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At the junc tion area where the Outer West ern Carpathian and Outer East ern Carpathian accretionary prisms con verged, the
first was de vel oped ahead of the mov ing Alcapa Terrane, and the sec ond one ahead of the Tisza-Dacia Terrane. We have
com piled a new geo log i cal map of the junc tion area, lo cated in the Latorytsa and Pynya river bas ins, com pris ing the Burkut
and Svydovets nappes of the Fore-Marmarosh (Fore-Tisza-Dacia) prism and the Dukla Nappe of the Fore-Alcapa prism. The 
sed i men tary for ma tions of these nappes, com posed mainly of turbidites and sim i lar de pos its, con tain foraminifera, which al -
low us to de ter mine the age of the most of these for ma tions that range from the mid-Cre ta ceous to the Eocene. Our map ping
shows that the Burkut and Svydovets nappes of the East ern Carpathians plunge to the west un der the Dukla Nappe of the
West ern Carpathian. The thrust bound ary be tween the nappes is de formed and forms gen tle antiforms and synforms. In ad -
di tion, strike-slip faults of sub-Carpathian (NW–SE) di rec tion cut these struc tures. We mapped bro ken for ma tions and tec -
tonic mélanges along these faults. The thrust ing of the Dukla Nappe of the Fore-Alcapa prism over both Burkut and
Svydovets nappes of the Fore-Marmarosh prism was prob a bly caused by the col li sion of the Alcapa Terrane (up per plate)
and Tisza-Dacia Terrane (lower plate) in late Eocene to early Oligocene time. Sub se quent move ment along NW–SE
strike-slip faults may have been caused by the lat eral ex tru sion of the East Carpathian for ma tions to wards the West ern
Carpathians.

Key words: West ern and East ern Outer Carpathians, Dukla, Burkut and Svydovets nappes, accretionary prism, stra tig ra phy,
foraminifera, geo log i cal struc ture, sed i men tary fea tures.

INTRODUCTION

The Outer Carpathians be long to the flysch nappe belt lo -
cated be tween the Alcapa Terrane, the Tisza-Dacia Terrane
and the Eu ro pean plat form. One nappe sys tem bound ing the
Alcapa Terrane is de vel oped in the west ern part of this belt, and 
an other nappe sys tem bound ing the Tisza-Dacia Terrane is lo -
cated in its east ern part. (Fig. 1; Mahel, 1973; Shakin, 1978;
Vialov et al., 1981; Csontos and Vörös, 2004; Jankowski et al.,
2004, 2007; Horvath and Galacz, 2006; Hnylko, 2011b; Kováè
et al., 2016, 2017).

The Ukrai nian Carpathians oc cupy the junc tion where the
Outer West ern and Outer East ern Carpathian nappe sys tems
con verged (Fig. 1; Horvath and Galacz, 2006; Hnylko, 2012),
though the struc ture of this junc tion is dis put able (see Hnylko et
al., 2015a and ref er ences therein). There are two main con -
cepts about this struc ture. The first as sumes that the main in ter -
nal nappes of the Outer Carpathians, such as the Burkut
(Porkulets af ter Kruglov, 1986) and Dukla nappes, be long to
both the East ern and West ern Carpathians (Kruglov, 1986;
Matskiv et al., 2003; Kruhlov and Hyrsky, 2007; Matskiv, 2009).
In ac cor dance to this idea, these in ter nal nappes stretch out
from the Uzh River near the Ukrai nian-Pol ish bor der up to the
Cheremosh River ba sin near the Ukrai nian – Ro ma nian bor der
in the Ukrai nian part of the orogen. In line with this con cept, bal -
anced cross-sec tions and re con struc tions of the Ukrai nian
Carpathian accretionary wedge were made (Nakapelukh et al.,
2017, 2018; Roger et al., 2023). Ac cord ing to the sec ond con -
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cept, the Outer Carpathians in ter nal flysch nappes do not ex -
tend from the west ern to the east ern part of the Ukrai nian
Carpathians (Mahel, 1973; Shakin, 1976; Vialov et al., 1981;
Csontos and Vörös, 2004; Jankowski et al., 2004, 2007;
Horvath and Galacz, 2006). It was also in ferred that the bound -
ary be tween the East ern and West ern Carpathians is ex -
pressed by the com pli cated Latorytsa-Stryi strike-slip zone
(Hnylko, 2011a, 2012), which was prob a bly re lated to the lat eral 
ex tru sion of the East Carpathian for ma tions to the north-west
(Hnylko, 2017).

Thus, the lo ca tion and struc ture of the junc tion, where the
in ter nal nappes of the Outer West ern Carpathians and Outer
East ern Carpathians con verge, re main con tro ver sial, and var i -
ously de picted (Matskiv et al., 2003; Csontos and Vörös, 2004;
Jankowski et al., 2004, 2007; Horvath and Galacz, 2006;
Kruhlov and Hyrsky, 2007; Matskiv, 2009; Hnylko, 2011a,
2012). This un cer tainty is due, first of all, to in com plete
biostratigraphic study of the strata of this area, es pe cially the
thick sand stone and sandy flysch de pos its with poor micro -
fauna. These sandy de pos its are of sim i lar or i gin (sandy
turbidites and/or grain-flow de pos its) and dif fer ent ages (from
the Lower Cre ta ceous to the Eocene), and be long to dif fer ent
tec tonic units (nappes) from both East ern and West ern
Carpathians, al though they are prac ti cally in dis tin guish able in
field geo log i cal map ping with out palaeontological dat ing. For
ex am ple, the age of the sandy Burkut For ma tion, which be longs 
to and in di cates the Burkut Nappe in this junc tion area, has not
been con strained palaeontologically, with the ex cep tion of one
lo cal ity (Byzova and Maslakova, 1974, see be low). This strati -
graphic un cer tainty causes sig nif i cant dif fi cul ties in iden ti fy ing
tec tonic units and de ter min ing whether the de pos its be long to
the East ern Carpathian or West ern Carpathian units.

The state geo log i cal map of the junc tion re gion at 1:200,000 
scale (Matskiv et al., 2003; Matskiv, 2009) and the in ter na tional
geo logic map (Jankowski et al., 2004, 2007) at the same scale
were com piled on the ba sis of geo log i cal map ping car ried out in
the 1960s–1980s. Strati graphi cal, sedimentological and struc -
tural stud ies have not been con ducted in this area since that
time.

In this study, we have com piled a new geo log i cal map, and
also com ple ment knowl edge re gard ing the lithostratigraphy,
foraminiferal biostratigraphy, sedimentology and tec tonic struc -
ture of the junc tion area be tween the in ter nal Outer West ern
and in ter nal Outer East ern Carpathian nappes, iden ti fy ing tec -
tonic units (nappes) lo cated in this area and de ter min ing their
strati graphic con tent, bound aries and struc ture as well as some
fea tures of their or i gin and evo lu tion. We con sider that un der -
stand ing the or i gin of the lat eral cou pling of these two
Carpathian nappe sys tems (= accretionary palaeoprisms, see
Oszczypko, 2006; Hnylko, 2012; Kováè et al., 2016, 2017;
Golonka et al., 2019; Roger et al., 2023 and ref er ences therein)
can help to un der stand the na ture of such cou pling of
accretionary (palaeo)prisms in gen eral.

GEOLOGICAL OUTLINE

The Outer Carpathians are made of sev eral thin-skinned
nappes thrust over each other to wards the north-east and over
the Mio cene Carpathian Foredeep. These nappes con sist of
Up per Ju ras sic–Neo gene, mainly flysch de pos its up rooted
from their orig i nal sub stra tum. The main Outer Carpathian
nappes  have their own lithostratigraphy and tec tonic struc ture
and are there fore con sid ered as struc tural-fa cies/tec tonic units
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Fig. 1. The main tec tonic units of the Carpathian-Pannonian re gion af ter
Sandulescu (1988, 2009), Kováè 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), sim pli fied and partly mod i fied
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(e.g., Vialov at al., 1981; Golonka et al., 2006, 2019; Horvath
and Galacz, 2006; Oszczypko, 2006; Gawêda et al., 2019,
2021; Kowal-Kasprzyk et al., 2021). The Outer Carpathians
form an arc, which en vel ops the Cen tral West ern and Cen tral
East ern Carpathians be long ing to the Alcapa and Tisza-Dacia
ter ranes re spec tively (Kováè et al., 1998, 2016, 2017; Csontos
and Vörös, 2004; Oszczypko, 2006; Golonka et al., 2006, 2019; 
Horvath and Galacz, 2006; Schmid et al., 2008, 2020; Hnylko,
2012).

On the ba sis of pre vi ous re search (Danysh, 1973, 2004;
Byzova and Beer, 1974; Vialov et al., 1981; Kruglov, 1986;
Csontos and Vörös, 2004; Jankowski et al., 2004, 2007;
Sãndulescu et al., 1981; Sãndulescu 1984, 1988, 2009; Hnylko, 
2011b, 2012; Hnylko et al., 2015a-c; Schmid et al., 2020 and
ref er ences therein) and our own data, the fol low ing main tec -
tonic el e ments re lated to the for ma tion of the junc tion be tween
the West ern and East ern Carpathians (listed from in ter nal to
ex ter nal ones) can be iden ti fied in the Ukrai nian part of the
Carpathian orogen (Figs. 1 and 2):

Cen tral West ern Carpathians: part of the Alcapa Terrane
bur ied be neath Neo gene de pos its of the Transcarpathian Ba sin 
(Hnylko, 2011b; Murovskaya et al., 2023, 2025) and crop ping
out in the West ern Carpathians out side of Ukraine. As a whole,
Cen tral West ern Carpathians rep re sent a pile of crys tal line
base ment and cover, thick- and thin-skinned nappes thrust over 
the Outer Carpathians (see Plašienka, 2018; Schmid et al.,
2020 and ref er ences therein).

