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Mainly pelagic/hemipelagic deposits of the Vezhany Nappe (Paleocene—lowermost Oligocene Metova Formation with a high
content of planktonic foraminifera) and typical flysch deposits of the Monastyrets Nappe (Paleocene—Eocene Sushmanets
Formation with common agglutinated foraminifera as well as the Eocene Drahovo Formation), of the southwestern inner part
of the Ukrainian Carpathians have been studied. The Parvularugoglobigerina eugubina Zone (Lower Danian), Acarinina
acarinata Zone (Upper Thanetian), Morozovella subbotinae Zone and Morozovella aragonensis Zone (Ypresian), Acarinina
bullbrooki Zone and Acarinina rotundimarginata Zone (Lutetian), Subbotina corpulenta Zone and Subbotina vialovi Zone
(Upper Priabonian—Lower Rupelian) based on planktonic foraminifera as well as the Rzehakina fissistomata sensu lato Zone
(Paleocene), Glomospira charoides—Recurvoides smugarensis Zone (Ypresian), and an assemblage with Haplophragmo-
ides parvulus (latest Middle Eocene—early Late Eocene) based on agglutinated foraminifera have been identified in these
deposits. The deep-water agglutinated foraminifera of the “Rzehakina”, “Rhabdammina” and “Paratrochamminoides” as-
semblages found in the typical flysch deposits of the Sushmanets Formation indicate lower slope to abyssal environments
below the CCD. The generic composition and morphological features of planktonic and benthic foraminifera recovered from
marls of the Metova Formation suggest pelagic/hemipelagic conditions at bathyal depths above the foraminiferal lysocline.
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INTRODUCTION

Paleocene—Eocene deposits make up a significant portion
of the stratigraphic succession of the Ukrainian Carpathians
and are different in facies from the underlying Cretaceous strata
and the overlying Oligocene bituminous deposits (Vialov et al.,
1981; Andreyeva-Grigorovich et al., 1985; Vialov et al., 1989).
In some places, lowermost Oligocene strata are similar in facies
to the Paleocene—Eocene deposits and they are also overlain
by bituminous deposits (Andreyeva-Grigorovich, 1999). Investi-
gations of the Paleocene—lowermost Oligocene deposits are
important for understanding the geological structure and evolu-
tion of the Carpathian orogen. In the inner (southwestern) part
of the Ukrainian Carpathians, the Paleocene—Eocene as well
as the lowermost Oligocene deposits in some places belong to
the sedimentary successions of the Vezhany and Monastyrets
nappes (units). The stratigraphy of these deposits has been
studied by Vialov (1954), Kulchytskyi et al. (1957), Kryvin
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(1960), Dabagyan et al. (1965, 1966), Smirnov (1973, 19883,
b, c with references therein), Gruzman and Dabagyan (1979),
Golev (1982) and Oszczypko et al. (2005 with references
therein). The calcareous deposits of the Vezhany Nappe con-
tain abundant planktonic foraminifers and as such provide a
unique opportunity to construct a biozonation of the Ukrainian
Carpathians based on planktonic microfossils (Andreyeva-
Grigorovich et al., 1985; Hnylko and Hnylko, 2013). The
palaeobathymetry of the Vezhany and Monastyrets Paleogene
marine basins has not yet been a subject of thorough investiga-
tions; a few inferences have been made about the deep-water
origin of the Lower Eocene variegated shales of the
Monastyrets Unit (Hnylko and Hnylko, 2010) as well as about
the bathymetry of the Paleocene—Eocene Vezhany Basin situ-
ated around the foraminiferal lysocline (Hnylko and Hnylko,
2013). Many new data (including micropalaeontological) have
been obtained due to the mapping work and compilation of the
Carpathian Series of Sheets of the State Geological Map of
Ukraine at a scale of 1:200,000 (Matskiv, 2009; Matskiv et al.,
2009). These data allowed us to considerably refine the geo-
logic structure and stratigraphy of the inner (southwestern) part
of the Ukrainian Carpathians and have become the basis of the
present investigation. The aim of this paper is to describe the
foraminiferal biostratigraphy and to interpret the some sedi-
mentary environments of the Paleocene—lowermost Oligocene
deposits of the Vezhany and Monastyrets units.
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Fig. 1A — main tectonic units of the Ukrainian Carpathians (after Hnylko, 2011b, 2012); B — tectonic setting of the Ukrainian
Carpathians, position of the terranes and main geological boundaries after Kovac et al. (1998), Csontos and Voros (2004),
Schmid et al. (2008); simplified, partly modified

GEOLOGICAL SETTING

The Vezhany Nappe (= Marmarosh Klippen Zone) and
Monastyrets Nappe (~ Drahovo Zone according to Byzova and
Beer, 1974, and = Marmarosh Flysch or Between Klippen
Flysch) are placed in the inner part of the Ukrainian Carpathian
orogen and are thrusted over the Outer Flysch Carpathians
(Fig. 1). On the basis of previous research (Vialov et al., 1981,
Kruglov, 1986; Csontos and Vorés, 2004; Schmid et al., 2008;
Matskiv, 2009; Matskiv et al., 2009; Sandulescu, 2009; Hnylko,
2011b, 2012), in this inner part of the orogen the following tec-
tonic elements have been differentiated (Figs. 1 and 2): the
Central Western Carpathians (part of the Alcapa Terrane bur-
ied under Neogene deposits of the Transcarpathian Depres-
sion) bounded by the Pieniny Klippen Belt and the Central East-
ern Carpathians (the Marmarosh Crystalline Massif as well as
Marmarosh Klippen Zone — parts of the Tisza—Dacia Terrane).
The Monastyrets Nappe comprising typical flysch deposits is
situated between the Alcapa and Tisza—Dacia terranes.

The Outer Carpathians consist of several stacked nappes
and are considered as a Cretaceous—Neogene accretionary
prism formed as a result of subduction of the basement of the

Carpathian sedimentary flysch basins beneath the Alcapa and
Tisza—Dacia terranes — ancient microcontinents/continental
fragments in the Alpine Tethys (Kovac et al., 1998; Csontos and
Voros, 2004; Oszczypko, 2006; Hnylko, 2012; Fig. 1). The rem-
nant-type Carpathian flysch basins were situated between the
Eurasian passive margin and the active edges of these ter-
ranes. The two nappe systems (accretionary palaeoprisms)
converge in the Ukrainian Outer Carpathians: the Outer West-
ern Carpathians and Outer Eastern Carpathians (Horvath and
Galacz, 2006; Hnylko, 2012). The first system is located at the
front of the Alcapa Terrane, and the second one is at the front of
the Tisza-Dacia Terrane. The boundary area between the
Outer Western and the Outer Eastern Carpathians is related to
the Latorytsa—Stryi strike-slip Zone clearly distinguished in the
Inner Flysch Nappes (Hnylko, 2011a, 2012; Fig. 1). The
Monastyrets Nappe, located in the inner part of the
Carpathians, can be regarded as a fragment of the accretionary
prism built up in front of the Alkapa Terrane as a result of
subduction of the basement of the flysch basin between the
Alcapa and Tisza—Dacia terranes (Hnylko, 2012).

The Vezhany Nappe is located to the north-west of the
Marmarosh Crystalline Massif. This nappe is thrust over the
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Fig. 3. Lithostratigraphy of the inner part of the Ukrainian Carpathians
(after Andreeva-Grigorovich et al., 1985; Kruglov, 1986; Smirnov, 1988a, b, c;
Vialov et al., 1989; Hnylko, 2011b)

Cretaceous flysch of the Outer Carpathians and is overthrust by
the Monastyrets Nappe (see Figs. 1 and 2). The lower part of
the Vezhany stratigraphic succession is represented by an
Early Cretaceous ~1000 m thick olistostrome (in places
olistostrome-conglomerate) with olistoliths (“klippen”) of the
Proterozoic(?)-Paleozoic—Mesozoic rocks derived from the
Marmarosh Massif as well as olistoliths of Mesozoic
mafic-ultramafic rocks and of Early Cretaceous organogenic
Urgonian-type limestones. This olistostrome sequence was
placed within the lower part of the Soymul Formation (Kruglov,
1986). The olistostrome is covered by a depositional succes-
sion up to several hundred metres thick containing
Albian—Cenomanian siltstones of the upper part of the Soymul
Formation, Upper Cretaceous red marls of the Puchov Forma-
tion, Maastrichtian flysch of the Jarmuta Formation, and
Paleogene deposits of the Metova and Dusyno formations
(Andreyeva-Grigorovich et al., 1985; Vialov et al., 1989; Fig. 3).
The Vezhany succession probably belongs to the tectonically
uprooted sedimentary cover of the Marmarosh Massif and to
the most northern parts of the Tisza—Dacia Terrane (Hnylko,
2011b). In addition, this succession is regarded as an equiva-
lent of the Jasto Unit and the Northern Fore-Magura thrust
sheet in the Polish Outer Carpathians (Oszczypko et al., 2005).

The Monastyrets Nappe is bounded by the Pieniny Klippen
Belt along the south-west margin and thrust over the Oligocene
and older deposits of both the Marmarosh Massif and Vezhany

Nappe or directly onto the Outer Carpathian Rakhiv or Burkut
nappes in the north-east part (see Figs. 1-3). It consists of sev-
eral small tectonic thrust sheets (Fig. 2). The Monastyrets strati-
graphic succession is represented by flysch deposits up to
1700 m thick, assigned by some authors to the Eocene
(Smirnov, 1973; Andreyeva-Grigorovich et al., 1985; Hnylko,
2008; Matskiv, 2009; Matskiv et al., 2009). Nevertheless, Creta-
ceous strata have been documented in the area of distribution
of the flysch deposits of the Monastyrets Unit (Lomize and
Maslakova, 1967; Vialov, 1988a, see below).

