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Mainly pe lagic/hemipelagic de pos its of the Vezhany Nappe (Paleocene–low er most Oligocene Metova For ma tion with a high 
con tent of plank tonic foraminifera) and typ i cal flysch de pos its of the Monastyrets Nappe (Paleocene–Eocene Sushmanets
For ma tion with com mon ag glu ti nated foraminifera as well as the Eocene Drahovo For ma tion), of the south west ern in ner part
of the Ukrai nian Carpathians have been stud ied. The Parvularugoglobigerina eugubina Zone (Lower Danian), Acarinina
acarinata Zone (Up per Thanetian), Morozovella subbotinae Zone and Morozovella aragonensis Zone (Ypresian), Acarinina
bullbrooki Zone and Acarinina rotundimarginata Zone (Lutetian), Subbotina corpulenta Zone and Subbotina vialovi Zone
(Up per Priabonian–Lower Rupelian) based on plank tonic foraminifera as well as the Rzehakina fissistomata sensu lato Zone 
(Paleocene), Glomospira charoides–Recurvoides smugarensis Zone (Ypresian), and an as sem blage with Haplophragmo -
ides parvulus (lat est Mid dle Eocene–early Late Eocene) based on ag glu ti nated foraminifera have been iden ti fied in these
de pos its. The deep-wa ter ag glu ti nated foraminifera of the “Rzehakina”, “Rhabdammina” and “Paratro chamminoides” as -
sem blages found in the typ i cal flysch de pos its of the Sushmanets For ma tion in di cate lower slope to abys sal en vi ron ments
be low the CCD. The ge neric com po si tion and mor pho log i cal fea tures of plank tonic and ben thic foraminifera re cov ered from
marls of the Metova For ma tion sug gest pe lagic/hemipelagic con di tions at bathyal depths above the foraminiferal lysocline.
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INTRODUCTION

Paleocene–Eocene de pos its make up a sig nif i cant por tion
of the strati graphic suc ces sion of the Ukrai nian Carpathians
and are dif fer ent in fa cies from the un der ly ing Cre ta ceous strata 
and the over ly ing Oligocene bi tu mi nous de pos its (Vialov et al.,
1981; Andreyeva-Grigorovich et al., 1985; Vialov et al., 1989).
In some places, low er most Oligocene strata are sim i lar in fa cies 
to the Paleocene–Eocene de pos its and they are also over lain
by bi tu mi nous de pos its (Andreyeva-Grigorovich, 1999). In ves ti -
ga tions of the Paleocene–low er most Oligocene de pos its are
im por tant for un der stand ing the geo log i cal struc ture and evo lu -
tion of the Carpathian orogen. In the in ner (south west ern) part
of the Ukrai nian Carpathians, the Paleocene–Eocene as well
as the low er most Oligocene de pos its in some places be long to
the sed i men tary suc ces sions of the Vezhany and Monastyrets
nappes (units). The stra tig ra phy of these de pos its has been
stud ied by Vialov (1954), Kulchytskyi et al. (1957), Kryvin

(1960), Dabagyan et al. (1965, 1966), Smirnov (1973, 1988a,
b, c with ref er ences therein), Gruzman and Dabagyan (1979),
Golev (1982) and Oszczypko et al. (2005 with ref er ences
therein). The cal car e ous de pos its of the Vezhany Nappe con -
tain abun dant plank tonic foraminifers and as such pro vide a
unique op por tu nity to con struct a biozonation of the Ukrai nian
Carpathians based on plank tonic microfossils (Andreyeva-
 Grigorovich et al., 1985; Hnylko and Hnylko, 2013). The
palaeobathymetry of the Vezhany and Monastyrets Paleogene
ma rine bas ins has not yet been a sub ject of thor ough in ves ti ga -
tions; a few in fer ences have been made about the deep-wa ter
or i gin of the Lower Eocene var ie gated shales of the
Monastyrets Unit (Hnylko and Hnylko, 2010) as well as about
the bathymetry of the Paleocene–Eocene Vezhany Ba sin sit u -
ated around the foraminiferal lysocline (Hnylko and Hnylko,
2013). Many new data (in clud ing micropalaeontological) have
been ob tained due to the map ping work and com pi la tion of the
Carpathian Se ries of Sheets of the State Geo log i cal Map of
Ukraine at a scale of 1:200,000 (Matskiv, 2009; Matskiv et al.,
2009). These data al lowed us to con sid er ably re fine the geo -
logic struc ture and stra tig ra phy of the in ner (south west ern) part
of the Ukrai nian Carpathians and have be come the ba sis of the
pres ent in ves ti ga tion. The aim of this pa per is to de scribe the
foraminiferal biostratigraphy and to in ter pret the some sed i -
men tary en vi ron ments of the Paleocene–low er most Oligocene
de pos its of the Vezhany and Monastyrets units.
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GEOLOGICAL SETTING

The Vezhany Nappe (= Marmarosh Klippen Zone) and
Monastyrets Nappe (» Drahovo Zone ac cord ing to Byzova and
Beer, 1974, and » Marmarosh Flysch or Be tween Klippen
Flysch) are placed in the in ner part of the Ukrai nian Carpathian
orogen and are thrusted over the Outer Flysch Carpathians
(Fig. 1). On the ba sis of pre vi ous re search (Vialov et al., 1981;
Kruglov, 1986; Csontos and Vörös, 2004; Schmid et al., 2008;
Matskiv, 2009; Matskiv et al., 2009; Sãndulescu, 2009; Hnylko,
2011b, 2012), in this in ner part of the orogen the fol low ing tec -
tonic el e ments have been dif fer en ti ated (Figs. 1 and 2): the
Cen tral West ern Carpathians (part of the Alcapa Terrane bur -
ied un der Neo gene de pos its of the Transcarpathian De pres -
sion) bounded by the Pieniny Klippen Belt and the Cen tral East -
ern Carpathians (the Marmarosh Crys tal line Mas sif as well as
Marmarosh Klippen Zone – parts of the Tisza–Dacia Terrane).
The Monastyrets Nappe com pris ing typ i cal flysch de pos its is
sit u ated be tween the Alcapa and Tisza–Dacia ter ranes.

The Outer Carpathians con sist of sev eral stacked nappes
and are con sid ered as a Cre ta ceous–Neo gene accretionary
prism formed as a re sult of subduction of the base ment of the

Carpathian sed i men tary flysch bas ins be neath the Alcapa and
Tisza–Dacia ter ranes – an cient microcontinents/con ti nen tal
frag ments in the Al pine Tethys (Kovac et al., 1998; Csontos and 
Vörös, 2004; Oszczypko, 2006; Hnylko, 2012; Fig. 1). The rem -
nant-type Carpathian flysch bas ins were sit u ated be tween the
Eur asian pas sive mar gin and the ac tive edges of these ter -
ranes. The two nappe sys tems (accretionary palaeoprisms)
con verge in the Ukrai nian Outer Carpathians: the Outer West -
ern Carpathians and Outer East ern Carpathians (Horvath and
Galacz, 2006; Hnylko, 2012). The first sys tem is lo cated at the
front of the Alcapa Terrane, and the sec ond one is at the front of 
the Tisza–Dacia Terrane. The bound ary area be tween the
Outer West ern and the Outer East ern Carpathians is re lated to
the Latorytsa–Stryi strike-slip Zone clearly dis tin guished in the
In ner Flysch Nappes (Hnylko, 2011a, 2012; Fig. 1). The
Monastyrets Nappe, lo cated in the in ner part of the
Carpathians, can be re garded as a frag ment of the accretionary 
prism built up in front of the Alkapa Terrane as a re sult of
subduction of the base ment of the flysch ba sin be tween the
Alcapa and Tisza–Dacia ter ranes (Hnylko, 2012).

The Vezhany Nappe is lo cated to the north-west of the
Marmarosh Crys tal line Mas sif. This nappe is thrust over the
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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 Kovaè et al. (1998), Csontos and Vörös (2004),

Schmid et al. (2008); simplified, partly modified

https://gq.pgi.gov.pl/article/view/7404
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Fig. 2A – main tectonic units of the inner part of the Ukrainian Carpathians between Borzhava and Tysa River basins and
position of the sections studied (for location see Fig. 1); B – geological cross-section of the inner part of the Ukrainian

Carpathians along the Velyka Uholka River, Tereblya River basin (partly according Hnylko et al., 2015; for location see Fig. 2A)



Cre ta ceous flysch of the Outer Carpathians and is overthrust by 
the Monastyrets Nappe (see Figs. 1 and 2). The lower part of
the Vezhany strati graphic suc ces sion is rep re sented by an
Early Cre ta ceous ~1000 m thick olistostrome (in places
olistostrome-con glom er ate) with olistoliths (“klippen”) of the
Pro tero zoic(?)–Pa leo zoic–Me so zoic rocks de rived from the
Marmarosh Mas sif as well as olistoliths of Me so zoic
mafic-ultra mafic rocks and of Early Cre ta ceous organogenic
Urgonian-type lime stones. This olistostrome se quence was
placed within the lower part of the Soymul For ma tion (Kruglov,
1986). The olistostrome is cov ered by a depositional suc ces -
sion up to sev eral hun dred metres thick con tain ing
Albian–Cenomanian siltstones of the up per part of the Soymul
For ma tion, Up per Cre ta ceous red marls of the Puchov For ma -
tion, Maastrichtian flysch of the Jarmuta For ma tion, and
Paleogene de pos its of the Metova and Dusyno for ma tions
(Andreyeva-Grigorovich et al., 1985; Vialov et al., 1989; Fig. 3).
The Vezhany suc ces sion prob a bly be longs to the tec toni cally
up rooted sed i men tary cover of the Marmarosh Mas sif and to
the most north ern parts of the Tisza–Dacia Terrane (Hnylko,
2011b). In ad di tion, this suc ces sion is re garded as an equiv a -
lent of the Jas³o Unit and the North ern Fore-Magura thrust
sheet in the Pol ish Outer Carpathians (Oszczypko et al., 2005).

The Monastyrets Nappe is bounded by the Pieniny Klippen
Belt along the south-west mar gin and thrust over the Oligocene
and older de pos its of both the Marmarosh Mas sif and Vezhany

Nappe or di rectly onto the Outer Carpathian Rakhiv or Burkut
nappes in the north-east part (see Figs. 1–3). It con sists of sev -
eral small tec tonic thrust sheets (Fig. 2). The Monastyrets strati -
graphic suc ces sion is rep re sented by flysch de pos its up to
1700 m thick, as signed by some au thors to the Eocene
(Smirnov, 1973; Andreyeva-Grigorovich et al., 1985; Hnylko,
2008; Matskiv, 2009; Matskiv et al., 2009). Nev er the less, Cre ta -
ceous strata have been doc u mented in the area of dis tri bu tion
of the flysch de pos its of the Monastyrets Unit (Lomize and
Maslakova, 1967; Vialov, 1988a, see be low).

