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At the junction area where the Outer Western Carpathian and Outer Eastern Carpathian accretionary prisms converged, the
first was developed ahead of the moving Alcapa Terrane, and the second one ahead of the Tisza-Dacia Terrane. We have
compiled a new geological map of the junction area, located in the Latorytsa and Pynya river basins, comprising the Burkut
and Svydovets nappes of the Fore-Marmarosh (Fore-Tisza-Dacia) prism and the Dukla Nappe of the Fore-Alcapa prism. The
sedimentary formations of these nappes, composed mainly of turbidites and similar deposits, contain foraminifera, which al-
low us to determine the age of the most of these formations that range from the mid-Cretaceous to the Eocene. Our mapping
shows that the Burkut and Svydovets nappes of the Eastern Carpathians plunge to the west under the Dukla Nappe of the
Western Carpathian. The thrust boundary between the nappes is deformed and forms gentle antiforms and synforms. In ad-
dition, strike-slip faults of sub-Carpathian (NW-SE) direction cut these structures. We mapped broken formations and tec-
tonic mélanges along these faults. The thrusting of the Dukla Nappe of the Fore-Alcapa prism over both Burkut and
Svydovets nappes of the Fore-Marmarosh prism was probably caused by the collision of the Alcapa Terrane (upper plate)
and Tisza-Dacia Terrane (lower plate) in late Eocene to early Oligocene time. Subsequent movement along NW-SE
strike-slip faults may have been caused by the lateral extrusion of the East Carpathian formations towards the Western
Carpathians.

Key words: Western and Eastern Outer Carpathians, Dukla, Burkut and Svydovets nappes, accretionary prism, stratigraphy,
foraminifera, geological structure, sedimentary features.

INTRODUCTION The Ukrainian Carpathians occupy the junction where the
Outer Western and Outer Eastern Carpathian nappe systems

converged (Fig. 1; Horvath and Galacz, 2006; Hnylko, 2012),

The Outer Carpathians belong to the flysch nappe belt lo-
cated between the Alcapa Terrane, the Tisza-Dacia Terrane
and the European platform. One nappe system bounding the
Alcapa Terrane is developed in the western part of this belt, and
another nappe system bounding the Tisza-Dacia Terrane is lo-
cated in its eastern part. (Fig. 1; Mahel, 1973; Shakin, 1978;
Vialov et al., 1981; Csontos and Voros, 2004; Jankowski et al.,
2004, 2007; Horvath and Galacz, 2006; Hnylko, 2011b; Kovac
et al.,, 2016, 2017).
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though the structure of this junction is disputable (see Hnylko et
al.,, 2015a and references therein). There are two main con-
cepts about this structure. The first assumes that the main inter-
nal nappes of the Outer Carpathians, such as the Burkut
(Porkulets after Kruglov, 1986) and Dukla nappes, belong to
both the Eastern and Western Carpathians (Kruglov, 1986;
Matskiv et al., 2003; Kruhlov and Hyrsky, 2007; Matskiv, 2009).
In accordance to this idea, these internal nappes stretch out
from the Uzh River near the Ukrainian-Polish border up to the
Cheremosh River basin near the Ukrainian — Romanian border
in the Ukrainian part of the orogen. In line with this concept, bal-
anced cross-sections and reconstructions of the Ukrainian
Carpathian accretionary wedge were made (Nakapelukh et al.,
2017, 2018; Roger et al., 2023). According to the second con-
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Fig. 1. The main tectonic units of the Carpathian-Pannonian region after
Sandulescu (1988, 2009), Kovac et al. (1998, 2016), Csontos and Voros (2004),
Horvath and Galacz (2006), Oszczypko (2006), Schmid et al. (2008, 2020), Hnylko
(2012) and Murovskaya et al. (2025), simplified and partly modified

cept, the Outer Carpathians internal flysch nappes do not ex-
tend from the western to the eastern part of the Ukrainian
Carpathians (Mahel, 1973; Shakin, 1976; Vialov et al., 1981;
Csontos and Voros, 2004; Jankowski et al., 2004, 2007;
Horvath and Galacz, 2006). It was also inferred that the bound-
ary between the Eastern and Western Carpathians is ex-
pressed by the complicated Latorytsa-Stryi strike-slip zone
(Hnylko, 2011a, 2012), which was probably related to the lateral
extrusion of the East Carpathian formations to the north-west
(Hnylko, 2017).

Thus, the location and structure of the junction, where the
internal nappes of the Outer Western Carpathians and Outer
Eastern Carpathians converge, remain controversial, and vari-
ously depicted (Matskiv et al., 2003; Csontos and Voros, 2004;
Jankowski et al., 2004, 2007; Horvath and Galacz, 2006;
Kruhlov and Hyrsky, 2007; Matskiv, 2009; Hnylko, 2011a,
2012). This uncertainty is due, first of all, to incomplete
biostratigraphic study of the strata of this area, especially the
thick sandstone and sandy flysch deposits with poor micro-
fauna. These sandy deposits are of similar origin (sandy
turbidites and/or grain-flow deposits) and different ages (from
the Lower Cretaceous to the Eocene), and belong to different
tectonic units (nappes) from both Eastern and Western
Carpathians, although they are practically indistinguishable in
field geological mapping without palaeontological dating. For
example, the age of the sandy Burkut Formation, which belongs
to and indicates the Burkut Nappe in this junction area, has not
been constrained palaeontologically, with the exception of one
locality (Byzova and Maslakova, 1974, see below). This strati-
graphic uncertainty causes significant difficulties in identifying
tectonic units and determining whether the deposits belong to
the Eastern Carpathian or Western Carpathian units.

The state geological map of the junction region at 1:200,000
scale (Matskiv et al., 2003; Matskiv, 2009) and the international
geologic map (Jankowski et al., 2004, 2007) at the same scale
were compiled on the basis of geological mapping carried out in
the 1960s—1980s. Stratigraphical, sedimentological and struc-
tural studies have not been conducted in this area since that
time.

In this study, we have compiled a new geological map, and
also complement knowledge regarding the lithostratigraphy,
foraminiferal biostratigraphy, sedimentology and tectonic struc-
ture of the junction area between the internal Outer Western
and internal Outer Eastern Carpathian nappes, identifying tec-
tonic units (nappes) located in this area and determining their
stratigraphic content, boundaries and structure as well as some
features of their origin and evolution. We consider that under-
standing the origin of the lateral coupling of these two
Carpathian nappe systems (= accretionary palaeoprisms, see
Oszczypko, 2006; Hnylko, 2012; Kovac¢ et al., 2016, 2017,
Golonka et al., 2019; Roger et al., 2023 and references therein)
can help to understand the nature of such coupling of
accretionary (palaeo)prisms in general.

GEOLOGICAL OUTLINE

The Outer Carpathians are made of several thin-skinned
nappes thrust over each other towards the north-east and over
the Miocene Carpathian Foredeep. These nappes consist of
Upper Jurassic-Neogene, mainly flysch deposits uprooted
from their original substratum. The main Outer Carpathian
nappes have their own lithostratigraphy and tectonic structure
and are therefore considered as structural-facies/tectonic units
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Fig. 2. The main tectonic units of the Ukrainian Carpathians (Hnylko, 2012; Murovskaya et al., 2025, modified)

(e.g., Vialov at al., 1981; Golonka et al., 2006, 2019; Horvath
and Galacz, 2006; Oszczypko, 2006; Gaweda et al., 2019,
2021; Kowal-Kasprzyk et al., 2021). The Outer Carpathians
form an arc, which envelops the Central Western and Central
Eastern Carpathians belonging to the Alcapa and Tisza-Dacia
terranes respectively (Kovac et al., 1998, 2016, 2017; Csontos
and Voros, 2004; Oszczypko, 2006; Golonka et al., 2006, 2019;
Horvath and Galacz, 2006; Schmid et al., 2008, 2020; Hnylko,
2012).

On the basis of previous research (Danysh, 1973, 2004;
Byzova and Beer, 1974; Vialov et al., 1981; Kruglov, 1986;
Csontos and Voros, 2004; Jankowski et al., 2004, 2007;
Sandulescu et al., 1981; Sandulescu 1984, 1988, 2009; Hnylko,
2011b, 2012; Hnylko et al., 2015a-c; Schmid et al., 2020 and
references therein) and our own data, the following main tec-
tonic elements related to the formation of the junction between
the Western and Eastern Carpathians (listed from internal to
external ones) can be identified in the Ukrainian part of the
Carpathian orogen (Figs. 1 and 2):

Central Western Carpathians: part of the Alcapa Terrane
buried beneath Neogene deposits of the Transcarpathian Basin
(Hnylko, 2011b; Murovskaya et al., 2023, 2025) and cropping
out in the Western Carpathians outside of Ukraine. As a whole,
Central Western Carpathians represent a pile of crystalline
basement and cover, thick- and thin-skinned nappes thrust over
the Outer Carpathians (see Plasienka, 2018; Schmid et al.,
2020 and references therein).

Central Eastern Carpathians: part of the Tisza-Dacia
Terrane including both the Marmarosh Crystalline Massif, and
the Marmarosh Klippen Zone (see Figs. 1 and 2). In Ukraine,
the Marmarosh Massif is composed of Precambrian and Paleo-
zoic metamorphic rocks, and Upper Paleozoic and Meso-Ceno-

zoic strata. It is dismembered into thick-skinned basement
Marmarosh nappes thrust over the Outer Carpathians (Matskiv
et al.,, 2009a, b). These basement nappes were formed in the
Early Cretaceous and sealed by a Late Cretaceous-Paleogene
post-nappe cover (Matskiv et al. 2009a, b). In Romania, the
basement nappes are overlapped by Transylvanian ophiolitic
nappes (Sandulescu et al., 1981; Horvath and Galacz, 2006).
The Marmarosh Klippen Zone (=Vezhany Nappe) is located
in the north-west prolongation of the Marmarosh Crystalline
Massif between the Monastyrets Nappe and the Outer
Carpathians. It consists only of a Cretaceous-Paleogene sedi-
mentary succession with thick (>1000 m) Aptian-Albian olisto-
strome/conglomerate deposits at its base. These deposits be-
longing to the Soymul Formation contain clasts of both crystal-
line metamorphic rock of the Marmarosh Massif and ophiolites
(including ultrabasites and basalts; Hnylko et al., 2015b).
Olistostrome/conglomerate deposits of the Soymul Formation
can be correlated (Hnylko et al., 2015b and references therein)
with the Barremian-Albian wildflysch succession in Romania,
which either forms an independent tectonic unit after Hock et al.
(2009) or lies on top of the Bucovinian sequence (part of the
Central Eastern Carpathians) and underlies the Transylvanian
ophiolite nappes according to Sandulescu (1984). The Creta-
ceous-Paleogene succession of the Marmarosh Klippen Zone
can be assigned to the post-nappe cover, which originally was
lying on the Central Eastern Carpathian nappes (Horvath and
Galacz, 2006). Subsequently, the Marmarosh Klippen Zone
sedimentary succession was detached from the Marmarosh
Massif substrate and thrust over the Outer Carpathians (Hnylko
et al., 2015b; Hnylko and Hnylko, 2016). Similarly, the
wildflysch succession of the Romanian Central Eastern
Carpathians was thrust as an independent tectonic unit over the
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Flysch Carpathians (Hock et al., 2009). Therefore, the
Marmarosh Klippen Zone, as part of the Marmarosh Massif
cover, can be assigned to the Dacia unit.

The Pieniny Klippen Belt forms the boundary between the
Central Western Carpathians and the Outer Western
Carpathians, and wedges to the SE into the Central Carpathian
area between the Alcapa and Tisza-Dacia terranes. In Ukraine,
it is represented by a Jurassic-Paleogene sedimentary succes-
sion. The strata are intensely deformed, up to mélange struc-
ture formed by isolated blocks or “klippens” composed of com-
petent Jurassic to Lower Cretaceous limestones surrounded by
a soft matrix consisting of mainly Upper Cretaceous Puchov red
marls (Kruglov, 1986; Plasienka and Sotak, 2015). These in-
tensely deformed strata are unconformably overlain by Eocene
conglomerates (Kruglov, 1986; Hnylko et al., 2015b and refer-
ences therein).

Flysch Carpathians (= Outer Carpathians+Monastyrets
Nappe). The Monastyrets Nappe is made of a Paleogene suc-
cession containing typical flysch deposits of the
Paleocene—Eocene Sushmanets Formation and sandstones of
the Eocene Drahovo Formation (Hnylko and Hnylko, 2016 and
references therein). Most likely, the Monastyrets Nappe is a
prolongation of the inner part of the Western Carpathian
Magura Nappe (Byzova and Beer, 1974; Oszczypko, 2004;
Oszczypko et al., 2005) wedged (as well as the Pieniny Klippen
Belt, see above) between the Tisza-Dacia and Alcapa terranes
(see Hnylko and Hnylko, 2016; Kovac et al., 2016 and refer-
ences therein), and further in the article is called the “be-
tween-terrane” flysch.

The Outer Western Carpathian Fore-Alcapa internal flysch
nappes (units) are located ahead of Central Western
Carpathian nappes. They contain the Magura and Dukla
thin-skinned nappes, comprising Paleogene and Creta-
ceous-Paleogene flysch respectively (Figs. 1-3).

The Outer Eastern Carpathian Fore-Marmarosh (Fore-Ti-
sza-Dacia) internal flysch nappes (units) are situated ahead of
Marmarosh basement nappes and built of the Kamyanyi Potik,
Rakhiv, Burkut and Krasnoshora nappes formed of Cretaceous
flysch, as well as the Svydovets and Chornohora nappes com-
prising Cretaceous-Paleogene deposits (Figs. 1-3).

The Outer Carpathian external flysch-molasse nappes
(units) comprise the Silesian, Subsilesian, Skyba, and
Boryslav-Pokuttya nappes. These thin-skinned nappes filled
with Cretaceous-Miocene flysch and molasse deposits are
thrust over each other and over the Carpathian Foredeep, to-
wards the north-east (Figs. 1-3).