Most likely, the Monastyrets Nappe is the prolongation of
the inner part of the Western Carpathian Magura Nappe
(Byzova and Beer, 1974; Oszczypko et al., 2005) and the East-
ern Carpathian Petrova and Leorgina nappes, as well as the
Wild Flysch Nappe in Romania (Oszczypko et al., 2005 and ref-
erences therein). The Magura—Monastyrets flysch units can be
regarded as an equivalent of the Szolnok Unit (or part of this
unit containing the Upper Cretaceous—Paleogene flysch depos-
its) in the pre-Neogene basement of the Pannonian Basin in
Hungary (Zoltan Balla, pers. comm.; see also Nagymarosy and
Baldi-Beke, 1993; Fig. 1). The Szolnok Unit can be traced west-
wards along the Mid-Hungarian Fault Zone towards Zagreb
where it links up with the Sava Zone which represents the
Paleogene suture between the Dinarides and the Tisza—Dacia
Terrane (Schmid et al., 2008).
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OUTLINE OF THE LITHOSTRATIGRAPHY
AND PREVIOUS PALAEONTOLOGICAL
INVESTIGATIONS OF THE PALEOCENE-
LOWERMOST OLIGOCENE DEPOSITS

Vezhany Nappe (Marmarosh Klippen Zone).
Paleocene—lowermost Oligocene deposits are represented by
the Metova Formation distinguished by Dabagyan et al. (1965).
These deposits cover the Maastrichtian flysch assigned by
Dabagyan et al. (1966) to the Jarmuta Formation, which con-
formably overlies the red marls of the Puchov Formation. The
Jarmuta and Puchov formations have been distinguished in the
Pieniny Klippen Belt; however, in Ukraine, these names are tra-
ditionally used for similar deposits of the Marmarosh Klippen
Zone (Andreyeva-Grigorovich et al., 1985; Vialov et al., 1989
with references therein). The Metova Formation passes up-
wards into calcareous black marl with intercalations of sand-
stone, siderite and chert of the Oligocene Dusyno Fomation dis-
tinguished by Vialov (1954) (= Luh Formation after Kryvin,
1960, see Fig. 3).

At the bottom of the Metova Formation, debris-flow deposits
(Oszczypko et al., 2005) are developed at the right bank of the
Tereblya River near Zabrid (Fig. 4). These deposits lie in
stratigraphically normal position on the Maastrichtian flysch
(Andreyeva-Grigorovich et al., 2012), but previous researchers
(Smirnov, 1973, 1988b and references therein) attributed them
to a basal conglomerate lying on the Maastrichtian flysch with
erosional unconformity. The Metova Formation is subdivided
into two members. The lower member (of thickness >100 m) is
composed of predominantly clastic deposits — thin- to me-
dium-bedded grey siltstones, sandstones (Fig. 5A). Bouma divi-
sions are indistinct in these deposits. Lenses of red and green
marl were found in some sections of the lower member. The up-
per member of the Metova Formation (up to 80 m thick) is repre-
sented by pelagic/hemipelagic deposits that are bluish-grey or
green and marly, with some red marls (Fig. 5B). The top part of
the Metova Formation contains the Globigerina Marl (of a thick-
ness up to a few metres) which is regionally distributed in the
Carpathian region. In Ukraine, these (hemi)pelagic marls were
named as the Sheshory Horizon (see Vialov, 1988b and refer-
ences therein).

At the bottom of the Metova Formation, a nannoplankton
assemblage belonging to Zone NP1 was found in a thin

mudstone intercalation surrounded by debris-flow deposits
(Andreyeva-Grigorovich et al., 2012; see Fig. 4) and in the up-
per part of this formation, an assemblage belonging to zones
NP19, NP20 was recognized (Andreyeva-Grigorovich et al.,
1987). The Oligocene nannoplankton was identified in a section
of the Metova Formation along the Tereblya River (Oszczypko
etal., 2005). The Early Eocene Nummulites planulatus Lamark,
N. bolcensis Munier-Chalmas and the Middle Eocene Nummu-
lites gallensis Heime and N. distans Deshayes have been
found in the Metova Formation deposits (Golyev, 1982).

Biozones based on planktonic foraminifera and ranged
from the Middle Paleocene to Late Eocene have been identified
in the Metova Formation: Globorotalia angulata, GlI.
pseudomenardii, Gl. subbotinae, Gl. aragonensis, Acarinina
bullbrooki, Hantkenina alabamensis, Globigerapsis index,
Globigerina corpulenta (Gruzman and Dabagyan, 1979;
Smirnov, 1988b). The Morozovella subbotinae, Morozovella
aragonensis, Acarinina bullbrooki and Acarinina rotundi-
marginata zones have been identified in Paleocene—Eocene
strata exposed along the Metova Stream (Hnylko and Hnylko,
2013).

Monastyrets Nappe. The Monastyrets sedimentary suc-
cession is represented by the Paleocene—Eocene deposits of
both the Sushmanets Formation (Vialov, 1954) (= Shopurka
Formation distinguished by Kryvin, 1960) and the Drahovo For-
mation (Kulchytskyi et al., 1957). The lower boundary of the
Sushmanets Formation is at a tectonic surface and the age of
the formation has remained controversial until now. The
Drahovo Formation (Middle—Upper Eocene) conformably over-
lies the Sushmanets Formation and completes the sedimentary
succession of the Monastyrets Nappe.

The Sushmanets Formation >1000 m thick, is composed of
thin- and locally medium-bedded flysch (Fig. 5C, D) which is
characterised by Bouma divisions Tpcde; Tapcdes Tcde @Nd repre-
sents fine-grained turbidites, and in places “classic’ me-
dium-grained turbidites. Some strata are characterized by
well-sorted grains, cross-bedded textures, and stronger

bioturbation, most likely they represent deposits of bottom cur-
rents. The red and green mudstones generally have parallel
and thinly layered textures suggesting their hemipelagic origin.
The Early Eocene Nummulites partshi Harpe was found in
the deposits of the Sushmanets Formation (Golyev, 1982) and
Early—Middle Eocene smaller foraminifers were identified in
these deposits (Smirnov, 1973, 1988c; Hnylko, 2008). In the

Fig. 4. The sandstones and debris-flow deposits at the bottom of the Metova Fm. in the right bank of the Tereblya River near Zabrid
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Fig. 5. Typical lithofacies units of the Vezhany (A, B) and Monastyrets (C—F) nappes

A — siltstones and sandstones of the lower member of the Metova Formation, Vezhany Stream — right inflow of the Mala Uholka River; B —
red-brown and green marls of the upper member of the Metova Formation, Kamenskyi Stream — right inflow of the Velyka Uholka River; C —
thin-bedded turbidites with variegated shales of the Sushmanets Formation, Velyka Uholka River near village of Velyka Uholka; D — green
and red (variegated) shales and thin-bedded turbidite layer with T, Bouma intervals, the Sushmanets Formation, Velyka Uholka River near
village of Velyka Uholka; E — massive sandstones of the Drahovo Formation, Velyka Uholka River near village of Velyka Uholka; F —
thick-bedded sandstones of the Drahovo Formation, small erosional channel is visible in the bottom of the sandstone bed, Velyka Uholka
River near village of Velyka Uholka
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area of distribution of the Monastyrets Unit, Late Cretaceous
foraminifers have been identified in variegated mudstones
(Lomize and Maslakova, 1967) and Inoceramus was found in
flysch deposits near the village of Kalyna (see Vialov, 1988a).
The deposits with Cretaceous fauna have an unclear (tec-
tonic?) relationship with reliably dated deposits of the
Monastyrets succession and need further investigation.

The Drahovo Formation, up to 700 m thick, is composed of
massive sandstones (Fig. 5E, F), thick-bedded sandy deposits
characterized locally by Bouma divisions Ty, Tap- These de-
posits were apparently formed by high-density turbidity currents
and grain- and debris- flows. Sporadically there are thin interca-
lations of siltstone and mudstone that may belong to the Tge, Te
Bouma intervals and/or represent hemipelagites. Middle—Late
Eocene foraminifers have been found in this formation
(Smirnov, 1988a; Hnylko, 2008).

MATERIALS AND METHODS

Micropalaeontological studies were carried out on 75 sam-
ples collected by O. Hnylko, S. Hnylko and B. Matskiv during
1998, 2003-2004 and 2009 from marly and clay deposits of
probably pelagic/hemipelagic origin. Samples were collected
from the outcrops along the nine studied sections of the
Monastyrets and Vezhany units investigated during the geologi-

cal mapping, and additional samples were taken near these
sections (Tables 1-3 and Figs. 6-9). The weight of each sam-
ple processed was 200 g. The rocks were disintegrated by a
special hand-press, soaked in soda solution and washed in
bags from capronic netting. The microfossils were selected
from the dried, sand-silt fraction residues. Processing of sam-
ples was performed in the micropalaeontological laboratory of
the Institute of Geology and Geochemistry of Combustible Min-
erals, NASU, Lviv. Foraminifera were identified by S. Hnylko.
Determination of most species was carried out following to
Kaminski and Geroch (1993), Olsson et al. (1999), Kaminski
and Gradstein (2005) and Pearson et al. (2006). Photos of
foraminifera were made using the scanning electron micro-
scope JEOL-220 SEM in the Physical Research Laboratory of
the lvan Franko National University of Lviv.

The biostratigraphy has been based on planktonic and ben-
thic foraminifers (Figs. 8 and 9). The foraminiferal zonations of
the Ukrainian Carpathians (Maslakova, 1955; Mjatliuk, 1970;
Ivanik and Maslun, 1977; Gruzman and Dabagyan, 1979;
Andreyeva-Grigorovich et al., 1985; Hnylko and Hnylko, 2011,
2012, 2013) in accordance with the zonations of Geroch and
Nowak (1984), Olszewska (1997), Berggren et al. (1995) and
Bugrova (2005) is applied here. Information about stratigraphic
ranges of taxa is also derived from other work (Darakchieva,
1999; Olsson et al., 1999; Kaminski and Gradstein, 2005;
Pearson et al., 2006; Waskowska-Oliwa, 2005, 2008;
Waskowska, 2008, 2015; Golonka and Waskowska, 2012).