Most likely, the Monastyrets Nappe is the pro lon ga tion of
the in ner part of the West ern 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 Ro ma nia (Oszczypko et al., 2005 and ref -
er ences therein). The Magura–Monastyrets flysch units can be
re garded as an equiv a lent of the Szolnok Unit (or part of this
unit con tain ing the Up per Cre ta ceous–Paleogene flysch de pos -
its) in the pre-Neo gene base ment of the Pannonian Ba sin in
Hun gary (Zoltan Balla, pers. comm.; see also Nagymarosy and
Baldi-Beke, 1993; Fig. 1). The Szolnok Unit can be traced west -
wards along the Mid-Hun gar ian Fault Zone to wards Zagreb
where it links up with the Sava Zone which rep re sents the
Paleogene su ture be tween the Dinarides and the Tisza–Dacia
Terrane (Schmid et al., 2008).
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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)



OUTLINE OF THE LITHOSTRATIGRAPHY 
AND PREVIOUS PALAEONTOLOGICAL

INVESTIGATIONS OF THE PALEOCENE– 
LOWERMOST OLIGOCENE DEPOSITS

Vezhany Nappe (Marmarosh Klippen Zone).
Paleocene–low er most Oligocene de pos its are rep re sented by
the Metova For ma tion dis tin guished by Dabagyan et al. (1965).
These de pos its cover the Maastrichtian flysch as signed by
Dabagyan et al. (1966) to the Jarmuta For ma tion, which con -
form ably over lies the red marls of the Puchov For ma tion. The
Jarmuta and Puchov for ma tions have been dis tin guished in the
Pieniny Klippen Belt; how ever, in Ukraine, these names are tra -
di tion ally used for sim i lar de pos its of the Marmarosh Klippen
Zone (Andreyeva-Grigorovich et al., 1985; Vialov et al., 1989
with ref er ences therein). The Metova For ma tion passes up -
wards into cal car e ous black marl with in ter ca la tions of sand -
stone, sid er ite and chert of the Oligocene Dusyno Fomation dis -
tin guished by Vialov (1954) (= Luh For ma tion af ter Kryvin,
1960, see Fig. 3).

At the bot tom of the Metova For ma tion, de bris-flow de pos its 
(Oszczypko et al., 2005) are de vel oped at the right bank of the
Tereblya River near Zabrid (Fig. 4). These de pos its lie in
stratigraphically nor mal po si tion on the Maastrichtian flysch
(Andreyeva-Grigorovich et al., 2012), but pre vi ous re search ers
(Smirnov, 1973, 1988b and ref er ences therein) at trib uted them
to a basal con glom er ate ly ing on the Maastrichtian flysch with
ero sional un con formity. The Metova For ma tion is sub di vided
into two mem bers. The lower mem ber (of thick ness >100 m) is
com posed of pre dom i nantly clastic de pos its – thin- to me -
dium-bed ded grey siltstones, sand stones (Fig. 5A). Bouma di vi -
sions are in dis tinct in these de pos its. Lenses of red and green
marl were found in some sec tions of the lower mem ber. The up -
per mem ber of the Metova For ma tion (up to 80 m thick) is rep re -
sented by pe lagic/hemipelagic de pos its that are blu ish-grey or
green and marly, with some red marls (Fig. 5B). The top part of
the Metova For ma tion con tains the Globigerina Marl (of a thick -
ness up to a few metres) which is re gion ally dis trib uted in the
Carpathian re gion. In Ukraine, these (hemi)pe lagic marls were
named as the Sheshory Ho ri zon (see Vialov, 1988b and ref er -
ences therein).

At the bot tom of the Metova For ma tion, a nannoplankton
as sem blage be long ing to Zone NP1 was found in a thin

mudstone in ter ca la tion sur rounded by de bris-flow de pos its
(Andreyeva-Grigorovich et al., 2012; see Fig. 4) and in the up -
per part of this for ma tion, an as sem blage be long ing to zones
NP19, NP20 was rec og nized (Andreyeva-Grigorovich et al.,
1987). The Oligocene nannoplankton was iden ti fied in a sec tion 
of the Metova For ma tion along the Tereblya River (Oszczypko
et al., 2005). The Early Eocene Num mu lites planulatus Lamark, 
N. bolcensis Munier-Chalmas and the Mid dle Eocene Num mu -
lites gallensis Heime and N. distans Deshayes have been
found in the Metova For ma tion de pos its (Golyev, 1982).

Biozones based on plank tonic foraminifera and ranged
from the Mid dle Paleocene to Late Eocene have been iden ti fied 
in the Metova For ma tion: Globorotalia angulata, Gl.
pseudomenardii, Gl. subbotinae, Gl. aragonensis, Acarinina
bullbrooki, Hantkenina alabamensis, Globigerapsis in dex,
Globigerina corpulenta (Gruzman and Dabagyan, 1979;
Smirnov, 1988b). The Morozovella subbotinae, Morozovella
aragonensis, Acarinina bullbrooki and Acarinina rotundi -
marginata zones have been iden ti fied in Paleocene–Eocene
strata ex posed along the Metova Stream (Hnylko and Hnylko,
2013).

Monastyrets Nappe. The Monastyrets sed i men tary suc -
ces sion is rep re sented by the Paleocene–Eocene de pos its of
both the Sushmanets For ma tion (Vialov, 1954) (= Shopurka
For ma tion dis tin guished by Kryvin, 1960) and the Drahovo For -
ma tion (Kulchytskyi et al., 1957). The lower bound ary of the
Sushmanets For ma tion is at a tec tonic sur face and the age of
the for ma tion has re mained con tro ver sial un til now. The
Drahovo For ma tion (Mid dle–Up per Eocene) con form ably over -
lies the Sushmanets For ma tion and com pletes the sed i men tary 
suc ces sion of the Monastyrets Nappe.

The Sushmanets For ma tion >1000 m thick, is com posed of
thin- and lo cally me dium-bed ded flysch (Fig. 5C, D) which is
char ac ter ised by Bouma di vi sions Tbcde, Tabcde, Tcde and rep re -
sents fine-grained turbidites, and in places “clas sic” me -
dium-grained turbidites. Some strata are char ac ter ized by
well-sorted grains, cross-bed ded tex tures, and stron ger
bioturbation, most likely they rep re sent de pos its of bot tom cur -
rents. The red and green mudstones gen er ally have par al lel
and thinly lay ered tex tures sug gest ing their hemipelagic or i gin.

The Early Eocene Num mu lites partshi Harpe was found in
the de pos its of the Sushmanets For ma tion (Golyev, 1982) and
Early–Mid dle Eocene smaller foraminifers were iden ti fied in
these de pos its (Smirnov, 1973, 1988c; Hnylko, 2008). In the
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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 sand stones of the lower mem ber of the Metova For ma tion, Vezhany Stream – right in flow of the Mala Uholka River; B –
red-brown and green marls of the up per mem ber of the Metova For ma tion, Kamenskyi Stream – right in flow of the Velyka Uholka River; C –
thin-bed ded turbidites with var ie gated shales of the Sushmanets For ma tion, Velyka Uholka River near vil lage of Velyka Uholka; D – green
and red (var ie gated) shales and thin-bed ded turbidite layer with Tabc Bouma in ter vals, the Sushmanets For ma tion, Velyka Uholka River near
vil lage of Velyka Uholka; E – mas sive sand stones of the Drahovo For ma tion, Velyka Uholka River near vil lage of Velyka Uholka; F –
thick-bed ded sand stones of the Drahovo For ma tion, small ero sional chan nel is vis i ble in the bot tom of the sand stone bed, Velyka Uholka
River near vil lage of Velyka Uholka



area of dis tri bu tion of the Monastyrets Unit, Late Cre ta ceous
foraminifers have been iden ti fied in var ie gated mudstones
(Lomize and Maslakova, 1967) and Inoceramus was found in
flysch de pos its near the vil lage of Kalyna (see Vialov, 1988a).
The de pos its with Cre ta ceous fauna have an un clear (tec -
tonic?) re la tion ship with re li ably dated de pos its of the
Monastyrets suc ces sion and need fur ther in ves ti ga tion.

The Drahovo For ma tion, up to 700 m thick, is com posed of
mas sive sand stones (Fig. 5E, F), thick-bed ded sandy de pos its
char ac ter ized lo cally by Bouma di vi sions Tabc, Tab. These de -
pos its were ap par ently formed by high-den sity tur bid ity cur rents 
and grain- and de bris- flows. Spo rad i cally there are thin in ter ca -
la tions of siltstone and mudstone that may be long to the Tde, Te

Bouma in ter vals and/or rep re sent hemipelagites. Mid dle–Late
Eocene foraminifers have been found in this for ma tion
(Smirnov, 1988a; Hnylko, 2008).

MATERIALS AND METHODS

Micropalaeontological stud ies were car ried out on 75 sam -
ples col lected by O. Hnylko, S. Hnylko and B. Matskiv dur ing
1998, 2003–2004 and 2009 from marly and clay de pos its of
prob a bly pe lagic/hemipelagic or i gin. Sam ples were col lected
from the out crops along the nine stud ied sec tions of the
Monastyrets and Vezhany units in ves ti gated dur ing the geo log i -

cal map ping, and ad di tional sam ples were taken near these
sec tions (Ta bles 1–3 and Figs. 6–9). The weight of each sam -
ple pro cessed was 200 g. The rocks were dis in te grated by a
spe cial hand-press, soaked in soda so lu tion and washed in
bags from capronic net ting. The microfossils were se lected
from the dried, sand-silt frac tion res i dues. Pro cess ing of sam -
ples was per formed in the micropalaeontological lab o ra tory of
the In sti tute of Ge ol ogy and Geo chem is try of Com bus ti ble Min -
er als, NASU, Lviv. Foraminifera were iden ti fied by S. Hnylko.
De ter mi na tion of most spe cies was car ried out fol low ing to
Kaminski and Geroch (1993), Olsson et al. (1999), Kaminski
and Gradstein (2005) and Pearson et al. (2006). Pho tos of
foraminifera were made us ing the scan ning elec tron mi cro -
scope JEOL-220 SEM in the Phys i cal Re search Lab o ra tory of
the Ivan Franko Na tional Uni ver sity of Lviv.