Therefore from the geological point of view, the boundary
between the Eastern and Western Outer Carpathians is located
between the Fore-Alcapa and Fore-Marmarosh internal nappes
(see Horvath and Galacz, 2006; Hnylko, 2012; Figs. 1 and 2).
The external Silesian, Sub-Silesian, Skole-Skyba nappes are
located both in the Western and Eastern Outer Carpathians
(Figs. 1 and 2).

According to Mahel (1973), Shakin (1976), Vialov et al.
(1981), Csontos and Voéros (2004), Jankowski et al. (2004,
2007) and our own mapping (see below), the two Outer
Carpathian internal nappe systems located in the Western
Carpathians and Eastern Carpathians adjoin each other “later-
ally” in the junction area at the Borzhava and Latorytsya river
basins (see Figs. 1 and 4). The Dukla Nappe (Western
Carpathian) extends to this area from the NW as well as the
Burkut and Svydovets nappes (Eastern Carpathians) having
expanded here from the SE. The large Magura Nappe of the
Western Carpathians is overlain by the Neogene volcanics in
the Uzh River Basin (Fig. 2) and, as already mentioned, proba-
bly prolongs to the SE as the Monastyrets Nappe located be-

tween the Alcapa and Tisza-Dacia terrains (Byzova and Beer,
1974; Oszczypko, 2004; Oszczypko et al., 2005; Hnylko and
Hnylko, 2016). The Kamyanyi Potik, Rakhiv, Krasnoshora, and
Chornohora nappes of the Eastern Carpathians prolong from
the SE to the NW and disappear from the earth’s surface at the
Chorna Tysa, Teresva and Tereblya river basins and so do not
reach the junction between the Western and Eastern
Carpathians (see Fig. 2).

Therefore, in the basins of the Borzhava and Latorytsa
rivers, the boundary between the Outer Eastern Carpathian in-
ternal nappes represented by the Burkut and Svydovets
nappes and the Outer Western Carpathian internal nappes are
expressed by the Dukla Nappe is located. This junction area is
bordered by the Outer Carpathian external Silesian Nappe in
the northwest. Next, we will briefly describe these tectonic units.

GENERAL DESCRIPTION OF THE BURKUT,
SVYDOVETS, DUKLA AND SILESIAN NAPPES

The Burkut Nappe (=Porkulets Nappe after Kruglov, 1986
as well as ~Sukhiv+Burkut units after Mahel, 1973; Shakin,
1976; Vialov et al., 1981; Jankowski et al., 2007) is the largest
tectonic nappe among the Ukrainian Outer Eastern Carpathian
internal nappes. We accept the name of this tectonic unit after
Swidzinski (1947). It is a prolongation of the Bodoc digitation of
the Ceahleu Nappe of the Romanian Carpathians (Kruglov,
1986; Matskiv et al., 2009a, b). The Burkut Nappe is composed
of a continuous Jurassic-Cretaceous succession (no uncon-
formities are recorded) represented by the Trostyanets, Bila
Tysa, Burkut, Sukhiv and Tereshova formations (see Fig. 3).

The Trostyanets Formation is developed in the front of the
Burkut Nappe at the base of the Burkut succession as lenses of
the Jurassic-Lower Cretaceous limestone and mafic volcanic
rocks of both oceanic and continental origin (according to
Liashkevych et al., 1995; Hnylko and Vaschenko, 2010;
Generalova et al., 2013).

The Bila Tysa Formation (Slavin, 1956), up to 1000 m thick,
is composed of thin- and medium-bedded grey and green-grey
flysch with sandstone and conglomerate packages in its upper
part. The age of the Bila Tysa Formation is Uppermost
Barremian?-Albian (Pasternak et al., 1966; Gorbachyk and
Byzova, 1974; Leshchukh, 1979, 1980; Vialov et al., 1989;
Romaniv, 1991, 1999).

The Burkut Formation (Sujkowski, 1930), up to 1000 m
thick, partly replacing the Bila Tysa Formation, is represented
by sandstones and sandy flysch (Byzova, 1979), and com-
pletes the stratigraphic succession of the Burkut Unit over most
of its outcrop. Its age is Albian-Cenomanian (Byzova et al.,
1966a; Byzova and Maslakova, 1974; Vialov et al., 1988).

The Sukhiv Formation (Kulchytskyi et al., 1965), 200 m
thick, locally overlies the Burkut and Bila Tysa formations. It is
represented by green-grey and variegated (red and green)
marls and shales (Vialov et al., 1981, 1989). Its age is
Cenomanian-Coniacian (Vialov et al., 1989; Romaniv, 1991,
1999).

The Tereshova Formation (Dabagyan et al.,1967), up to
500 m thick, is composed of medium- and thick-bedded sandy
flysch deposits with conglomerates in upper part. It is assigned
to the Senonian (Gabinet at al., 1976; Vialov et al., 1988).

Some authors (Byzova and Maslakova, 1974; Byzova and
Beer, 1974; Kruglov and Smirnov, 1979; Kruglov, 1986;
Slaczka et al., 2006; Shlapinskyi, 2012; Nakapelukh et al.,
2017; Roger et al., 2023) considered that the Cretaceous de-
posits of the Burkut (Porkulets) Nappe are stratigraphically nor-
mally overlain by the Paleogene flysch. However, such transi-
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Fig. 4. Geological map of the junction area between the Internal nappes of the Outer Eastern Carpathians and Outer Western
Carpathians as well as adjacent territories and position of the area mapped

Compiled on the basis of previous maps (Shakin, 1976; Matskiv et al., 2003, 2009a, b; Jankowski et al., 2004, 2007; Matskiv, 2009) and our
observations along the large rivers as well as detailed geological mapping (scale 1:25,000) carried out in the basin of the Borzhava River
(near the villages of Keretsky and Bronka) and in the basins of the Latorytsa and Pynya rivers (near the city of Svalyava and the villages of
Holubyne, Polyana and Uklin) of the Transcarpathian region. The map also shows some results of the geological mapping of the the Silesian
Nappe carried out as preparation for the Ukrainian State Geological Map at 1:200,000 scale (Stryi sheet) published partly (Hnylko, 2011a;
Hnylko et al., 2021)
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tions from the Cretaceous to the Paleogene have not been ob-
served and palaeontologically are not proven, and we assume,
following Danysh (1973), Shakin (1976), Vialov et al. (1981,
1989), Andreyeva-Grigorovich et al. (1985), and Jankowski et
al. (2007), that the Tereshova Formation is not overlain by any
younger deposits (see Fig. 3), and that the Paleogene flysch ex-
posed near the Tereshova Formation belongs to the Dukla
Nappe located nearby.

The Svydovets Nappe (Blyznytsa Subnappe of the Dukla
Nappe after Kruglov, 1986) is a tectonic unit of the Ukrainian
Outer Eastern Carpathian internal nappes (see Figs. 1, 3 and
4). It extends from the Cheremosh and Prut River basins in the
SE, towards the Latorutsa and Pynya River basins in the NW
(Hnylko, 2012; Hnylko and Hnylko, 2012 and references
therein).

Some researchers attribute the Svydovets tectonic element
to either the Dukla Nappe (Kruglov, 1986) or the Silesian Nappe
(Beer et al., 1971; Danysh, 2004). However, the Svydovets
Nappe is characterized by its own tectonic style and character-
istic stratigraphic succession (including a notable development
of thick Paleocene-Eocene sandy deposits and the almost
complete absence of Oligocene strata: see Hnylko and Hnylko,
2012). Thus, we attribute this nappe to a separate tectonic ele-
ment following Vyalov et al. (1981).

The Svydovets Nappe is composed of Creta-
ceous-Paleogene flysch deposits, as a continuous sedimentary
succession of the Shypot, Yalovets, Lolyn, Urda and Bobruk
formations and minor Oligocene deposits (see Fig. 3). The Cre-
taceous Shypot, Yalovets and Lolyn formations and Oligocene
strata are developed mainly in the eastern part of the Svydovets
Unit and do not reach the surface near the junction of the West-
ern and Eastern Carpathians, where the Senonian-Eocene
Urda and Bobruk formations dominate (see Fig. 4).

The Urda Formation (Vialov and Tsarnenko, 1970), up to
900 m thick, is represented by medium-bedded sandstones al-
ternated with green and grey, rarely black, mudstones and
siltstones. Its age is Senonian-Paleocene (Beer at al., 1971;
Tsarnenko,1988 and references therein; Vialov et al., 1989).

The Bobruk Formation (Beer et al., 1971), up to 1600 m
thick, consists of thick-bedded sandstones with minor green,
grey and rarely red clay shales. It overlies the Urda Formation
and completes the stratigraphic succession of the Svydovets
Nappe over the greater part of its territory (Hnylko and Hnylko,
2012). The age of the Bobruk Formation is assigned to the
Paleocene-Eocene (Hnylko and Hnylko, 2012).

The Dukla Nappe is the largest tectonic unit among the
Ukrainian Outer Western Carpathian internal nappes. It ex-
tends from Slovakia and Poland (see Jankowski et al., 2004) to
the Borzhava and Latorytsa river basins in Ukraine (see Fig. 4).
The Dukla sedimentary succession is continuous and consists
of the Cretaceous Shypot and Yalovets formations, the Upper
Cretaceous-Paleocene Bereznyi Formation, the Paleocene-
Eocene hieroglyphic-type deposits and the Oligocene Menilite,
Dusyno, Turytsa, Krosno and Malyi Vuzhen formations (see
Fig. 3).

The Shypot Formation (Paul,1869) is represented by black
and green-grey shales (lower part up to 500 m thick), and me-
dium-bedded black siliciclastic “glassy” sandstones and shales
(upper part 150—180 m thick; Leshchukh, 1988a). The upper-
most part of the Shypot Formation contains green clay shales
with cherts (Vialov et al., 1981; Hnylko et al., 2023). Ammonites
of Aptian age were found in the lower part of the Shypot Forma-
tion (Tsarnenko and Leshchukh, 1974; Vialov et. al., 1989).
Foraminifera of late Albian and Albian-Senomanian age were
found in the upper part of the Shypot Formation according to
Byzova et al. (1966b). The age of the Shypot Formation is

Barremian?-Albian after Vialov et. al (1989) and also ranges
into the Cenomanian after Byzova et al. (1966b) and Hnylko et
al. (2023).

The Yalovets Formation (Kulchytskyi, 1959) consists of var-
iegated (red and green) shales (lower part 20—30 m thick), and
green shales and thin-bedded turbidites (upper part 100—200 m
thick). lts age is assigned to the Turonian-Santonian
(Maslakova, 1965; Romaniv, 1991, 1999; Hnylko, S.R. et al,
2023). The Bereznyi Formation (Vialov, 1960), up to 1000 m
thick, is composed of thin- to medium- and thick-bedded typical
turbidite flysch: alternations of polymictic sandstones, siltsto-
nes, black and grey mudstones and marls (Vialov and Danysh,
1988). The age of the Bereznyi Formation is assigned to the
Campanian-Danian (Romaniv, 1991, 1999).

Paleocene-Eocene deposits of the Dukla Unit are repre-
sented, according to Danysh (1973), Andreyeva-Grigorovich et
al. (1985) and Vialov et al. (1988), by a number of formations
(Figs. 3 and 4) comprising hieroglyphic-type bedded flysch de-
posits, sandstones and rarely conglomerates.

Oligocene deposits comprise the Menilite Formation,
characterizated by non-calcareous black shales and cherts.
The Menilite Formation is laterally replaced by both the Dusyno
Formation with a predominance of black marls and the Turytsa
Formation with siliciclastic “glassy” sandstones. The Dukla sed-
imentary succession is terminated by both the grey flysch of the
Krosno Formation, located in the north of the Dukla Unit, and
polimictic sandstones of the Malyi Vyzhen Formation situated in
the south of the Dukla Unit (Danysh,1973; Vialov et al., 1981,
1988).

The Silesian Nappe belongs to the Outer Carpathian exter-
nal nappes and extends from Poland (see Jankowski et al.,
2004). In Ukraine it bounds to the NE the junction area of the
Western and Eastern Outer Carpathian internal nappe sys-
tems. The stratigraphic succession of the Silesian Nappe in
Ukraine includes Lower Cretaceous and Paleocene-Lower
Miocene flysch deposits. Oligocene-Miocene deposits are
widespread and pre-Oligocene strata are exposed locally
(Vialov et al., 1981; Hnylko and Hnylko, 2019; see Fig. 3).

The Barremian?-Cenomanian Shypot Formation is locally
exposed in the Vicha River basin near the Volovets (see Fig. 4;
Hnylko et al., 2024). Turonian-Senonian deposits of the
Silesian Nappe in Ukraine are not well-constrained. Typical
pre-Oligocene deposits are composed mainly of Eocene black
shale and flysch (Hnylko and Hnylko, 2019). The
Oligocene—Miocene stratigraphic succession is represented by
the Menilite Formation (black shales is typical), Verets Forma-
tion (transitional from the Menilite to Krosno formations) and
Krosno Formation (grey flysch; Vialov et al., 1981; Hnylko and
Hnylko, 2019).

MATERIALS AND METHODS

Geological mapping at 1:50,000 and in places 1:25,000
scale, and stratigraphic, tectonic and sedimentological docu-
mentation of the formations in the Latorytsa and Pynya River
basins near the city of Svalyava and villages of Holubyne,
Solochyn, Polyana and Uklin (Transcarpathian region,
Mukachiv district, the vicinity of Svalyava,) was carried out dur-
ing fieldwork in 2016 and 2019-2023 (Fig. 5). Detailed field
mapping identified localities of the contact fault zones between
the Eastern Carpathian and Western Carpathian tectonic units.
Particular attention was paid to study of the exposed melanges
and shear-zones (some of these were partly described by
Hnylko, O. et al., 2023).
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Fig. 5. Geological map of the study area (Transcarpathian region, Latorytsa and Pynya River basins, the vicinity of Svalyava);
compiled by O. Hnylko

The area located at the junction of the Outer Eastern Carpathian internal nappes is represented by the Burkut and Svydovets nappes
and the Outer Western Carpathian internal nappes are represented by the Dukla Nappe



Oleh Hnylko et al. / Geological Quarterly, 2025, 69, 29 9

Samples for micropalaeontological analysis were collected
from both exposures along the 6 sections studied and the sepa-
rate exposures located in the Burkut, Svydovets and Dukla
units. As a rule, individual samples from the separate expo-
sures were grouped in the compiled sections. Unfortunately, the
poor exposure and intense deformation of the rocks did not al-
low study of complete successions of the sedimentary forma-
tions, and only parts of this succession were investigated. More
than 100 samples were analysed in the micropalaeontological
laboratory of the Institute of Geology and Geochemistry of
Combustible Minerals of the National Academy of Science of
Ukraine, Lviv. Among these, small foraminifera were found in
97 samples. A total of 74 species of agglutinated foraminifera
and 3 species of planktonic foraminifera were identified.