Cen tral East ern Carpathians: part of the Tisza-Dacia
Terrane in clud ing both the Marmarosh Crys tal line Mas sif, and
the Marmarosh Klippen Zone (see Figs. 1 and 2). In Ukraine,
the Marmarosh Mas sif is com posed of Pre cam brian and Pa leo -
zoic meta mor phic rocks, and Up per Pa leo zoic and Meso-Ce no -

zoic strata. It is dis mem bered into thick-skinned base ment
Marmarosh nappes thrust over the Outer Carpathians (Matskiv
et al., 2009a, b). These base ment nappes were formed in the
Early Cre ta ceous and sealed by a Late Cre ta ceous-Paleo gene
post-nappe cover (Matskiv et al. 2009a, b). In Ro ma nia, the
base ment nappes are over lapped by Transylvanian ophiolitic
nappes (Sãndulescu et al., 1981; Horvath and Galacz, 2006).

The Marmarosh Klippen Zone (=Vezhany Nappe) is lo cated 
in the north-west pro lon ga tion of the Marmarosh Crys tal line
Mas sif be tween the Monastyrets Nappe and the Outer
Carpathians. It con sists only of a Cre ta ceous-Paleogene sed i -
men tary suc ces sion with thick (>1000 m) Aptian-Albian olisto -
strome/con glom er ate de pos its at its base. These de pos its be -
long ing to the Soymul For ma tion con tain clasts of both crys tal -
line meta mor phic rock of the Marmarosh Mas sif and ophiolites
(in clud ing ultrabasites and bas alts; Hnylko et al., 2015b).
Olistostrome/con glom er ate de pos its of the Soymul For ma tion
can be cor re lated (Hnylko et al., 2015b and ref er ences therein)
with the Barremian-Albian wildflysch suc ces sion in Ro ma nia,
which ei ther forms an in de pend ent tec tonic unit af ter Höck et al. 
(2009) or lies on top of the Bucovinian se quence (part of the
Cen tral East ern Carpathians) and un der lies the Transylvanian
ophiolite nappes ac cord ing to Sãndulescu (1984). The Cre ta -
ceous-Paleogene suc ces sion of the Marmarosh Klippen Zone
can be as signed to the post-nappe cover, which orig i nally was
ly ing on the Cen tral East ern Carpathian nappes (Horvath and
Galacz, 2006). Sub se quently, the Marmarosh Klippen Zone
sed i men tary suc ces sion was de tached from the Marmarosh
Mas sif sub strate and thrust over the Outer Carpathians (Hnylko 
et al., 2015b; Hnylko and Hnylko, 2016). Sim i larly, the
wildflysch suc ces sion of the Ro ma nian Cen tral East ern
Carpathians was thrust as an in de pend ent tec tonic unit over the 
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Fig. 2. The main tec tonic units of the Ukrai nian Carpathians (Hnylko, 2012; Murovskaya et al., 2025, mod i fied)
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Flysch Carpathians (Höck et al., 2009). There fore, the
Marmarosh Klippen Zone, as part of the Marmarosh Mas sif
cover, can be as signed to the Dacia unit.

The Pieniny Klippen Belt forms the bound ary be tween the 
Cen tral West ern Carpathians and the Outer West ern
Carpathians, and wedges to the SE into the Cen tral Carpathian
area be tween the Alcapa and Tisza-Dacia ter ranes. In Ukraine,
it is rep re sented by a Ju ras sic-Paleogene sed i men tary suc ces -
sion. The strata are in tensely de formed, up to mélange struc -
ture formed by iso lated blocks or “klippens” com posed of com -
pe tent Ju ras sic to Lower Cre ta ceous lime stones sur rounded by 
a soft ma trix con sist ing of mainly Up per Cre ta ceous Puchov red 
marls (Kruglov, 1986; Plašienka and Soták, 2015). These in -
tensely de formed strata are un con form ably over lain by Eocene
con glom er ates (Kruglov, 1986; Hnylko et al., 2015b and ref er -
ences therein).

Flysch Carpathians (= Outer Carpathians+Monastyrets
Nappe). The Monastyrets Nappe is made of a Paleogene suc -
ces sion con tain ing typ i cal flysch de pos its of the
Paleocene–Eocene Sushmanets For ma tion and sand stones of 
the Eocene Drahovo For ma tion (Hnylko and Hnylko, 2016 and
ref er ences therein). Most likely, the Monastyrets Nappe is a
pro lon ga tion of the in ner part of the West ern Carpathian
Magura Nappe (Byzova and Beer, 1974; Oszczypko, 2004;
Oszczypko et al., 2005) wedged (as well as the Pieniny Klippen
Belt, see above) be tween the Tisza-Dacia and Alcapa ter ranes
(see Hnylko and Hnylko, 2016; Kováè et al., 2016 and ref er -
ences therein), and fur ther in the ar ti cle is called the “be -
tween-terrane” flysch.

The Outer West ern Carpathian Fore-Alcapa in ter nal flysch
nappes (units) are lo cated ahead of Cen tral West ern
Carpathian nappes. They con tain the Magura and Dukla
thin-skinned nappes, com pris ing Paleogene and Cre ta -
ceous-Paleogene flysch re spec tively (Figs. 1–3).

The Outer East ern Carpathian Fore-Marmarosh (Fore-Ti -
sza- Dacia) in ter nal flysch nappes (units) are sit u ated ahead of
Marmarosh base ment nappes and built of the Kamyanyi Potik,
Rakhiv, Burkut and Krasnoshora nappes formed of Cre ta ceous 
flysch, as well as the Svydovets and Chornohora nappes com -
pris ing Cre ta ceous-Paleogene de pos its (Figs. 1–3).

The Outer Carpathian ex ter nal flysch-molasse nappes
(units) com prise the Silesian, Subsilesian, Skyba, and
Boryslav-Pokuttya nappes. These thin-skinned nappes filled
with Cre ta ceous-Mio cene flysch and molasse de pos its are
thrust over each other and over the Carpathian Foredeep, to -
wards the north-east (Figs. 1–3).

There fore from the geo log i cal point of view, the bound ary
be tween the East ern and West ern Outer Carpathians is lo cated 
be tween the Fore-Alcapa and Fore-Marmarosh in ter nal nappes 
(see Horvath and Galacz, 2006; Hnylko, 2012; Figs. 1 and 2).
The ex ter nal Silesian, Sub-Silesian, Skole-Skyba nappes are
lo cated both in the West ern and East ern Outer Carpathians
(Figs. 1 and 2).

Ac cord ing to Mahel (1973), Shakin (1976), Vialov et al.
(1981), Csontos and Vörös (2004), Jankowski et al. (2004,
2007) and our own map ping (see be low), the two Outer
Carpathian in ter nal nappe sys tems lo cated in the West ern
Carpathians and East ern Carpathians ad join each other “lat er -
ally” in the junc tion area at the Borzhava and Latorytsya river
bas ins (see Figs. 1 and 4). The Dukla Nappe (West ern
Carpathian) ex tends to this area from the NW as well as the
Burkut and Svydovets nappes (East ern Carpathians) hav ing
ex panded here from the SE. The large Magura Nappe of the
West ern Carpathians is over lain by the Neo gene volcanics in
the Uzh River Ba sin (Fig. 2) and, as al ready men tioned, prob a -
bly pro longs to the SE as the Monastyrets Nappe lo cated be -

tween the Alcapa and Tisza-Dacia ter rains (Byzova and Beer,
1974; Oszczypko, 2004; Oszczypko et al., 2005; Hnylko and
Hnylko, 2016). The Kamyanyi Potik, Rakhiv, Krasnoshora, and
Chornohora nappes of the East ern Carpathians pro long from
the SE to the NW and dis ap pear from the earth’s sur face at the
Chorna Tysa, Teresva and Tereblya river bas ins and so do not
reach the junc tion be tween the West ern and East ern
Carpathians (see Fig. 2).

There fore, in the bas ins of the Borzhava and Latorytsa
rivers, the bound ary be tween the Outer East ern Carpathian in -
ter nal nappes rep re sented by the Burkut and Svydovets
nappes and the Outer West ern Carpathian in ter nal nappes are
ex pressed by the Dukla Nappe is lo cated. This junc tion area is
bor dered by the Outer Carpathian ex ter nal Silesian Nappe in
the north west. Next, we will briefly de scribe these tec tonic units.

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

The Burkut Nappe (»Porkulets Nappe af ter Kruglov, 1986
as well as »Sukhiv+Burkut units af ter Mahel, 1973; Shakin,
1976; Vialov et al., 1981; Jankowski et al., 2007) is the larg est
tec tonic nappe among the Ukrai nian Outer East ern Carpathian
in ter nal nappes. We ac cept the name of this tec tonic unit af ter
Œwidziñski (1947). It is a pro lon ga tion of the Bodoc digitation of
the Ceahleu Nappe of the Ro ma nian Carpathians (Kruglov,
1986; Matskiv et al., 2009a, b). The Burkut Nappe is com posed
of a con tin u ous Ju ras sic-Cre ta ceous suc ces sion (no un con -
formi ties are re corded) rep re sented by the Trostyanets, Bila
Tysa, Burkut, Sukhiv and Tereshova for ma tions (see Fig. 3).