The biostratigraphy has been based on plank tonic and ben -
thic foraminifers (Figs. 8 and 9). The foraminiferal zonations of
the Ukrai nian 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 ac cor dance with the zonations of Geroch and
Nowak (1984), Olszewska (1997), Berggren et al. (1995) and
Bugrova (2005) is ap plied here. In for ma tion about strati graphic
ranges of taxa is also de rived from other work (Darakchieva,
1999; Olsson et al., 1999; Kaminski and Gradstein, 2005;
Pearson et al., 2006; Waœkowska-Oliwa, 2005, 2008;
Waœkowska, 2008, 2015; Golonka and Waœkowska, 2012).
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Sec tion
num ber For ma tion Thick ness

of de pos its Sec tion lo ca tion De scrip tion of de pos its

1

Stratotype
sec tion of

the Metova 
For ma tion
(lower and

up per
mem bers)
(Smirnov,

1988b)

75 m
(lower

mem ber)
60 m (up -
per mem -

ber)

Along the Metova
Stream (Borzhava
River ba sin) near

Dovhe in the
Transcarpathian Re -
gion (Figs. 2, 6 and
8).The be gin ning of
the sec tion is placed
300 m down stream

from the mouth of the 
first (count ing from

be low) right trib u tary
of the Metova

Stream.

Thin- and me dium-bed ded grey sand stones, green ish-grey mudstones and
marls of the lower mem ber are ex posed at the be gin ning of the sec tion
(sam ple 7036) and ex tend 120 m down (sam ples 7036-1, 7036-2 and

7036-3) along the Metova Stream.The Bouma di vi sions are not ob served.
The lower bound ary of the Metova For ma tion is not ex posed. About 50 m
down stream, ex po sures of the green marls (sam ple 7036-4), and a fur ther

100–250 m be low, out crops of red marls (sam ple 7036-5) are  pres ent.
These ho mo ge neous and bed ded marls are ev i dently hemipelagic/pe lagic in 
or i gin and are typ i cal for the up per mem ber. The high est part (in clud ing the

Globigerina Marl) and the up per limit of the for ma tion are not ex posed.
About 100 m down stream, we found de bris of black mudstones and grey

sand stones of the Oligocene Dusyno For ma tion.

2

Metova
For ma tion

(lower
mem ber)

50 m

Along the Tereblya
River near Zabrid and 

Drahovo in the
Transcarpathian Re -
gion (Figs. 2, 6 and
8). The be gin ning of
the sec tion is placed
300 m up stream from 

the road bridge
across the Tereblya
River, which is lo -

cated near the for mer 
min eral wa ter fac tory

in the vil lage of
Zabrid.

Maastrichtian grey-green thin-bed ded flysch is ex posed in the riverbed at
the be gin ning of the sec tion. This flysch is over lain by the de bris-flow de -
pos its (0.6 m thick) of the bot tom of the Metova For ma tion (Fig. 4). These
cha otic de pos its are com posed of sharp-edged frag ments of the Puchov

and Jarmuta for ma tion “scat tered” into a sandy ma trix. There are in ter ca la -
tions of clay sed i ments (sam ple 29-2) be tween the de bris-flow lay ers. The
cha otic de pos its are fol lowed by thick-bed ded coarse-grained sand stones
(10 m thick). The sep a rate out crops of the bed ded gravelites, sand stones
and mudstones (sam ples 29-3; 29-4 and 29-5) of the lower mem ber of the
Metova For ma tion are traced down 200 m along the Tereblya  River. Af ter
a fur ther 100 m down stream, the tec tonic thrust-sheet of the red marls of

the Up per Cre ta ceous Puchov For ma tion is ex posed.

3

Metova
For ma tion
(lower and

up per
mem bers)

100 m
(lower

mem ber)
75 m (up -
per mem -

ber)

Along the Slipenkyi
Stream (left branch of 
the Monastyr Stream, 
which is the left trib u -
tary of the Tereblya
River) near Zabrid
and Drahovo in the

Transcarpathian Re -
gion (Figs. 2, 6 and
8). The be gin ning of
the sec tion is placed
in 800 m up stream

from the mouth of the 
Slipenkyi Stream.

The tec tonic con tact of the red marls of the Puchov For ma tion and the
bed ded blue-grey siltstones, sand stones of the lower mem ber of Metova
For ma tion are ex posed here. The lower mem ber ex tends up stream about

500 m and is rep re sented by folded thin- to me dium-bed ded polymictic
sand stones, in places gravelstones and con glom er ates, siltstones, marls.
It is fol lowed by the up per mem ber de vel oped as green-grey bed ded marls 
with thin in ter ca la tions of  sand stones. The up per mem ber is traced 100 m
up stream up to the con flu ence of the two up per trib u tar ies of the Slipenyi

Stream. The ex po sures of the blue-grey and grey Globigerina Marl is
found in these trib u tar ies near their con flu ence. The marls of the up per
mem ber of the Metova For ma tion are cov ered by the Oligocene black

marls of the Dusyno For ma tion in outcrop 30 m up stream along the left up -
per trib u tar ies.

T a  b l e  1

Char ac ter iza tion of sec tions 1–3 of the Vezhany Unit

https://gq.pgi.gov.pl/article/view/7820
https://gq.pgi.gov.pl/article/view/15591
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Sec tion
num ber For ma tion Thick ness

of de pos its Sec tion lo ca tion De scrip tion of de pos its

4

Sushmanets
For ma tion

(lower frag -
ment)

600 m

At the north west ern edge of
the vil lage of Kychera near

Drahovo (Fig. 2). The be gin -
ning of the sec tion is placed

near the mouth of the
Kychera Stream (left trib u -
tary of the Tereblya River)

1750 m from the road bridge 
across the Tereblya River

(the bridge sit u ated near the 
for mer min eral wa ter fac tory
in Zabrid) down stream along 

the Tereblya River.

Thin- to me dium-bed ded flysch (up to 100 m thick), rep re sented
by dark-grey mica sand stones, siltstones, dark-green

mudstones, is ex posed in the lower part of the Kychera Stream.
Up stream as well as up ward along the strati graphic suc ces sion,
in ter ca la tions of red mudstones are found in the flysch. The up -
per part of the suc ces sion is rep re sented by a ho ri zon (up to 30
m thick) of the red and green mudstones (sam ples 59-53 and
59-52) with thin in ter ca la tions of the fine-grained sand stones.

The age of the var ie gated ho ri zon is as signed to the
Paleocene/Eocene bound ary. The rocks are folded and cracked

in this sec tion.

5
Sushmanets
and Drahovo 
for ma tions

800 m
(Sushma -
nets Fm.) 
and 400 m 
(Drahovo

Fm.)

Along both the Tereshul
River (right trib u tary of the
Teresva River) and its left
in flu ent (Figs. 2, 7 and 9).

The mouth of the in flu ent is
lo cated 6400 m from the

mouth of the Tereshul River
up stream along the river.

The be gin ning of the sec tion 
is placed at 1400 m from the 
mouth of this left in flu ent of

the Tereshul River up stream 
along the in flu ent.

The grey sand stones (up to 150 m thick) of the low er most part
of the strati graphic suc ces sion are ex posed at the be gin ning of
the sec tion and traced 300 m down stream. The lower ho ri zon of
the var ie gated (red and green) shales (the Paleocene-Eocene
bound ary sec tion, see Hnylko, 2008) are pres ent 150 m down -
stream. Stratigraphically above, the thin- and me dium-bed ded

grey flysch (200 m thick) dis play ing the Tbcde, Tabcde, Tcde
Bouma’s divisionsare ex posed down stream along the in flu ent.

The up per ho ri zon (10–20 m thick) of the var ie gated shales (the
Lower/Mid dle Eocene bound ary, see Hnylko, 2008) is fixed near
the mouth of the in flu ent. The grey flysch with the Bouma di vi -
sions Tbcde, Tcde  (Sushmanets For ma tion) is traced down 2300

m along the Tereshul River and grad u ally passes into sand -
stones (Drahovo For ma tion) ex tend ing a fur ther 2100 m down -

stream along the river.

6 Sushmanets
For ma tion 200 m

The left trib u tary of the
Tereshul River near
Polonynka-Gora Mt.

(1047 m; Figs. 2, 7 and 9).

The ho ri zon of var ie gated shales (sam ples 614 and 614-1), rep -
re sented by al ter na tion of green and red mudstone, is ex posed
near the mouth of this left trib u tary. The thin- and me dium-bed -
ded grey flysch (sam ples 614-2 and 614-3) is traced up stream

250 m along the trib u tary.

7

Stratotype
sec tion of the 
Sushmanets
For ma tion
(Matskiv,
2007 with
ref er ences

therein)

1000 m

Sushmanets Stream, the left 
trib u tary of the Luzhanka

River in the Teresva River
Ba sin.The mouth of the trib -
u tary is lo cated 9900 m from 
the mouth of the Luzhanka
River up stream along the
river (Figs. 2, 7 and 9).

Green-grey thin- and me dium-bed ded flysch, with the Bouma di -
vi sions Tabcde, Tbcde, Tcde,  is ex posed along the Sushmanets

Stream (sam ples 362, 363 and 363-1).  Out crops of thick-bed -
ded flysch and coarse-grained sand stones up to gravelstones

also are ob served in some places. Sandy de pos its of the
Drahovo For ma tion are pres ent in the banks of the lower part of

the Sushmanets Stream (Fig. 7).

T a  b l e  2

Char ac ter iza tion of sec tions 4–7 of the Monastyrets Unit

Sec tion
num ber For ma tion Thick ness

of de pos its Sec tion lo ca tion De scrip tion of de pos its

8 Susmanets
Formtion 900 m

The right trib u tary of the Shopurka River
near the vil lage of Kobyletska Polyana

(Figs. 2 and 9). The mouth of this trib u tary
is lo cated 1500 m down stream along the

Shopurka River from the con flu ence of the
Mala Shopurka and Serednia rivers. The
be gin ning of the sec tion is placed 1000 m
up stream from the mouth of this trib u tary.

The green thin-bed ded flysch is pres ent at the be -
gin ning of the sec tion (sam ple 7028-5) and traced

along the right trib u tary of the Shopurka River
(sam ples 7028-4, 7028-3 and 7028-2). The green
and red mudstones with sand stone in ter ca la tions

of the up per var ie gated ho ri zon are ex posed
1600–1700 m up stream from the be gin ning (sam -

ples 7028-1 and 7028).