RESULTS

As a result of our geological mapping, a geological map at
1:25,000 scale of the junction area of the Outer Eastern Car-
pathian Internal nappes (represented by the Burkut and
Svydovets nappes) and the Outer Western Carpathian Internal
nappes (represented by the Dukla Nappe) was compiled
(Fig. 5) and geological cross-sections of this mapped area were
drawn (Fig. 6). Lithostratigraphic, sedimentological and
microfaunal (Fig. 7) studies made it possible to date and corre-
late the formations mapped, and on this basis to determine the
stratigraphic content and boundaries of the the Burkut,
Svydovets and Dukla tectonic units in this area.

LITHOSTRATIGRAPHY, SEDIMENTARY FEATURES
AND CHARACTERISTIC FORAMINIFERA OF THE DEPOSITS STUDIED

As a rule, the lithostratigraphy and sedimentological fea-
tures of the formation are described only on the basis of study-
ing individual exposures and incomplete sections, since
well-preserved sedimentary successions of the formations
were not found due to intense deformation and poor rock expo-
sure in the area mapped. It is difficult to establish the true thick-
ness of the formations here for these reasons.

BURKUT NAPPE SEDIMENTARY SUCCESSION

The Burkut Formation (Albian-Cenomanian) constitutes
the entire sedimentary succession of the Burkut Nappe in the
area mapped (see Figs. 5 and 6). It is exposed on the banks of
the Pynya, Mala Pynya and Latorytsa rivers and their tributar-
ies. The contacts observed, of the Burkut Formation with the
surrounding rocks, are tectonic. The formation is represented
by massive, thick- and medium-bedded sandstones (Fig. 8A),
some with grey siltstone and mudstone intercalations (Fig. 8B)
as well as with thick packets of thin- and medium-bedded flysch.
Occasionally, sedimentary lenses of matrix-supported micro-
conglomerate are present and pebbles are scattered in the
sandstones (Fig. 8C). These clastic rocks consist of quartz (up
to 60—-80%), feldspar, muscovite, redeposited flysch clasts and
inclusions of carbonized organic matter. Metamorphic schist
detritus was also noted.

The massive and thick-bedded Burkut Sandstone is the
most widespread unit in the Burkut Formation. The sandstone
beds are usually amalgamated, building bedsets up to several
tens of metres thick. The bases of the beds are sharp and occa-
sionally show flute and load casts (Fig. 8D). Clasts of flysch and
other rocks (up to a decimetre across) are usually located in the
lower part of the sandstone strata. In places, the sandy deposits
are characterized by Bouma divisions T,, Tap and Tapc (Fig. 8E)
as well as by thin- and the medium-bedded flysch packets of di-

visions Tane Tabea @nd Theq (Fig. 8F), which suggest deposition
from turbidity currents. Matrix-supported sandy microconglo-
merates are interpreted as the products of high-density turbidity
currents and/or grain/debris flows. Mudstone intercalations, lo-
cally present in the sandy deposits, can be interpreted as
(hemi)pelagites and/or turbidites of Bouma division Te. Several
measured turbidite palaeocurrent directions are from the SW
and E-SE (see Fig. 5).

Micropalaeontological studies were carried out on 5 ex-
posed sections (1-5) with a length of 25—-75 m and in individual
samples from small exposures grouped into compiled sections
(7-10), where 47 samples were analysed (Figs. 9-11), A total
of 21 species of agglutinated foraminifera have been identified,
but a large proportion of the foraminifera remain undetermined
due to inconsistency with known species or poor preservation
(see Figs. 9 and 10).

Among the foraminifera determined, some characteristic
mid-Cretaceous species are distinguished.

Spiroplectinella gandolfii (Carbonnier) (Fig. 120) is present:
in the lower part of Section 2 (samples 2021-9-1; 2021-9-2); in
middle part of the Compiled Section 9 (sample 2016-122); in in-
dividual sample 2016-110 near Section 5; and in Compiled sec-
tion 10 (sample 2016-151). S. gandolfii is a characteristic spe-
cies of the Albian-Cenomanian Burkut Formation (Byzova et
al., 1966a; Byzova and Maslakova, 1974). This species is lo-
cated in the upper part of the stratigraphic section of the depos-
its studied (Fig. 11).

Gerochammina stanislawi Neagy (Fig. 12S) is present: in
Section 1 (samples 2021-5 and 2021-5-2); in Section 5 (sample
2021-23-2); in Compiled Section 10 (sample 2016-137). G.
stanislawi is recorded in the Albian-Turonian of the Carpathians
(Neagu, 1990).

Tritaxia gaultina (Morozova) (Fig. 12R) is present in Section
5 (sample 2021-23-2) together with G. stanislawi.

Recurvoides imperfectus (Hanzlikova) (Fig. 12P) is pres-
ent: in Section 1 (samples 2021-5-1); in Section 5 (sample
2021-23-2) together with G. stanislawi; in Compiled Section 10
(individual sample 2016-151) together with S. gandolfii.

Kadriayina cf. gradata (Berthelin) (Fig. 12T) is present in the
lowermost part of Compiled Section 10 (sample 2016-145).

The tubular species Bathysiphon brosgei Tappan (Fig. 12A,
B), Bathysiphon vitta Nauss (Fig. 12C, D) and Rhizammina
algaeformis Brady (Fig. 12I), which are cosmopolitan Creta-
ceous species in flysch facies according to Weidich (1990 with
references therein), are common in the deposits studied. The
species Rhizammina indivisa Brady (Fig. 12E), Pseudo-
nodosinella cf. troyeri (Tappan) (Fig. 12K, L), Haplophragmo-
ides cf. walteri (Grzybowski) (Fig. 12N), Haplophragmoides sp.
(Fig. 12M), Trochamminoides sp. (Fig. 12J) often occur in the
Burkut Formation.

SVYDOVETS NAPPE SEDIMENTARY SUCCESSION

The sedimentary succession of the Svydovets Nappe is
represented by the Urda and Bobruk formations in the area
mapped (see Figs. 4 and 5).

The Urda Formation (Maastrichtian-Paleocene) is pres-
ent in a small sheared tectonic slice up to 100 m wide located
in the contact zone between the Svydovets and Silesian units
and is also locally developed in the inner part of the Svydovets
Unit (see Fig. 4). Itis exposed along the Latorytsa River banks
and consists of thin- and medium-bedded flysch expressed by
alternations of sandstones and grey up to black-grey mud-
and siltstones (Fig. 13A, see Fig. 4). Some sandstone beds
demonstrate indistinct Bouma divisions Ta,c. In general, the
rocks are highly deformed and the sedimentary structures are
poorly visible.
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Fig. 8. Lithology and sedimentary features of the Albian-Cenomanian Burkut Formation (Burkut Nappe) in the area mapped

A — massive Burkut Sandstone (Mala Pynya River near the mouth of the Zalom Stream); B — grey siltstone and mudstone intercalations in
sandstones of the Burkut Formation (Tesanek Stream, Solochyn village); C — quartz clasts scattered in the Burkut Sandstone (Vedmezhyi
Stream); D — flute and load casts in the base of a sandstone bed (Pynya River near Solochyn); E and F — Bouma divisions in the Burkut For-
mation (Mala Pynya River, village of Polyana)
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SECTION 1
Pynya River near the village of Holubyne

Bathysiphon brosgei Tappan
Rhizammina spp. - abundant
Trochamminoides sp. . .
Haplophragmoides cf. walteri (Grzybowski)
Haplophragmoides sp.
Gerochammina stanislawi Neagy

2021-5-2

2021-5 }- Bathysiphon brosgei Tappan
2021.5.1 4 Rhizammina indivisa Brady - abundant
> Caudammina ovula (Grzybowski)
Pseudonodosinella cf. troyeri (Tappan)
Haplophragmoides sp. .
Recurvoides imperfectus (Hanzlikova)
Gerochammina lenis (Grzybowski)

SECTION 3

Pynya River, sanatorium "Kvitka Polonyny»
between villages Holubyne and Solochyn

$ 2016-2
5821-11-1 < Recurvoides sp.
2021-11-2
2021-11-3
2016-6
2021-11-4

Rhizammina indivisa Bradg
Rhizammina algaeformis radg
4 Glomospira charoides (Jones & Parker)

Recurvoides sp. (bad preserved)

SECTION 5
Pynya River near the mouth of the Oblaznyi Stream

Rhizammina indivisa Brad .
Ammodiscus tenuissimus YG_rz bowski)
Pseudonodosinella cf. troyeri (Tappan)
Haplophragmoides cf. walteri (Grzybowski)
Trochamminoides sp.

Haplophragmoides cf. walteri (Grzybowski)

Ammosphaeroidina pseudopauciloculata (Mjatliuk)

Thalmannammina sp.

TF Bathysiphon cf. vitta Nauss

2020-10 ’/ th’zgmewfna indivisa Brady

2021-23-1 Saccammina sp. )

] Glomospira irregularis (Grz&bowskl) )

® 2020 -10-10 o Ammodiscus tenuissimus (Grzybowski)
2021-23-2 i i

: Pseudonodosinella cf. troyeri (Tappan)
2020 -10-2 Ammobaculites sp.

2021'23'3\ Haplophragmoides cf. howardense

Haplophragmoides sp. .
Recurvoides imperfectus (Hanzlikova)
Trochamminoides sp. )
Gerochammina lenis (Grzybowski)
\ Gerochammina stanislawi Neagy
) \ Tritaxia gaultina (Morozova)
Rhizammina indivisa Brady
Thalmanninella sp. - poorly preserved

Individual sample near the Section 5
(Pynya River near the mouth of the Oblaznyi Stream)

|j = + Rhizammina algaeformis Brad

2016-110 4 Tolypammina sp.
Haplophragmoides Ly) ) )
Spiroplectinella gandolfii (Carbonnier)
rochammina welteri Stelck & Wall

Haplophragmoides cf. minor (Nauss%t ek & Wall
elcl a

50m

& 2020-5 4 Trochammina sp.

E. 1202194 4 Psammospaera irregularis (Grzybowski),

Tesanek Stream in the village of Solochun

COMPILIED SECTION 7
from individual sampes

Pynya River near the village of Holubyne

Pseudonodosinella cf. troyeri (Tappan)
Ammobaculites parvispira Ten Dam

Psammosphaera fusca Schulze
Pseudonodosinella cf. troyeri (Tappan)

SECTION 2

Pynya River, sanatorium "Kvitka Polonyny»
between villages Holubyne and Solochyn

Bathysiphon brosgei Tappan,
2021-9-5 Rhizammina indivisa Brady,
Trochamminoides sp.

<4~ Caudammina crassa (Geroch)
Ammodiscus tenuissimus (Grzybowski)
Spiroplectinella gandolfii (Carbonnier)

2021-9-3
2021-9-2
2021-9-1

SECTION 4

Bathysiphon brosgei Tappan
Bam{s;ghon vitta %laussp P
Nothia sp.
Rhizammina algaeformis Brady- abundant
Rhizammina indivisa Brad
Psammosphaera fusca Schulze

<4 Hyperammina gaultina Ten Dam
Paratrochamminoides sp.
Trochamminoides sp.
Haplophragmoides sp.
Trochammina sp.

COMPILIED SECTION 8
from individual sampes
Latorytsa River near the city of Svalyava

2016-102

® 2016-101-1
® 2016-101

Bathysiphon brosgei Tappan
Bathysiphon sp. - abundant
Rhizammina indivisa Brady
B Nothia sp.
*2022-25-1 4~ Ammolagena sp.
Trochamminoides sp.

Bathysiphon brosgei Tappan
®2022-27-2-14- Rhizammina sp.

Pseudonodosinella cf. troyeri (Tappan)
Haplophragmoides sp.
Thalmannammina neocomensis Geroch

Bathysiphon brosgei Tappan

Rhizammina sp. o
Psammosiphonella cylindrica (Glaessner)
Pseudonodosinella cf. troyeri (Tappan)
Trochamminoides sp.

Thalmannammina neocomensis Geroch

Fig. 9. Distribution of foraminifera in the Burkut Formation (sections 1-5 and compiled sections 7, 8), mid-Cretaceous, Burkut
Unit, Latorytsa River basin
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COMPILIED SECTION 9
from individual sampes

Mala Pynya River and Hlybokyi Stream
near the village of Polyana

Bathysiphon vitta Nauss

Nothia sp.
}i—flijﬁiz;ammina indivisa Brady

almannammina sp.

Recurvoides sp. }-.small, poorly preserved

Bathysiphon brosgei Tappan

Rhizammina indivisa BradY
Haplophragmoides spp. - small, poorly preserved

Rhizammina indivisa Bradg
< Rhizammina algaeformis Brady

2019-120
2019-119

® 2016-126-1
2016-126

2016-125

2019-118
Reophax sp.
b 2016121 Recﬁrvoide?s sp, § Poorly preserved
Trochammina cf. diagonis (Carsey)
2016-122

2019-117

4 Bathysiphon brosgei Tappan
Bathysiphon vitta Nauss
Nothia sp.

Rhizammina algaeformis Brady
Rhizammina indivisa Brady
Trochamminoides sp.
Trochammina sp.