The Trostyanets For ma tion is de vel oped in the front of the
Burkut Nappe at the base of the Burkut suc ces sion as lenses of
the Ju ras sic-Lower Cre ta ceous lime stone and mafic vol ca nic
rocks of both oce anic and con ti nen tal or i gin (ac cord ing to
Liashkevych et al., 1995; Hnylko and Vaschenko, 2010;
Generalova et al., 2013).

The Bila Tysa For ma tion (Slavin, 1956), up to 1000 m thick,
is com posed of thin- and me dium-bed ded grey and green-grey
flysch with sand stone and con glom er ate pack ages in its up per
part. The age of the Bila Tysa For ma tion is Up per most
Barremian?-Albian (Pasternak et al., 1966; Gorbachyk and
Byzova, 1974; Leshchukh, 1979, 1980; Vialov et al., 1989;
Romaniv, 1991, 1999).

The Burkut For ma tion (Sujkowski, 1930), up to 1000 m
thick, partly re plac ing the Bila Tysa For ma tion, is rep re sented
by sand stones and sandy flysch (Byzova, 1979), and com -
pletes the strati graphic suc ces sion of the Burkut Unit over most
of its out crop. Its age is Albian-Cenomanian (Byzova et al.,
1966a; Byzova and Maslakova, 1974; Vialov et al., 1988).

The Sukhiv For ma tion (Kulchytskyi et al., 1965), 200 m
thick, lo cally over lies the Burkut and Bila Tysa for ma tions. It is
rep re sented by green-grey and var ie gated (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 For ma tion (Dabagyan et al.,1967), up to
500 m thick, is com posed of me dium- and thick-bed ded sandy
flysch de pos its with con glom er ates in up per part. It is as signed
to the Senonian (Gabinet at al., 1976; Vialov et al., 1988).

Some au thors (Byzova and Maslakova, 1974; Byzova and
Beer, 1974; Kruglov and Smirnov, 1979; Kruglov, 1986;
Œl¹czka et al., 2006; Shlapinskyi, 2012; Nakapelukh et al.,
2017; Roger et al., 2023) con sid ered that the Cre ta ceous de -
pos its of the Burkut (Porkulets) Nappe are stratigraphically nor -
mally over lain by the Paleogene flysch. How ever, such tran si -
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Fig. 4. Geo log i cal map of the junc tion area be tween the In ter nal nappes of the Outer East ern Carpathians and Outer West ern
Carpathians as well as ad ja cent ter ri to ries and po si tion of the area mapped

Com piled on the ba sis of pre vi ous maps (Shakin, 1976; Matskiv et al., 2003, 2009a, b; Jankowski et al., 2004, 2007; Matskiv, 2009) and our
ob ser va tions along the large rivers as well as de tailed geo log i cal map ping (scale 1:25,000) car ried out in the ba sin of the Borzhava River
(near the vil lages of Keretsky and Bronka) and in the bas ins of the Latorytsa and Pynya rivers (near the city of Svalyava and the vil lages of
Holubyne, Polyana and Uklin) of the Transcarpathian re gion. The map also shows some re sults of the geo log i cal map ping of the the Silesian
Nappe car ried out as prep a ra tion for the Ukrai nian State Geo log i cal Map at 1:200,000 scale (Stryi sheet) pub lished partly (Hnylko, 2011a;
Hnylko et al., 2021)

https://doi.org/10.7306/gq.1616


tions from the Cre ta ceous to the Paleogene have not been ob -
served and palaeontologically are not proven, and we as sume,
fol low ing Danysh (1973), Shakin (1976), Vialov et al. (1981,
1989), Andreyeva- Grigorovich et al. (1985), and Jankowski et
al. (2007), that the Tereshova For ma tion is not over lain by any
youn ger de pos its (see Fig. 3), and that the Paleogene flysch ex -
posed near the Tereshova For ma tion be longs to the Dukla
Nappe lo cated nearby.

The Svydovets Nappe (»Blyznytsa Subnappe of the Dukla
Nappe af ter Kruglov, 1986) is a tec tonic unit of the Ukrai nian
Outer East ern Carpathian in ter nal nappes (see Figs. 1, 3 and
4). It ex tends from the Cheremosh and Prut River bas ins in the
SE, to wards the Latorutsa and Pynya River bas ins in the NW
(Hnylko, 2012; Hnylko and Hnylko, 2012 and ref er ences
therein).

Some re search ers at trib ute the Svydovets tec tonic el e ment
to ei ther the Dukla Nappe (Kruglov, 1986) or the Silesian Nappe 
(Beer et al., 1971; Danysh, 2004). How ever, the Svydovets
Nappe is char ac ter ized by its own tec tonic style and char ac ter -
is tic strati graphic suc ces sion (in clud ing a no ta ble de vel op ment
of thick Paleocene-Eocene sandy de pos its and the al most
com plete ab sence of Oligocene strata: see Hnylko and Hnylko,
2012). Thus, we at trib ute this nappe to a sep a rate tec tonic el e -
ment fol low ing Vyalov et al. (1981).

The Svydovets Nappe is com posed of Cre ta -
ceous-Paleogene flysch de pos its, as a con tin u ous sed i men tary 
suc ces sion of the Shypot, Yalovets, Lolyn, Urda and Bobruk
for ma tions and mi nor Oligocene de pos its (see Fig. 3). The Cre -
ta ceous Shypot, Yalovets and Lolyn for ma tions and Oligocene
strata are de vel oped mainly in the east ern part of the Svydovets 
Unit and do not reach the sur face near the junc tion of the West -
ern and East ern Carpathians, where the Senonian-Eocene
Urda and Bobruk for ma tions dom i nate (see Fig. 4).

The Urda For ma tion (Vialov and Tsarnenko, 1970), up to
900 m thick, is rep re sented by me dium-bed ded sand stones al -
ter nated with green and grey, rarely black, mudstones and
siltstones. Its age is Senonian-Paleocene (Beer at al., 1971;
Tsarnenko,1988 and ref er ences therein; Vialov et al., 1989).

The Bobruk For ma tion (Beer et al., 1971), up to 1600 m
thick, con sists of thick-bed ded sand stones with mi nor green,
grey and rarely red clay shales. It over lies the Urda For ma tion
and com pletes the strati graphic suc ces sion of the Svydovets
Nappe over the greater part of its ter ri tory (Hnylko and Hnylko,
2012). The age of the Bobruk For ma tion is as signed to the
Paleocene-Eocene (Hnylko and Hnylko, 2012).

The Dukla Nappe is the larg est tec tonic unit among the
Ukrai nian Outer West ern Carpathian in ter nal nappes. It ex -
tends from Slovakia and Po land (see Jankowski et al., 2004) to
the Borzhava and Latorytsa river bas ins in Ukraine (see Fig. 4).
The Dukla sed i men tary suc ces sion is con tin u ous and con sists
of the Cre ta ceous Shypot and Yalovets for ma tions, the Up per
Cre ta ceous-Paleocene Bereznyi For ma tion, the Paleocene-
 Eocene hi ero glyphic-type de pos its and the Oligocene Menilite,
Dusyno, Turytsa, Krosno and Malyi Vuzhen for ma tions (see
Fig. 3).

The Shypot For ma tion (Paul,1869) is rep re sented by black
and green-grey shales (lower part up to 500 m thick), and me -
dium-bed ded black siliciclastic “glassy” sand stones and shales
(up per part 150–180 m thick; Leshchukh, 1988a). The up per -
most part of the Shypot For ma tion con tains 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 For ma -
tion (Tsarnenko and Leshchukh, 1974; Vialov et. al., 1989).
Foraminifera of late Albian and Albian-Senomanian age were
found in the up per part of the Shypot For ma tion ac cord ing to
Byzova et al. (1966b). The age of the Shypot For ma tion is

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

The Yalovets For ma tion (Kulchytskyi, 1959) con sists of var -
ie gated (red and green) shales (lower part 20–30 m thick), and
green shales and thin-bed ded turbidites (up per part 100–200 m 
thick). Its age is as signed to the Turonian-Santonian
(Maslakova, 1965; Romaniv, 1991, 1999; Hnylko, S.R. et al,
2023). The Bereznyi For ma tion (Vialov, 1960), up to 1000 m
thick, is com posed of thin- to me dium- and thick-bed ded typ i cal
turbidite flysch: al ter na tions of polymictic sand stones, siltsto -
nes, black and grey mudstones and marls (Vialov and Danysh,
1988). The age of the Bereznyi For ma tion is as signed to the
Campanian-Danian (Romaniv, 1991, 1999).

Paleocene-Eocene de pos its of the Dukla Unit are rep re -
sented, ac cord ing to Danysh (1973), Andreyeva-Grigorovich et
al. (1985) and Vialov et al. (1988), by a num ber of for ma tions
(Figs. 3 and 4) com pris ing hi ero glyphic-type bed ded flysch de -
pos its, sand stones and rarely con glom er ates.

Oligocene de pos its com prise the Menilite For ma tion,
characterizated by non-cal car e ous black shales and cherts.
The Menilite For ma tion is lat er ally re placed by both the Dusyno
For ma tion with a pre dom i nance of black marls and the Turytsa
For ma tion with siliciclastic “glassy” sand stones. The Dukla sed -
i men tary suc ces sion is ter mi nated by both the grey flysch of the
Krosno For ma tion, lo cated in the north of the Dukla Unit, and
polimictic sand stones of the Malyi Vyzhen For ma tion sit u ated in 
the south of the Dukla Unit (Danysh,1973; Vialov et al., 1981,
1988).