9 Susmanets
Formtion 500 m

The right trib u tary of the Mala Shopurka
River on the north ern edge of the vil lage of

Kobyletska Polyana (Figs. 2 and 9). The
mouth of this trib u tary is lo cated 3750 m up -
stream along the Mala Shopurka River from 

the con flu ence of the Mala Shopurka and
Serednia rivers. The be gin ning of the sec -
tion is placed 950 m up stream along the

trib u tary from its mouth.

The lower var ie gated ho ri zon are ex posed (sam -
ple 7026-1). A fur ther 200-300 m up stream,an out -
crop of green thin- and me dium-bed ded flysch is
found (sam ples 7026-2, 7026-3 and 7026-4) and
50 m above, the up per var ie gated ho ri zon are ex -
posed (sam ple 7026-5). Even fur ther 400 m up -

stream af ter a cov ered in ter val, the up per
var ie gated ho ri zon are presented again, on the
ridge be tween the Mala Shopurka and Apshytsa

rivers (sam ple 7027).

Additionaly sam ples

Sam ples 98-111 (green mudstones) and 98-112 (red mudstones) were col lected in the out crop of the Sushmanets For ma tion lo cated
3000 m up stream along the Kosivka River from its con flu ence into the Tysa River near vil lage of Luh in the Transcarpathian Re gion
(see Figs. 2 and 9). Sam ples 617 and 618 were col lected in outsrops of the Sushmanets For ma tion near lo ca tion of the sec tions 5

and 6 (see Fig. 7). Sam ple 29-50 was col lected in outsrop of the Drahovo For ma tion near Drahovo.

T a  b l e  3

Char ac ter iza tion of sec tions 8 and 9 and ad di tional sam ples of the Monastyrets Unit
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Fig. 6. Geological position of the sections studied of the Vezhany Unit: A – Metova Stream (section 1); 
B – Tereblya River basin (section 2, 3)

For location see Figure 2



Palaeobathymetric in ter pre ta tion was based on cal cu la tion
of the per cent age of plank tonic and ben thic spec i mens, anal y -
sis of ge neric and spe cies com po si tion, and mor pho log i cal fea -
tures of the foraminifera.

Both rich taphocenoses (ap prox i mately 40–200 tests per
sam ple) and less rich taphocenoses (10–40 spec i mens per
sam ple in sev eral con sec u tive sam ples) were used to cal cu late
of the per cent age of plank tonic and ben thic foraminifera. The
palaeobathymetric mod els of Murray (1976), Gradstein and
Berggren (1981), Kaminski et al. (1988, 1989), Kuhnt and
Kaminski (1989) and Gorbachik et al. (1996) were ap plied.

RESULTS

A to tal of 161 spe cies of foraminifera were iden ti fied af ter
pro cess ing of the sam ples: 92 spe cies of ag glu ti nated
foraminifera be long ing to 42 gen era, 44 spe cies of plank tonic
foraminifera be long ing to 19 gen era and 25 spe cies of cal car e -
ous ben thic foraminifera. The spe cies iden ti fied are listed in Ap -
pen dix 1* and their dis tri bu tion is shown in Fig ures 10–14. 86
char ac ter is tic spe cies are il lus trated in Fig ures 15–18. The
pres er va tion of the foraminifers stud ied is pre dom i nantly sat is -
fac tory. Cal car e ous foraminifers are recrystallised to vary ing
de grees, while both the form and in ter nal struc tures of the tests
are pre served. Only a small num ber of spec i mens have poor
pres er va tion ex pressed by cor ro sion of the cal car e ous tests

and by un cer tainty of in ter nal struc ture in some ag glu ti nated
foraminifers. Re de pos ited Late Cre ta ceous globotruncanids
are gen er ally nu mer ous in the low er most part of the Metova
For ma tion and oc cur spo rad i cally in the Eocene flysch de pos its
of the Sushmanets For ma tion among Paleogene foraminifera.

INTERPRETATION

BIOSTRATIGRAPHY BASED ON PLANKTONIC FORAMINIFERA

The foraminiferal zonation of the Ukrai nian Carpathians
(Maslakova, 1955; Mjatliuk, 1970; Gruzman and Dabagyan,
1979; Andreyeva-Grigorovich et al., 1985; Hnylko and Hnylko,
2013) in ac cor dance with the zonations of Berggren et al.
(1995) and Bugrova (2005) is ap plied here.

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

D e f  i  n i  t i o n  (ac cord ing to Luterbacher and Premoli
Silva, 1964; Berggren at al., 1995). – A biostratigraphic in ter val
char ac ter ized by the to tal range of the nom i nate taxon
Parvularugoglobigerina eugubina.
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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

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1247

https://gq.pgi.gov.pl/article/downloadSuppFile/22938/2801
https://gq.pgi.gov.pl/article/downloadSuppFile/22938/2801
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Fig. 8. Correlation of the sections studied and foraminiferal biofacies of the Paleocene–Lowermost Oligocene deposits
 of the Vezhany Nappe (Metova Formation)

For location see Figures 2 and 6



R e  m a r k s. – An as sem blage be long ing to this zone was
iden ti fied in the low er most part of the Metova For ma tion ex -
posed in the right bank of the Tereblya River near the vil lage of
Zabrid (sec tion 2, sam ple 29-2, see Figs. 6 and 8).

The zonal as sem blage is rep re sented by Parvularugo -
globigerina eugubina (Fig. 17A–C) (size 0.11–0.15 mm),
Eoglobigerina edita (Fig. 17D), E. senonica and nu mer ous
Praemurica aff. taurica (Fig. 17E) (size 0.15–0.20 mm). The
Nannoplankton Zone NP1 (Lower Danian) was es tab lished in
the same sam ple (Andreyeva-Grigorovich et al., 2012). Re de -
pos ited poorly pre served Cre ta ceous nannoplankton
(Andreyeva-Grigorovich et al., 2012) and plank tonic
foraminifera of the gen era Globotruncana and Globotruncanita
are also pres ent in this sam ple.

The Parvularugoglobigerina eugubina Zone cor re sponds to 
Zone Pa (Lower Danian) ac cord ing to Berggren at al. (1995)
and Wade at al. (2011).

The Globoconusa daubjergensis Zone (Danian) was dis tin -
guished in the Outer Ukrai nian Carpathians by Andrey -
eva-Grigorovich et al. (1985), but de pos its be long ing to this
zone were not found in the Vezhany and Monastyrets units.

The Morozovella angulata Zone and Globanomalina
pseudomenardii Zone (Selandian–Thanetian) were not iden ti -
fied in the sec tions stud ied. These zones were rec og nized by
Gruzman and Dabagyan (1979) in other sec tions of the Metova
For ma tion.

Acarinina acarinata Zone, Up per Thanetian
Au thor: Shutskaja (1962)

D e f i n i t i o n. – Abun dant nom i nate taxon Acarinina
acarinata.

R e  m a r k s. – This zone was iden ti fied in the Sushmanets 
For ma tion (sec tion 8, sam ple 7028-3 see Figs. 2 and 9).

The zonal as sem blage is rep re sented by nu mer ous spec i -
mens of Acarinina acarinata (Fig. 15X), Subbotina
triloculinoides, Acarinina soldadoensis (Fig. 15P, Q) and rare
Parasubbotina varianta and Acarinina tri plex (Fig. 15Y). The
poor foraminiferal as sem blage (sam ple 618, see Figs. 7 and 9)
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Fig. 9. Correlation of the sections studied and foraminiferal biofacies of the Paleocene–Eocene deposits 
of the Monastyrets Nappe

For location see Figures 2 and 7



rep re sented by poorly pre served Acarinina acarinata and
Subbotina triloculinoides likely cor re sponds to this zone too.

The Acarinina acarinata Zone cor re sponds to the zone of
the same name in Cri mea and the North Cau ca sus (Bugrova,
2005).

Morozovella subbotinae Zone, Lower Ypresian
Au thor: Morozova (1946)

D e f i n i t i o n. – The biostratigraphic in ter val be tween the 
oc cur rence of nu mer ous spec i mens of the nom i nate taxon
Morozovella subbotinae and the last oc cur rence (LO) of
Morozovella marginodentata.

R e  m a r k s. – The up per part of this zone was iden ti fied in 
the Metova For ma tion (sec tion 1, sam ple 7036-1, see Figs. 6
and 8).

The zonal as sem blage in cludes Morozovella
marginodentata (Fig. 17O), M. aff. formosa (Fig. 17P), Subbo -
tina eocaena, S. yeguaensis, Acarinina pentacamerata and
Pseudohastigerina wilcoxensis. The first oc cur rence (FO) of
Morozovella aragonensis is ob served.

This zonal as sem blage cor re sponds to the top of the P6
Zone in the zonation of Berggren et al. (1995) and to the up per
part of the Morozovella subbotinae Zone of Cri mea and the
North Cau ca sus (Bugrova, 2005).

Morozovella aragonensis Zone, Up per Ypresian
Au thor: Khalilov (1948)

D e f i n i t i o n. – The biostratigraphic in ter val be tween the 
FO of the nom i nate taxon Morozovella aragonensis and the oc -
cur rence of nu mer ous Acarinina bullbrooki.

R e  m a r k s. – This zone was iden ti fied in in ter ca la tions of
green marl in the up per part of the lower mem ber of the Metova
For ma tion (sec tion 1, sam ples 7036-2 and 7036-3, see Figs. 6
and 8).

The zonal as sem blage is com posed of nu mer ous
Morozovella aragonensis (Fig. 17T–V), Morozovella lensiformis 
(Fig. 17X) and Parasubbotina inaequispira (Fig. 17W) as well
as by abun dant Subbotina eocaena and S. yeguaensis. The
FO of Subbotina hagni is ob served in the up per part of this
zone.

The Morozovella aragonensis Zone cor re sponds to zones
of the same name in Cri mea and the North Cau ca sus (Bugrova, 
2005), the Slovakian Carpathians (Fusán, 1983) and the
P7–P9 zones of Berggren et al. (1995).

Acarinina bullbrooki Zone, Lower Lutetian
Au thor: Bolli (1957)

D e f i n i t i o n. – Abun dant nom i nate taxon Acarinina
bullbrooki.

R e  m a r k s. – This zone was iden ti fied in green marls in
the lower part of the up per mem ber of the Metova For ma tion
(sec tion 1, sam ple 7036-4, see Figs. 6 and 8).