Spiroplectinella gandolfii (Carbonnier) S0m
129 2016-119«- Rhizammina indivisa Brady
Trochammina sp. 0

Bathysiphon sp.
Rhizammina indivisa Brad
Psammosiphonella cylindrica (Glaessner)

b

COMPILIED SECTION 10
from individual sampes
Area between the villages of Polyana and Uklin

Rhizammina indivisa Brad
Rhizammina algaeformis Brady
Haplophragmoides cf. kirki Wickenden
Haplophragmoides sp. - abundant
Trochamminoides sp.

Recurvoides spp. - bad preserved
Recurvoides imperfectus (Hanzlikova)
Spiroplectinella gandolfii (Carbonnier)
Mala Pynya Stream

‘ 12016—138

|ﬁ @ 2016-1374

Krasnyi Stream

Nothia sp.

Rhizammina indivisa Brad

Rhizammina algaeformis Brad
Psammosiphonella cylindrica (Glaessner)
Kalamopsis grzybowskii (Dylazanka)
Glomospira Irregularis SGrzyt_Jowski)
Pseudonodosinella cf. troyeri {Tappan)
Haplophragmoides cf. walteri (Grzybowski)
Haplophragmoides sp. - abundant
Trochamminoides sp.

Trochammina abrupta Geroch
Gerochammina stanislawi Neagy

e

Zalom Stream near the village of Polyana

" &2016-161 Bathysiphon sp.
Rhizgm'?nina ir?divisa Brady

Vedvezhyi Stream
l" ; ﬁzm&ms <« Bathysiphon brosgei Tappan (common)

Rhizammina indivisa Brady
Kadriayina cf. gradata (Berthelin)

Fig. 10. Distribution of foraminifera of the Burkut Formation (compiled sections 9, 10), mid-Cretaceous, Burkut Unit, Latorytsa
River Basin

mid-Cretaceous

THE CHARACTERISTIC FAUNA AND AGE OF THE BURKUT FORMATION

Characteristic
mid-Cretaceous species

The most common
species in these sections

SECTION 1
SECTION 2

—— — ————— ——— —— — — — ——— — —— ————

@ Spiroplectinella gandolfii

Bathysiphon brosgei
Bathysiphon vitta
Rhizammina algaeformis
Rhizammina indivisa
Haplophragmoides cf. walteri
Haplophragmoides sp.
Trochamminoides sp.
Pseudonodosinella cf. troyeri

@ Recurvoides imperfectus

@ Gerochammina stanislawi
© Tritaxia gaultina

© Kadriayina cf. gradata

50m

SECTION 3
SECTION 4
SECTION 5
COMPILIED
SECTION 7
COMPILED
SECTION 8
COMPILED
SECTION 10
COMPILED
SECTION 9

Krasnyi
Stream

e

Mala Pynya I=
Streaymy

1

Zalom
Stream

-

: + Vedvezhyi =
Stream

Fig. 11. Correlation of the Burkut Formation deposits studied, based on the characteristic foraminifera and the exposed
lithostratigraphic successions; Burkut Unit, Latorytsa River Basin
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Fig. 12. Foraminifera from the Burkut Formation, mid-Cretaceous, Burkut Unit, Latorytsa River Basin

A — Bathysiphon brosgei Tappan (sample 2019-118); B — Bathysiphon brosgei Tappan (sample 2021-5); C — Bathysiphon vitta Nauss (sam-
ple 2016-101-1); D — Bathysiphon vitta Nauss, aggregate of few thin specimens (sample 2021-23-2); E — Rhizammina indivisa Brady (sample
2019-15); F — Nothia sp.; G — Ammolagena sp. attached on Nothia sp. (sample 22-28-1); H — Rhizammina sp. (sample 2021-5-1); | —
Rhizammina algaeformis Brady (sample 2016-101-1); J — Trochamminoides sp. (sample 2020-5); K — Pseudonodosinella cf. troyeri
(Tappan) (sample 2022-27-2-1); L — Pseudonodosinella cf. troyeri (Tappan) (sample 2020-10-1); M — Haplophragmoides sp. (sample
2016-101-1); N — Haplophragmoides cf. walteri (Grzybowski) (sample 2021-23-1); O — Spiroplectinella gandolfii (Carbonnier) (sample
2021-9-1); P — Recurvoides imperfectus (Hanzlikova) (sample 2016-151); Q — Trochammina cf. diagonis (Carsey) (sample 2016-121); R —
Tritaxia gaultina (Morozova) (sample 2021-23-2); S — Gerochammina stanislawi Neagy (2021-5-2); T — Kadriayina cf. gradata (Berthelin)
(sample 2016-145); length of bars: 0.1 mm
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Fig. 13. Lithology and sedimentary features of the Maastrichtian-Paleogene deposits of the Svydovets Nappe in the area studied

A — thin- and medium-bedded alternation of sandstones and grey up to black-grey mud- and siltstones of the Maastrichtian-Paleocene Urda
Formation (Latorytsa River, near the village of Abranka); B — massive and thick-bedded sandstone of the Paleocene-Eocene Bobruk Forma-
tion (Mala Pynya River, near Uklin village); C — indistinct T,y Bouma divisions in the sandstone of the Bobruk Formation (Mala Pynya River,
near village of Uklin); D and E — clasts of flysch rocks and casts of such clasts in a sandstone of the Bobruk Formation (Mala Pynya River,
near village of Uklin); F — sand volcano structure in the Bobruk Formation (Mala Pynya River, near Uklin village)
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Foraminifera were studied only in one sample (2022-8)
taken from this tectonic slice (see Fig. 4 for location), where 12
agglutinated and 2 planktonic foraminifera were identified
(Figs. 14 and 15). Planktonic Subbotina triangularis (White) of
Danian age (Fig. 14B) and the typical forms of agglutinated
Haplophragmoides walteri (Grzybowski) (Fig. 14A), the first oc-
currence of which was noted in the Paleocene, were present
here. Agglutinated species of Early Cretaceous—Paleogene
(Miocene) age, including Aschemocella grandis (Grzybowski),
Caudammina ovula (Grzybowski), Caudammina ovuloides
(Grzybowski) and numerous Nothia excelsa (Grzybowski) are
also present (sample 2022-8, see Fig. 15). The age of
foraminifera was determined according to (Olsson et al., 1999;
Kaminski and Gradstein, 2005).

The Bobruk Formation (Paleocene-Eocene) represents
most of the Svydovets Unit and is exposed in the upper of the
Mala Pynya River in the area mapped (see Figs. 4 and 5). The
recorded contacts of the Bobruk Formation are all tectonic. The
formation is represented mainly by massive and thick-bedded
sandstones (Fig. 13B), some with thin- and medium-bedded
flysch and grey siltstone and mudstone intercalations. Bouma
divisions T, T4, and T, Were observed (Fig. 13C). Clasts of
flysch and casts of such clasts (up to a few decimetres in size)
are scattered in the sandstones in many places, suggesting de-
position from high-density turbidite currents and/or debris-grain
flows (Fig. 13D, E). Mudstone intercalations locally present be-
tween the sandy deposits can be interpreted as (hemi)pe-
lagites. Probable sand volcano structures were observed in the
Bobruk Formation (Fig. 13F).

Foraminifera were studied in 6 individual samples from the
Bobruk Formation (Fig. 15). A total of 13 species of agglutinated
foraminifera including Hormosina trinitatensis Cushman and
Renz, Recurvoides anormis Mijatliuk (Fig. 14G) and
Placentammina placenta (Grzybowski) (Fig. 14E) of Campan-
ian-Eocene age as well as Nothia robusta (Grzybowski) (Fig.
14C), N. excelsa, Glomospira glomerata (Grzybowski) (Fig. 14D)
and Aschemocella grandis (Fig. 14F) of Cretaceous-Paleogene
age are present here (see Fig. 15). The age of the foraminifera
was determined according to Kaminski and Gradstein (2005).

DUKLA NAPPE SEDIMENTARY SUCCESSION

The Cretaceous Shypot and Yalovets formations, the Cam-
panian-Paleocene Bereznyi Formation, the Paleocene-Eocene
hieroglyphic-type undivided deposits, and the Oligocene
Dusyno and Malyi Vuzhen formations comprise the Dukla sedi-
mentary succession in the area mapped and adjacent territory.

The Shypot Formation (Barremian?-Cenomanian) is not
exposed in the area mapped and was studied nearby. It com-
prises small tectonic lenses (up to 100—150 m wide) in melange
and sheared zones in the Borzhava River basin near the village
of Keretsky in the easternmost part of the Dukla Unit (see Fig. 4)
as well as underlying the Dukla sedimentary succession in the
more western parts of the Dukla Unit, where the Shypot Forma-
tion is well exposed along the Pesiy Stream (the left tributary of
the Luta River of the Uzh River basin, see Fig. 4).

A mélange zone composed of strongly deformed sheared
flysch rocks was observed in the lower part of the Pesiy Stream
in the Luta River basin. Black and dark-grey medium-bedded
flysch rocks of the Shypot Formation are exposed along the
stream bed 1.2 km above the mouth of this stream. This forma-
tion overlies the mélange zone. This flysch of the Shypot For-
mation is composed of alternations of “glassy” essentially
quartzose fine-grained sandstones (0.1-0.5 m thick) and black
shales (siltstone and mudstone intercalations up to 0.2 m thick).
All rocks are non-calcareous. The Bouma divisions Tape Tocde

and Tyeqe are characteristic. In the top part of these deposits,
green mudstones (up to 4 m thick) are developed, character-
ized by thin parallel-layered and homogeneous textures of ei-
ther the upper Bouma division (T.) or as hemipelagites. They
complete the Shypot Formation and are conformably over-
lapped by variegated (green and red) shales of the Yalovets
Formation. The thickness of the Shypot Formation reaches up
to 100 m here.

Only one sample (C-365, see Fig. 4) selected by S.P.
Gavura (collection of the Department of Carpathian Geology,
Institute of Geology and Geochemistry of Combustible Minerals
of NAS, Ukraine, Lviv) from the top of the Shypot Formation has
been studied. The agglutinated foraminifera Plectorecurvoides
alternans Noth, Caudammina crassa (Geroch) and Thalman-
nammina neocomensis Geroch, characteristic of the mid-Cre-
taceous in the Carpathians (according to Geroch and Novak,
1984; Dabagian, 1969) were found here.

The Yalovets Formation (Turonian-Santonian) is exposed
in the Pynya River basin along the Zalom, Oblaznyi and Krasnyi
streams (see Fig. 5). It consists of variegated (red and green)
shale and thinly layered mudstones (Fig. 16A) suggesting their
hemipelagic/pelagic origin. Thin (up to 1-5 cm thick)
fine-grained quartz sandstone intercalations with Bouma divi-
sions Tqe are developed in the upper part of the formation and
represent fine-grained turbidites. Some strata are character-
ized by well-sorted grains, cross-laminated textures (Fig. 16B),
and stronger bioturbation. Most likely these strata represent the
deposits of submarine bottom currents (so called “contourites”).
The variegated shale deposits are intensely deformed up to
mélange, and therefore, the contacts of the Yalovets Formation
with surrounding deposits, and its thickness, are unclear in the
area mapped.

Foraminifera were studied from Section 6 and some individ-
ual samples (Figs. 17 and 18). A total of 13 species of aggluti-
nated foraminifera were recognised here (see Fig. 17). Among
the foraminifera identified, two characteristic species are distin-
guished.

Uvegirinammina jankoi Majzon (Fig. 19F) is present: in Sec-
tion 6 (samples 2019-302, 2016-128 and 2016-128-2); in indi-
vidual sample 2016-163 from the Zalom Stream; and in sample
2016-110-3 of Compiled Section 12 along the Oblaznyi Stream
(see Figs. 5 and 17).

Gerochammina stanislawi (Fig. 19G) is present: in Section
6 (samples 2019-302, 2016-128 and 2016-128-1); in individual
samples 2016-163 from the Zalom Stream; and 2016-110-3 of
Compiled Section 12. These species are recorded from the
Albian-Turonian of the Carpathians (Neagu, 1990).

Small species belonging to the genera Ammodiscus,
Paratrochamminoides, Haplophragmoides, Recurvoides and
Trochammina are common in the red shales studied.