The Silesian Nappe be longs to the Outer Carpathian ex ter -
nal nappes and ex tends from Po land (see Jankowski et al.,
2004). In Ukraine it bounds to the NE the junc tion area of the
West ern and East ern Outer Carpathian in ter nal nappe sys -
tems. The strati graphic suc ces sion of the Silesian Nappe in
Ukraine in cludes Lower Cre ta ceous and Paleocene-Lower
Mio cene flysch de pos its. Oligocene-Mio cene de pos its are
wide spread and pre-Oligocene strata are ex posed lo cally
(Vialov et al., 1981; Hnylko and Hnylko, 2019; see Fig. 3).

The Barremian?-Cenomanian Shypot For ma tion is lo cally
ex posed in the Vicha River ba sin near the Volovets (see Fig. 4;
Hnylko et al., 2024). Turonian-Senonian de pos its of the
Silesian Nappe in Ukraine are not well-con strained. Typ i cal
pre-Oligocene de pos its are com posed mainly of Eocene black
shale and flysch (Hnylko and Hnylko, 2019). The
Oligocene–Mio cene strati graphic suc ces sion is rep re sented by 
the Menilite For ma tion (black shales is typ i cal), Verets For ma -
tion (tran si tional from the Menilite to Krosno for ma tions) and
Krosno For ma tion (grey flysch; Vialov et al., 1981; Hnylko and
Hnylko, 2019).

MATERIALS AND METHODS

Geo log i cal map ping at 1:50,000 and in places 1:25,000
scale, and strati graphic, tec tonic and sedimentological doc u -
men ta tion of the for ma tions in the Latorytsa and Pynya River
bas ins near the city of Svalyava and vil lages of Holubyne,
Solochyn, Polyana and Uklin (Transcarpathian re gion,
Mukachiv dis trict, the vi cin ity of Svalyava,) was car ried out dur -
ing field work in 2016 and 2019–2023 (Fig. 5). De tailed field
map ping iden ti fied lo cal i ties of the con tact fault zones be tween
the East ern Carpathian and West ern Carpathian tec tonic units.
Par tic u lar at ten tion was paid to study of the ex posed melanges
and shear-zones (some of these were partly de scribed by
Hnylko, O. et al., 2023).
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Fig. 5. Geo log i cal map of the study area (Transcarpathian re gion, Latorytsa and Pynya River bas ins, the vi cin ity of Svalyava);
com piled by O. Hnylko

The area lo cated at the junc tion of the Outer East ern Carpathian in ter nal nappes is rep re sented by the Burkut and Svydovets nappes
and the Outer West ern Carpathian in ter nal nappes are rep re sented by the Dukla Nappe



Sam ples for micropalaeontological anal y sis were col lected
from both ex po sures along the 6 sec tions stud ied and the sep a -
rate ex po sures lo cated in the Burkut, Svydovets and Dukla
units. As a rule, in di vid ual sam ples from the sep a rate ex po -
sures were grouped in the com piled sec tions. Un for tu nately, the 
poor ex po sure and in tense de for ma tion of the rocks did not al -
low study of com plete suc ces sions of the sed i men tary for ma -
tions, and only parts of this suc ces sion were in ves ti gated. More
than 100 sam ples were ana lysed in the micropalaeontological
lab o ra tory of the In sti tute of Ge ol ogy and Geo chem is try of
Com bus ti ble Min er als of the Na tional Acad emy of Sci ence of
Ukraine, Lviv. Among these, small foraminifera were found in
97 sam ples. A to tal of 74 spe cies of ag glu ti nated foraminifera
and 3 spe cies of plank tonic foraminifera were iden ti fied.

RESULTS

As a re sult of our geo log i cal map ping, a geo log i cal map at
1:25,000 scale of the junc tion area of the Outer East ern Car -
pathian In ter nal nappes (rep re sented by the Burkut and
Svydovets nappes) and the Outer West ern Carpathian In ter nal
nappes (rep re sented by the Dukla Nappe) was com piled
(Fig. 5) and geo log i cal cross-sec tions of this mapped area were 
drawn (Fig. 6). Lithostratigraphic, sedimentological and
microfaunal (Fig. 7) stud ies made it pos si ble to date and cor re -
late the for ma tions mapped, and on this ba sis to de ter mine the
strati graphic con tent and bound aries of the the Burkut,
Svydovets and Dukla tec tonic 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 for ma tion are de scribed only on the ba sis of study -
ing in di vid ual ex po sures and in com plete sec tions, since
well-pre served sed i men tary suc ces sions of the for ma tions
were not found due to in tense de for ma tion and poor rock ex po -
sure in the area mapped. It is dif fi cult to es tab lish the true thick -
ness of the for ma tions here for these rea sons.

BURKUT NAPPE SEDIMENTARY SUCCESSION

The Burkut For ma tion (Albian-Cenomanian) con sti tutes
the en tire sed i men tary suc ces sion of the Burkut Nappe in the
area mapped (see Figs. 5 and 6). It is ex posed on the banks of
the Pynya, Mala Pynya and Latorytsa rivers and their trib u tar -
ies. The con tacts ob served, of the Burkut For ma tion with the
sur round ing rocks, are tec tonic. The for ma tion is rep re sented
by mas sive, thick- and me dium-bed ded sand stones (Fig. 8A),
some with grey siltstone and mudstone in ter ca la tions (Fig. 8B)
as well as with thick pack ets of thin- and me dium-bed ded flysch. 
Oc ca sion ally, sed i men tary lenses of ma trix-sup ported micro -
conglo merate are pres ent and peb bles are scat tered in the
sand stones (Fig. 8C). These clastic rocks con sist of quartz (up
to 60–80%), feld spar, mus co vite, re de pos ited flysch clasts and
in clu sions of car bon ized or ganic mat ter. Meta mor phic schist
de tri tus was also noted.

The mas sive and thick-bed ded Burkut Sand stone is the
most wide spread unit in the Burkut For ma tion. The sand stone
beds are usu ally amal gam ated, build ing bedsets up to sev eral
tens of metres thick. The bases of the beds are sharp and oc ca -
sion ally show flute and load casts (Fig. 8D). Clasts of flysch and
other rocks (up to a decimetre across) are usu ally lo cated in the
lower part of the sand stone strata. In places, the sandy de pos its 
are char ac ter ized by Bouma di vi sions Ta, Tab and Tabc (Fig. 8E)
as well as by thin- and the me dium-bed ded flysch pack ets of di -

vi sions Tabc Tabcd and Tbcd (Fig. 8F), which sug gest de po si tion
from tur bid ity cur rents. Ma trix-sup ported sandy microconglo -
merates are in ter preted as the prod ucts of high-den sity tur bid ity 
cur rents and/or grain/de bris flows. Mudstone in ter ca la tions, lo -
cally pres ent in the sandy de pos its, can be in ter preted as
(hemi)pelagites and/or turbidites of Bouma di vi sion Te. Sev eral
mea sured turbidite palaeocurrent di rec tions are from the SW
and E–SE (see Fig. 5).

Micropalaeontological stud ies were car ried out on 5 ex -
posed sec tions (1–5) with a length of 25–75 m and in in di vid ual
sam ples from small ex po sures grouped into com piled sec tions
(7–10), where 47 sam ples were ana lysed (Figs. 9–11), A to tal
of 21 spe cies of ag glu ti nated foraminifera have been iden ti fied,
but a large pro por tion of the foraminifera re main un de ter mined
due to in con sis tency with known spe cies or poor pres er va tion
(see Figs. 9 and 10).

Among the foraminifera de ter mined, some char ac ter is tic
mid-Cre ta ceous spe cies are dis tin guished.

Spiroplectinella gandolfii (Carbonnier) (Fig. 12O) is pres ent: 
in the lower part of Sec tion 2 (sam ples 2021-9-1; 2021-9-2); in
mid dle part of the Com piled Sec tion 9 (sam ple 2016-122); in in -
di vid ual sam ple 2016-110 near Sec tion 5; and in Com piled sec -
tion 10 (sam ple 2016-151). S. gandolfii is a char ac ter is tic spe -
cies of the Albian-Cenomanian Burkut For ma tion (Byzova et
al., 1966a; Byzova and Maslakova, 1974). This spe cies is lo -
cated in the up per part of the strati graphic sec tion of the de pos -
its stud ied (Fig. 11).

Gerochammina stanislawi Neagy (Fig. 12S) is pres ent: in
Sec tion 1 (sam ples 2021-5 and 2021-5-2); in Sec tion 5 (sam ple 
2021-23-2); in Com piled Sec tion 10 (sam ple 2016-137). G.
stanislawi is re corded in the Albian-Turonian of the Carpathians 
(Neagu, 1990).

Tritaxia gaultina (Morozova) (Fig. 12R) is pres ent in Sec tion 
5 (sam ple 2021-23-2) to gether with G. stanislawi.

Recurvoides imperfectus (Hanzlikova) (Fig. 12P) is pres -
ent: in Sec tion 1 (sam ples 2021-5-1); in Sec tion 5 (sam ple
2021-23-2) to gether with G. stanislawi; in Com piled Sec tion 10
(in di vid ual sam ple 2016-151) to gether with S. gandolfii.

Kadriayina cf. gradata (Berthelin) (Fig. 12T) is pres ent in the 
low er most part of Com piled Sec tion 10 (sam ple 2016-145).

