, Impagidinium and Nemato-
sphaeropsis) in the Popiele Member. The Menilite Formation
(Kotéw Chert, Dynoéw Marl and the Rudawka Tractionites mem-
bers) accumulated closer to the shore, as open sea taxa are ab-
sent (or nearly absent) and shallow-water taxa (peridinioids) are
more abundant. The increase in abundance of peridinoids indi-
cates the onset of eutrophication and oxygen deprivation in this
basin during basal Menilite Formation sedimentation. It coin-
cides with a sedimentary color change, from the pale green
shales of the Popiele Member to the dark brown or black shales
of the Menilite Formation. The environment in which the
Menilite Formation was deposited was more influenced by river
mouths than that of the Popiele Member, leading to elevated
nutrient levels and an increased presence of terrestrial material.
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