The Bereznyi Formation (Campanian-Danian) is exposed
in the Pynya River basin along the contact zone between the
Burkut and Dukla tectonic units. It is composed of polymictic or
siliciclastic mainly thin- and medium-bedded flysch (Figs. 16C,
D) characterized by Bouma divisions Tpcge, Tcde, Taber Tabode
(Fig. 16E) and represented by fine- and medium-grained
turbidites. The flysch contains intercalations of black
“Menilite-like” shales and “Dusyno-lyke” marls and some
siderites. These shales and marls are homogeneous and thinly
layered, and they are evidently hemipelagic/pelagic in origin.
Near the village of Holubyne along the Pynya River and its tribu-
taries, the thin-bedded grey clay and silt deposits (mainly
hemipelagites and thin-bedded turbidites) are dominant in ex-
posures of the Bereznyi Formation (Fig. 16F). Several mea-
sured turbidite palaeocurrent directions are from the NW and S
(see Fig. 5).
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Fig. 14. Foraminifera from the Urda and Bobruk formations, Paleocene-Eocene, Svydovets Unit

A — Haplophragmoides walteri (Grzybowski) (sample 2022-8); B — Subbotina triangularis (White) (sample
2022-8); C — Nothia robusta (Grzybowski) (sample 2016-154); D — Glomospira glomerata (Grzybowski) (sample
2016-154); E — Placentammina placenta (Grzybowski) (sample 2016-154); F — Aschemocella grandis
(Grzybowski) (sample 2016-157); G — Recurvoides anormis Mjatliuk (sample 2016-155); length of bars: 0.1 mm

Period

Epoch

Stage

Oligocene

Paleogene

Eocene

Bobruk Formation

Paleocene

Middle |Late

Early

Danian

_______ Glomospira diffundens Cushman and Renz

Mala Pynya River basin
near village of Uklin

_ Individual sampes ... exceisa (Grzybowski)

& Recurvoides anormis Mjatliuk

T Nothia excelsa (Grzybowski

/ gofhla robu.??ra Grrzybfp\gs_kl Gl )
i B 'sammosiphonela cylindrica (Glaessner

/ o r_‘+20164 54 4 ’Placentam'?n."na p!acjénta (Grzybowski)

o Glomospira glomerata (Grzybowski)

Trochamminoides proteus (Karrer)

|*~ T+2016-7 53 Psammosiphonela cylindrica (Glaessner)

T Glomospira irreqularis (Grzybowski
Aschemocella grandis (Grzybowski

——— Hormosina trinitatensis Cushman and Renz
Kalamopsis grzybowski (Dylazanka)
Conglophragmium irregularis (White) s
Ammosphaeroidina pseudopauciloctlata (Mjatliuk)

Nothia excelsa (Grzybowski|
Nothia robusta (Grzybowski

2016-150
*- Psammosiphonella cylindrica (Glaessner)

| Latorytsa River
| near village of Abranka

/
/ Nothia excelsa EGrzybowski 100m

_I / Nothia robusta (Grzybowski
y Glomospira charoides (Jones and Parker)

Ammodiscus peruvianus Berry
- Ashemocella grandis (Grzybowski)
%2022—8 < Caudammina ovula ( rze/bowskl) 0

Caudammina ovuloides (Grzybowski)
Con%;!ophragmxum lrre,?uians (White)
e Haplophragmodes walleri (Grzybowski) ;
A Thalmannammina subturbinata (Srzybowskl)
\ Karrerulina conversa (Grzybowski)
\ Subbotina triloculinoides % lummer)
Subbotina triangularis (White)

Fig. 15. Distribution of foraminifera in the parts of the Urda and Bobruk formations studied,

Paleocene-Eocene, Svydovets Unit, Latorytsa River Basin
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Fig. 16. Lithology and sedimentary features of the Upper Cretaceous-Paleocene deposits of the Dukla Nappe in the area mapped

A — Cenomanian-Santonian Yalovets Formation, variegated (red and green) shale of hemipelagic origin (Zalom Stream); B —
Cenomanian-Santonian Yalovets Formation, fine-grained sandstone with well-sorted grains and cross-laminated texture suggests its depo-
sition from submarine bottom currents (Oblaznyi Stream); C and D — Santonian-Danian Bereznyi Formation, thin- and medium-bedded
flysch: fine- and medium-grained turbidites (Pynya River near the village of Holubyne); E — Santonian-Danian Bereznyi Formation, me-
dium-grained turbidites with Tabc Bouma divisions (Pynya River near the village of Holubyne); F — Santonian-Danian Bereznyi Formation,
thin-bedded grey clay and silt deposits: mainly hemipelagites and thin-bedded turbidites (Pynya River near Holubyne village)
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Fig. 17. Distribution of foraminifera in the part of the Yalovets Formation studied (Turonian), Bereznyi Formation
(Senonian-Paleocene), hieroglyphic-type deposits (Paleocene-Eocene), Dukla Unit
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Fig. 19. Foraminifera from deposits of the Dukla Unit

Shypot Formation (mid-Cretaceous): A — Plectorecurvoides alternans Noth (sample C-365); B — Ammoanita sp. (sample C-365). Yalovets
Formation (Turonian): C — Ammodiscus cretaceous (Reuss) (sample 2016-110-3); D — Paratrochamminoides olszewski (Grzybowski) (sam-
ple 2016-128); E — Trochammina globigeriniformis Parker and Jones (sample 2019-128); F — Uvegirinammina jankoi Majzon (sample
2019-302); G — Gerochammina stanislawi Neagy (sample 2016-163). Bereznyi Formation (Senonian-Paleocene): H — Bathysiphon gerochi
(Mjatliuk) (sample 2019-104); | — Nothia robusta (Grzybowski) (sample 2016-152); J — Kalamopsis grzybowski (Dylazanka) (sample
2020-12); K — Haplophragmoides excavatus Cushman and Waters (sample 2019-101); L — Thalmannammina subturbinata (Grzybowski)
(sample 2020-9); M — Karrerulina conversa (Grzybowski) (sample 2016-139); N — Subbotina triloculinoides (Plummer) (sample 2020-12). Hi-
eroglyphic-type deposits (Paleocene-Eocene): O — Hormosina velascoensis (Cushman) (sample 2016-141); P — Conglophragmium
irregularis (White) (sample 2016-17); Q — Saccamminoides karpathicus Geroch (sample 2019-107); R — Haplophragmoides kirki Wickeden
(sample 2016-105); S — Reticulophragmium intermedium (Mjatliuk) (sample 2016-105); T — Spiroplectammina spectabilis (Grzybowski)
(sample 2016-141); U — Adecotryma agterbergi Gradstein and Kaminski (sample 2020-17); W — Karrerulina horrida (Mjatliuk) (sanmple
2016-17); X — Reticulophragmium amplectens (Grzybowski) (sample 2016-110-1); length of bars: 0.1 mm
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The deposits of the Bereznyi Formation are strongly dislo-
cated, and stratigraphic contacts with both the Yalovets Forma-
tion and with Paleocene-Eocene deposits were not observed,
and their thickness is unclear in the area mapped.

Foraminifera were studied from 18 samples from four com-
piled sections 11-14 and one further sample (2016-152,
Krasnyi Stream; Fig. 17). 16 species of agglutinated
foraminifera and one planktonic species were identified in the
deposits studied which are generally microfauna-poor. Most of
the species identified are common in the Upper Creta-
ceous-Paleogene of the Carpathians. Several characteristic
species have been identified.

Small specimens (probably juvenile forms) of Remesella
varians (Glaessner) (Fig. 19M) of Maastrichtian-Paleocene age
(according to Kaminski and Gradstein, 2005) are present in
Compiled Section 11 (samples 2019-101, 2019-104), Section
12 (sample 2019-115), Section 14 (sample 2016-140,) and
sample 2016-152 from outside these sections.

Bathysiphon gerochi (Mjatliuk) (Fig. 19H) is presentin Com-
piled Section 11 (sample 2019-104) and Section 14 (sample
2016-140). This species was also recorded from the Stryi For-
mation (Senonian—-Danian) of the Skyba Unit, Ukrainian
Carpathians (Mjatliuk, 1970).

Subbotina triloculinoides (Plummer) (Fig. 19N) of Paleo-
cene age (according to Olsson et al., 1999) is present in Com-
piled Section 12, sample 2020-12.

Thalmannammina subturbinata (Grzybowski) (Fig. 19L)
and Karrerulina conversa (Grzybowski) (Fig. 16\W) of Senon-
ian-Paleogene age (according to Kaminski and Gradstein,
2005) were found in the Bereznyi Formation.

The tubular species Nothia robusta (Fig. 191), N. excelsa
and Psammosiphonella cylindrica (Glaessner), as well as the
species Kalamopsis grzybowski (Dylazanka) (Fig. 19J), occur
quite frequently in the deposits studied.

Paleocene-Eocene hieroglyphic-type undivided deposits
are sparsely exposed in the western part of the area mapped
(see Fig. 5). They are represented by polymictic and siliciclastic
thin- and medium-bedded flysch composed of alternating beds
of sandstone, siltstone, grey and variegated (red and green)
mudstone shale (Fig. 20A). The beds often show Tapcde, Toedes
Teqe Bouma divisions (Fig. 20B) and consequently were depos-
ited by turbiditity currents. Some strata of green fine-grained
sandstone are characterized by well sorted grains, cross-bed-
ded textures and stronger bioturbation (“hieroglyphic beds”)
and may be the products of bottom water current sedimenta-
tion. Along the Medvezhyi and Krasnyi streams (see Fig. 5),
several exposures of matrix-supported unsorted microcon-
glomerates and/or sedimentary breccias (debris-flow deposits)
with detritus of metamorphic rocks including green schists are
present (Fig. 20C). The exotics-bearing deposits may be ana-
logues of the Eocene Stavne Formation belonging to the Dukla
sedimentary succession (see Fig. 3), where similar exotic meta-
morphic rock clasts were found (see Danysh, 1973; Hnylko and
Hnylko, 2024).

The Paleocene-Eocene stratigraphic succession is strongly
deformed and partially destroyed, and its contacts with both
Bereznyi Formation and Oligocene deposits are tectonically
disturbed. Therefore, the identification of formations in this suc-
cession is difficult.

Foraminifera were studied in 12 samples from compiled
sections 11-14 (Fig. 17). A total of 29 species of agglutinated
foraminifera and one planktonic species were identified in the
deposits studied. Most of the species identified are common in
the Upper Cretaceous-Paleogene of the Carpathians. Among
these, characteristic microfauna are noted below.

Abundant Glomospira charoides (Jones and Parker) and
Glomospira gordialis (Jones and Parker), comprising 30 per-
cent of the foraminiferal assemblages, were found in red shales
both in the Pynya River basin (sample 2016-17, section 11) and
Mala Pynya River basin (sample 2016-141, Section 14).
Karrerulina spp., Trochammina spp., Conglophragmium irre-
gularis (White) (Fig. 19P), Paratrochamminoides deflexiformis
(Noth) and N. excelsa are common co-occuring species here.
These assemblages correspond to the Glomospira charoides
(Jones and Parker) — Glomospira gordialis (Jones and Parker)
Acme of latest Thanetian-early Ypresian age (sensu
Waskowska, 2021) which has been defined in the Silesian and
Magura units of the Polish Carpathians (Waskowska, 2021).
Stratigraphically higher, in Compiled Section 11 of the Pynya
River  basin (sample  2016-105), the  species
Reticulophragmium intermedium (Mjatliuk) (Fig. 19S) of Early
Eocene age (according to Mijatliuk, 1970; Kaminski and
Gradstein, 2005) was found (see Fig. 17).

Saccamminoides karpathicus Geroch (Fig. 19Q) of later
Ypresian age (sample  2019-107, Section  13),
Reticulophragmium amplectens (Grzybowski) (Fig. 19X) of lat-
est Ypresian—earliest Oligocene age (sample 2016-105, sec-
tion 11; samples 2020-17 and 2016-110-1, Section 12) and
Adecotryma agterbergi Gradstein and Kaminski (Fig. 19U) of
Middle Eocene-Early Oligocene age (sample 2020-17, section
12) are present in the sections studied. The age of the
foraminifera was determined according to Olszewska (1997),
Kaminski and Gradstein (2005) and Waskowska (2011).

The Dusyno Formaion (Oligocene) is exposed in the bas-
ins of the Medvezhyi and Oblaznyi streams and near the village
of Holubyne. The formation has a tectonically detached contact
with the underlying Eocene strata and is represented by bitumi-
nous black and dark-grey marls and calcareous mudstone
(Fig. 20D). At the bottom of the formation, several horizons (up
to 0.2 m thick) of black chert are developed. The deposits are
characterized by homogeneous massive or thinly layered tex-
tures suggesting their hemipelagic/pelagic origin. In the upper
part of the Dusyno Formation, intercalations of pale grey calcar-
eous mudstone and polymictic sandstone appear, which indi-
cates a gradual transition to the terrigenous Malyi Vuzhen For-
mation.

The Malyi Vuzhen Formation (Oligocene) is distributed in
the basins of the Medvezhyi, Oblaznyi and Tesanek streams. It
conformably overlies the Dusyno Formation and consists of
thick- and medium-bedded polymictic sandstones (Fig. 20E)
with intercalations of grey siltstone and mudstone. The sand-
stones contain scattered organic detritus. Bouma divisions are
indistinct in these deposits. Debris-flow deposits up to several
tens of metres in thickness are observed in the upper part of the
Malyi Vuzhen Formation. They consist of a clay-silt matrix with
scattered clasts of sand and marl up to a few decimetres across
(Fig. 20F). The Malyi Vuzhen Formation completes the strati-
graphic succession of the Dukla Nappe.

SILESIAN NAPPE SEDIMENTARY SUCCESSION

In the area mapped, the Silesian succession is represented
only by the Verets Formation, which is transitional from the or-
ganic-rich black-shale Menilite Formation to the grey flysch of
the Krosno Formation. The Verets Formation consists of thin-
up to medium-bedded alternations of grey polymictic sand-
stone, siltstone, mudstone and Menilite-like black shale. These
deposits are strongly deformed, up to broken formation and/or
mélange. Their thickness is unclear and relations with other
sedimentary formations are unexposed.


https://doi.org/10.30836/igs.1025-6814.2024.4.299015
https://doi.org/10.5479/si.00810266.85.1
https://doi.org/10.3390/geosciences11090367
https://doi.org/10.3390/geosciences11090367
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Fig. 20. Lithology and sedimentary features of the Paleogene deposits of the Dukla Nappe in the area mapped

A — hieroglyphic-type deposits, alternation of sandstone beds and variegated (red and green) shales (right tributary of the Pynya River near
Holubyne village); B — Tapcde Bouma divisions in hieroglyphic-type deposits (right tributary of the Pynya River near the Holubyne); C —
exotics-bearing deposits with clasts of schist can be analogues of the Eocene Stavne Formation (Krasnyi Stream near Uklin village); D — bitu-
minous black and dark-grey marl and calcareous mudstone of the Oligocene Dusyno Formation (right tributary of the Pynya River near
Holubyne); E — sandstone of the Oligocene Malyi Vyzhen Formation (Oblaznyi Stream); F — debris-flow deposits with clay-silt matrix and
clasts of sands and marls (Oblaznyi Stream)
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Thus, according to lithostratigraphic and sedimentological
features, within the study area, it is possible to outline succes-
sions of formations that allow us to identify the Burkut Nappe
(Burkut Formation), the Svydovets Nappe (Urda and Bobruk
formations) and the Dukla Nappe (Shypot, Yalovets and
Bereznyi formations, Paleocene-Eocene hieroglyphic flysch
deposits and characteristic Oligocene formations).