The tu bu lar spe cies Bathysiphon brosgei Tappan (Fig. 12A, 
B), Bathysiphon vitta Nauss (Fig. 12C, D) and Rhizammina
algaeformis Brady (Fig. 12I), which are cosmopolitan Cre ta -
ceous spe cies in flysch fa cies ac cord ing to Weidich (1990 with
ref er ences therein), are com mon in the de pos its stud ied. The
spe cies 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) of ten oc cur in the
Burkut For ma tion.

SVYDOVETS NAPPE SEDIMENTARY SUCCESSION

The sed i men tary suc ces sion of the Svydovets Nappe is
rep re sented by the Urda and Bobruk for ma tions in the area
mapped (see Figs. 4 and 5).

The Urda For ma tion (Maastrichtian-Paleocene) is pres -
ent in a small sheared tec tonic slice up to 100 m wide lo cated
in the con tact zone be tween the Svydovets and Silesian units
and is also lo cally de vel oped in the in ner part of the Svydovets
Unit (see Fig. 4). It is ex posed along the Latorytsa River banks
and con sists of thin- and me dium-bed ded flysch ex pressed by
al ter na tions of sand stones and grey up to black-grey mud-
and siltstones (Fig. 13A, see Fig. 4). Some sand stone beds
dem on strate in dis tinct Bouma di vi sions Tabc. In gen eral, the
rocks are highly de formed and the sed i men tary struc tures are
poorly vis i ble.
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Fig. 7. Sam ple lo ca tions on the geo log i cal map of the study area (see Fig. 5)
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Fig. 8. Li thol ogy and sed i men tary fea tures of the Albian-Cenomanian Burkut For ma tion (Burkut Nappe) in the area mapped

A – mas sive Burkut Sand stone (Mala Pynya River near the mouth of the Zalom Stream); B – grey siltstone and mudstone in ter ca la tions in
sand stones of the Burkut For ma tion (Tesanek Stream, Solochyn vil lage); C – quartz clasts scat tered in the Burkut Sand stone (Vedmezhyi
Stream); D – flute and load casts in the base of a sand stone bed (Pynya River near Solochyn); E and F – Bouma di vi sions in the Burkut For -
ma tion (Mala Pynya River, vil lage of Polyana)
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Fig. 9. Dis tri bu tion of foraminifera in the Burkut For ma tion (sec tions 1–5 and com piled sec tions 7, 8), mid-Cre ta ceous, Burkut
Unit, Latorytsa River ba sin
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Fig. 10. Dis tri bu tion of foraminifera of the Burkut For ma tion (com piled sec tions 9, 10), mid-Cre ta ceous, Burkut Unit, Latorytsa
River Ba sin

Fig. 11. Cor re la tion of the Burkut For ma tion de pos its stud ied, based on the char ac ter is tic foraminifera and the ex posed
lithostratigraphic suc ces sions; Burkut Unit, Latorytsa River Ba sin
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Fig. 12. Foraminifera from the Burkut For ma tion, mid-Cre ta ceous, Burkut Unit, Latorytsa River Ba sin

A – Bathysiphon brosgei Tappan (sam ple 2019-118); B – Bathysiphon brosgei Tappan (sam ple 2021-5); C – Bathysiphon vitta Nauss (sam -
ple 2016-101-1); D – Bathysiphon vitta Nauss, ag gre gate of few thin spec i mens (sam ple 2021-23-2); E – Rhizammina indivisa Brady (sam ple 
2019-15); F – Nothia sp.; G – Ammolagena sp. at tached on Nothia sp. (sam ple 22-28-1); H – Rhizammina sp. (sam ple 2021-5-1); I –
Rhizammina algaeformis Brady (sam ple 2016-101-1); J – Trochamminoides sp. (sam ple 2020-5); K – Pseudonodosinella cf. troyeri
(Tappan) (sam ple 2022-27-2-1); L – Pseudonodosinella cf. troyeri (Tappan) (sam ple 2020-10-1); M – Haplophragmoides sp. (sam ple
2016-101-1); N – Haplophragmoides cf. walteri (Grzybowski) (sam ple 2021-23-1); O – Spiroplectinella gandolfii (Carbonnier) (sam ple
2021-9-1); P – Recurvoides imperfectus (Hanzlikova) (sam ple 2016-151); Q – Trochammina cf. diagonis (Carsey) (sam ple 2016-121); R –
Tritaxia gaultina (Morozova) (sam ple 2021-23-2); S – Gerochammina stanislawi Neagy (2021-5-2); T – Kadriayina cf. gradata (Berthelin)
(sam ple 2016-145); length of bars: 0.1 mm
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Fig. 13. Li thol ogy and sed i men tary fea tures of the Maastrichtian-Paleogene de pos its of the Svydovets Nappe in the area stud ied

A – thin- and me dium-bed ded al ter na tion of sand stones and grey up to black-grey mud- and siltstones of the Maastrichtian-Paleocene Urda
For ma tion (Latorytsa River, near the vil lage of Abranka); B – mas sive and thick-bed ded sand stone of the Paleocene-Eocene Bobruk For ma -
tion (Mala Pynya River, near Uklin vil lage); C – in dis tinct Tabc Bouma di vi sions in the sand stone of the Bobruk For ma tion (Mala Pynya River,
near vil lage of Uklin); D and E – clasts of flysch rocks and casts of such clasts in a sand stone of the Bobruk For ma tion (Mala Pynya River,
near vil lage of Uklin); F – sand vol cano struc ture in the Bobruk For ma tion (Mala Pynya River, near Uklin vil lage)



Foraminifera were stud ied only in one sam ple (2022-8)
taken from this tec tonic slice (see Fig. 4 for lo ca tion), where 12
ag glu ti nated and 2 plank tonic foraminifera were iden ti fied
(Figs. 14 and 15).  Plank tonic Subbotina triangularis (White) of
Danian age (Fig. 14B) and the typ i cal forms of ag glu ti nated
Haplophragmoides walteri (Grzybowski) (Fig. 14A), the first oc -
cur rence of which was noted in the Paleocene, were pres ent
here. Ag glu ti nated spe cies of Early Cre ta ceous–Paleogene
(Mio cene) age, in clud ing Aschemocella grandis (Grzybowski),
Caudammina ovula (Grzybowski), Caudammina ovuloides
(Grzybowski) and nu mer ous Nothia excelsa (Grzybowski) are
also pres ent (sam ple 2022-8, see Fig. 15). The age of
foraminifera was de ter mined ac cord ing to (Olsson et al., 1999;
Kaminski and Gradstein, 2005).

The Bobruk For ma tion (Paleocene-Eocene) rep re sents
most of the Svydovets Unit and is ex posed in the up per of the
Mala Pynya River in the area mapped (see Figs. 4 and 5). The
re corded con tacts of the Bobruk For ma tion are all tec tonic. The
for ma tion is rep re sented mainly by mas sive and thick-bed ded
sand stones (Fig. 13B), some with thin- and me dium-bed ded
flysch and grey siltstone and mudstone in ter ca la tions. Bouma
di vi sions Ta, Tab and Tabc were ob served (Fig. 13C). Clasts of
flysch and casts of such clasts (up to a few decimetres in size)
are scat tered in the sand stones in many places, sug gest ing de -
po si tion from high-den sity turbidite cur rents and/or de bris-grain
flows (Fig. 13D, E). Mudstone in ter ca la tions lo cally pres ent be -
tween the sandy de pos its can be in ter preted as (hemi)pe -
lagites. Prob a ble sand vol cano struc tures were ob served in the
Bobruk For ma tion (Fig. 13F).

Foraminifera were stud ied in 6 in di vid ual sam ples from the
Bobruk For ma tion (Fig. 15). A to tal of 13 spe cies of ag glu ti nated
foraminifera in clud ing Hormosina trinitatensis Cushman and
Renz, Recurvoides anormis Mjatliuk (Fig. 14G) and
Placentammina pla centa (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 Cre ta ceous-Paleo gene
age are pres ent here (see Fig. 15). The age of the foraminifera
was de ter mined ac cord ing to Kaminski and Gradstein (2005).

DUKLA NAPPE SEDIMENTARY SUCCESSION

The Cre ta ceous Shypot and Yalovets for ma tions, the Cam -
pan ian-Paleocene Bereznyi For ma tion, the Paleocene-Eocene
hi ero glyphic-type un di vided de pos its, and the Oligocene
Dusyno and Malyi Vuzhen for ma tions com prise the Dukla sed i -
men tary suc ces sion in the area mapped and ad ja cent ter ri tory.

The Shypot For ma tion (Barremian?-Cenomanian) is not
ex posed in the area mapped and was stud ied nearby. It com -
prises small tec tonic lenses (up to 100–150 m wide) in melange
and sheared zones in the Borzhava River ba sin near the vil lage
of Keretsky in the east ern most part of the Dukla Unit (see Fig. 4) 
as well as un der ly ing the Dukla sed i men tary suc ces sion in the
more west ern parts of the Dukla Unit, where the Shypot For ma -
tion is well ex posed along the Pesiy Stream (the left trib u tary of
the Luta River of the Uzh River ba sin, see Fig. 4).