The zonal as sem blage is com posed of nu mer ous Acarinina 
bullbrooki (Fig. 17Y), A. tri plex, Subbotina yeguaensis, S.
eocaena (Fig. 17Z) and S. hagni as well as of rare Dipsidripella
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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
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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



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

The Acarinina bullbrooki Zone cor re sponds to the zone of
the same name in Cri mea and the North Cau ca sus (Bugrova,
2005), and the Turborotalia crassata densa Zone of the
Slovakian Carpathians (Fusán, 1983).

Acarinina rotundimarginata Zone, Up per Lutetian
Au thor: Subbotina (1953)

D e f i n i t i o n. – The abun dant nom i nate taxon Acarinina
rotundimarginata out num bers Acarinina bullbrooki.

R e  m a r k s. – This zone was iden ti fied in red marls
of the up per mem ber of the Metova For ma tion (sec tion 1,
sam ple 7036-5, see Figs. 6 and 8).

The zonal as sem blage in cludes Acarinina
rotundimarginata (Fig. 18A), A. bullbrooki, A. tri plex, A.
pentacamerata, Subbotina yeguaensis, S. eocaena, S.
hagni (Fig. 18E), Hantkenina liebusi (Fig. 18I, J),
Globigerinatheka kugleri, G. in dex (Fig. 18H),
Turborotalia frontosa (Fig. 18D), T. cerroazulensis
(Fig. 18B), as well as abun dant small Pseudohastigerina
micra (Fig. 18C) and Dipsidripella karpatica.

The Acarinina rotundimarginata Zone cor re sponds to
the zone of the same name in Cri mea and the North Cau -
ca sus (Bugrova, 2005) and the P12 Zone of Berggren et
al. (1995).

The Hantkenina alabamensis Zone (Bartonian) was
not iden ti fied in the sec tions stud ied. This zone was re -
cog nised by Gruzman and Dabagyan (1979) in other sec -
tions of the Metova For ma tion.

A poor plank tonic foraminiferal as so ci a tion rep re -
sented by Globigerinatheka in dex (Fig. 18L),
Catapsydrax dissimilis (Fig. 18M), Subbotina linaperta,
and Chiloguembelina compacta (Fig. 18N) was iden ti fied
in grey cal car e ous mudstone of the up per mem ber of the
Metova For ma tion (sec tion 3, sam ple 29-30, see Figs. 6
and 8). The age of this as so ci a tion can be in ter preted as
Up per Lutetian–Priabonian.

Subbotina corpulenta Zone, Up per Priabonian– 
low er most part of Lower Rupelian

Au thor: Subbotina (1960)

D e f i n i t i o n. – The biostratigraphic in ter val be -
tween the oc cur rence of nu mer ous spec i mens of the
nom i nate taxon Subbotina corpulenta and the LO of
Subbotina corpulenta.

R e  m a r k s. – This zone was iden ti fied in the
Globigerina Marl of the up per mem ber of the Metova For -
ma tion (sec tion 3, sam ple 29-34, see Figs. 6 and 8). An
as sem blage com posed of abun dant plank tonic
foraminifers, both large (0.5–0.9 mm) and small
(0.15–0.25 mm) was found here. The large forms are rep -
re sented by Subbotina corpulenta (Fig. 18Q), Subbotina
hagni, S. linaperta, S. eocaena, Dentoglobigerina galavisi 
(Fig. 18R), and the small ones con sist of Globigerina
officinalis and Subbotina droogeri.

The as sem blage de ter mined in sam ple 29-34 from
the Metova For ma tion cor re sponds to the up per part of
the Globigerina corpulenta Zone sensu Dabagyan (see

Andreyeva-Grigorovich et al., 1987).
The Globigerina corpulenta Zone, iden ti fied in the Ukrai nian 

Carpathians, cor re sponds to Zone NP21 and, in some suc ces -
sions, to the lower part of Zone NP22 (Andreyeva-Grigorovich
et al., 1985,1987).

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

D e f i n i t i o n. – A biostratigraphic in ter val char ac ter ized
by the to tal range of the nom i nate taxon Subbotina vialovi.
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Fig. 12. Distribution of foraminifera in the Sushmanets Formation 

Section 4 along the Kychera Stream, Monastyrets Nappe: RzF –
Rzehakina fissistomata Zone
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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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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

Cre ta ceous–Paleocene taxa: A – Rugoglobigerina cf. macrocephala (sam ple 29-58); B – Glomospira diffundens (sam ple 29-57); C –
Annectina grzybowskii (sam ple 29-57); E – Rzehakina epigona (sam ple 29-57); G – Recurvoides retroseptus (sam ple 29-57); H, I –
Spiroplectammina spectabilis, macrospherical and microspherical forms (sam ple 29-57). Paleocene taxa: D – Ammodiscus angustus (sam -
ple 29-55); F – Subreophax scalaris (sam ple 29-55); J – Haplophragmoides walteri (sam ple 29-54/1); K – Popovia beckmanni (sam ple
29-54/1); L – Karrerulina horrida (sam ple 29-54); M – Recurvoides varius (sam ple 29-54); N – Trochammina globigeriniformis (sam ple
29-54/1); O – Morozovella angulata (sam ple 29-54/1); P, Q – Acarinina soldadoensis, um bil i cal and spi ral view (sam ple 7028-3); R –
Psammosiphonella cylindrica (sam ple 617); S – Hormosina velascoensis (sam ple 7005); T – Caudammina excelsa (sam ple 617); U –
Aschemocella subnodosiformis, ini tial part (sam ple 617); V – Glomospira charoides (sam ple 617); W – Subbotina aff. triloculinoides (sam ple
29-53); X – Acarinina acarinata (sam ple 7028-3); Y – Acarinina tri plex (sam ple 7028-3); Z – Caudammina ovula (sam ple 617); A1 –
Ammoniata ruthvenmurrayi (sam ple 617); B1 – Trochammina aff. gyroidinaeformis (sam ple 617); C1 – Paratrochamminoides olszewski

(sam ple 617); D1 – Trochamminoides subcoronatus (sam ple 617); scale bar 100 mm



Foraminiferal stratigraphy and palaeobathymetry of Paleocene–lowermost Oligocene deposits... 95

Fig. 16. Eocene foraminifera from the Sushmanets (A–S) and Drahovo (T and U) formations

A – Placentammina pla centa (sam ple 7005-5); B – Annectina grzybowskii (sam ple 7005-7); C – Kalamopsis grzybowskii (sam ple 7005-7); D
– Subreophax splendidus (sam ple 7026-4); E – Recurvoides smugarensis (sam ple 614-1); F – Thalmannammina subturbinata (sam ple
7005-4); G – Ammomarginulina sp. (sam ple 614-1); H – Subbotina yeguaensis (sam ple 7026-4); I – Subbotina roesnaesensis (sam ple
7026-4); J – Recurvoides anormis (sam ple 363); K – Recurvoides anormis (sam ple 98-11); L – Lituotuba lituiformis (sam ple 7006); M –
Trochamminoides folius (sam ple 7006); N – Reticulophragmoides sp. (sam ple 7006); O – Karrerulina conversa (sam ple 7006-1); P –
Haplophragmoides stomatus (sam ple 624); Q – Ammodiscus bornemanni (sam ple 98-111); R – Haplophragmoides parvulus (sam ple
98-111); S – Praesphaerammina sp. (sam ple 98-111); T – Cyclammina pla centa (sam ple 7028-2); U – Acarinina rotundimarginata (sam ple

29-50); scale bar 100 mm
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Fig. 17. Foraminifera from the Metova Formation

Paleocene taxa: A–C – Parvularugoglobigerina eugubina (sam ple 29-2); D – Eoglobigerina edita (sam ple 29-2); E – Praemurica aff. taurica
(sam ple 29-2); F – Acarinina pseudotopilensis (sam ple 29-23); G – Subbotina triloculinoides (sam ple 29-23); H – Globigerina aquiensis
(sam ple 7122); I – Annectina cf. grzybowskii (sam ple 29-23); J – Nothia sp. (sam ple 7121-4); K – Trochammina advena (sam ple 7121-4); L –
Textularia agglutinans (sam ple 7122); M – Karrerulina horrida (sam ple 7122); N – Glomospira charoides (sam ple 7122). Eocene taxa: O –
Morozovella marginodentata (sam ple 7036-1); P – Morozovella aff. formosa (sam ple 7036-1); Q – Saccamminoides carpathicus (sam ple
7036-2); R – Nuttallides truempyi, um bil i cal view (sam ple 7036-2); S – Nuttallides truempyi, spi ral view (sam ple 7036-4); T–V – Morozovella
aragonensis, um bil i cal, pe riph eral and spi ral view (sam ple 7036-3); X – Morozovella lensiformis (sam ple 7036-3); W – Parasubbotina
inaequispira (sam ple 7036-2); Y – Acarinina bullbrooki (sam ple 7036-4); Z – Subbotina eocaena (sam ple 7036-4); A1 – Dipsidripella

karpatica (sam ple 7036-4); B1 – Pseudohastigerina micra (sam ple 7036-4); scale bar 100 mm



Foraminiferal stratigraphy and palaeobathymetry of Paleocene–lowermost Oligocene deposits... 97

Fig. 18. Foraminifera from Metova Formation (continuous)

A – Acarinina rotundimarginata (sam ple 7036-5); B – Turborotalia cerroazulensis (sam ple 7036-5); C – Pseudohastigerina micra (sam ple
7036-5); D – Turborotalia frontosa (sam ple 7036-5); E – Subbotina hagni (sam ple 7036-5); F – Pleurostomella sp. (sam ple 7036-5); G –
Stilostomella sp. (sam ple 7036-5); H – Globigerinatheka in dex (sam ple 7036-5); I–J – Hantkenina liebusi (sam ple 7036-5); K – Nuttallides
magnocamerata (sam ple 7036-5); L – Globigerinatheka in dex (sam ple 29-30); M – Catapsydrax dissimilis (sam ple 29-30); N –
Chiloguembelina compacta (sam ple 29-30); O – Vulvulina advena (sam ple 29-34); P – Lagena laevis (sam ple 29-34); Q – Subbotina
corpulenta (sam ple 29-34); R – Dentoglobigerina galavisi (sam ple 29-34); S – Heterolepa biumbonata (sam ple 29-34); T – Globigerina
officinalis (sam ple 29-35); U – Nodosaria praesoluta (sam ple 29-35); V – Dentoglobigerina tripartita (sam ple 29-35); W – Globoturborotalita

ouachitaensis (sam ple 29-35); X – Subbotina droogeri (sam ple 29-35); Y–- Subbotina vialovi (sam ple 29-35); scale bar 100 mm



R e  m a r k s. – This zone was iden ti fied in grey marls
(Globigerina Marl) of the up per most part of the Metova For ma -
tion (sec tion 3, sam ple 29-35, see Figs. 6 and 8).