Table 1

Characterization of sections 1-3 of the Vezhany Unit

ES,?LO; Formation O-I;h('g;%?é Section location Description of deposits
Along the Metova
Stream (Borzhava Thin- and medium-bedded grey sandstones, greenish-grey mudstones and
Stratotype River basin) near marls of the lower member are exposed at the beginning of the section
oction oF Dovhe in the (sample 7036) and extend 120 m down (samples 7036-1, 7036-2 and
the Metova 75 m Transcarpathian Re- 7036-3) along the Metova Stream.The Bouma divisions are not observed.
Formation (lower gion (Figs. 2, 6 and The lower boundary of the Metova Formation is not exposed. About 50 m
1 (lower and member) ).The beginning of downstream, exposures of the green marls (sample 7036-4), and a further
upper 60 m (up- | the section is placed 100-250 m below, outcrops of red marls (sample 7036-5) are present.
mer’?\’t))ers) per mem- 300 m downstream | These homogeneous and bedded marls are evidently hemipelagic/pelagic in
(Smirnov ber) from the mouth of the origin and are typical for the upper member. The highest part (including the
1988b) ’ first (counting from lobigerina Marl) and the upper limit of the formation are not exposed.
below) right tributary About 100 m downstream, we found debris of black mudstones and grey
of the Metova sandstones of the Oligocene Dusyno Formation.
Stream.
Along the Tereblya
Rlv%rgﬁgzg?r?zﬁleand Maastrichtian grey-green thin-bedded flysch is exposed in the riverbed at
Transcarpathian Re- the beginning of the section. This flysch is overlain by the debris-flow de-
ion (Fi % 26 and posits (0.6 m thick) of the bottom of the Metova Formation (Fig. 4). These
g) The ge' inning of chaotic deposits are composed of sharp-edged fragments of the Puchov
Metova the sectiongis Iagced and Jarmuta formation “scattered” into a sandy matrix. There are intercala-
2 Formation 50 m 300 m u strea?n from tions of clay sediments (sample 29-2) between the debris-flow layers. The
(lower the ropad bridge chaotic deposits are followed by thick-bedded coarse-grained sandstones
member) across the Tere?bl a (10 m thick). The separate outcrops of the bedded gravelites, sandstones
River. which is Ig- and mudstones (samples 29-3; 29-4 and 29-5) of the lower member of the
cated near the former Metova Formation are traced down 200 m along the Tereblya River. After
mineral water factor a further 100 m downstream, the tectonic thrust-sheet of the red marls of
h - y the Upper Cretaceous Puchov Formation is exposed.
in the village of
Zabrid.
S’;\rlggr% t(?:ftskllr%?wgllfxygf The tectonic contact of the red marls of the Puchov Formation and the
the Monastvr Stream bedded blue-grey siltstones, sandstones of the lower member of Metova
which is theyleft tribu- Formation are exposed here. The lower member extends upstream about
100 m tarv of the Tereblva 500 m and is represented by folded thin- to medium-bedded polymictic
Metova (lower R'R//er) near Zabrl)(d sandstones, in places gravelstones and conglomerates, siltstones, marls.
Formation member) and Drahovo in the It is followed by the upper member developed as green-grey bedded marls
3 (lower and 75m (Uup- | Transcarpathian Re- with thin intercalations of sandstones. The upper member is traced 100 m
upper er merg- ion (Fi % 2 6 and upstream up to the confluence of the two upper tributaries of the Slipenyi
members) P ber) é;) The ge' inning of Stream. The exposures of the que-greTy and grgal_)(1 Globigerina Marl is
the sectiongis Iagced found in these tributaries near their confluence. The marls of the upper
in 800 m u s?ream member of the Metova Formation are covered by the Oli?ocene black
p marls of the Dusyno Formation in outcrop 30 m upstream along the left up-
from the mouth of the er tributaries
Slipenkyi Stream. P :
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Table 2
Characterization of sections 4-7 of the Monastyrets Unit
E&%tgg: Formation (;I'fhdltélggg?tss Section location Description of deposits
At the northwestern edge of
the village of Kychera near | Thin- to medium-bedded flysch (up to 100 m thick), represented
Drahovo (Fig. 2). The begin- by dark-grey mica sandstones, siltstones, dark-green
ning of the section is placed | mudstones, is exposed in the lower part of the Kychera Stream.
Sushmanets near the mouth of the Upstream as well as upward along the stratigraphic succession,
Formation Kychera Stream (left tribu- | intercalations of red mudstones are found in the flysch. The up-
4 600 m tary of the Tereblya River) | per part of the succession is represented by a horizon (up to 30
(lower frag- h °
ment) 1750 m from the road bridge | m thick) of the red and green mudstones (samples 59-53 and
across the Tereblya River 59-52Lwith thin intercalations of the fine-grained sandstones.
gthe bridge situated near the The age of the variegated horizon is assigned to the
ormer mineral water factory | Paleocene/Eocene boundary. The rocks are folded and cracked
in Zabrid_?_downstream along in this section.
the Tereblya River.
The grey sandstones (up to 150 m thick) of the lowermost part
Along both the Tereshul of the stratigraphic succession are exposed at the be%inning of
River (right tributary of the | the section and traced 300 m downstream. The lower horizon of
Teresva River) and its left the variegated (red and green) shales (the Paleocene-Eocene
800 m influent (Figs. 2, 7 and 9). boundary section, see Hnylko, 2008) are present 150 m down-
(Sushma- The mouth of the influentis stream. Stratigraphically above, the thin- and medium-bedded
Sushmanets nets Fm.) located 6400 m from the grey flysch (200 m thick) displaying the Tocge, Tabcde; Tcde
5 and Drahovo and 400 m mouth of the Tereshul River | Bouma'’s divisionsare exposed downstream along the influent.
formations (Drahovo upstream along the river. The up’&er horizon (10-20 m thick) of the variegated shales (the
Fm.) The beginning of the section | Lower/Middle Eocene boundary, see Hnylko, 2008) is fixed near
’ is placed at 1400 m from the | the mouth of the influent. The grey flysch with the Bouma divi-
mouth of this left influent of | sions Tyege, Tede (Sushmanets Formation) is traced down 2300
the Tereshul River upstream m alongthe Tereshul River and gradual:y passes into sand-
along the influent. stones (Drahovo Formation) extending a further 2100 m down-
stream along the river.
: The horizon of variegated shales (samples 614 and 614-1), rep-
Sushmanets T'T%rlggthmbﬁjit\?g r?;;?e resented by alternat%’on of green and red mudstone, is exposed
6 Formation 200 m Polonvnka-Gora Mt near the mouth of this left fributary. The thin- and medium-bed-
(1047 m'yFi s. 2. 7 and 9) ded grey flysch (samples 614-2 and 614-3) is traced upstream
s FIgs. 2, : 250 m along the tributary.
Stratotype Sushmanets Stream, the left ; ; ; ;
section of the tributary of the Luzhanka Gr\‘;’i‘;i’ggge th'”'.l?”d rr_}_edlum-beddeddflylsch, V\gthsthehBouma di-
Sushmanets River in'the Teresva River abode; Thede, Tode, 1S €xposed along the Sushmanets
Formation Basin.The mouth of the trib- Stream (samples 362, 363 and 363-1). Outcrops of thick-bed-
7 ) 1000 m y ded flysch and coarse-grained sandstones up to gravelstones
(Matskiv, utary is located 9900 m from : h
; also are observed in some places. Sandy deposits of the
2007 with the mouth of the Luzhanka Drahovo Formation are present in the banks of the lower part of
references River upstream along the p ; p
therein) river (Figs. 2, 7 and 9). the Sushmanets Stream (Fig. 7).
Table 3
Characterization of sections 8 and 9 and additional samples of the Monastyrets Unit
El?gll)%nr Formation (;I}hég?)%%sitss Section location Description of deposits
The right tributary of the Shopurka River The green thin-bedded flysch is present at the be-
near the village of Kobyletska Polyana ginning of the section (sample 7028-5) and traced
(Figs. 2 and 9). The mouth of this tributary along the right tributary of the Shopurka River
8 Susmanets 900 m is located 1500 m downstream along the (samples 7028-4, 7028-3 and 7028-2). The green
Formtion Shopurka River from the confluence of the | and red mudstones with sandstone intercalations
Mala Shopurka and Serednia rivers. The of the upper variegated horizon are exposed
beginning of the section is placed 1000 m | 1600—1700 m upstream from the beginning (sam-
upstream from the mouth of this tributary. ples 7028-1 and 7028).
The right tibutary ofthe Mala Shopurka | The lower varegated horizon are exposed (sam,
River on the northern edge of the village of P y f h p ’ h
: crop of green thin- and medium-bedded flysch is
Kobyletska Polyana (Figs. 2 and 9). The | ¢/ iR (samples 7026-2, 7026-3 and 7026-4) and
Susmanets mouth of this tributary is located 3750 m up- 50 m agaovepthe upper variegated horizon are ex-
9 ; 500 m stream along the Mala Shopurka River from ’ gf g
Formtion posed (sample 7026-5). Even further 400 m up-
the confluence of the Mala Shopurka and f
i . stream after a covered interval, the upper
St?orﬁ?g'ﬁ;g’;’ésggohﬁ,bfgs'?rg';‘% %fkt)?]e ?ﬁg' variegated horizon are presented again, on the
ptributar from ﬁs mouth 9 ridge between the Mala Shopurka and Apshytsa
y : rivers (sample 7027).
Additionaly samples
Samples 98-111 (green mudstones) and 98-112 (red mudstones) were collected in the outcrop of the Sushmanets Formation located
3000 m upstream along the Kosivka River from its confluence into the Tysa River near village of Luh in the Transcarpathian Region
(see Figs. 2 and 9). Samples 617 and 618 were collected in outsrops of the Sushmanets Formation near location of the sections 5
and 6 (see Fig. 7). Sample 29-50 was collected in outsrop of the Drahovo Formation near Drahovo.
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Fig. 6. Geological position of the sections studied of the Vezhany Unit: A — Metova Stream (section 1);
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For location see Figure 2
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GEOLOGICAL MAP OF THE MONASTYRETS NAPPE
AT THE TERESVA RIVER BASIN (SECTION 5, 6, 7)

MONASTYRETS SUCCESSION IN THE
TERESVA RIVER BASIN (SECTION 5, 6, 7)

400 m
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Fig. 7. Geological position of the studied sections 5, 6, 7 and samples 617, 618 from the Monasnastyrets Unit

For location see Figure 2

Palaeobathymetric interpretation was based on calculation
of the percentage of planktonic and benthic specimens, analy-
sis of generic and species composition, and morphological fea-
tures of the foraminifera.

Both rich taphocenoses (approximately 40-200 tests per
sample) and less rich taphocenoses (10—40 specimens per
sample in several consecutive samples) were used to calculate
of the percentage of planktonic and benthic foraminifera. The
palaeobathymetric models of Murray (1976), Gradstein and
Berggren (1981), Kaminski et al. (1988, 1989), Kuhnt and
Kaminski (1989) and Gorbachik et al. (1996) were applied.

RESULTS

A total of 161 species of foraminifera were identified after
processing of the samples: 92 species of agglutinated
foraminifera belonging to 42 genera, 44 species of planktonic
foraminifera belonging to 19 genera and 25 species of calcare-
ous benthic foraminifera. The species identified are listed in Ap-
pendix 1* and their distribution is shown in Figures 10-14. 86
characteristic species are illustrated in Figures 15-18. The
preservation of the foraminifers studied is predominantly satis-
factory. Calcareous foraminifers are recrystallised to varying
degrees, while both the form and internal structures of the tests
are preserved. Only a small number of specimens have poor
preservation expressed by corrosion of the calcareous tests

and by uncertainty of internal structure in some agglutinated
foraminifers. Redeposited Late Cretaceous globotruncanids
are generally numerous in the lowermost part of the Metova
Formation and occur sporadically in the Eocene flysch deposits
of the Sushmanets Formation among Paleogene foraminifera.