A mélange zone com posed of strongly de formed sheared
flysch rocks was ob served in the lower part of the Pesiy Stream
in the Luta River ba sin. Black and dark-grey me dium-bed ded
flysch rocks of the Shypot For ma tion are ex posed along the
stream bed 1.2 km above the mouth of this stream. This for ma -
tion over lies the mélange zone. This flysch of the Shypot For -
ma tion is com posed of al ter na tions of “glassy” es sen tially
quartzose fine-grained sand stones (0.1–0.5 m thick) and black
shales (siltstone and mudstone in ter ca la tions up to 0.2 m thick). 
All rocks are non-cal car e ous. The Bouma di vi sions Tabc Tbcde

and Tbcde are char ac ter is tic. In the top part of these de pos its,
green mudstones (up to 4 m thick) are de vel oped, char ac ter -
ized by thin par al lel-lay ered and ho mo ge neous tex tures of ei -
ther the up per Bouma di vi sion (Te) or as hemipelagites. They
com plete the Shypot For ma tion and are con form ably over -
lapped by var ie gated (green and red) shales of the Yalovets
For ma tion. The thick ness of the Shypot For ma tion reaches up
to 100 m here.

Only one sam ple (C-365, see Fig. 4) se lected by S.P.
Gavura (col lec tion of the De part ment of Carpathian Ge ol ogy,
In sti tute of Ge ol ogy and Geo chem is try of Com bus ti ble Min er als 
of NAS, Ukraine, Lviv) from the top of the Shypot For ma tion has 
been stud ied. The ag glu ti nated foraminifera Plectorecurvoides
alternans Noth, Caudammina crassa (Geroch) and Thalman -
nammina neocomensis Geroch, char ac ter is tic of the mid-Cre -
ta ceous in the Carpathians (ac cord ing to Geroch and Novak,
1984; Dabagian, 1969) were found here.

The Yalovets For ma tion (Turonian-Santonian) is ex posed 
in the Pynya River ba sin along the Zalom, Oblaznyi and Krasnyi 
streams (see Fig. 5). It con sists of var ie gated (red and green)
shale and thinly lay ered mudstones (Fig. 16A) sug gest ing their
hemipelagic/pe lagic or i gin. Thin (up to 1–5 cm thick)
fine-grained quartz sand stone in ter ca la tions with Bouma di vi -
sions Tcde are de vel oped in the up per part of the for ma tion and
rep re sent fine-grained turbidites. Some strata are char ac ter -
ized by well-sorted grains, cross-lam i nated tex tures (Fig. 16B),
and stron ger bioturbation. Most likely these strata rep re sent the 
de pos its of sub ma rine bot tom cur rents (so called “contourites”). 
The var ie gated shale de pos its are in tensely de formed up to
mélange, and there fore, the con tacts of the Yalovets For ma tion 
with sur round ing de pos its, and its thick ness, are un clear in the
area mapped.

Foraminifera were stud ied from Sec tion 6 and some in di vid -
ual sam ples (Figs. 17 and 18). A to tal of 13 spe cies of ag glu ti -
nated foraminifera were re cog nised here (see Fig. 17). Among
the foraminifera iden ti fied, two char ac ter is tic spe cies are dis tin -
guished.

Uvegirinammina jankoi Majzon (Fig. 19F) is pres ent: in Sec -
tion 6 (sam ples 2019-302, 2016-128 and 2016-128-2); in in di -
vid ual sam ple 2016-163 from the Zalom Stream; and in sam ple
2016-110-3 of Com piled Sec tion 12 along the Oblaznyi Stream
(see Figs. 5 and 17).

Gerochammina stanislawi (Fig. 19G) is pres ent: in Sec tion
6 (sam ples 2019-302, 2016-128 and 2016-128-1); in in di vid ual
sam ples 2016-163 from the Zalom Stream; and 2016-110-3 of
Com piled Sec tion 12. These spe cies are re corded from the
Albian-Turonian of the Carpathians (Neagu, 1990).

Small spe cies be long ing to the gen era Ammodiscus,
Paratrochamminoides, Haplophragmoides, Recurvoides and
Trochammina are com mon in the red shales stud ied.

The Bereznyi For ma tion (Campanian-Danian) is ex posed
in the Pynya River ba sin along the con tact zone be tween the
Burkut and Dukla tec tonic units. It is com posed of polymictic or
siliciclastic mainly thin- and me dium-bed ded flysch (Figs. 16C,
D) char ac ter ized by Bouma di vi sions Tbcde, Tcde, Tabc, Tabcde

(Fig. 16E) and rep re sented by fine- and me dium-grained
turbidites. The flysch con tains in ter ca la tions of black
“Menilite-like” shales and “Dusyno-lyke” marls and some
siderites. These shales and marls are ho mo ge neous and thinly
lay ered, and they are ev i dently hemipelagic/pe lagic in or i gin.
Near the vil lage of Holubyne along the Pynya River and its trib u -
tar ies, the thin-bed ded grey clay and silt de pos its (mainly
hemipelagites and thin-bed ded turbidites) are dom i nant in ex -
po sures of the Bereznyi For ma tion (Fig. 16F). Sev eral mea -
sured turbidite palaeocurrent di rec tions are from the NW and S
(see Fig. 5).
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Fig. 14. Foraminifera from the Urda and Bobruk for ma tions, Paleocene–Eocene, Svydovets Unit

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

Fig. 15. Dis tri bu tion of foraminifera in the parts of the Urda and Bobruk for ma tions stud ied,
Paleocene-Eocene, Svydovets Unit, Latorytsa River Ba sin
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Fig. 16. Li thol ogy and sed i men tary fea tures of the Up per Cre ta ceous-Paleocene de pos its of the Dukla Nappe in the area mapped

A – Cenomanian-Santonian Yalovets For ma tion, var ie gated (red and green) shale of hemipelagic or i gin (Zalom Stream); B –
Cenomanian-Santonian Yalovets For ma tion, fine-grained sand stone with well-sorted grains and cross-lam i nated tex ture sug gests its de po -
si tion from sub ma rine bot tom cur rents (Oblaznyi Stream); C and D – Santonian-Danian Bereznyi For ma tion, thin- and me dium-bed ded
flysch: fine- and me dium-grained turbidites (Pynya River near the vil lage of Holubyne); E – Santonian-Danian Bereznyi For ma tion, me -
dium-grained turbidites with Tabc Bouma di vi sions (Pynya River near the vil lage of Holubyne); F – Santonian-Danian Bereznyi For ma tion,
thin-bed ded grey clay and silt de pos its: mainly hemipelagites and thin-bed ded turbidites (Pynya River near Holubyne vil lage)
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Fig. 17. Dis tri bu tion of foraminifera in the part of the Yalovets For ma tion stud ied (Turonian), Bereznyi For ma tion
(Senonian-Paleocene), hi ero glyphic-type de pos its (Paleocene-Eocene), Dukla Unit
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Fig. 18. The age, cor re la tion and char ac ter is tic foraminifera of the Yalovets For ma tion (Turonian), Bereznyi For ma tion
(Senonian-Paleocene) and hi ero glyphic-type de pos its (Paleocene-Eocene), Dukla Unit, Latorytsa River Ba sin, time scale af ter

Gradstein et al. (2020)
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Fig. 19. Foraminifera from de pos its of the Dukla Unit

Shypot For ma tion (mid-Cre ta ceous): A – Plectorecurvoides alternans Noth (sam ple C-365); B – Ammoanita sp. (sam ple C-365). Yalovets
For ma tion (Turonian): C – Ammodiscus cre ta ceous (Reuss) (sam ple 2016-110-3); D – Paratrochamminoides olszewski (Grzybowski) (sam -
ple 2016-128); E – Trochammina globigeriniformis Parker and Jones (sam ple 2019-128); F – Uvegirinammina jankoi Majzon (sam ple
2019-302); G – Gerochammina stanislawi Neagy (sam ple 2016-163). Bereznyi For ma tion (Senonian-Paleocene): H – Bathysiphon gerochi
(Mjatliuk) (sam ple 2019-104); I – Nothia robusta (Grzybowski) (sam ple 2016-152); J – Kalamopsis grzybowski (Dyl¹¿anka) (sam ple
2020-12); K – Haplophragmoides excavatus Cushman and Wa ters (sam ple 2019-101); L – Thalmannammina subturbinata (Grzybowski)
(sam ple 2020-9); M – Karrerulina conversa (Grzybowski) (sam ple 2016-139); N – Subbotina triloculinoides (Plummer) (sam ple 2020-12). Hi -
ero glyphic-type de pos its (Paleocene-Eocene): O – Hormosina velascoensis (Cushman) (sam ple 2016-141); P – Conglophragmium
irregularis (White) (sam ple 2016-17); Q – Saccamminoides karpathicus Geroch (sam ple 2019-107); R – Haplophragmoides kirki Wickeden
(sam ple 2016-105); S – Reticulophragmium intermedium (Mjatliuk) (sam ple 2016-105); T – Spiroplectammina spectabilis (Grzybowski)
(sam ple 2016-141); U – Adecotryma agterbergi Gradstein and Kaminski (sam ple 2020-17); W – Karrerulina horrida (Mjatliuk) (sanmple
2016-17); X – Reticulophragmium amplectens (Grzybowski) (sam ple 2016-110-1); length of bars: 0.1 mm



The de pos its of the Bereznyi For ma tion are strongly dis lo -
cated, and strati graphic con tacts with both the Yalovets For ma -
tion and with Paleocene-Eocene de pos its were not ob served,
and their thick ness is un clear in the area mapped.

Foraminifera were stud ied from 18 sam ples from four com -
piled sec tions 11–14 and one fur ther sam ple (2016-152,
Krasnyi Stream; Fig. 17). 16 spe cies of ag glu ti nated
foraminifera and one plank tonic spe cies were iden ti fied in the
de pos its stud ied which are gen er ally micro fauna-poor. Most of
the spe cies iden ti fied are com mon in the Up per Cre ta -
ceous-Paleogene of the Carpathians. Sev eral char ac ter is tic
spe cies have been iden ti fied.