The zonal as sem blage is com posed of nu mer ous
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. in dex and Pseudohastigerina micra.
Abun dant tests of plank tonic foraminifera mainly of the gen era
Subbotina and Globigerina sug gest that the grey marls of the
up per most part of the Metova For ma tion be long to the
Globigerina Marl.

The Subbotina vialovi Zone is as so ci ated with the cal car e -
ous nannoplankton NP22 Zone and cor re sponds to the
“undersilicic ho ri zon” (low er most part) of the Menilite For ma tion 
in the Outer Ukrai nian Carpathians (Andreyeva-Grigorovich et
al., 1985, 1987).

BIOSTRATIGRAPHY BASED ON BENTHIC FORAMINIFERA

The foraminiferal zonation of the Ukrai nian Carpathians
(Mjatliuk, 1970; Ivanik and Maslun, 1977; Andrey -
eva-Grigorovich et al., 1985; Hnylko and Hnylko, 2011, 2012) in 
ac cor dance with the zonations of Geroch and Nowak (1984)
and Olszewska (1997) is ap plied here.

Rare tests of poorly pre served Cre ta ceous plank tonic
foraminifera Rugoglobigerina cf. macrocephala (Fig. 15A) to -
gether with the Up per Cre ta ceous–Paleogene ben thic spe cies
Silicobathysiphon gerochi, Kalamopsis grzybowskii,
Ashcemocella grandis, Rhizammina indivisa and pyritised
steinkerns of Chilostomella spp. are found at the be gin ning of
sec tion 4 in the sam ple 29-58. Nu mer ous Spiroplectammina
spectabilis (Fig. 15H, I), which com pose 25% of the as sem -
blage, to gether with the Up per Cre ta ceous–Paleogene taxa
Rzehakina epigona (Fig. 15E), Glomospira diffundens
(Fig. 15B), Annectina grzybowskii (Fig. 15C) and Recurvoides
retroseptus (Fig. 15G) were found in sam ple 29-57 (lower part
of sec tion 4). Ar gu ably, this as sem blage cor re sponds to the
Early Paleocene “Spiroplectammina acme” (sensu Kaminski
and Gradstein, 2005).

Rzehakina fissistomata sensu lato Zone, Paleocene

D e f i n i t i o n.– The biostratigraphic in ter val be tween the
FO of the nom i nate taxon Rzehakina fissistomata and the LO of 
Rzehakina fissistomata and/or Recurvoides varius.

R e  m a r k s. – This zone was iden ti fied in the lower part of
Sushmanets For ma tion (sec tion 4, see Figs. 2 and 9).

The nom i nate taxon Rzehakina fissistomata was found in
sam ple 29-55 (sec tion 4). Nu mer ous Recurvoides varius (sam -
ples 29-54/1, 29-54, see also Fig. 15M) and sin gle spec i mens
of plank tonic Morozovella angulata (sam ple 29-54/1, see also
Fig. 15O) were found in the mid dle part of sec tion 4. The zonal
as sem blage (sec tion 4, sam ples 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 spe cies men tioned.

Glomospira (charoides, serpens, gordialis), which com -
poses 10% of the rich as sem blage, to gether with Ammoanita
ruthvenmurrayi (Fig. 15A1) of Campanian–Paleocene age (af -
ter Kaminski and Gradstein, 2005) and nu mer ous
Caudammina (excelsa, ovula) (see Fig. 15T, Z) as well as spe -

cies be long ing to the gen era Ammodiscus, Paratrocham -
minoides and Trochamminoides, were found in the lower part of 
the lower var ie gated ho ri zon (sec tion 5, sam ple 617). The oc -
cur rence of rel a tively nu mer ous Glomospira charoides was also 
es tab lished in the lower part of the lower var ie gated ho ri zon in
the sam ple 29-52 (sec tion 4). The ap pear ance of nu mer ous
Glomospira sug gests an age close to the Paleocene/Eocene
bound ary (af ter Kaminski and Gradstein, 2005) for the lower
var ie gated ho ri zon. Prob a bly, the lower part of the lower var ie -
gated ho ri zon be longs to the Paleocene, which is sup ported by
the pres ence of the plank tonic spe cies Subbotina triloculinoides 
and Acarinina acarinata (sam ple 618).

The Rzehakina fissistomata sensu lato Zone cor re sponds
to the Rzehakina fissistomata Zone of the Pol ish Carpathians
(Olszewska, 1997, see also Waœkowska-Oliwa, 2005, 2008)
and the Czech Carpathians (Bubik, 1995).

Glomospira charoides–Recurvoides smugarensis Zone,
Ypresian

D e f i n i t i o n. – The biostratigraphic in ter val of the fre -
quent oc cur rence of the nom i nate taxon Recurvoides
smugarensis be tween the dis ap pear ance of the Paleocene
taxa and the oc cur rence of nu mer ous Reticulophragmium
amplectens. Abun dant Glomospira charoides oc cur at dif fer ent
strati graphic lev els of this zone, mostly in the lower part of the
zone (Hnylko and Hnylko, 2011, 2012).

R e  m a r k s. – This zone was iden ti fied in the Sushmanets 
For ma tion (sec tions 4–9, see Figs. 2, 7 and 9). The lower
bound ary of the zone cor re sponds to the up per part of the lower
var ie gated ho ri zon of the Sushmanets For ma tion. The up per
bound ary prob a bly is within the up per var ie gated ho ri zon of this
for ma tion.

The oc cur rence of Recurvoides smugarensis (sam ples
7005-2 and 614-1, see also Fig. 16E) as well the FO of the char -
ac ter is tic taxon of the Lower Eocene of the Pol ish Carpathians,
Saccamminoides carpathicus (sam ple 29-52, sec tion 4), was
fixed in the up per part of the lower var ie gated ho ri zon.

The zonal as sem blage (in the de pos its in side be tween the
two var ie gated ho ri zons) is com posed of Recurvoides
smugarensis, Placentammina pla centa (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 nu mer ous
ju ve nile forms of Ammodiscus. The plank tonic spe cies
Subbotina yeguaensis (Fig. 16H) and Subbotina roesnaesensis 
(Fig. 16I) were found in this zone.

Abun dant Glomospira charoides, which ranged from 70%
(sam ple 7006-1) to 30% (sam ple 7006) of foraminiferal spec i -
mens, was found at the bot tom of the up per var ie gated ho ri zon.
The FO of Reticulophragmium amplectens to gether with nu -
mer ous tests of Karrerulina conversa (Fig. 16O) and
Reticulophragmoides sp. (Fig. 16N) as well as Hyperammina
lineariformis, Ammodiscus bornemanni, Lituotuba lituiformis
(Fig. 16L), Recurvoides anormis, was found in sam ple 7006.
This as sem blage cor re sponds to the sec ond “Glomospira
Acme” (sensu Kaminski and Gradstein, 2005) and de ter mines
the age of the de pos its as close to the Lower/Mid dle Eocene
bound ary.

Saccamminoides carpathicus (Fig. 17Q) and the cal car e -
ous ben thic spe cies Oridorsalis umbonatus, Cibicidoides
grossoconulus, Nodosaria praesoluta, Nuttallides truempui
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(Fig. 17R), N. magnocamerata and Ellipsoglandulina labiata
were found in the as sem blages of the Morozovella aragonensis 
Zone (Up per Ypresian) in the Metova For ma tion (Sec tion 1).

The Glomospira charoides–Recurvoides smugarensis
Zone cor re sponds ei ther to the Saccamminoides carpathicus
Zone (af ter Geroch and Nowak, 1984) or both the Glomospira
div. sp. Zone and the Saccamminoides carpathicus Zone (af ter
Olszewska, 1997; see also Waœkowska-Oliwa, 2005;
Waœkowska, 2008) of the Pol ish Carpathians as well as to the
«Glomospira–Ammodiscus» Zone of the Slovakian
Carpathians (Fusán, 1983). Abun dant Glomospira oc cur in the
Lower Eocene de pos its of the Pol ish Carpathians (Olszewska,
1997; Waœkowska, 2015 with ref er ences therein).

The Reticulophragmium amplectens Zone was not iden ti -
fied in the sec tions stud ied. In the Ukrai nian Carpathians, this
zone cor re sponds to the Acarinina bullbrooki Zone ac cord ing to
Gruzman and Dabagyan (1979) and to the Acarinina
rotundimarginata Zone ac cord ing to Mjatliuk (1970) and
Andreyeva-Grigorovich et al. (1985). Cyclammina pla centa and
Silicobathysiphon subdivisus as well as the cal car e ous ben thic
spe cies 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 plank tonic zones in the Metova For ma tion
(sec tion 1, sam ples 7036-4 and 7036-5).

An as sem blage with Haplophragmoides parvulus was
found in the Sushmanets For ma tion (sam ples 98-111 and
98-112). This as sem blage is com posed of Haplophragmoides
parvulus (Fig. 16R), Ammodiscus bornemanni (Fig. 16Q),
Recurvoides anormis (Fig. 16K), R. walteri, Praesphaeram -
mina sp. (Fig. 16S) and nu mer ous Hyperammina lineariformis
and Karrerulina conversa. Haplophragmoides parvulus is a
char ac ter is tic spe cies of the lat est Mid dle Eocene–early Late
Eocene in the Pol ish Carpathians ac cord ing to Golonka and
Waœkowska (2012, with ref er ences therein).

Nu mer ous Cibicidoides tallahattensis to gether with
Cyclammina pla centa (Fig. 16T) and sin gle spec i mens of
Subbotina eocaena were de ter mined in the Drahovo For ma tion
(sec tion 5, sam ples 7008-2 and 7008-3). Cibicidoides
tallahattensis is typ i cal of marls of the Outer Carpathian Popiele
For ma tion (Mjatliuk, 1970) while the age of these marls is
Bartonian to Early Rupelian ac cord ing to nannoplankton data
(Andreyeva-Grigorovich, 1999).

Vulvulina advena (Fig. 18O), Nodosaria praesoluta
(Fig. 18U), Nuttallides magnocamerata, Lagena laevis
(Fig. 18P), Gyroidina soldanii, and Heterolepa biumbonata
(Fig. 18S) were es tab lished in the Globigerina Marl in the both
the plank tonic Subbotina corpulenta Zone and the Subbotina
vialovi Zone (Up per Priabonian–Lower Rupelian) in the Metova
For ma tion (sec tion 2, sam ples 29-34 and 29-35).