INTERPRETATION

BIOSTRATIGRAPHY BASED ON PLANKTONIC FORAMINIFERA

The foraminiferal zonation of the Ukrainian Carpathians
(Maslakova, 1955; Mjatliuk, 1970; Gruzman and Dabagyan,
1979; Andreyeva-Grigorovich et al., 1985; Hnylko and Hnylko,
2013) in accordance with the zonations of Berggren et al.
(1995) and Bugrova (2005) is applied here.

Parvularugoglobigerina eugubina Zone, Lower Danian
Author: Luterbacher and Premoli Silva (1964)

Definition (according to Luterbacher and Premoli
Silva, 1964, Berggren at al., 1995). — A biostratigraphic interval
characterized by the total range of the nominate taxon
Parvularugoglobigerina eugubina.

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1247
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For location see Figures 2 and 7

R e m ar k s.— An assemblage belonging to this zone was
identified in the lowermost part of the Metova Formation ex-
posed in the right bank of the Tereblya River near the village of
Zabrid (section 2, sample 29-2, see Figs. 6 and 8).

The zonal assemblage is represented by Parvularugo-
globigerina eugubina (Fig. 17A-C) (size 0.11-0.15 mm),
Eoglobigerina edita (Fig. 17D), E. senonica and numerous
Praemurica aff. taurica (Fig. 17E) (size 0.15-0.20 mm). The
Nannoplankton Zone NP1 (Lower Danian) was established in
the same sample (Andreyeva-Grigorovich et al., 2012). Rede-
posited poorly preserved Cretaceous nannoplankton
(Andreyeva-Grigorovich et al, 2012) and planktonic
foraminifera of the genera Globotruncana and Globotruncanita
are also present in this sample.

The Parvularugoglobigerina eugubina Zone corresponds to
Zone Pa (Lower Danian) according to Berggren at al. (1995)
and Wade at al. (2011).

The Globoconusa daubjergensis Zone (Danian) was distin-
guished in the Outer Ukrainian Carpathians by Andrey-
eva-Grigorovich et al. (1985), but deposits belonging to this
zone were not found in the Vezhany and Monastyrets units.

The Morozovella angulata Zone and Globanomalina
pseudomenardii Zone (Selandian—Thanetian) were not identi-
fied in the sections studied. These zones were recognized by
Gruzman and Dabagyan (1979) in other sections of the Metova
Formation.

Acarinina acarinata Zone, Upper Thanetian
Author: Shutskaja (1962)

Definition. — Abundant nominate taxon Acarinina
acarinata.

R e m ar k s. — This zone was identified in the Sushmanets
Formation (section 8, sample 7028-3 see Figs. 2 and 9).

The zonal assemblage is represented by humerous speci-
mens of Acarinina acarinata (Fig. 15X), Subbotina
triloculinoides, Acarinina soldadoensis (Fig. 15P, Q) and rare
Parasubbotina varianta and Acarinina triplex (Fig. 15Y). The
poor foraminiferal assemblage (sample 618, see Figs. 7 and 9)
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Fig. 10. Distribution of foraminifera in the Metova Formation

Section 1 along the Metova Stream, Vezhany Nappe: MS —
Morozovella subbotinae Zone; MA — Morozovella aragonensis
Zone; AB — Acarinina bullbrooki Zone; AR — Acarinina
rotundimarginata Zone

represented by poorly preserved Acarinina acarinata and
Subbotina triloculinoides likely corresponds to this zone too.

The Acarinina acarinata Zone corresponds to the zone of
the same name in Crimea and the North Caucasus (Bugrova,
2005).

Morozovella subbotinae Zone, Lower Ypresian
Author: Morozova (1946)

D efinition.—The biostratigraphic interval between the
occurrence of numerous specimens of the nominate taxon
Morozovella subbotinae and the last occurrence (LO) of
Morozovella marginodentata.

R e m ar k s.—The upper part of this zone was identified in
the Metova Formation (section 1, sample 7036-1, see Figs. 6
and 8).

The zonal assemblage includes  Morozovella
marginodentata (Fig. 170), M. aff. formosa (Fig. 17P), Subbo-
tina eocaena, S. yeguaensis, Acarinina pentacamerata and
Pseudohastigerina wilcoxensis. The first occurrence (FO) of
Morozovella aragonensis is observed.

This zonal assemblage corresponds to the top of the P6
Zone in the zonation of Berggren et al. (1995) and to the upper
part of the Morozovella subbotinae Zone of Crimea and the
North Caucasus (Bugrova, 2005).

Morozovella aragonensis Zone, Upper Ypresian
Author: Khalilov (1948)

D efinition.—Thebiostratigraphic interval between the
FO of the nominate taxon Morozovella aragonensis and the oc-
currence of numerous Acarinina bullbrooki.

R e m ar k s. — This zone was identified in intercalations of
green marl in the upper part of the lower member of the Metova
Formation (section 1, samples 7036-2 and 7036-3, see Figs. 6
and 8).

The zonal assemblage is composed of numerous
Morozovella aragonensis (Fig. 17T-V), Morozovella lensiformis
(Fig. 17X) and Parasubbotina inaequispira (Fig. 17W) as well
as by abundant Subbotina eocaena and S. yeguaensis. The
FO of Subbotina hagni is observed in the upper part of this
zone.

The Morozovella aragonensis Zone corresponds to zones
of the same name in Crimea and the North Caucasus (Bugrova,
2005), the Slovakian Carpathians (Fusan, 1983) and the
P7—-P9 zones of Berggren et al. (1995).

Acarinina bullbrooki Zone, Lower Lutetian
Author: Bolli (1957)

Definition. — Abundant nominate taxon Acarinina
bullbrooki.

R e marks. — This zone was identified in green marls in
the lower part of the upper member of the Metova Formation
(section 1, sample 7036-4, see Figs. 6 and 8).

The zonal assemblage is composed of numerous Acarinina
bullbrooki (Fig. 17Y), A. triplex, Subbotina yeguaensis, S.
eocaena (Fig. 17Z) and S. hagni as well as of rare Dipsidripella
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Karreriella zolkaensis

Eggerella stryensis

Marsonella crassa

@

Lagena laevis

Nodosaria praesoluta

Nodosaria sp.

Neoflabellina semireticulata

Cibicidoides amphisyliensis

Cibicidoides praelopjanicus

Heterolepa biumbonata

Gyroidina soldanii

Cibicidina pseudolobatula

Nuttallides magnocamerata

Nuttallides cf. truempyi

Stilostomella sp.

Eoglobigerina edita

Eoglobigerina senonica

Catapsidrax dissimilis

Globigerina aquiensis

Globigerina officinalis

Globoturborotalita ouachitaensis

Subbotina corpulenta

Subbotina droogeri

Subbotina eocaena

Ll

Subbotina hagni

Subbotina linaperta

ooop' ®

Subbotina triloculinoides

Subbotina vialovi

Globigerinatheka index

&.

Acarinina pseudotopilensis

Acarinina triplex

Praemurica aff. taurica

Parvularugoglobigerina eugubina

Dentoglobigerina galavisi

Dentoglobigerina tripartita

Pseudogastegirina micra

Chiloguembelina compacta

Fig. 11. Distribution of foraminifera in the Metova Formation

Section 2 along the Tereblya River and section 3 along the Slipenkyi Stream, Vezhany Nappe: PE —
Parvularugoglobigerina eugubina Zone; SC — Subbotina corpulenta Zone; SV — Subbotina vialovi Zone
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Sushmanets Formation R e mark s. — This zone was identified in red marls
Section 4 Kychera Stream Cretaceous— | Paleocene gé% g % of the upper member of the Metova Formation (section 1,
Paleocene RzF £88|38| sample 7036-5, see Figs. 6 and 8).
2 ol mlol ol = <] ol o The zonal assemblage includes Acarinina
ES R R QR J|Q|Q|w rotundimarginata (Fig. 18A), A. bullbrooki, A. triplex, A.
Foraminifera Sl &| || ] &| &| &| &]  pentacamerata, Subbotina yeguaensis, S. eocaena, S.
Nothia robusta [O) hagni (Fig. 18E), Hantkenina liebusi (Fig. 18I, J),
Rhizammina indivisa (@) Globigerinatheka  kugleri, G. index (Fig. 18H),
Silicobathysiphon gerochi ® Turborotalia frontosa (Fig. 18D), T. cerroazulensis
Silicobathysiphon spp. ® () (Fig. 18B), as well as abundant small Pseudohastigerina
Psammosiphonella cylindrica O] micra (Fig. 18C) and Dipsidripella karpatica.
Placentammina placenta () The Acarinina rotundimarginata Zone corresponds to
’:Zﬂ‘gzgzzz f:,%zg;’;us e ® ® the zone of the same name in Crimea and the North Cau-
. - ———  casus (Bugrova, 2005) and the P12 Zone of Berggren et
Glomospira charoides [PIE@)
Glomospira serpens [@) al. (1995). . . .
Glomospira diffundens @ The Hgntkenlna alat?amenS|s_Zone (Bartonlan) was
Annectina grzybowski ) not |Qent|f|ed in the sections studied. This zone was re-
Rzehakina epigona o) gognlsed by Gruzman and Dabagyan (1979) in other sec-
Rzehakina fissistormata @ tions of the Metova Flormatlon.. ' o
Subreophax scalaris @ A poor planktonic foraminiferal association repre-
Subreophax splendidus [®) @ sented by Globigerinatheka index (Fig. 18L),
Hormosina velascoensis DIRIEE) Catapsydrax dissimilis (Fig. 18M), Subbotina linaperta,
Caudamminna ovula 1@ and Chiloguembelina compacta (Fig. 18N) was identified
Kalamopsis grzybowskii [@) in grey calcareous mudstone of the upper member of the
Aschemocella grandis @ Metova Formation (section 3, sample 29-30, see Figs. 6
Aschemocella subnodosiformis @) and 8). The age of this association can be interpreted as
Haplophragmoides walteri Q ® Upper Lutetian—Priabonian.
Lituotuba lituiformis @
Conglophragmium irreqularis (@) (@) (@)
Paratrochamminoides gorayskii [@) . . )
Paratrochamminoides olszewski @ Subbotina corpulenta Zone, Upper Priabonian—
Trochamminoides proteus @ lowermost part of Lower Rupelian
Trochamminoides subcoronatus Q Author: Subbotina (1960)
Popovia beckmanni Q000
Saccamminoides carpathicus Q|
Recurvoides varius Q| ® Definition. — The biostratigraphic interval be-
Spiroplectammina spectabilis ® tween the occurrence of numerous specimens of the

Spiroplectammina subhaeringensis (@) nominate taxon Subbotina corpulenta and the LO of
Trochammina globigeriniformis Q Q0 0|0 ® Subbotina corpulenta.