NOTES ON BIOSTRATIGRAPHY

Foraminifera of the Cretaceous and Paleocene-Eocene
age have been identified in the deposits studied. However,
comparison of these assemblages with regional foraminiferal
zonations remains debatable both due to the lack of a relatively
complete stratigraphic sequence and the prevalence of mainly
long-ranging species. However, we consider it advisable to cor-
relate the strata studied with the foraminiferal zonation
(Olszewska, 1997) as accurately as possible (Fig. 21).

Mid-Cretaceous. Foraminifera of this age are common in
the deposits studied, of the Burkut Formation (Burkut Nappe)
as well in the Shypot and Yalovets formations (Dukla Nappe).

The age of the deposits studied of the Burkut Formation is
indicated by the species G. stanislawi (Albian-Turonian), S.
gandolfii, T. gaultina, R. imperfectus and K. cf. gradata. T.
gaultina is recorded in the Cenomanian-lower Turonian of the
Carpathians (Geroch and Novak, 1984) and in the upper Albian
of the Indian Ocean (Holbourn and Kaminski, 1997). In the
Carpathians, R. imperfectus is recorded in the upper
Albian-Cenomanian (Geroch and Novak, 1984; Olszewska,
1997), this species being noted from the Aptian-Albian of Mo-
rocco and the Cretaceous and Paleogene of Europe (Weidich,
1990 with references therein). The species K. cf. gradata has
been described from Aptian-Albian of the Indian Ocean
(Holbourn and Kaminski, 1997). S. gandoffii is recorded in the
mid-Albian-Cenomanian of the northern Alps (Weidich, 1990),
in the upper Albian of the Indian Ocean (Holbourn and
Kaminski, 1997) and in the uppermost Albian-Cenomanian
(Bulbobaculites problematicus Zone) of the Polish Carpathians
(Olszewska, 1997). Considering that S. gandolfii occurs in the
upper part of the deposits studied, their age is not younger than
the Cenomanian. According to N.I. Maslakova, the characteris-
tic species of foraminifera in the Burkut Formation of the Ukrai-
nian Carpathians are S. gandolffii, Haplophragmoides minor
Nauss, Haplophragmoides platus Loeblich, Trochammina
subbotinae (Tairov) and Ammodiscus rotalaris Loeblich and
Tappan, which indicate a Albian-Cenomanian age (Byzova and
Maslakova, 1974).

The deposits studied of the Shypot Formation contain
Plectorecurvoides alternans (Noth), typical of the middle
Albian-Cenomanian  (Plectorecurvoides  alternans  and
Bulbobaculites problematicus zones; see Fig. 21).

The red shales studied, belonging to the Yalovets Forma-
tion, contain U. jankoi. In the Carpathians, this species is re-
corded in the Turonian to lower Campanian (Geroch and
Novak, 1984). The co-occurrence of U. jankoi and G. stanislawi
(Albian-Turonian) indicates a Turonian age for most of the de-
posits studied of the Yalovets Formation and allows it to be cor-
related with the Uvigerinammina jankoi Zone). An assemblage
of agglutinated foraminifera with U. jankoi characterizes the var-
iegated shales of the Yalovets Formation in the Ukrainian
Carpathians (Dabagian, 1978; Leshchukh, 1988b; Vialov et al.,
1989).

Maastrichtian-Paleocene. Foraminifera of this age are com-
mon in the deposits studied of the Bereznyi Formation (Dukla
Nappe). They include R. varians (Maastrichtian-Paleocene)

which, according to Olszewska (1997), is typical of the upper
part of the Rzehakina inclusa Zone and occurs in the lower part
of the Rzehakina fissistomata Zone.

Danian. The presence of S. triangularis is indicated Danian
age in deposits of the Urda Formation (Svydovets Nappe). Ac-
cording to previous research, the Campanian-Maastrichtian
Rzehakina inclusa Grzybowski characterizes the lower part of
the Urda Formation (Beer at al., 1971) and the Rzehakina
fissistomata Zone (Paleocene) occupies the upper part of the
Urda Formation (Hnylko and Hnylko, 2012).

Campanian-Eocene. In the studied outcrops, only forami-
nifera of a long age range (Campanian-Eocene) were found in
the Bobruk Formation (Svydovets Nappe). According to previ-
ous research, the Recurvoides smugarensis—Glomospira
charoides Zone (Lower Eocene), the Reticulophragmium
amplectens Zone and Ammodiscus latus Zone (Middle Eo-
cene) and the Reticulophragmium rotundidorsatum Zone (Up-
per Eocene) were identified in the Bobruk Formation (Hnylko
and Hnylko, 2012).

Uppermost Thanetian-lower Upresian. Abundant Glomo-
spira corresponding to the G. charoides—G. gordialis Acme of
latest Thanetian-early Ypresian age (sensu Waskowska, 2021)
were found in variegated shales in the Dukla Nappe.

Eocene. Saccamminoides karpathicus characterizing the
Saccamminoides karpathicus Zone of late Ypresian age was
found in the green shales of the Dukla Nappe (see Fig. 21). The
co-occurrence of R. amplectens and A. agterbergi of Mid-
dle-Late Eocene age was identified in the grey flysch of the
Dukla Nappe (see Fig. 21).

Thus, the deposits studied, based on foraminifera, corre-
spond to the following age intervals: Mid-Cretaceous,
Maastrichtian-Paleocene, Danian, Campanian-Eocene, upper-
most Thanetian-lower Ypresian and Eocene (Fig. 21). The
foraminiferal fauna constrains the age of the mid-Cretaceous
Burkut Formation (Burkut Nappe), the Campanian-Paleogene
Urda and Bobruk formations (Svydovets Nappe), the mid-Cre-
taceous Shypot and Yalovets formations, the Senonian-Danian
Bereznyi Formation, as well as the Eocene hieroglyphic-type
beds (Dukla Nappe).

STUCTURAL RESULTS

According to our geological mapping, the northwestern
ends of the Burkut and Svydovets units of the Eastern
Carpathians are represented by elongated tectonic blocks (up
to a few kilometres across) extending in the sub-Carpathian
(NW-SE) direction and bordering the Dukla and Silesian units
(Figs. 4 and 5). The blocks are bounded by straight subvertical
faults at the SW and NE sides and by arch-like faults on the NW
side (Figs. 4 and 5).

The arc-like faults most likely represent thrust boundaries.
Unfortunately, exposures of these thrust boundaries were not
found by us on the area mapped. However, we can observe
that the thick-bedded Burkut sandstone of the Burkut Unit dips
at angles of 5-35° in the western direction beneath Cretaceous
and Paleogene flysch deposits of the Dukla Nappe (see Fig. 5).
The thick-bedded sandstones of the Bobruk Formation of the
Svydovets Unit also dip beneath the flysch deposits of the
Dukla Nappe (see Figs. 5 and 6). Based on these observations
and the results of our own geological mapping, we assume that
the Dukla Nappe is thrust over the Burkut and Svydovets units.
It looks as if the Eastern Carpathian nappes plunge to the west
beneath the Western Carpathian Dukla Nappe (see Figs. 4
and 5).
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Fig. 21. Correlation of the deposits studied with the biostratigraphical scheme of Olszewska (1997) for the late Albian-Eocene interval

In addition, the thrust boundary between the upper Dukla
Nappe and the lower Burkut and Svydovets nappes is tectoni-
cally deformed and forms gentle antiforms and synforms. In the
cores of the antiforms, the rocks of the lower Burkut and
Svydovets nappes are exposed, and in the cores of the
synforms, the deposits of the upper Dukla Nappe are devel-
oped (see Figs. 5 and 6). The arc-like forms of the thrusts dem-
onstrate these antiforms and synforms on the geological map
(see Figs. 4 and 5). Furthermore, subvertical faults limit these
antiforms and synforms, dividing them into the elongated tec-
tonic blocks of sub-Carpathian (NW-SE) direction noted above
(Figs. 4, 5 and 22).

In general, the East Carpathian Burkut and Svydovets units
are mainly comprise massive and thick-bedded sandstones of
the Burkut and Bobruk formations, which built relatively rigid tec-
tonic bodies. These sandstones are weakly deformed, character-
ized by a monotonous bedding arrangement and form some
gentle folds. On the other hand, the Western Carpathian Dukla
Unit is composed mostly of thin- and medium-bedded flysch de-
posits of the Cretaceous-Paleogene succession, which are soft
and strongly deformed formations. Soft Oligocene deposits are
also developed in the Silesian Unit adjacent to the Western/East-
ern Carpathian junction area. All these soft formations are in-
tensely deformed up to tectonic mélange, especially along the
boundaries of the tectonic units (see Fig. 5).
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Fig. 22. Panoramic photo of the western termination of an E-W elongated tectonic block of the Eastern Carpathian Burkut Unit
plunging to the west beneath the Western Carpathian Dukla Nappe (the point of the photo is located between the Oblaznyi and
Luh streams)

In the Dukla Unit, only the Oligocene deposits located far
from the contact with the East Carpathian tectonic units are de-
formed weakly and form gentle synclines, including the Malyi
Vyzhen brachysyncline which is developed around the Maly
Vyzhen mountain as well as a syncline in the area of the village
of Holubyne in the west of the area mapped (see Figs. 4 and 5).

The subvertical and straight shape of the faults bounding
the tectonic blocks of both the Burkut and Svydovets units at the
SW and NE sides of the Dukla unit most likely suggests the
strike-slip nature of these faults. Along these faults, we ob-
served zones of intense tectonic deformation, such as shear
zones with numerous tectonic slickensides, broken formations
and tectonic mélanges, the width of which reaches tens and
hundreds of metres, some of these being described below.

In the far north of the studied area, the Eastern Carpathian
Svydovets Unit is bordered to the NE by strongly deformed
rocks of the Silesian Unit (see Fig. 4). The border zone itself,
between the Svydovets and the Silesian units, is not visible in
the area mapped, but a few tens of metres to the north of this
border zone, broken formations and melanges are exposed
along the Mala Pinya riverbed near the Uklin Pass. These are
made up by the Oligocene Verets (transitional) Formation of the
Silesian Unit. Broken formations (disrupted deposits in which
the primary stratal sequence can still be recognized, see Hsl,
1968; Starzec et al., 2015; Festa et al., 2019 and references
therein) are represented here by bedded rocks with folded and
destroyed layers (Fig. 23A). Sandstone beds up to a few centi-
metres and decimetres thick alternate with mud- and clay
shales. Some beds are boudinaged and disrupted into angular
clasts randomly included in black-grey shaly matrix (see
Fig. 23A right side). The clayey matrix is deformed by cleavage
planes, which split the matrix into millimetre- to centi-
metre-scale lenses. As a rule, the tectonic foliation (i.e. cleav-
age), and bedding and bedding remnants, are subvertical, while

small faults and conjugate drag folds are characterized by
subvertical fault planes and fold hinges (see Fig. 23A left side),
which suggest strike-slip movement with subhorizontal princi-
pal axes of compression and extension. The drag folds suggest
right-lateral movement (see Fig. 23A left side). Tectonic folia-
tion is characterized by a Subcarpathian (SE-NW) strike, as
with the direction of the border zone between the Svydovets
and Silesian units. On the other hand, the rocks of the
Svydovets Unit exposed to the south of the border zone are
weakly deformed. They are mainly composed of rigid thick-bed-
ded and massive sandstones (Bobruk Formation), which are
characterized by monotonous bedding and form gentle folds
with subhorizontal hinges.

A few tens of metres to the north of the broken formation
noted above, the tectonic mélange (completely destroyed units:
see Hsl, 1968; Starzec et al., 2015; Festa et al., 2019 and ref-
erences therein) is exposed along the Mala Pynya riverbed
near the Uklin Pass (Fig. 23B, C). The mélange comprises
more intensely disrupted units compared to the broken forma-
tion. It is characterized by a block-in-matrix fabric, in which the
primary stratal sequence is not preserved and blocks of differ-
ent sizes are scattered in a black-grey shaly matrix. The blocks
are either the remnants of individual sandstone layers
(Fig. 23C) or clasts (visible sizes up to a few metres) of thin- to
medium-bedded flysch of the Verets Formation (Fig. 23B). Len-
ticular and sigmoidal blocks up to a few decimetres and metres
in size are characteristic (Fig. 23C). The rocks in the blocks are
folded, strongly fractured and/or transformed into tectonic brec-
cias. The matrix of the mélange is characterized by a scaly fab-
ric formed by subvertical cleavage surfaces with mm spacing.

Near the SW margin of the Svydovet Unit at the border zone
between the Svydovets and Dukla units, the tectonic mélange
formed by the Bereznyi Formation is sporadically exposed
around the village of Uklin along the Mala Pinya River and its
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Fig. 23. Broken formations and mélanges near the contact zone of the Eastern Carpathian Svydovets Unit with both the Silesian
Unit (A-C) and the Western Carpathian Dukla Unit (D)

A — broken formation (the top view) resulting from deformation of the Oligocene deposits near the northern contact of the Svydovets Unit:
folded and destroyed sediments, some beds are boudinaged and disrupted into angular clasts included in black-grey shaly matrix (right
side); tectonic foliation, bedding, small fault and hinge of the fold are subvertical and small fault with conjugated drag fold (left side) suggest
right-lateral movement (Mala Pynya River near Uklin Pass); B — tectonic mélange (the side view) characterized by the block-in-matrix fabric
with subvertical foliation, formed as a result of the deformation of Oligocene deposits near the northern contact of the Svydovets Unit (Mala
Pynya River near Uklin Pass); C —tectonic mélange with little blocks represented by remnants of individual sandstone beds of Oligocene de-
posits embedded in a clay matrix (Mala Pynya River near Uklin Pass); D — tectonic mélange formed by rocks of the Upper Cretaceous -

Paleocene Bereznyi Formation near the southern contact of the Svydovets Unit (Mala Pynya River near the village of Uklin)

tributaries (see Fig. 5). The mélange is represented by black
and grey tectonic breccia-like formation, in which small elon-
gated lenticular sandstone clasts up to a few centimetres and
decimetres in size are embedded in the black-shale matrix
(Fig. 23D). The matrix is penetrated by cleavage, and the sand-
stone clasts are elongated and flattened in the cleavage plane.
A characteristic contact of the Burkut and Dukla units is ex-
posed along the Zalom Stream, the left tributary of the Mala
Pinya River (see Fig. 5). In this area, the Burkut Unit comprises
thick-bedded sandstone (Burkut Formation), and the Dukla Unit
contains variegated shales (Yalovets Formation) and thin-bed-
ded grey flysch (Bereznyi Formation). In the channel of the
Zalom stream 1 km upstream of its confluence with the Mala
Pynya River, a vertical fault surface with fault grooves is ex-
posed as a sandstone wall. The slickenlines on the fault surface
are oriented subhorizontally in a NW-SW direction indicating
strike-slip type kinematics (Fig. 24A, B). To the NE of this fault
surface, sandstones of the Burkut Formation are located. Their

thick beds lie subhorizontally, forming gentle folds. To the SW
of the fault surface, a mélange formed by rocks of the Yalovets
and Bereznyi formations of the Dukla Unit is exposed. The
mélange can be traced down along the Zalom Stream for sev-
eral hundreds of metres. Below, we call it the Zalom mélange.