FORAMINIFERAL BIOFACIES

A biofacies of ag glu ti nated foraminifera (1), a mixed plank -
tonic-ben thic biofacies (2) and a plank ton-dom i nated biofacies
(3) were de ter mined by the per cent age of plank tonic to ben thic
spec i mens.

Biofacies of ag glu ti nated foraminifera (1) is en tirely com -
posed of ag glu ti nated forms, some times with a small ad mix ture
of cal car e ous foraminifera. This biofacies is pres ent in the
Sushmanets For ma tion (Fig. 9) and in the clastic de pos its of the 
lower mem ber of the Metova For ma tion (Fig. 8).

Sushmanets For ma tion. Rep re sen ta tives of the gen era
Nothia, Rhizammina, Psammosiphonella, Silicobathysiphon,
Hyperammina, Ammodiscus, Glomospira, Rzehakina. Hormo -
sina, Caudammina, Haplophragmoides, Trochamminoides,
Paratrochamminoides, Popovia, Recurvoides, Thalmannam -
mina, Trochammina and Karrerulina dom i nate in the biofacies.
A firmly ce mented test, si li ceous com po si tion, and lack of any
cal car e ous com po nent are char ac ter is tics of the foraminifera
iden ti fied. The ge neric com po si tion and mor pho log i cal fea tures
sug gest that this as sem blage be longs to the deep-wa ter ag glu -
ti nated foraminiferal biofacies. Sev eral foraminiferal as sem -
blages can be dis tin guished in the biofacies (1).

The “Rzehakina” as sem blage (Rzehakina Fau nas sensu
Kuhnt and Kaminski, 1989) was de ter mined in mudstone in ter -
ca la tions of the Paleocene Flysch (sec tion 4, see Fig. 9). Char -
ac ter is tics of the as sem blage in clude: mod er ate di ver sity (20
spe cies be long ing to 15 gen era); the pre dom i nance of rather
large (0.6–1 mm) tests with fine-grained walls and smooth sur -
faces, rep re sented by spe cies of Silicobathysiphon,
Glomospira, Annectina, Hormosina and Caudammina; rare
pres ence of cal car e ous spec i mens.

The “Paratrochamminoides” as sem blage (Paratrocham -
mino ides Fau nas sensu Kuhnt and Kaminski, 1989) was dis tin -
guished in red and green mudstone from the up per part of the
Paleocene de pos its of the Sushmanets For ma tion (sec tions 5,
8 and 9, see Fig. 9). Char ac ter is tics of this as sem blage in clude: 
the ab sence of cal car e ous fos sils; high di ver sity of ag glu ti nated
forms (ap prox i mately 40 spe cies be long ing to 20 gen era); high
con tents of Trochamminoides (dubius, folius, pro teus, sub -
coronatus) and Paratrochamminoides (acervulatus, deformis,
gorayski, geteromorphus, olszewski) (up to 25% of the
foraminiferal as sem blage) as well as Glomospira (charoides,
serpens, glomerata) (up to 15%); the pres ence of Ammodiscus, 
Caudammina (ovula, excelsa), Thalmannam mina, Karrerulina
(conversa, horrida). The com par a tively large size (0.6–1 mm)
and fine- to me dium-grained walls of the tests are typ i cal of
foraminifers from the green mudstone. Smaller size
(0.2–0.6 mm), fine-grained walls and com monly smooth glossy
sur faces of the tests are fea tures of the foraminifers from the
red mudstone.

The “Rhabdammina” as sem blage (“Rhabdammina” Fau -
nas sensu Kuhnt and Kaminski, 1989; slope flysch-type
biofacies sensu Bubik, 1995) was iden ti fied in the Lower
Eocene and Mid dle Eocene grey-green flysch of the
Sushmanets For ma tion (sec tions 5–9, see Fig. 9). Char ac ter is -
tics of this as sem blage are: a high con tent (ap prox i mately
40–90% of foraminiferal as sem blage) of tu bu lar tests of Nothia
(excelsa, latissima, robusta), Psammosiphonella (discreta,
cylindrica), Rhizammina indivisa, Hyperammina (karpatica,
lineariformis), and Silicobathysiphon spp.; the pre dom i nance of 
mod er ate to large spec i mens with me dium- to coarse grained
wall struc ture; and a small ad mix ture of cal car e ous
foraminifers. Low di ver sity (4–8 spe cies and gen era) is char ac -
ter is tic of both the Early Eocene (sec tions 8 and 9) and Mid dle
Eocene (sec tions 5 and 7) as sem blages. Mod er ate di ver sity
(ap prox i mately 30 spe cies from 18 gen era) and the fre quent
oc cur rence of spec i mens of the ge nus Paratrochamminoides
are typ i cal of Early Eocene as sem blages in sec tion 5.

The “Glomospira” as sem blage (“Glomospira fa cies” sensu
Kaminski et al., 1989) was iden ti fied in the red mudstone of the
up per var ie gated ho ri zon of the Sushmanets For ma tion (sec tion
5, sam ples 7006-1 and 7006). Char ac ter is tics of this as sem -
blage in clude: the ab sence of cal car e ous fos sils; a high per cent -
age of Glomospira charoides (70% in sam ple 7006-1) or
Glomospira charoides and Ammodiscus (40% in sam ple 7006)
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as well as Karrerulina conversa and Para tro cham minoides; a
pre dom i nance of small tests (0.2–0.6 mm) with fine-grained
walls and a smooth glossy sur face. The “Glomospira” as sem -
blage in the Sushmanets For ma tion cor re sponds to the
“Glomospira fa cies” of the same age (bound ary be tween the
Lower and Mid dle Eocene) in the red pelites of the south ern Lab -
ra dor Sea (Kaminski et al., 1989).

Metova For ma tion. Biofacies (1) was dis tin guished in the
up per part of the Paleocene de pos its (sec tions 1 and 3, see
Fig. 8). Char ac ter is tics of the biofacies are: mod er ate di ver sity
(18 spe cies from 13 gen era), the pre dom i nance of large,
coarse-grained tests, in par tic u lar of the spe cies Trochammina
advena, Textularia agglutinans and Nothia sp. (Fig. 17J–L).

A mixed plank tonic-ben thic biofacies (2) was rec og -
nized in the Metova For ma tion (sections 1 and 3). In section 1
(Morozovella subbotinae Zone), the biofacies is made up of ag -
glu ti nated foraminifera (~50%), plank ton (~40%) and cal car e -
ous benthics (~10%). In section 3, the biofacies is com posed of
plank tonic foraminifera (up to 30%) and ag glu ti nated benthics.
Coarse-grained tests of Nothia sp., Trochammina advena, and
Textularia agglutinans pre dom i nate among the ag glu ti nated
as sem blage. Cal car e ous benthics are characterized by the
gen era Oridorsalis, Nodosaria, and Cibicidoides.

A biofacies of mainly plank tonic foraminifera (3) was
dis tin guished in green, red, and blue-grey marls of the Metova
For ma tion (sec tions 1 and 3; see Fig. 8) and lo cally in green
marls of the Sushmanets For ma tion (sec tion 8; see Fig. 9). The
biofacies is char ac ter ized by a pre dom i nance of plank tonic
spec i mens (>65%) over ben thic ones.

In the green and red marls of the Metova For ma tion
(Morozovella aragonensis Zone, Acarinina bullbrooki Zone and
Acarinina rotundimarginata Zone), biofacies (3) con sists of
plank ton (70–85%), cal car e ous benthics (3–18%) and ag glu ti -
nated benthics (9–15%). Cal car e ous benthics are rep re sented
mainly by the gen era Nuttallides, Chilostomella, Oridorsalis,
Nodosaria, Pleurostomella, Stilostomella, tests are of large size 
(0.6–1 mm) and have a finely-per fo rate smooth wall.

In the blue-grey marls (Globigerina Marl) of the Metova For -
ma tion, biofacies (3) con tains plank ton (75%), cal car e ous
benthics (>20%) and an in sig nif i cant num ber of ag glu ti nated
benthics. Cal car e ous benthics are rep re sented by the gen era
Nuttallides, Nodosaria, Stilostomella, Gyroidina, Lagena,
Heterolepa and Cibicidoides.

Plank ton foraminifers (100% of taphocenoses) were found
in green marls (Acarinina acarinata Zone) dis trib uted lo cally in
the green-grey thin-bed ded flysch of the Sushmanets For ma -
tion (section 8, sam ple 7028-3). Such char ac ter is tics as: a
much smaller num ber of foraminifera in the sam ple; low di ver -
sity (4 spe cies be long ing to 4 gen era); small size and less ex -
pres sive sculp ture of the test wall, dis tin guish them from the
foraminifers of the Metova For ma tion.

DISCUSSION

PALAEOBATHYMETRY

Paleocene–Eocene Monastyrets suc ces sion (Sushmanets
and Drahovo for ma tions). The Sushmanets For ma tion is char -
ac ter ized al most en tirely by deep-wa ter ag glu ti nated
foraminifers of biofacies (1). The foraminiferal as sem blages
dis tin guished in the Sushmanets For ma tion in di cate the fol low -
ing en vi ron ments (ac cord ing to Kuhnt and Kaminski, 1989): the
“Rzehakina” as sem blage (Paleocene flysch de pos its) points to
con ti nen tal slope con di tions; the “Rhabdammina” as sem blage

(Eocene flysch de pos its) in di cates lower slope wa ter depths
(1500–>2500 m) and the “Paratrochamminoides” as sem blage
(var ie gated shales, Paleocene–Eocene bound ary) sug gests
abys sal depths be low the car bon ate com pen sa tion depth
(CCD). Most foraminifers of the “Paratrochamminoides” as -
sem blage, iden ti fied in the red mudstone, be long to the
“Type-B” as sem blage sensu Gradstein and Berggren (1981)
and Kaminski et al. (1988) based on mor pho log i cal fea tures
(small size, fine-grained wall, smooth sur face of tests). Ag glu ti -
nated foraminifera of the “Type-B” as sem blage, dis trib uted in
the Late Cre ta ceous–Paleogene red pelites of the At lan tic
Ocean, char ac ter ise deep-wa ter pe lagic sedimentatary en vi -
ron ments be low the CCD (Gradstein and Berggren, 1981;
Kaminski et al., 1988). The “Glomospira” as sem blage (ac cord -
ing to Kaminski et al., 1989) rep re sents a pe riod of low ered sed -
i men ta tion rate.