Ammosphaeroidina pseudopauciloculatal (©) Remarks. — This zone was identified in the
Karrerulina horrida @ Globigerina Marl of the upper member of the Metova For-
Cibicidoides padellus @ Ocf mation (section 3, sample 29-34, see Figs. 6 and 8). An
Chilostomella spp. () assemblage composed of abundant planktonic

Rugoglobigerina cf. macrocephala] @ foraminifers, both large (0.5-0.9 mm) and small
Subbotina aff. triloculinoides © (0.15-0.25 mm) was found here. The large forms are rep-
Morozovella angulata [@)

Fig. 12. Distribution of foraminifera in the Sushmanets Formation

Section 4 along the Kychera Stream, Monastyrets Nappe: RzF —

Rzehakina fissistomata Zone

karpatica (Fig. 17A1), Acarinina rotundimarginata and
Pseudohastigerina micra (Fig. 17B1).

The Acarinina bullbrooki Zone corresponds to the zone of
the same name in Crimea and the North Caucasus (Bugrova,
2005), and the Turborotalia crassata densa Zone of the
Slovakian Carpathians (Fusan, 1983).

Acarinina rotundimarginata Zone, Upper Lutetian
Author: Subbotina (1953)

Definition.—Theabundant nominate taxon Acarinina
rotundimarginata outnumbers Acarinina bullbrooki.

resented by Subbotina corpulenta (Fig. 18Q), Subbotina
hagni, S. linaperta, S. eocaena, Dentoglobigerina galavisi
(Fig. 18R), and the small ones consist of Globigerina
officinalis and Subbotina droogeri.

The assemblage determined in sample 29-34 from
the Metova Formation corresponds to the upper part of
the Globigerina corpulenta Zone sensu Dabagyan (see
Andreyeva-Grigorovich et al., 1987).

The Globigerina corpulenta Zone, identified in the Ukrainian
Carpathians, corresponds to Zone NP21 and, in some succes-
sions, to the lower part of Zone NP22 (Andreyeva-Grigorovich
et al., 1985,1987).

Subbotina vialovi Zone, Lower Rupelian
Author: Vialov et al. (1963)

Definition.—A biostratigraphic interval characterized
by the total range of the nominate taxon Subbotina vialovi.
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Sushmanets Formation

Sections 5 and 6
Tereshul River basin

Paleo-
cene

Paleocene—

Lower Eocene

Eocene GCh-RS

Eocene

Section No.

5

6

o

o]
z

Sample

Foraminifera

617
618

614
7005-3 |
7005-7 |on

Nothia excelsa

7005-8 |

614-1 |©

614-2 |

614-3 |

7006-1 |

7006 |

624
625

@[005-4
®f005-6 [~

@|7005 |
@l7005-2 |

Nothia latissima

@|®|7005-1 [

Nothia robusta

@ |@f00s-5 |-

3
®

Rhizammina indivisa

Silicobthysiphon dubia dubia

Silicobathysiphon spp.

Psammosiphonella discreta

Psammosphaera scruposa

Psammosiphonella cylindrica

Psammosphaera testacea

Placentammina placenta

Hyperammina karpatica

Hyperammina ilineariformis

Ammodiscus anqustus

Ammodiscus glabratus

Ammodiscus peruvianus

Ammodiscus tenuissimus

Ammodiscus spp., juv. f.

Glomospira charoides

Glomospira glomerata

Glomospira gordialis

Glomospira serpens

Glomospira irreqularis

Annectina grzybowski

Reophax duplex

Subreophax scalaris

Subreophax splendidus

Hormosina velascoensis

Caudammina excelsa

Caudammina ovula

Kalamopsis grzybowskii

Aschemocella subnodosiformis

Haplophragmoides stomatus

Haplophragmoides spp., juv. f.

Lituotuba lituiformis

Conglophragmium irreqularis

Paratrochamminoides acervulatus

Paratrochamminoides deformis

Paratrochamminoides gorayskii

Paratrochamminoides heteromorphus|

Paratrochamminoides olszewski

Paratrochamminoides spp., juv. f.

Trochamminoides dubius

Trochamminoides folius

Trochamminoides proteus

Trochamminoides subcoronatus

olelo

Popovia beckmanni

Ammomarginulina sp., Fig. 16G

|_Recurvoides anormis

|_Recurvoides nucleolus

R e

Recurvoides smugarensis

Recurvoides aff. smugarensis

Thalmannammina subturbinata

Reticulophragmoides sp., Fig. 16N

Reticulophragmium amplectens

Cyclammina placenta

Trochammina altiformis

Trochammina globigeriniformis

Trochammina aff.gyroidiniformis

Ammoanita ruthvenmurrayi

\Ammosphaeroidina pseudopauciloculata

Karrerulina conversa

Karrerulina coniformis

Karrerulina horrida

Cibicidoides grossoconulus

Cibicidoides subconiferus

Cibicidoides tallahattensis

Subbotina eocaena

Subbotina triloculinoides

Acarinina acarinata

Fig. 13. Distribution of foraminifera in the Sushmanets Formation

Sections 5 and 6, Tereshul River basin, Monastyrets Nappe: GCh-RS — Glomospira charoides—Recurvoides

smugarensis Zone
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Sections 7, 8, 9

Sushmanets Formation

and samples 98-111, 98-112
Teresva and Shopurka

Paleocene

Lower Eocene
GCh-RS

Eocene

Middle—
Upper
Eocene

River basins Section No.

©

~
(o]

8

[¢e]

~

~

e}
z

Sample

Foraminifera

7028-4 |0
7028-3 |®|&

361
7028-2

7027

362

363-1

98-111
98-112

|_Nothia excelsa

@®[7026-1

@[7028-1
|.'7026-2 ©

Nothia latissima

|. 7026-3 |©

|. 7026-4 |©

|. 7026-5 |©

®| 7028

@)| 363

Nothia robusta

Psammosiphonella discreta

0l®@ @255 |

Psammosiphonella cylindrica

Rhizammina indivisa

Psammosphaera scruposa

Psammosphaera testacea

Placentammina placenta

Hyperammina karpatica

Hyperammina lineariformis

Ammodiscus bornemmanni

Ammodiscus infimus

Ammodiscus macilentus

Ammodiscus subangustus

Ammodiscus tenuissimus

Glomospira charoides

Glomospira gordialis

Glomospira irregularis

Subreophax nodulosus

Subreophax scalaris

Subreophax splendidus

Hormosina trinitatensis

Hormosina velascoensis

Caudammina excelsa

Caudammina ovula

Ashemocella subnodosiformis

Haplophragmoides horridus

Haplophragmoides parvulus

Conglophragmium irregularis

Paratrochamminoides spp., juv. f.

Trochamminoides folius

Trochamminoides proteus

Popovia beckmanni

Recurvoides anormis

Recurvoides retroseptus

Recurvoides smugarensis

Recurvoides aff. smugarensis

Recurvoides walteri

IAmmosphaeroidina pseudopauciloculatal

Praesphaerammina sp. Fig.16S

Karrerulina coniformis

Karrerulina conversa

Cibicidoides grossoconulus

® lof |©

Cibicidoides subconiferus

Parasubbotina varianta

Subbotina triloculinoides

or

Subbotina roesnaesensis

Subbotina yeguaensis

Or
@)
@)

Acarinina acarinata

Or

Acarinina soldadoensis

Or

Acarinina triplex

Fig. 14. Distribution of foraminifera in the Sushmanets Formation

Sections 7, 8, 9 and samples 98-111, 98-112, Teresva and Shopurka River basins, Monastyrets Nappe: AA —

Acarinina acarinata Zone; GCh-RS — Glomospira charoides—Recurvoides smugarensis Zone
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Fig. 15. Foraminifera from the Sushmanets Formation

Cretaceous—Paleocene taxa: A — Rugoglobigerina cf. macrocephala (sample 29-58); B — Glomospira diffundens (sample 29-57); C —
Annectina grzybowskii (sample 29-57); E — Rzehakina epigona (sample 29-57); G — Recurvoides retroseptus (sample 29-57); H, | —
Spiroplectammina spectabilis, macrospherical and microspherical forms (sample 29-57). Paleocene taxa: D — Ammodiscus angustus (sam-
ple 29-55); F — Subreophax scalaris (sample 29-55); J — Haplophragmoides walteri (sample 29-54/1); K — Popovia beckmanni (sample
29-54/1); L — Karrerulina horrida (sample 29-54); M — Recurvoides varius (sample 29-54); N — Trochammina globigeriniformis (sample
29-54/1); O — Morozovella angulata (sample 29-54/1); P, Q — Acarinina soldadoensis, umbilical and spiral view (sample 7028-3); R —
Psammosiphonella cylindrica (sample 617); S — Hormosina velascoensis (sample 7005); T — Caudammina excelsa (sample 617); U —
Aschemocella subnodosiformis, initial part (sample 617); V — Glomospira charoides (sample 617); W — Subbotina aff. triloculinoides (sample
29-53); X — Acarinina acarinata (sample 7028-3); Y — Acarinina triplex (sample 7028-3); Z — Caudammina ovula (sample 617); A1 —
Ammoniata ruthvenmurrayi (sample 617); B1 — Trochammina aff. gyroidinaeformis (sample 617); C1 — Paratrochamminoides olszewski
(sample 617); D1 — Trochamminoides subcoronatus (sample 617); scale bar 100 um
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Fig. 16. Eocene foraminifera from the Sushmanets (A-S) and Drahovo (T and U) formations

A — Placentammina placenta (sample 7005-5); B — Annectina grzybowskii (sample 7005-7); C — Kalamopsis grzybowskii (sample 7005-7); D
— Subreophax splendidus (sample 7026-4); E — Recurvoides smugarensis (sample 614-1); F — Thalmannammina subturbinata (sample
7005-4); G — Ammomarginulina sp. (sample 614-1); H — Subbotina yeguaensis (sample 7026-4); | — Subbotina roesnaesensis (sample
7026-4); J — Recurvoides anormis (sample 363); K — Recurvoides anormis (sample 98-11); L — Lituotuba lituiformis (sample 7006); M —
Trochamminoides folius (sample 7006); N — Reticulophragmoides sp. (sample 7006); O — Karrerulina conversa (sample 7006-1); P —
Haplophragmoides stomatus (sample 624); Q — Ammodiscus bornemanni (sample 98-111); R — Haplophragmoides parvulus (sample
98-111); S — Praesphaerammina sp. (sample 98-111); T — Cyclammina placenta (sample 7028-2); U — Acarinina rotundimarginata (sample
29-50); scale bar 100 um
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Fig. 17. Foraminifera from the Metova Formation