The Zalom melange is characterized by a block-in-matrix
fabric. Blocks ranging in size from centimetres to several tens of
metres are made of grey bedded flysch of the Bereznyi Forma-
tion (Fig. 24A, C on the left), and fine-grained sandstones and
variegated shales of the Yalovets Formation. The blocks have
either an elongated lenticular shape if composed of relatively
ductile thin-bedded flysch and clay shales, or an angular shape
(Fig. 24D) if composed of rigid sandstones. The rigid sandstone
blocks are as a rule highly fractured, up to tectonic breccia
(Figs. 24E).

The matrix of the Zalom mélange is represented by red and
green shales of the Yalovets Formation (Figs. 24A in its central
part; 24C and D on the right side; 24F on the left side) and grey
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Fig. 24. Zalom mélange near the contact zone between the Eastern Carpathian Burkut Unit and the Western Carpathian Dukla
Unit (Zalom Stream between the villages of Polyana and Uklin)

A, B — vertical fault surface (side view of the same exposure from the east — A and from the south — B) with subhorizontal fault grooves on a
sandstone wall located between the rigid Burkut Sandstone (on the right) and the Zalom mélange (on the left); the mélange is formed of in-
tensely deformed ductile shales of the Yalovets Formation and flysch of the Bereznyi Formation with vertical tectonic foliation; C — Zalom
mélange with block filled with grey flysch of the Bereznyi Formation and matrix represetted by red and green clay deposits of the Yalovets
Formation; D —rigid sandstone block in the Zalom mélange; E —rigid sandstone block fractured up to tectonic breccia; F — sigmoidal and len-
ticular clasts embedded within scaly matrix generally show their long-axis aligned to the vertical tectonic foliation (the side view)

and black shales of the Bereznyi Formation (Figs. 24B on the
left side; 24F on the right side). It is characterized by a vertical
scaly fabric locally arranged as S-C structures (Fig 25A) as de-
scribed by Festa et al. (2019) in the mélanges. The S-C struc-
tures suggest left-lateral strike-slip movement near a vertical
contact zone (see Fig. 24A and B) between the Burkut Sand-
stone of the Burkut Nappe and the Zalom mélange of the Dukla
Nappe. Sigmoidal and lenticular clasts and blocks embedded
within this scaly matrix show their long-axis aligned to the tec-
tonic foliation (Fig. 24F). The transitions from the blocks to the

matrix are either sharp, if the blocks are composed of sand-
stones, or gradual, if the blocks are composed of clayey shales
similar to the matrix.

In addition, fragments of folds with subvertical hinges are
observed in the Zalom mélange (Fig. 25B). This evidence, as
well as the vertical tectonic foliation in the mélange matrix (see
Figs. 24A, B and F), and subhorizontally oriented slickenlines
on the straight vertical fault surface between the Burkut and
Dukla tectonic units (see Fig 24A, B), testify to strike-slip move-
ment between the Burkut and Dukla units. The S-C structures
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Fig. 25. Zalom mélange near the contact zone between Burkut and Dukla units (Zalom Stream between the villages of Polyana
and Uklin)

A — vertical scaly fabric locally arranged in shear-zones with S-C structures (top view); B — fold fragment with subvertical hinge in the
Zalom mélange (top view)

Fig. 26. Shear zones near the contact of the Burkut and Dukla units

A — subvertical shear-zones in deformed flysch deposits of the Bereznyi Formation belonging to the Dukla Unit (side view; Pynya River near
Holubyne village); B — shear-zones in the Burkut Sandstone filled with tectonic breccia mainly formed by disrupted sandstones and charac-
terised by a subvertical tectonic foliation (side view; Pynya River near mouth of the Oblaznyi Stream); C —part of Figure 25A with subvertical
shear-zone in flysch deposits of the Bereznyi Formation
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The boundaries depicted as black lines are adopted in this article (see Figs. 1 and 2)

suggest a left-lateral sense for these movements (see
Fig. 25A). The strike-slip movements probably took place in a
fairly wide shear zone (tens and up to hundreds of metres, as
shown by the width of the Zalom mélange).

Along the Mala Pynya riverbed near the village of Holubyne,
a few tens of metres to the south of the contact between the
Burkut and Dukla units, broken formations and mélanges are
exposed. They are made up of thin- and medium-bedded grey
flysch of the Upper Cretaceous-Paleocene Bereznyi Formation
of the Dukla Unit. This flysch generally dips to the south-west
and is dissected by subvertical shear-zones from a few metres
to tens of metres thick (Fig. 26A, C). In the shear-zones, the
flysch is boudinaged, disrupted and shows a mélange block-in-
matrix structure. Some sandstone bed remnants up to a few
centimetres and decimetres thick are intensively folded and
here included in the shaly matrix. The mélange matrix is charac-
terized by a scaly fabric formed by cleavage surfaces. These
cleavage surfaces and elongated blocks in the mélange, as well
as the hinges of small folds, are oriented usually subvertically,
suggesting strike-slip type kinematics.

Along other contact zones of the East Carpathian and West
Carpathian tectonic units, mélanges and broken formations up
to hundreds of metres wide are also observed, although these
contacts are usually unsatisfactorily exposed and the mélange
comes to the surface in fragments. Shear-zones were also ob-
served within the Burkut and Svydovets units. They are usually
oriented subvertically and extend in the sub-Carpathian direc-
tion (NW-SE), and have a thickness of up to a few metres.
These shear-zones are filled with tectonic breccias mainly
formed by disrupted sandstones and characterised by a
subvertical tectonic foliation. Sandstone clasts are elongated
and flattened in the plane of the foliation here (Fig. 26B).

Thus, in the area mapped, the Dukla Nappe of the Western
Carpathians is thrust over the Burkut and Svydovets units of the
Eastern Carpathians. The thrust boundary between them was
subsequently deformed into gentle antiforms and synforms and
cut by subvertical strike-slip faults elongated in a NW-SE paral-
lel-Carpathian direction. Along these faults, zones of intense tec-
tonic deformation, such as shear zones with numerous tectonic
slickensides, broken formations and tectonic mélanges, the
width of which reaches tens and hundreds of metres, are devel-
oped. The matrix of the tectonic mélange is characterized by a
vertical scaly fabric locally arranged as S-C structures indicating
the sense of the strike-slip movements. Subhorizontally oriented
slickenlines on the straight fault surfaces as well as fragments of
folds with subvertical hinges are also observed here.

DISCUSSION: CONNECTION BETWEEN
THE EASTERN AND WESTERN OUTER
CARPATHIAN INTERNAL NAPPES AS A CONTACT
OF TWO ACCRETIONARY PRISMS

The boundary between the internal nappes of the Outer
Western Carpathians and Outer Eastern Carpathians is de-
picted in different ways. This is most clearly expressed in the
different interpretation of the Burkut (Porkulets) Nappe border,
which marks the most disputable link of the boundary between
the Eastern and Western Carpathians (Fig. 27, see also
Kruglov and Smirnov, 1981).

According to some published tectonic schemes and geolog-
ical maps of the Ukrainian Carpathians (Byzova and Beer,
1974; Kruglov, 1986; Slqczka et al., 2006; Matskiv et al., 2003;
Matskiv, 2009a) and Ukraine (Kruhlov and Hyrsky, 2007), the
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Burkut (Porkulets) Nappe extends from the Eastern
Carpathians towards the NW up to the Uzh river basin near the
Ukrainian/Slovakian state boundary (see Fig. 27). In our opin-
ion, the Burkut Nappe is absent from the Uzh River basin, and
the Duklya Nappe of the Western Carpathians is developed in-
stead. The key difference between the stratigraphic succes-
sions of the Dukla and Burkut tectonic units is the completely
dissimilar early-mid Cretaceous formations. The lower and low-
ermost Upper Cretaceous are represented by either black
shale deposits (Shypot Formation) in the Dukla succession or
by grey sandy flysch (Burkut and Bila Tysa formations) in the
Burkut succession. Additionally, the Burkut sedimentary suc-
cession contains Cretaceous deposits only, while the Dukla
sedimentary succession consists of Cretaceous-Paleogene (in-
cluding Oligocene) deposits (see above and Fig. 3) The pres-
ence in the Uzh River basin of the mid-Cretaceous Shypot For-
mation as well as the Paleogene (including Oligocene) deposits
characteristic of the Dukla Nappe indicates that the Dukla
Nappe is developed here (Danysh, 1973; Shakin, 1976; Vialov
etal., 1981; Jankowski et al., 2004). However, in the opinion of
Byzova and Maslakova (1974), such an interpretation is contra-
dicted by the findings of Albian and Cenomanian foraminifera in
clay deposits near sandstone exposures, that look like the
Burkut Formation in the basin of the Uzh River (Byzova and
Maslakova, 1974). In our opinion, these faunal records require
additional verification, because the fauna can be located in the
mélange zones widely developed in the area. According to
Vialov et al. (1981), these sandstones are not fragments of the
Burkut Formation and belong to the Upper Cretaceous and/or
Paleogene sandstones of the Dukla Nappe. Thus, the prolon-
gation of the Burkut Nappe within the Uzh River basin has not
been proven, just as Danysh (1973, 2004), Mahel (1973),
Shakin (1976), Vialov et al. (1981) and Jankowski et al. (2004,
2007) assumed.

The westernmost outcrops of the faunally constrained
Burkut Formation are located to the east of the Uzh River basin
in the Pynya River basin (Latorytsa River basin), where along
the Zalom Stream (left tributary of the Mala Pynya River, for lo-
cation see Fig. 5), S. gandolfii, H. minor, H. platus, T.
subbotinae and A. rotalaris had been previously identified in the
Burkut Formation (Byzova and Maslakova, 1974).

According to our own litho- and biostratigraphic and struc-
tural and mapping, the boundary between the Burkut and
Svydovets nappes of the Eastern Carpathians and the Dukla
Nappe of the Western Carpathians is identified in the basins of
the Borzhava and Latorytsa rivers (see Figs. 2, 4 and 5). The lo-
cation of the boundary according to our mapping differs from
previous opinions and is only moderately close to some previ-
ous points of view (e.g., Mahel, 1973; Shakin, 1978; Vialov et
al., 1981; Csontos and Voros, 2004; Jankowski et al., 2004,
2007). In addition, we have mapped that the Dukla nappe as
thrust over the Burkut nappe, and not vice versa, which differs
from previous points of view.

The genesis of the connection zone between the eastern
and western Outer Carpathian nappe systems is related to the
nature of these systems. In general, the Outer Carpathian
nappes are considered as an accretionary prism growing in
front of the Central Carpathian terranes (Oszczypko, 2006;
Kovac et al., 2016, 2017; Golonka et al., 2019; Roger et al.,
2023 and references therein).

In Ukraine, the principal difference is observed in the strati-
graphic successions of the internal flysch nappes of the Outer
Eastern Carpathians, and the internal flysch nappes of the
Quter Western Carpathians (Fig. 3). The Outer Eastern
Carpathian internal nappes consist of mainly Cretaceous flysch
deposits with a small Paleogene, especially Oligocene, compo-

nent. The age of these deposits gradually changes from the
Early Cretaceous to the Paleogene towards the more external
units. This phenomenon is related to the development of the
Quter Eastern Carpathian internal nappes as the Fore-Mar-
marosh accretionary prism during this time (Gnylko, 1999;
Hnylko and Generalova, 2014; Figs. 1-3). The Outer Western
Carpathian internal nappes contain flysch deposits which be-
come gradually younger during the Paleogene towards the
more external nappes. This suggests that they also belong to
the accretionary prism, which, however, grew during Paleogene
time. The Outer Western Carpathian internal nappes are as-
signed to the Fore-Alcapa accretionary prism (Hnylko, 2015c,
Hnylko and Hnylko, 2024; Figs. 1-3). The external nappes of
the Outer Carpathians, comprising Cretaceous-Miocene flysch
and molasse deposits, developed as an outer prism ahead of
both the Alcapa and Tisza-Dacia terrains (Hnylko, 2012). These
three prisms make up the Flysch Carpathian Cretaceous-Neo-
gene composite accretionary prism.

The Outer Carpathian composite prism formed as a result
of the closure of the eastern branches of the Alpine Tethys,
such as the Magura, Protosilesian (see Golonka et al., 2019
and references therein) and Ceahlau-Severin basins (Fig. 28;
see Schmid et al., 2008, 2020 and references therein). These
branches opened in Jurassic-early Cretaceous time, and were
transformed into a remnant-type Outer Carpathian flysch basin
located between the Eurasian passive margin and the active
edges of the Alcapa and Tisza-Dacia terranes in the mid
Cretacous (Fig. 28; see Csontos and Voros, 2004; Oszczypko,
2006; Schmid et al., 2008, 2020; Hinsbergen et al., 2020). The
outer Carpathian composite prism was formed as a result of
subduction of the Outer Carpathian sedimentary flysch basin
substrate beneath the Alcapa and Tisza-Dacia terranes: an-
cient microcontinents/continental fragments in the Tethys
Ocean (Fig. 28; Kovac et al., 1998, 2016, 2017; Csontos and
Vorés, 2004; Oszczypko, 2006; Golonka et al., 2006, 2019;
Horvath and Galacz, 2006; Schmid et al., 2008, 2020; Merten et
al., 2010; Bonova et al., 2016; Hnylko, 2011b, 2012 ;Roban et
al., 2017; Hinsbergen et al., 2020; Plasienka et al., 2020).