Small spec i mens (prob a bly ju ve nile forms) of Remesella
varians (Glaessner) (Fig. 19M) of Maastrichtian-Paleocene age 
(ac cord ing to Kaminski and Gradstein, 2005) are pres ent in
Com piled Sec tion 11 (sam ples 2019-101, 2019-104), Sec tion
12 (sam ple 2019-115), Sec tion 14 (sam ple 2016-140,) and
sam ple 2016-152 from out side these sec tions.

Bathysiphon gerochi (Mjatliuk) (Fig. 19H) is pres ent in Com -
piled Sec tion 11 (sam ple 2019-104) and Sec tion 14 (sam ple
2016-140). This spe cies was also re corded from the Stryi For -
ma tion (Senonian–Danian) of the Skyba Unit, Ukrai nian
Carpathians (Mjatliuk, 1970).

Subbotina triloculinoides (Plummer) (Fig. 19N) of Paleo -
cene age (ac cord ing to Olsson et al., 1999) is pres ent in Com -
piled Sec tion 12, sam ple 2020-12.

Thalmannammina subturbinata (Grzybowski) (Fig. 19L)
and Kar rerulina conversa (Grzybowski) (Fig. 16W) of Senon -
ian- Paleogene age (ac cord ing to Kaminski and Gradstein,
2005) were found in the Bereznyi For ma tion.

The tu bu lar spe cies Nothia robusta (Fig. 19I), N. excelsa
and Psammosiphonella cylindrica (Glaessner), as well as the
spe cies Kalamopsis grzybowski (Dyl¹¿anka) (Fig. 19J), oc cur
quite fre quently in the de pos its stud ied.

Paleocene-Eocene hi ero glyphic-type un di vided de pos its
are sparsely ex posed in the west ern part of the area mapped
(see Fig. 5). They are rep re sented by polymictic and siliciclastic
thin- and me dium-bed ded flysch com posed of al ter nat ing beds
of sand stone, siltstone, grey and var ie gated (red and green)
mudstone shale (Fig. 20A). The beds of ten show Tabcde, Tbcde,
Tcde Bouma di vi sions (Fig. 20B) and con se quently were de pos -
ited by turbiditity cur rents. Some strata of green fine-grained
sand stone are char ac ter ized by well sorted grains, cross-bed -
ded tex tures and stron ger bioturbation (“hi ero glyphic beds”)
and may be the prod ucts of bot tom wa ter cur rent sed i men ta -
tion. Along the Medvezhyi and Krasnyi streams (see Fig. 5),
sev eral ex po sures of ma trix-sup ported un sorted micro con -
glomerates and/or sed i men tary brec cias (de bris-flow de pos its)
with de tri tus of meta mor phic rocks in clud ing green schists are
pres ent (Fig. 20C). The exotics-bear ing de pos its may be an a -
logues of the Eocene Stavne For ma tion be long ing to the Dukla
sed i men tary suc ces sion (see Fig. 3), where sim i lar ex otic meta -
mor phic rock clasts were found (see Danysh, 1973; Hnylko and
Hnylko, 2024).

The Paleocene-Eocene strati graphic suc ces sion is strongly 
de formed and par tially de stroyed, and its con tacts with both
Bereznyi For ma tion and Oligocene de pos its are tec toni cally
dis turbed. There fore, the iden ti fi ca tion of for ma tions in this suc -
ces sion is dif fi cult.

Foraminifera were stud ied in 12 sam ples from com piled
sec tions 11–14 (Fig. 17). A to tal of 29 spe cies of ag glu ti nated
foraminifera and one plank tonic spe cies were iden ti fied in the
de pos its stud ied. Most of the spe cies iden ti fied are com mon in
the Up per Cre ta ceous-Paleogene of the Carpathians. Among
these, char ac ter is tic micro fauna are noted be low.

Abun dant Glomospira charoides (Jones and Parker) and
Glomospira gordialis (Jones and Parker), com pris ing 30 per -
cent of the foraminiferal as sem blages, were found in red shales 
both in the Pynya River ba sin (sam ple 2016-17, sec tion 11) and 
Mala Pynya River ba sin (sam ple 2016-141, Sec tion 14). 
Karrerulina spp., Trochammina spp., Conglophragmium irre -
gularis (White) (Fig. 19P), Paratrochamminoides deflexiformis
(Noth) and N. excelsa are com mon co-occuring spe cies here.
These as sem blages cor re spond to the Glomospira charoides
(Jones and Parker) – Glomospira gordialis (Jones and Parker)
Acme of lat est Thanetian-early Ypresian age (sensu
Waœkowska, 2021) which has been de fined in the Silesian and
Magura units of the Pol ish Carpathians (Waœkowska, 2021).
Stratigraphically higher, in Com piled Sec tion 11 of the Pynya
River ba sin (sam ple 2016-105), the spe cies
Reticulophragmium intermedium (Mjatliuk) (Fig. 19S) of Early
Eocene age (ac cord ing to Mjatliuk, 1970; Kaminski and
Gradstein, 2005) was found (see Fig. 17).

Saccamminoides karpathicus Geroch (Fig. 19Q) of later
Ypresian age (sam ple 2019-107, Sec tion 13),
Reticulophragmium amplectens (Grzybowski) (Fig. 19X) of lat -
est Ypresian–ear li est Oligocene age (sam ple 2016-105, sec -
tion 11; sam ples 2020-17 and 2016-110-1, Sec tion 12) and
Adecotryma agterbergi Gradstein and Kaminski (Fig. 19U) of
Mid dle Eocene-Early Oligocene age (sam ple 2020-17, sec tion
12) are pres ent in the sec tions stud ied. The age of the
foraminifera was de ter mined ac cord ing to Olszewska (1997),
Kaminski and Gradstein (2005) and Waœkowska (2011).

The Dusyno Formaion (Oligocene) is ex posed in the bas -
ins of the Medvezhyi and Oblaznyi streams and near the vil lage
of Holubyne. The for ma tion has a tec toni cally de tached con tact
with the un der ly ing Eocene strata and is rep re sented by bi tu mi -
nous black and dark-grey marls and cal car e ous mudstone
(Fig. 20D). At the bot tom of the for ma tion, sev eral ho ri zons (up
to 0.2 m thick) of black chert are de vel oped. The de pos its are
char ac ter ized by ho mo ge neous mas sive or thinly lay ered tex -
tures sug gest ing their hemipelagic/pe lagic or i gin. In the up per
part of the Dusyno For ma tion, in ter ca la tions of pale grey cal car -
e ous mudstone and polymictic sand stone ap pear, which in di -
cates a grad ual tran si tion to the terrigenous Malyi Vuzhen For -
ma tion.

The Malyi Vuzhen For ma tion (Oligocene) is dis trib uted in
the bas ins of the Medvezhyi, Oblaznyi and Tesanek streams. It
con form ably over lies the Dusyno For ma tion and con sists of
thick- and me dium-bed ded polymictic sand stones (Fig. 20E)
with in ter ca la tions of grey siltstone and mudstone. The sand -
stones con tain scat tered or ganic de tri tus. Bouma di vi sions are
in dis tinct in these de pos its. De bris-flow de pos its up to sev eral
tens of metres in thick ness are ob served in the up per part of the 
Malyi Vuzhen For ma tion. They con sist of a clay-silt ma trix with
scat tered clasts of sand and marl up to a few decimetres across 
(Fig. 20F). The Malyi Vuzhen For ma tion com pletes the strati -
graphic suc ces sion of the Dukla Nappe.

SILESIAN NAPPE SEDIMENTARY SUCCESSION

In the area mapped, the Silesian suc ces sion is rep re sented
only by the Verets For ma tion, which is tran si tional from the or -
ganic-rich black-shale Menilite For ma tion to the grey flysch of
the Krosno For ma tion. The Verets For ma tion con sists of thin-
up to me dium-bed ded al ter na tions of grey polymictic sand -
stone, siltstone, mudstone and Menilite-like black shale. These
de pos its are strongly de formed, up to bro ken for ma tion and/or
mélange. Their thick ness is un clear and re la tions with other
sed i men tary for ma tions are un ex posed.
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Fig. 20. Li thol ogy and sed i men tary fea tures of the Paleogene de pos its of the Dukla Nappe in the area mapped

A – hi ero glyphic-type de pos its, al ter na tion of sand stone beds and var ie gated (red and green) shales (right trib u tary of the Pynya River near
Holubyne vil lage); B – Tabcde Bouma di vi sions in hi ero glyphic-type de pos its (right trib u tary of the Pynya River near the Holubyne); C –
exotics-bear ing de pos its with clasts of schist can be an a logues of the Eocene Stavne For ma tion (Krasnyi Stream near Uklin vil lage); D – bi tu -
mi nous black and dark-grey marl and cal car e ous mudstone of the Oligocene Dusyno For ma tion (right trib u tary of the Pynya River near
Holubyne); E – sand stone of the Oligocene Malyi Vyzhen For ma tion (Oblaznyi Stream); F – de bris-flow de pos its with clay-silt ma trix and
clasts of sands and marls (Oblaznyi Stream)



Thus, ac cord ing to lithostratigraphic and sedimentological
fea tures, within the study area, it is pos si ble to out line suc ces -
sions of for ma tions that al low us to iden tify the Burkut Nappe
(Burkut For ma tion), the Svydovets Nappe (Urda and Bobruk
for ma tions) and the Dukla Nappe (Shypot, Yalovets and
Bereznyi for ma tions, Paleocene-Eocene hi ero glyphic flysch
de pos its and char ac ter is tic Oligocene for ma tions).