Paleocene taxa: A—C — Parvularugoglobigerina eugubina (sample 29-2); D — Eoglobigerina edita (sample 29-2); E — Praemurica aff. taurica
(sample 29-2); F — Acarinina pseudotopilensis (sample 29-23); G — Subbotina triloculinoides (sample 29-23); H — Globigerina aquiensis
(sample 7122); 1 — Annectina cf. grzybowskii (sample 29-23); J — Nothia sp. (sample 7121-4); K— Trochammina advena (sample 7121-4); L —
Textularia agglutinans (sample 7122); M — Karrerulina horrida (sample 7122); N — Glomospira charoides (sample 7122). Eocene taxa: O —
Morozovella marginodentata (sample 7036-1); P — Morozovella aff. formosa (sample 7036-1); Q — Saccamminoides carpathicus (sample
7036-2); R — Nuttallides truempyi, umbilical view (sample 7036-2); S — Nuttallides truempyi, spiral view (sample 7036-4); T-V — Morozovella
aragonensis, umbilical, peripheral and spiral view (sample 7036-3); X — Morozovella lensiformis (sample 7036-3); W — Parasubbotina
inaequispira (sample 7036-2); Y — Acarinina bullbrooki (sample 7036-4); Z — Subbotina eocaena (sample 7036-4); A1 — Dipsidripella
karpatica (sample 7036-4); B1 — Pseudohastigerina micra (sample 7036-4); scale bar 100 pm
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Fig. 18. Foraminifera from Metova Formation (continuous)

A — Acarinina rotundimarginata (sample 7036-5); B — Turborotalia cerroazulensis (sample 7036-5); C — Pseudohastigerina micra (sample
7036-5); D — Turborotalia frontosa (sample 7036-5); E — Subbotina hagni (sample 7036-5); F — Pleurostomella sp. (sample 7036-5); G —
Stilostomella sp. (sample 7036-5); H — Globigerinatheka index (sample 7036-5); I-J — Hantkenina liebusi (sample 7036-5); K — Nuttallides
magnocamerata (sample 7036-5); L — Globigerinatheka index (sample 29-30); M — Catapsydrax dissimilis (sample 29-30); N —
Chiloguembelina compacta (sample 29-30); O — Vulvulina advena (sample 29-34); P — Lagena laevis (sample 29-34); Q — Subbotina
corpulenta (sample 29-34); R — Dentoglobigerina galavisi (sample 29-34); S — Heterolepa biumbonata (sample 29-34); T — Globigerina
officinalis (sample 29-35); U — Nodosaria praesoluta (sample 29-35); V — Dentoglobigerina tripartita (sample 29-35); W — Globoturborotalita
ouachitaensis (sample 29-35); X — Subbotina droogeri (sample 29-35); Y— Subbotina vialovi (sample 29-35); scale bar 100 um
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Remarks. — This zone was identified in grey marls
(Globigerina Marl) of the uppermost part of the Metova Forma-
tion (section 3, sample 29-35, see Figs. 6 and 8).

The zonal assemblage is composed of numerous
Subbotina vialovi (Fig. 18Y), Globigerina officinalis (Fig. 18T),
S. droogeri (Fig. 18X), Globoturborotalita ouachitaensis
(Fig. 18W), Dentoglobigerina galavisi, D. tripartita (Fig. 18V),
rare Globigerinatheka cf. index and Pseudohastigerina micra.
Abundant tests of planktonic foraminifera mainly of the genera
Subbotina and Globigerina suggest that the grey marls of the
uppermost part of the Metova Formation belong to the
Globigerina Marl.

The Subbotina vialovi Zone is associated with the calcare-
ous nannoplankton NP22 Zone and corresponds to the
“undersilicic horizon” (lowermost part) of the Menilite Formation
in the Outer Ukrainian Carpathians (Andreyeva-Grigorovich et
al., 1985, 1987).

BIOSTRATIGRAPHY BASED ON BENTHIC FORAMINIFERA

The foraminiferal zonation of the Ukrainian Carpathians
(Mjatliuk, 1970; Ivanik and Maslun, 1977; Andrey-
eva-Grigorovich et al., 1985; Hnylko and Hnylko, 2011, 2012) in
accordance with the zonations of Geroch and Nowak (1984)
and Olszewska (1997) is applied here.

Rare tests of poorly preserved Cretaceous planktonic
foraminifera Rugoglobigerina cf. macrocephala (Fig. 15A) to-
gether with the Upper Cretaceous—Paleogene benthic species
Silicobathysiphon  gerochi, Kalamopsis ~ grzybowskii,
Ashcemocella grandis, Rhizammina indivisa and pyritised
steinkerns of Chilostomella spp. are found at the beginning of
section 4 in the sample 29-58. Numerous Spiroplectammina
spectabilis (Fig. 15H, 1), which compose 25% of the assem-
blage, together with the Upper Cretaceous—Paleogene taxa
Rzehakina epigona (Fig. 15E), Glomospira diffundens
(Fig. 15B), Annectina grzybowskii (Fig. 15C) and Recurvoides
retroseptus (Fig. 15G) were found in sample 29-57 (lower part
of section 4). Arguably, this assemblage corresponds to the
Early Paleocene “Spiroplectammina acme” (sensu Kaminski
and Gradstein, 2005).

Rzehakina fissistomata sensu lato Zone, Paleocene

D efinition.—The biostratigraphic interval between the
FO of the nominate taxon Rzehakina fissistomata and the LO of
Rzehakina fissistomata and/or Recurvoides varius.

R e m ar k s. — This zone was identified in the lower part of
Sushmanets Formation (section 4, see Figs. 2 and 9).

The nominate taxon Rzehakina fissistomata was found in
sample 29-55 (section 4). Numerous Recurvoides varius (sam-
ples 29-54/1, 29-54, see also Fig. 15M) and single specimens
of planktonic Morozovella angulata (sample 29-54/1, see also
Fig. 150) were found in the middle part of section 4. The zonal
assemblage (section 4, samples 29-55, 29-54/1, 29-54) con-
tains Subreophax scalaris (Fig. 15F), Hormosina velascoensis,
Haplophragmoides walteri (Fig. 15J), Popovia beckmanni
(Fig. 15K) and Trochammina globigeriniformis (Fig. 15K) to-
gether with the Paleocene species mentioned.

Glomospira (charoides, serpens, gordialis), which com-
poses 10% of the rich assemblage, together with Ammoanita
ruthvenmurrayi (Fig. 15A1) of Campanian—Paleocene age (af-
ter Kaminski and Gradstein, 2005) and numerous
Caudammina (excelsa, ovula) (see Fig. 15T, Z) as well as spe-

cies belonging to the genera Ammodiscus, Paratrocham-
minoides and Trochamminoides, were found in the lower part of
the lower variegated horizon (section 5, sample 617). The oc-
currence of relatively numerous Glomospira charoides was also
established in the lower part of the lower variegated horizon in
the sample 29-52 (section 4). The appearance of numerous
Glomospira suggests an age close to the Paleocene/Eocene
boundary (after Kaminski and Gradstein, 2005) for the lower
variegated horizon. Probably, the lower part of the lower varie-
gated horizon belongs to the Paleocene, which is supported by
the presence of the planktonic species Subbotina triloculinoides
and Acarinina acarinata (sample 618).

The Rzehakina fissistomata sensu lato Zone corresponds
to the Rzehakina fissistomata Zone of the Polish Carpathians
(Olszewska, 1997, see also Waskowska-Oliwa, 2005, 2008)
and the Czech Carpathians (Bubik, 1995).

Glomospira charoides—Recurvoides smugarensis Zone,
Ypresian

Definition.— The biostratigraphic interval of the fre-
quent occurrence of the nominate taxon Recurvoides
smugarensis between the disappearance of the Paleocene
taxa and the occurrence of numerous Reticulophragmium
amplectens. Abundant Glomospira charoides occur at different
stratigraphic levels of this zone, mostly in the lower part of the
zone (Hnylko and Hnylko, 2011, 2012).

R e m ar k s. — This zone was identified in the Sushmanets
Formation (sections 4-9, see Figs. 2, 7 and 9). The lower
boundary of the zone corresponds to the upper part of the lower
variegated horizon of the Sushmanets Formation. The upper
boundary probably is within the upper variegated horizon of this
formation.

The occurrence of Recurvoides smugarensis (samples
7005-2 and 614-1, see also Fig. 16E) as well the FO of the char-
acteristic taxon of the Lower Eocene of the Polish Carpathians,
Saccamminoides carpathicus (sample 29-52, section 4), was
fixed in the upper part of the lower variegated horizon.

The zonal assemblage (in the deposits inside between the
two variegated horizons) is composed of Recurvoides
smugarensis,  Placentammina  placenta  (Fig.  16A),
Ammodiscus glabratus, A. macilentus, Glomospira gordialis,
G. irregularis, Subreophax splendidus (Fig. 16D), Kalamopsis
grzybowskii (Fig. 16C), Conglophragmium irregularis and
Thalmannammina subturbinata (Fig. 16F) as well as numerous
juvenile forms of Ammodiscus. The planktonic species
Subbotina yeguaensis (Fig. 16H) and Subbotina roesnaesensis
(Fig. 161) were found in this zone.

Abundant Glomospira charoides, which ranged from 70%
(sample 7006-1) to 30% (sample 7006) of foraminiferal speci-
mens, was found at the bottom of the upper variegated horizon.
The FO of Reticulophragmium amplectens together with nu-
merous tests of Karrerulina conversa (Fig. 160) and
Reticulophragmoides sp. (Fig. 16N) as well as Hyperammina
lineariformis, Ammodiscus bornemanni, Lituotuba lituiformis
(Fig. 16L), Recurvoides anormis, was found in sample 7006.
This assemblage corresponds to the second “Glomospira
Acme” (sensu Kaminski and Gradstein, 2005) and determines
the age of the deposits as close to the Lower/Middle Eocene
boundary.

Saccamminoides carpathicus (Fig. 17Q) and the calcare-
ous benthic species Oridorsalis umbonatus, Cibicidoides
grossoconulus, Nodosaria praesoluta, Nuttallides truempui
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(Fig. 17R), N. magnocamerata and Ellipsoglandulina labiata
were found in the assemblages of the Morozovella aragonensis
Zone (Upper Ypresian) in the Metova Formation (Section 1).