Biofacies (3) lo cally found in the green marls (section 8) in di -
cates the pres ence of un der wa ter el e va tions with pe lagic car -
bon ate sed i men ta tion in the deep-wa ter Early Eocene
Monastyrets Ba sin.

Im pov er ished foraminifera as sem blages of the Drahovo
For ma tion make it im pos si ble to dis tin guish biofacies. How ever, 
the lack of deep-wa ter ag glu ti nated foraminifers and the pres -
ence of cal car e ous tests of the gen era Cibicidoides, Subbotina
and Acarinina in the Drahovo For ma tion sug gest shallowing of
the Drahovo sed i men tary ba sin in com par i son with the
Sushmanets ba sin.

The sedimentological data sup port the con clu sions based
on foraminifera, in di cat ing a deep-wa ter depositional en vi ron -
ment. The Sushmanets For ma tion is rep re sented by thick
(>1000 m) typ i cal flysch de pos its char ac ter ized by clas sic
Bouma in ter vals that sug gest ac cu mu la tion by tur bid ity cur rents 
and back ground hemipelagic (red and green mudstones) de po -
si tion. Sim i larly thick ac cu mu la tions of turbidites may be
formed, most likely, at the base of the con ti nen tal slope.

Paleocene–Low er most Oligocene Vezhany suc ces sion
(Metova For ma tion). Biofacies (1), (2), and (3) were dis tin -
guished in the de pos its of the Metova For ma tion (Fig. 8). Plank -
ton-dom i nated biofacies (3), iden ti fied in the marls rang ing in
age from Early Eocene up to ear li est Oligocene, in di cates
hemipelagic sed i men tary en vi ron ments at bathyal depths
acording to ex ist ing mod els (Murray, 1976, Gorbachik et al.,
1996). The great quan tity of cal car e ous foraminifers in the de -
pos its and the pre dom i nance of plank tonic spec i mens sug gests 
these en vi ron ments. Cal car e ous benthics of the gen era
Nuttallides, Chilostomella, Oridorsalis, Nodosaria, Ellipsoglan -
dulina, Pleurostomella, Stilostomella, Gyroidina, and Lagena
found in biofacies (3) are mostly re garded as deep-wa ter taxa of 
the bathyal zone (Olszewska, 1984; Morkhoven et al., 1986;
Olszewska et al., 1996; Waœkowska-Oliwa, 2005). Good pres -
er va tion of the cal car e ous tests in di cates depths above the
foraminiferal lysocline.

The ag glu ti nated foraminifers of biofacies (1) and of mixed
biofacies (2) from the Metova For ma tion are char ac ter ized by sim -
i lar spe cies com po si tion and mor pho log i cal fea tures (co ar -
se-grained wall). These ag glu ti nated foraminifers in biofacies (2)
are placed to gether with nu mer ous plank tonic spec i mens. This
fact prob a bly in di cates sim i lar bathyal depths of sed i men ta tion of
the clastic and mar ble de pos its of the Metova For ma tion.

The sedimentological data sup port the con clu sions based
on foraminifera, in di cat ing a bathyal en vi ron ment. The rel a tively 
thin (100–200 m in thick ness) marly-clastic de pos its of the
Metova For ma tion do not show turbidite tex tures with Bouma in -
ter vals. These de pos its could have been formed by
hemipelagic sed i men ta tion with a small ad di tional sup ply of
terrigenous ma te rial in the area of the con ti nen tal slope.
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POSITION OF THE PALAEOBASINS

Re con struc tions of the geo log i cal his tory of the Carpathian
re gion (Burchfiel, 1980; Sãndulescu, 1988; Golonka et al.,
2000; Csontos and Vörös, 2004; Oszczypko, 2006; Œl¹czka et
al., 2006; Uchman et al., 2006; Schmid et al., 2008; Golonka,
2011; and ref er ences therein) in clud ing the Ukrai nian
Carpathians (Gnylko, 1999; Hnylko, 2011c, 2012; Hnylko and
Generalova, 2014; Hnylko et al., 2015) may be sup ple mented
by pos si ble res to ra tions of the palaeogeographic and tec tonic
po si tion of the Monastyrets and Vezhany palaeobasins. Ap par -
ently, the Monastyrets deep-wa ter flysch Ba sin to gether with its
prob a ble con tin u a tions: the Petrova–Leorgina–Wild Flysch
bas ins (Oszczypko et al., 2005 and ref er ences therein) and the
Szolnok Ba sin (Balla, pers. comm., see also Balla, 1982;
Nagymarosy and Baldi-Beke, 1993) may be long to the
deep-wa ter sea way be tween the Tisza–Dacia and Alcapa ter -
ranes (Figs. 1 and 19). The prob a ble pro lon ga tion of the
Monastyrets Unit into the Magura Unit in pres ent-day struc ture
(Byzova and Beer, 1974; Oszczypko et al., 2005) sug gests that
the Monastyrets and Magura sed i men tary palaeobasins were

con nected. The Magura Ba sin be longs to the Outer Carpathian
flysch bas ins, thus the Monastyrets Palaeobasin could be long
to a branch of the Outer Carpathian bas ins. This branch was
wedged be tween the Tisza–Dacia and Alcapa ter ranes
(Fig. 19).

The as sem blages of smaller foraminifera and
sedimentological data in di cate that the Paleocene–lowermost
Oligocene de pos its of the Vezhany Ba sin were de pos ited in
bathyal en vi ron ments. Now these sed i ments likely be long to the 
up rooted cover of the Marmarosh Mas sif – part of the
Tisza–Dacia Terrane. There fore, they could have been de pos -
ited on the slope of the Tisza–Dacia Terrane (microcontinent).
This slope had been in clined to the south-west to wards the
deep-wa ter Monastyrets flysch Ba sin as in di cated by the pres -
ent-day tec tonic po si tion: the Monastyrets Nappe thrust over
the Vezhany Nappe from the south-west.

The lack of post-Eocene strata in the Monastyrets suc ces -
sion as well as the thrust of the Monastyrets Nappe over the
Oligocene de pos its of the Vezhany Unit can be re lated to the
clo sure of the deep-wa ter flysch ba sin (or part of this ba sin) be -
tween the Alcapa and Tisza–Dacia ter ranes (Fig. 19).

Fig. 19. General position of the Vezhany and Monastyrets units in Paleocene/Eocene and Oligocene times

Lo ca tion of ter ranes ap prox i mately ac cord ing to Csontos and Vörös (2004). Sche matic re con struc tions of the Carpathian realm based on the 
res to ra tions of Burchfiel (1980), Oszczypko et al. (2005), Oszczypko (2006), Ustaszewski et al. (2008) and accretionary flysch prisms af ter
Balla (1982), Gnylko (1999), Merten et al. (2010), Hnylko (2011b, c), Hnylko and Generalova (2014) and Hnylko et al. (2015), mod i fied
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CONCLUSIONS

In the in ner (south west ern) part of the Ukrai nian
Carpathians, two types of Paleogene sed i men tary suc ces sion
dif fer ing by their foraminiferal com po si tion and lithofacies can
be dis tin guished. The first type is de vel oped in the Vezhany
Nappe (Unit) and the sec ond one is rep re sented in the
Monastyrets Nappe (Unit). The Paleocene–lowermost
Oligocene suc ces sion of the Vezhany Nappe con sists of
“non-flysch” thin (100–200 m in thick ness) marly-clastic cal car -
e ous de pos its of the Metova For ma tion with a high con tent of
plank tonic foraminifera. The Paleocene–Eocene suc ces sion of
the Monastyrets Nappe is rep re sented by thick (~1700 m in
thick ness) typ i cal flysch de pos its of the Sushmanets For ma tion
with a high con tent of ag glu ti nated foraminifera, and over ly ing
the Drahovo For ma tion.

The Parvularugoglobigerina eugubina Zone (Lower
Danian), Acarinina acarinata Zone (Up per Thanetian),
Morozovella subbotinae Zone and Morozovella aragonensis
Zone (Ypresian), Acarinina bullbrooki Zone and Acarinina
rotundimarginata Zone (Lutetian), Subbotina corpulenta Zone
and Subbotina vialovi Zone (Up per Priabonian–Lower
Rupelian) based on plank tonic foraminifera as well as the
Rzehakina fissistomata sensu lato Zone (Paleocene),
Glomospira charoides–Recurvoides smugarensis Zone
(Ypresian) and an as sem blage with Haplophragmoides
parvulus (lat est Mid dle Eocene–early Late Eocene) based on
ag glu ti nated foraminifera were iden ti fied in these de pos its of
the Monastyrets and Vezhany units.

Three biofacies of: ag glu ti nated foraminifera (1); mixed
plank tonic-ben thic biofacies (2); and plank ton-dom i nated
biofacies (3) were de ter mined in the Paleocene–low er most
Oligocene de pos its of the Monastyrets and Vezhany units.
Biofacies (1), dis trib uted in the flysch de pos its of the
Sushmanets For ma tion, is rep re sented by deep-wa ter ag glu ti -
nated foraminifera and con tains the foraminiferal as sem blages: 

“Rzehakina”, “Rhabdammina”, “Paratrochamminoides” (ac -
cord ing to Kuhnt and Kaminski, 1989) and “Glomospira” (ac -
cord ing to Kaminski et al., 1988) iden ti fied on the ba sis of the
ge neric com po si tion and mor pho log i cal fea tures of the micro -
fauna. The “Rzehakina”, “Rhabdammina”, “Paratrocham -
minoides” as sem blages in di cate depositional depths cor re -
spond ing to the lower part of the con ti nen tal slope to the abys -
sal en vi ron ment be low the CCD. The “Glomospira” as sem blage 
rep re sents a pe riod of low ered sed i men ta tion rate (ac cord ing to 
Kaminski et al., 1989).

The in sig nif i cant quan tity of deep-wa ter ag glu ti nated
foraminifers and the pres ence of cal car e ous fauna in the
Drahovo For ma tion sug gest a shallowing of the sed i men tary
palaeobasin. The ge neric com po si tion and mor pho log i cal fea -
tures of both the pre vail ing plank tonic and smaller num ber of
ben thic foraminifera, which com pose biofacies (3) dis trib uted in
the marls of the Metova For ma tion, sug gest hemipelagic sed i -
men tary en vi ron ments at bathyal depths above the
foraminiferal lysocline.

The Monastyrets Palaeobasin could be long to a branch of
the Outer Carpathian deep-wa ter flysch bas ins wedged be -
tween the Tisza–Dacia and Alcapa ter ranes (microcontinents).
The Vezhany bathyal Ba sin was lo cated on the slope of the
Tisza–Dacia Terrane.
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