The history of forming the the junction area between the
Fore-Alcapa and Fore-Marmarosh prisms is closely related to
the development of these prisms and to their subsequent inter-
action. These prisms developed autonomously ahead of the ac-
tive margins of two different microcontinental terranes, such as
the Alcapa and Tisza-Dacia.

The Fore-Alcapa accretionary prism consists of the Pieniny
Klippen Belt, as well as Outer Western Carpathian internal
flysch nappes such as the Magura/Monastyrets and Dukla
thin-skinned nappes (see Figs. 1, 2 and 28; Murovskaya et al.,
2025). The Pieniny Klippen Belt accretionary wedge began to
rise in the Late Cretaceous (Plasienka, 2018 and references
therein). The Magura and Dukla nappes were attached to the
Fore-Alcapa prism during the Eocene-Oligocene concordantly
with forelandwards shift and uplift of the trench-like Magura and
Krosno lithofacies during this time (see Fig. 3; Hnylko et al.,
2015¢; Kovac et al., 2016; Golonka et al., 2019; Hnylko and
Hnylko, 2024).

The Fore-Marmarosh (Fore-Tisza-Dacia across the Car-
pathians, see Fig. 1) accretionary prism comprises Outer East-
ern Carpathian internal flysch nappes such as the Kamyanyi
Potik, Rakhiv, Burkut, Krasnoshora, Svydovets and Chorno-
hora nappes. The coarsening-upwards and regular younging
pattern of the stratigraphic successions from upper to lower
nappes suggest their attribution to an accretionary wedge which
grew in the Early Cretaceous-Paleogene time due to the
subduction of the Outer Carpathian flysch basin basement be-
neath the Marmarosh Massif. The innermost Kamyanyi Potik,
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Fig, 28. Conceptual reconstruction of the main tectono-sedimentary units in the Carpathian realm

A — Early Cretaceous, modified after Golonka et al. (2006, 2021), Hinsbergen et al. (2020); B — Late Cretaceous, modified after Csontos and
Voros (2004), Oszczypko (2006), Schmid et al. (2008, 2020), Hinsbergen et al. (2020), Plasienka et al. (2020) and using the work of Danysh
(1973), Vialov (1981), Sandulescu (1988), Merten at al. (2010) and Roban et al. (2017); C — Paleocene-Eocene, modified after Hnylko and
Hnylko (2016, 2019); Kovac et al. (2016); Golonka et al. (2019) and using the work of Danysh (1973), Vialov (1981), Gaweda et al. (2019,
2021); Kowal-Kasprzyk et al. (2021); D — Oligocene, modified after Hnylko and Hnylko (2016); Kovac et al. (2016); Golonka et al. (2019)

Rakhiv, Burkut and Krasnoshora nappes comprise exclusively
Late Jurassic-Cretaceous deposits and were formed during the
Cretaceous (see Fig. 3; Hnylko and Generalova, 2014).

It seems that these two prisms developed separately until
the Oligocene (see Fig. 28; Hnylko and Hnylko, 2016; Kovac et
al., 2016). Closing of the Monastyrets “between-terrainian”
flysch basin in the latest Eocene suggests the collision of the
Alcapa and Tisza-Dacia terranes as the Eocene gave way to
the Oligocene (Hnylko et al., 2015b; Hnylko and Hnylko, 2016).

As a result, the Fore-Alcapa prism, including the Monastyrets
Nappe, was thrust over the Oligocene deposits of the
Marmarosh Massif sedimentary cover (see Hnylko and Hnylko,
2016). Rocks parallel with the Pieniny Klippen Belt or with the
Magura Nappe in present-day Romanian territory were also
thrust over clastic deposits of the Paleogene-Early Miocene
sedimentary cover of the Tisza-Dacia Terrane (Sandulescu et
a., 1981; Csontos and Nagymarosy, 1998; Oszczypko, 2004).
Several south-vergence thrusts could be observed or inferred
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in the Mid-Hungarian zone (Csontos and Nagymarosy, 1998)
dividing the Alcapa and Tisza-Dacia terranes. Thrusting oc-
curred first during the Late Oligocene-Early Miocene (Csontos
and Nagymarosy, 1998; Tischler et al., 2008). The Alcapa
Terrane overrided the Tisza-Dacia Terrane during the
collisional events (Tischler et al., 2008).

Overriding of the Alcapa Terrane onto the Tisza-Dacia
Terrane may have caused thrusting of the Fore-Alcapa prism
over the Fore-Tisza-Dacia prism, including thrusting of the
Dukla Nappe over the western part of the Fore-Marmarosh
prism (Burkut and Svydovets nappes). The Oligocene psam-
mite and debris-flow deposits in the upper part of Dukla Nappe
sedimentary succession (see Fig. 20E and F) may be
synorogenic and related to the thrust uplifting of the Dukla
Nappe. This way, the thrust structure of the area studied may
have formed, in which the Dukla Nappe tectonically overlaps
both the Burkut and Svydovets nappes of the Fore-Marmaros
prism (see Fig. 28).

Note that the upper Dukla Nappe is composed of younger
Cretaceous-Paleogene deposits than the lower Burkut Nappe,
which is made only of Cretaceous deposits (see Figs. 5 and 6).
This is explained by the fact that the Burkut Nappe was
accreted to the accretionary prism in the Cretaceous, and the
Dukla Nappe was attached to another prism only in the
Paleogene. Subsequently, during Alcapa and Tisza-Dacia colli-
sion, the Dukla Nappe as part of the Fore-Alcapa prism was
thrust onto the Cretaceous Burkut Nappe as part of the
Fore-Tisza-Dacia prism (see Fig. 28).

At the end of the Oligocene, the combined Dukla, Burkut
and Svydovets nappes, which already formed a single internal
prism, were together thrust onto the Silesian and Skyba basins
(see Fig. 28).

Subsequently in the study area, the nappes were deformed
into folds, in which the cores of the antiform contained deposits
of the Burkut and Svydovets nappes, and the cores of the
synform consisted of deposits of the Dukla Nappe (see Figs. 5
and 6). In addition, this nappe building was cut by subvertical
strike-slip faults. These faults limit the tectonic blocks elongated
in a NW-SE Carpathian-parallel direction.

In general, the elongated tectonic blocks composed of rigid
sandstone deposits of the Svydovets and Burkut units are
grouped in a large multiplex wedge in plane view. This wedge is
represented by units which extend from the Eastern
Carpathians towards the Western/Eastern Carpathian junction.
The wider part of the wedge is situated in the study area of
Western and Eastern Carpathian junction in the Pynya and
Latorytsa river basins, and its narrower part is located to the
east in the basins of the Borzhava and Bronka rivers (see
Figs. 2 and 4). This wedge is bounded on the northern side by a
right-sense strike-slip faults, and on the southern side by a
left-sense strike-slip faults (see Fig. 2), which may indicate lat-
eral extrusion of the wedge deposits in a northwest direction.
Thus, Eastern Carpathian rigid Burkut and Svydovets units
could been pushed into soft deposits of the Western Carpathian
Dukla Unit during lateral extrusion. Domination of the
subvertical tectonic foliation in the mélange zones and
subhorizontally oriented slickenlines on the straight fault sur-
faces as well as the presence of the folds with subvertical
hinges in the Western/Eastern Carpathian junction area studied
corroborate the possibility of this lateral extrusion.

The compressional thrust deformations of the Outer
Carpathian sediments occurred diachronously. In the late Mio-
cene, these compressional events ended in the Outer Western
Carpathians, but continued in the Outer Eastern Carpathians
(see Fodor et al., 1999; Sperner at al., 2002), which may have
led to the lateral extrusion of the Eastern Carpathian units to-

wards the Western Carpathian area at this time (Hnylko, 2017).
Further detailed structural studies are needed to test the con-
cept of this lateral extrusion.

CONCLUSIONS

1. The Outer Western Carpathian Internal flysch nappes of
the Fore-Alcapa inner accretionary prism and Outer Eastern
Carpathian Internal flysch nappes of the Fore-Marmarosh prism
converge in the junction area located in the Latorytsa and
Pynya river basins. In this study area, the Burkut and Svydovets
nappes of the Fore-Marmarosh prism and the Dukla Nappe of
the Fore-Alcapa prism are developed (see Figs. 1, 2,4 and 5).

The deposits of the Burkut Nappe are here represented
only by the Burkut Formation (Albian-Cenomanian). They con-
sist of mainly thick-bedded sandstones and sandy flysch, in
which were found characteristic the mid-Cretaceous species S.
gandolfii, G. stanislawi, T. gaultina and R. imperfectus as well
as the cosmopolitan Cretaceous species B. brosgei, B. vitta
and R. algaeformis.

The sedimentary succession of the Svydovets Nappe is
represented by the Urda and Bobruk formations in the study
area. The Urda Formation (Maastrichtian-Paleocene) consists
of thin- and medium-bedded flysch. S. triangularis of Danian
age and the typical form H. walteri of Paleocene-Eocene age
occur here.

The Bobruk Formation (Paleocene-Eocene) is represented
mainly by massive and thick-bedded sandstones. R. anormis
and P. placenta of Campanian-Eocene age were found here.

The sedimentary succession of the Dukla Nappe is repre-
sented by the Cretaceous Shypot and Yalovets formations, the
Senonian-Paleocene Bereznyi Formation, Paleocene-Eocene
hieroglyphic-type undivided deposits, and the Oligocene
Dusyno and Malyi Vuzhen formations in the area mapped and
adjacent territory.

The Shypot Formation (Barremian?-Cenomanian) is devel-
oped near the area mapped. It is a black and dark-grey me-
dium-bedded flysch with “glassy”, essentially quartzose fine-
grained sandstones and black shales. In the Luta River basin,
P. alternans, characteristic of the mid-Cretaceous in the
Carpathians, was found at the top of the Shypot Formation.

The Yalovets Formation (Turonian-Santonian) consists of
variegated (red and green) shale of hemipelagic/pelagic origin
with thin fine-grained turbidite intercalations. The co-occurrence
of U. jankoi and G. stanislawi indicates a Turonian age for the
most of the deposits studied.

The Bereznyi Formation (Campanian-Danian) is composed
of polymictic or siliciclastic mainly thin- and medium-bedded
flysch with shale/marl intercalations. Most of the foraminifera
species identified are common in the Upper Cretaceous-Paleo-
gene of the Carpathians. The Paleocene S. triloculinoides and
Maastrichtian-Paleocene R. varians have been identified in the
deposits studied.

Paleocene-Eocene hieroglyphic-type undivided deposits
are represented by thin- and medium-bedded flysch, red and
green shales and locally debris-flows deposits with metamor-
phic rock detritus. Abundant Glomospira which suggest the
Paleocene and Eocene boundary, the species R. intermedium
and S. karpathicus of Early Eocene age, and R. amplectens
and A. agterbergi Gradstein and Kaminski characteristic of the
Middle-Upper Eocene, were found in the deposits studied.

The Oligocene Dusyno Formation is represented by bitumi-
nous black and dark-grey marls and calcareous mudstones and
the Malyi Vuzhen Formation consists of thick- and medium-bed-
ded polymictic sandstones with scattered organic detritus.
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2. Our geological mapping indicates that the northwestern
ends of the Burkut and Svydovets units of the Eastern
Carpathians plunge to the west beneath the Western
Carpathian Dukla Nappe. The thrust boundary between the up-
per Dukla Nappe and the lower Burkut and Svydovets nappes is
tectonically deformed and forms gentle antiforms and synforms.
In addition, subvertical faults cut these antiforms and synforms,
dividing them into elongated tectonic blocks of sub-Carpathian
(NW-SE) direction. Zones of intense tectonic deformations
such as shear zones, broken formations and tectonic
mélanges, the width of which reaches tens and hundreds of me-
tres, are developed along these faults. The matrix of the
well-exposed mélange zones is characterized by a vertical
scaly fabric locally arranged as S-C structures. The vertical tec-
tonic foliation and fold fragments with subvertical hinges in the
mélange matrix, as well as subhorizontally oriented slickenlines
on the straight vertical fault surfaces between the rigid sand-
stones and mélange matrix, suggest strike-slip movements
along the faults.

3. The genesis and history of development of the junction
area between the Fore-Alcapa and Fore-Marmarosh prisms is
closely related to the development of these prisms and to their
subsequent interaction. It seems that these two prisms devel-
oped separately until the Oligocene (see Fig. 28). Closing of the
Monastyrets “between-terrane” flysch basin in the latest
Eocene suggest the collision of the Alcapa and Tisza-Dacia ter-
ranes at the end of the Eocene and beginning of the Oligocene.
As a result of the collisional event, the Monastyrets Nappe of
the Fore-Alcapa prism was thrust over the Marmarosh Massif,
and the most outer Fore-Alcapa Dukla Nappe was thrust over

the western part of the Fore-Marmarosh prism (Burkut and
Svydovets nappes). Subsequently, the nappes were deformed
into folds and cut by subvertical faults of strike-slip sense.

4. In general, the elongated tectonic blocks composed of
rigid sandstone deposits of the Svydovets and Burkut units are
grouped in a large multiplex wedge in plan view. This wedge is
represented by units which extend from the Eastern
Carpathians towards the Western/Eastern Carpathian junction.
The wedge is bounded on the northern side by a right-sense
strike-slip faults, and on the southern side by a left-sense
strike-slip faults, which may indicate lateral extrusion of the
wedge deposits in a northwest direction. Thus, the Eastern
Carpathian rigid Burkut and Svydovets units may been pushed
into the soft deposits of the Western Carpathian Dukla Unit dur-
ing lateral extrusion.
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