The Glomospira charoides—Recurvoides smugarensis
Zone corresponds either to the Saccamminoides carpathicus
Zone (after Geroch and Nowak, 1984) or both the Glomospira
div. sp. Zone and the Saccamminoides carpathicus Zone (after
Olszewska, 1997; see also Waskowska-Oliwa, 2005;
Waskowska, 2008) of the Polish Carpathians as well as to the
«Glomospira—Ammodiscus» Zone of the Slovakian
Carpathians (Fusan, 1983). Abundant Glomospira occur in the
Lower Eocene deposits of the Polish Carpathians (Olszewska,
1997; Waskowska, 2015 with references therein).

The Reticulophragmium amplectens Zone was not identi-
fied in the sections studied. In the Ukrainian Carpathians, this
zone corresponds to the Acarinina bullbrooki Zone according to
Gruzman and Dabagyan (1979) and to the Acarinina
rotundimarginata Zone according to Mijatliuk (1970) and
Andreyeva-Grigorovich et al. (1985). Cyclammina placenta and
Silicobathysiphon subdivisus as well as the calcareous benthic
species Nodosarella subnodosa, Oridorsalis umbonatus,
Nuttallides truempyi (Fig. 17S), Nuttallides magnocamerata
(Fig. 18K), Stilostomella sp. (Fig. 18G) Pleurostomella
alazanensis cubensis, Pleurostomella sp. (Fig. 18F),
Chilostomella chilostomelloides, and Anomalinoides acutus
were found in these planktonic zones in the Metova Formation
(section 1, samples 7036-4 and 7036-5).

An assemblage with Haplophragmoides parvulus was
found in the Sushmanets Formation (samples 98-111 and
98-112). This assemblage is composed of Haplophragmoides
parvulus (Fig. 16R), Ammodiscus bornemanni (Fig. 16Q),
Recurvoides anormis (Fig. 16K), R. walteri, Praesphaeram-
mina sp. (Fig. 16S) and numerous Hyperammina lineariformis
and Karrerulina conversa. Haplophragmoides parvulus is a
characteristic species of the latest Middle Eocene—early Late
Eocene in the Polish Carpathians according to Golonka and
Waskowska (2012, with references therein).

Numerous Cibicidoides tallahattensis together with
Cyclammina placenta (Fig. 16T) and single specimens of
Subbotina eocaena were determined in the Drahovo Formation
(section 5, samples 7008-2 and 7008-3). Cibicidoides
tallahattensis is typical of marls of the Outer Carpathian Popiele
Formation (Mjatliuk, 1970) while the age of these marls is
Bartonian to Early Rupelian according to nannoplankton data
(Andreyeva-Grigorovich, 1999).

Vulvulina advena (Fig. 180), Nodosaria praesoluta
(Fig. 18U), Nuttallides magnocamerata, Lagena laevis
(Fig. 18P), Gyroidina soldanii, and Heterolepa biumbonata
(Fig. 18S) were established in the Globigerina Marl in the both
the planktonic Subbotina corpulenta Zone and the Subbotina
vialovi Zone (Upper Priabonian—-Lower Rupelian) in the Metova
Formation (section 2, samples 29-34 and 29-35).

FORAMINIFERAL BIOFACIES

A biofacies of agglutinated foraminifera (1), a mixed plank-
tonic-benthic biofacies (2) and a plankton-dominated biofacies
(3) were determined by the percentage of planktonic to benthic
specimens.

Biofacies of agglutinated foraminifera (1) is entirely com-
posed of agglutinated forms, sometimes with a small admixture
of calcareous foraminifera. This biofacies is present in the
Sushmanets Formation (Fig. 9) and in the clastic deposits of the
lower member of the Metova Formation (Fig. 8).

Sushmanets Formation. Representatives of the genera
Nothia, Rhizammina, Psammosiphonella, Silicobathysiphon,
Hyperammina, Ammodiscus, Glomospira, Rzehakina. Hormo-
sina, Caudammina, Haplophragmoides, Trochamminoides,
Paratrochamminoides, Popovia, Recurvoides, Thalmannam-
mina, Trochammina and Karrerulina dominate in the biofacies.
A firmly cemented test, siliceous composition, and lack of any
calcareous component are characteristics of the foraminifera
identified. The generic composition and morphological features
suggest that this assemblage belongs to the deep-water agglu-
tinated foraminiferal biofacies. Several foraminiferal assem-
blages can be distinguished in the biofacies (1).

The “Rzehakina” assemblage (Rzehakina Faunas sensu
Kuhnt and Kaminski, 1989) was determined in mudstone inter-
calations of the Paleocene Flysch (section 4, see Fig. 9). Char-
acteristics of the assemblage include: moderate diversity (20
species belonging to 15 genera); the predominance of rather
large (0.6—1 mm) tests with fine-grained walls and smooth sur-
faces, represented by species of Silicobathysiphon,
Glomospira, Annectina, Hormosina and Caudammina; rare
presence of calcareous specimens.

The “Paratrochamminoides” assemblage (Paratrocham-
minoides Faunas sensu Kuhnt and Kaminski, 1989) was distin-
guished in red and green mudstone from the upper part of the
Paleocene deposits of the Sushmanets Formation (sections 5,
8and 9, see Fig. 9). Characteristics of this assemblage include:
the absence of calcareous fossils; high diversity of agglutinated
forms (approximately 40 species belonging to 20 genera); high
contents of Trochamminoides (dubius, folius, proteus, sub-
coronatus) and Paratrochamminoides (acervulatus, deformis,
gorayski, geteromorphus, olszewski) (up to 25% of the
foraminiferal assemblage) as well as Glomospira (charoides,
serpens, glomerata) (up to 15%); the presence of Ammodiscus,
Caudammina (ovula, excelsa), Thalmannammina, Karrerulina
(conversa, horrida). The comparatively large size (0.6—1 mm)
and fine- to medium-grained walls of the tests are typical of
foraminifers from the green mudstone. Smaller size
(0.2-0.6 mm), fine-grained walls and commonly smooth glossy
surfaces of the tests are features of the foraminifers from the
red mudstone.

The “Rhabdammina” assemblage (“Rhabdammina” Fau-
nas sensu Kuhnt and Kaminski, 1989; slope flysch-type
biofacies sensu Bubik, 1995) was identified in the Lower
Eocene and Middle Eocene grey-green flysch of the
Sushmanets Formation (sections 5-9, see Fig. 9). Characteris-
tics of this assemblage are: a high content (approximately
40-90% of foraminiferal assemblage) of tubular tests of Nothia
(excelsa, latissima, robusta), Psammosiphonella (discreta,
cylindrica), Rhizammina indivisa, Hyperammina (karpatica,
lineariformis), and Silicobathysiphon spp.; the predominance of
moderate to large specimens with medium- to coarse grained
wall structure; and a small admixture of calcareous
foraminifers. Low diversity (4—8 species and genera) is charac-
teristic of both the Early Eocene (sections 8 and 9) and Middle
Eocene (sections 5 and 7) assemblages. Moderate diversity
(approximately 30 species from 18 genera) and the frequent
occurrence of specimens of the genus Paratrochamminoides
are typical of Early Eocene assemblages in section 5.

The “Glomospira” assemblage (“Glomospira facies” sensu
Kaminski et al., 1989) was identified in the red mudstone of the
upper variegated horizon of the Sushmanets Formation (section
5, samples 7006-1 and 7006). Characteristics of this assem-
blage include: the absence of calcareous fossils; a high percent-
age of Glomospira charoides (70% in sample 7006-1) or
Glomospira charoides and Ammodiscus (40% in sample 7006)
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as well as Karrerulina conversa and Paratrochamminoides; a
predominance of small tests (0.2-0.6 mm) with fine-grained
walls and a smooth glossy surface. The “Glomospira” assem-
blage in the Sushmanets Formation corresponds to the
“Glomospira facies” of the same age (boundary between the
Lower and Middle Eocene) in the red pelites of the southern Lab-
rador Sea (Kaminski et al., 1989).

Metova Formation. Biofacies (1) was distinguished in the
upper part of the Paleocene deposits (sections 1 and 3, see
Fig. 8). Characteristics of the biofacies are: moderate diversity
(18 species from 13 genera), the predominance of large,
coarse-grained tests, in particular of the species Trochammina
advena, Textularia agglutinans and Nothia sp. (Fig. 17J-L).

A mixed planktonic-benthic biofacies (2) was recog-
nized in the Metova Formation (sections 1 and 3). In section 1
(Morozovella subbotinae Zone), the biofacies is made up of ag-
glutinated foraminifera (~50%), plankton (~40%) and calcare-
ous benthics (~10%). In section 3, the biofacies is composed of
planktonic foraminifera (up to 30%) and agglutinated benthics.
Coarse-grained tests of Nothia sp., Trochammina advena, and
Textularia agglutinans predominate among the agglutinated
assemblage. Calcareous benthics are characterized by the
genera Oridorsalis, Nodosaria, and Cibicidoides.

A biofacies of mainly planktonic foraminifera (3) was
distinguished in green, red, and blue-grey marls of the Metova
Formation (sections 1 and 3; see Fig. 8) and locally in green
marls of the Sushmanets Formation (section 8; see Fig. 9). The
biofacies is characterized by a predominance of planktonic
specimens (>65%) over benthic ones.

In the green and red marls of the Metova Formation
(Morozovella aragonensis Zone, Acarinina bullbrooki Zone and
Acarinina rotundimarginata Zone), biofacies (3) consists of
plankton (70-85%), calcareous benthics (3—18%) and aggluti-
nated benthics (9—15%). Calcareous benthics are represented
mainly by the genera Nuttallides, Chilostomella, Oridorsalis,
Nodosaria, Pleurostomella, Stilostomella, tests are of large size
(0.6—1 mm) and have a finely-perforate smooth wall.

In the blue-grey marls (Globigerina Marl) of the Metova For-
mation, biofacies (3) contains plankton (75%), calcareous
benthics (>20%) and an insignificant number of agglutinated
benthics. Calcareous benthics are represented by the genera
Nuttallides, Nodosaria, Stilostomella, Gyroidina, Lagena,
Heterolepa and Cibicidoides.

Plankton foraminifers (100% of taphocenoses) were found
in green marls (Acarinina acarinata Zone) distributed locally in
the green-grey thin-bedded flysch of the Sushmanets Forma-
tion (section 8, sample 7028-3). Such characteristics as: a
much smaller number of foraminifera in the sample; low diver-
sity (4 species belonging to 4 genera); small size and less ex-
pressive sculpture of the test wall, distinguish them from the
foraminifers of the Metova Formation.

DISCUSSION

PALAEOBATHYMETRY

Paleocene—Eocene Monastyrets succession (Sushmanets
and Drahovo formations). The Sushmanets Formation is char-
acterized almost entirely by deep-water agglutinated
foraminifers of biofacies (1). The foraminiferal assemblages
distinguished in the Sushmanets Formation indicate the follow-
ing environments (according to Kuhnt and Kaminski, 1989): the
“Rzehakina” assemblage (Paleocene flysch deposits) points to
continental slope conditions; the “Rhabdammina” assemblage

(Eocene flysch deposits) indicates lower slope water depths
(1500—>2500 m) and the “Paratrochamminoides” assemblage
(variegated shales, Paleocene—Eocene boundary) suggests
abyssal depths below the carbonate compensation depth
(CCD). Most foraminifers of the “Paratrochamminoides” as-
semblage, identified in the red mudstone, belong to the
“Type-B” assemblage sensu Gradstein and Berggren (1981)
and Kaminski et al. (1988) based on morphological features
(small size, fine-grained wall, smooth surface of tests). Aggluti-
nated foraminifera of the “Type-B” assemblage, distributed in
the Late Cretaceous—Paleogene red pelites of the Atlantic
Ocean, characterise deep-water pelagic sedimentatary envi-
ronments below the CCD (Gradstein and Berggren, 1981;
Kaminski et al., 1988). The “Glomospira” assemblage (accord-
ing to Kaminski et al., 1989) represents a period of lowered sed-
imentation rate.

Biofacies (3) locally found in the green marls (section 8) indi-
cates the presence of underwater elevations with pelagic car-
bonate sedimentation in the deep-water Early Eocene
Monastyrets Basin.

Impoverished foraminifera assemblages of the Drahovo
Formation make it impossible to distinguish biofacies. However,
the lack of deep-water agglutinated foraminifers and the pres-
ence of calcareous tests of the genera Cibicidoides, Subbotina
and Acarinina in the Drahovo Formation suggest shallowing of
the Drahovo sedimentary basin in comparison with the
Sushmanets basin.

The sedimentological data support the conclusions based
on foraminifera, indicating a deep-water depositional environ-
ment. The Sushmanets Formation is represented by thick
(>1000 m) typical flysch deposits characterized by classic
Bouma intervals that suggest accumulation by turbidity currents
and background hemipelagic (red and green mudstones) depo-
sition. Similarly thick accumulations of turbidites may be
formed, most likely, at the base of the continental slope.

Paleocene-Lowermost Oligocene Vezhany succession
(Metova Formation). Biofacies (1), (2), and (3) were distin-
guished in the deposits of the Metova Formation (Fig. 8). Plank-
ton-dominated biofacies (3), identified in the marls ranging in
age from Early Eocene up to earliest Oligocene, indicates
hemipelagic sedimentary environments at bathyal depths
acording to existing models (Murray, 1976, Gorbachik et al.,
1996). The great quantity of calcareous foraminifers in the de-
posits and the predominance of planktonic specimens suggests
these environments. Calcareous benthics of the genera
Nuttallides, Chilostomella, Oridorsalis, Nodosaria, Ellipsoglan-
dulina, Pleurostomella, Stilostomella, Gyroidina, and Lagena
found in biofacies (3) are mostly regarded as deep-water taxa of
the bathyal zone (Olszewska, 1984; Morkhoven et al., 1986;
Olszewska et al., 1996; Waskowska-Oliwa, 2005). Good pres-
ervation of the calcareous tests indicates depths above the
foraminiferal lysocline.

The agglutinated foraminifers of biofacies (1) and of mixed
biofacies (2) from the Metova Formation are characterized by sim-
ilar species composition and morphological features (coar-
se-grained wall). These agglutinated foraminifers in biofacies (2)
are placed together with numerous planktonic specimens. This
fact probably indicates similar bathyal depths of sedimentation of
the clastic and marble deposits of the Metova Formation.

The sedimentological data support the conclusions based
on foraminifera, indicating a bathyal environment. The relatively
thin (100-200 m in thickness) marly-clastic deposits of the
Metova Formation do not show turbidite textures with Bouma in-
tervals. These deposits could have been formed by
hemipelagic sedimentation with a small additional supply of
terrigenous material in the area of the continental slope.
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Fig. 19. General position of the Vezhany and Monastyrets units in Paleocene/Eocene and Oligocene times

Location of terranes approximately according to Csontos and Voros (2004). Schematic reconstructions of the Carpathian realm based on the
restorations of Burchfiel (1980), Oszczypko et al. (2005), Oszczypko (2006), Ustaszewski et al. (2008) and accretionary flysch prisms after
Balla (1982), Gnylko (1999), Merten et al. (2010), Hnylko (2011b, c), Hnylko and Generalova (2014) and Hnylko et al. (2015), modified

POSITION OF THE PALAEOBASINS

Reconstructions of the geological history of the Carpathian
region (Burchfiel, 1980; Sandulescu, 1988; Golonka et al.,
2000; Csontos and Voros, 2004; Oszczypko, 2006; Slaczka et
al., 2006; Uchman et al., 2006; Schmid et al., 2008; Golonka,
2011; and references therein) including the Ukrainian
Carpathians (Gnylko, 1999; Hnylko, 2011c, 2012; Hnylko and
Generalova, 2014; Hnylko et al., 2015) may be supplemented
by possible restorations of the palaeogeographic and tectonic
position of the Monastyrets and Vezhany palaeobasins. Appar-
ently, the Monastyrets deep-water flysch Basin together with its
probable continuations: the Petrova—Leorgina-Wild Flysch
basins (Oszczypko et al., 2005 and references therein) and the
Szolnok Basin (Balla, pers. comm., see also Balla, 1982;
Nagymarosy and Baldi-Beke, 1993) may belong to the
deep-water seaway between the Tisza—Dacia and Alcapa ter-
ranes (Figs. 1 and 19). The probable prolongation of the
Monastyrets Unit into the Magura Unit in present-day structure
(Byzova and Beer, 1974; Oszczypko et al., 2005) suggests that
the Monastyrets and Magura sedimentary palaeobasins were

connected. The Magura Basin belongs to the Outer Carpathian
flysch basins, thus the Monastyrets Palaeobasin could belong
to a branch of the Outer Carpathian basins. This branch was
wedged between the Tisza—Dacia and Alcapa terranes
(Fig. 19).

The assemblages of smaller foraminifera and
sedimentological data indicate that the Paleocene—lowermost
Oligocene deposits of the Vezhany Basin were deposited in
bathyal environments. Now these sediments likely belong to the
uprooted cover of the Marmarosh Massif — part of the
Tisza—Dacia Terrane. Therefore, they could have been depos-
ited on the slope of the Tisza—Dacia Terrane (microcontinent).
This slope had been inclined to the south-west towards the
deep-water Monastyrets flysch Basin as indicated by the pres-
ent-day tectonic position: the Monastyrets Nappe thrust over
the Vezhany Nappe from the south-west.

The lack of post-Eocene strata in the Monastyrets succes-
sion as well as the thrust of the Monastyrets Nappe over the
Oligocene deposits of the Vezhany Unit can be related to the
closure of the deep-water flysch basin (or part of this basin) be-
tween the Alcapa and Tisza—Dacia terranes (Fig. 19).
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CONCLUSIONS

In the inner (southwestern) part of the Ukrainian
Carpathians, two types of Paleogene sedimentary succession
differing by their foraminiferal composition and lithofacies can
be distinguished. The first type is developed in the Vezhany
Nappe (Unit) and the second one is represented in the
Monastyrets Nappe (Unit). The Paleocene—lowermost
Oligocene succession of the Vezhany Nappe consists of
“non-flysch” thin (100—200 m in thickness) marly-clastic calcar-
eous deposits of the Metova Formation with a high content of
planktonic foraminifera. The Paleocene—Eocene succession of
the Monastyrets Nappe is represented by thick (~1700 m in
thickness) typical flysch deposits of the Sushmanets Formation
with a high content of agglutinated foraminifera, and overlying
the Drahovo Formation.

The Parvularugoglobigerina eugubina Zone (Lower
Danian), Acarinina acarinata Zone (Upper Thanetian),
Morozovella subbotinae Zone and Morozovella aragonensis
Zone (Ypresian), Acarinina bullbrooki Zone and Acarinina
rotundimarginata Zone (Lutetian), Subbotina corpulenta Zone
and Subbotina vialovi Zone (Upper Priabonian—Lower
Rupelian) based on planktonic foraminifera as well as the
Rzehakina fissistomata sensu lato Zone (Paleocene),
Glomospira charoides—Recurvoides smugarensis Zone
(Ypresian) and an assemblage with Haplophragmoides
parvulus (latest Middle Eocene—early Late Eocene) based on
agglutinated foraminifera were identified in these deposits of
the Monastyrets and Vezhany units.

Three biofacies of: agglutinated foraminifera (1); mixed
planktonic-benthic biofacies (2); and plankton-dominated
biofacies (3) were determined in the Paleocene—lowermost
Oligocene deposits of the Monastyrets and Vezhany units.
Biofacies (1), distributed in the flysch deposits of the
Sushmanets Formation, is represented by deep-water aggluti-
nated foraminifera and contains the foraminiferal assemblages:

“Rzehakina”, “Rhabdammina”, “Paratrochamminoides” (ac-
cording to Kuhnt and Kaminski, 1989) and “Glomospira” (ac-
cording to Kaminski et al., 1988) identified on the basis of the
generic composition and morphological features of the micro-
fauna. The “Rzehakina”, “Rhabdammina”, “Paratrocham-
minoides” assemblages indicate depositional depths corre-
sponding to the lower part of the continental slope to the abys-
sal environment below the CCD. The “Glomospira” assemblage
represents a period of lowered sedimentation rate (according to
Kaminski et al., 1989).

The insignificant quantity of deep-water agglutinated
foraminifers and the presence of calcareous fauna in the
Drahovo Formation suggest a shallowing of the sedimentary
palaeobasin. The generic composition and morphological fea-
tures of both the prevailing planktonic and smaller number of
benthic foraminifera, which compose biofacies (3) distributed in
the marls of the Metova Formation, suggest hemipelagic sedi-
mentary environments at bathyal depths above the
foraminiferal lysocline.

The Monastyrets Palaeobasin could belong to a branch of
the Outer Carpathian deep-water flysch basins wedged be-
tween the Tisza—Dacia and Alcapa terranes (microcontinents).
The Vezhany bathyal Basin was located on the slope of the
Tisza—Dacia Terrane.
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