NOTES ON BIOSTRATIGRAPHY

Foraminifera of the Cre ta ceous and Paleocene-Eocene
age have been iden ti fied in the de pos its stud ied. How ever,
com par i son of these as sem blages with re gional foraminiferal
zonations re mains de bat able both due to the lack of a rel a tively
com plete strati graphic se quence and the prev a lence of mainly
long-rang ing spe cies. How ever, we con sider it ad vis able to cor -
re late the strata stud ied with the foraminiferal zonation
(Olszewska, 1997) as ac cu rately as pos si ble (Fig. 21).

Mid-Cre ta ceous. Foraminifera of this age are com mon in
the de pos its stud ied, of the Burkut For ma tion (Burkut Nappe)
as well in the Shypot and Yalovets for ma tions (Dukla Nappe).

The age of the de pos its stud ied of the Burkut For ma tion is
in di cated by the spe cies G. stanislawi (Albian-Turonian), S.
gandolfii, T. gaultina, R. imperfectus and K. cf. gradata. T.
gaultina is re corded in the Cenomanian-lower Turonian of the
Carpathians (Geroch and Novak, 1984) and in the up per Albian
of the In dian Ocean (Holbourn and Kaminski, 1997). In the
Carpathians, R. imperfectus is re corded in the up per
Albian-Cenomanian (Geroch and Novak, 1984; Olszewska,
1997), this spe cies be ing noted from the Aptian-Albian of Mo -
rocco and the Cre ta ceous and Paleogene of Eu rope (Weidich,
1990 with ref er ences therein). The spe cies K. cf. gradata has
been de scribed from Aptian-Albian of the In dian Ocean
(Holbourn and Kaminski, 1997). S. gandolfii is re corded in the
mid-Albian-Cenomanian of the north ern Alps (Weidich, 1990),
in the up per Albian of the In dian Ocean (Holbourn and
Kaminski, 1997) and in the up per most Albian-Cenomanian
(Bulbobaculites problematicus Zone) of the Pol ish Carpathians
(Olszewska, 1997). Con sid er ing that S. gandolfii oc curs in the
up per part of the de pos its stud ied, their age is not youn ger than
the Cenomanian. Ac cord ing to N.I. Maslakova, the char ac ter is -
tic spe cies of foraminifera in the Burkut For ma tion of the Ukrai -
nian Carpathians are S. gandolfii, Haplophragmoides mi nor
Nauss, Haplophragmoides platus Loeblich, Trochammina
subbotinae (Tairov) and Ammodiscus rotalaris Loeblich and
Tappan, which in di cate a Albian-Cenomanian age (Byzova and
Maslakova, 1974).

The de pos its stud ied of the Shypot For ma tion con tain
Plectorecurvoides alternans (Noth), typ i cal of the mid dle
Albian-Cenomanian (Plectorecurvoides alternans and
Bulbobaculites problematicus zones; see Fig. 21).

The red shales stud ied, be long ing to the Yalovets For ma -
tion, con tain U. jankoi. In the Carpathians, this spe cies is re -
corded in the Turonian to lower Campanian (Geroch and
Novak, 1984). The co-oc cur rence of U. jankoi and G. stanislawi
(Albian-Turonian) in di cates a Turonian age for most of the de -
pos its stud ied of the Yalovets For ma tion and al lows it to be cor -
re lated with the Uvigerinammina jankoi Zone). An as sem blage
of ag glu ti nated foraminifera with U. jankoi char ac ter izes the var -
ie gated shales of the Yalovets For ma tion in the Ukrai nian
Carpathians (Dabagian, 1978; Leshchukh, 1988b; Vialov et al.,
1989).

Maastrichtian-Paleocene. Foraminifera of this age are com -
mon in the de pos its stud ied of the Bereznyi For ma tion (Dukla
Nappe). They in clude R. varians (Maastrichtian-Paleocene)

which, ac cord ing to Olszewska (1997), is typ i cal of the up per
part of the Rzehakina inclusa Zone and oc curs in the lower part
of the Rzehakina fissistomata Zone.

Danian. The pres ence of S. triangularis is in di cated Danian
age in de pos its of the Urda For ma tion (Svydovets Nappe). Ac -
cord ing to pre vi ous re search, the Campanian-Maastrichtian
Rzehakina inclusa Grzybowski char ac ter izes the lower part of
the Urda For ma tion (Beer at al., 1971) and the Rzehakina
fissistomata Zone (Paleocene) oc cu pies the up per part of the
Urda For ma tion (Hnylko and Hnylko, 2012).

Campanian-Eocene. In the stud ied out crops, only forami -
nifera of a long age range (Campanian-Eocene) were found in
the Bobruk For ma tion (Svydovets Nappe). Ac cord ing to pre vi -
ous re search, the Recurvoides smugarensis–Glomospira
charoides Zone (Lower Eocene), the Reticulophragmium
amplectens Zone and Ammodiscus latus Zone (Mid dle Eo -
cene) and the Reticulophragmium rotundidorsatum Zone (Up -
per Eocene) were iden ti fied in the Bobruk For ma tion (Hnylko
and Hnylko, 2012).

Up per most Thanetian-lower Upresian. Abun dant Glomo -
spi ra cor re spond ing to the G. charoides–G. gordialis Acme of
lat est Thanetian-early Ypresian age (sensu Waœkowska, 2021)
were found in var ie gated shales in the Dukla Nappe.

Eocene. Saccamminoides karpathicus char ac ter iz ing the
Saccamminoides karpathicus Zone of late Ypresian age was
found in the green shales of the Dukla Nappe (see Fig. 21). The 
co-oc cur rence of R. amplectens and A. agterbergi of Mid -
dle-Late Eocene age was iden ti fied in the grey flysch of the
Dukla Nappe (see Fig. 21).

Thus, the de pos its stud ied, based on foraminifera, cor re -
spond to the fol low ing age in ter vals: Mid-Cre ta ceous,
Maastrichtian-Paleocene, Danian, Campanian-Eocene, up per -
most Thanetian-lower Ypresian and Eocene (Fig. 21). The
foraminiferal fauna con strains the age of the mid-Cre ta ceous
Burkut For ma tion (Burkut Nappe), the Campanian-Paleogene
Urda and Bobruk for ma tions (Svydovets Nappe), the mid-Cre -
ta ceous Shypot and Yalovets for ma tions, the Senonian-Danian 
Bereznyi For ma tion, as well as the Eocene hi ero glyphic-type
beds (Dukla Nappe).

STUCTURAL RESULTS

Ac cord ing to our geo log i cal map ping, the north west ern
ends of the Burkut and Svydovets units of the East ern
Carpathians are rep re sented by elon gated tec tonic blocks (up
to a few kilo metres across) ex tend ing in the sub-Carpathian
(NW–SE) di rec tion and bor der ing 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 rep re sent thrust bound aries.
Un for tu nately, ex po sures of these thrust bound aries were not
found by us on the area mapped. How ever, we can ob serve
that the thick-bed ded Burkut sand stone of the Burkut Unit dips
at an gles of 5–35° in the west ern di rec tion be neath Cre ta ceous
and Paleogene flysch de pos its of the Dukla Nappe (see Fig. 5).
The thick-bed ded sand stones of the Bobruk For ma tion of the
Svydovets Unit also dip be neath the flysch de pos its of the
Dukla Nappe (see Figs. 5 and 6). Based on these ob ser va tions
and the re sults of our own geo log i cal map ping, we as sume that
the Dukla Nappe is thrust over the Burkut and Svydovets units.
It looks as if the East ern Carpathian nappes plunge to the west
be neath the West ern Carpathian Dukla Nappe (see Figs. 4
and 5).
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In ad di tion, the thrust bound ary be tween the up per Dukla
Nappe and the lower Burkut and Svydovets nappes is tec toni -
cally de formed and forms gen tle antiforms and synforms. In the
cores of the antiforms, the rocks of the lower Burkut and
Svydovets nappes are ex posed, and in the cores of the
synforms, the de pos its of the up per Dukla Nappe are de vel -
oped (see Figs. 5 and 6). The arc-like forms of the thrusts dem -
on strate these antiforms and synforms on the geo log i cal map
(see Figs. 4 and 5). Fur ther more, subvertical faults limit these
antiforms and synforms, di vid ing them into the elon gated tec -
tonic blocks of sub-Carpathian (NW–SE) di rec tion noted above
(Figs. 4, 5 and 22).

In gen eral, the East Carpathian Burkut and Svydovets units
are mainly com prise mas sive and thick-bed ded sand stones of
the Burkut and Bobruk for ma tions, which built rel a tively rigid tec -
tonic bod ies. These sand stones are weakly de formed, char ac ter -
ized by a mo not o nous bed ding ar range ment and form some
gen tle folds. On the other hand, the West ern Carpathian Dukla
Unit is com posed mostly of thin- and me dium-bed ded flysch de -
pos its of the Cre ta ceous-Paleogene suc ces sion, which are soft
and strongly de formed for ma tions. Soft Oligocene de pos its are
also de vel oped in the Silesian Unit ad ja cent to the West ern/East -
ern Carpathian junc tion area. All these soft for ma tions are in -
tensely de formed up to tec tonic mélange, es pe cially along the
bound aries of the tec tonic units (see Fig. 5).
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Fig. 21. Cor re la tion of the de pos its stud ied with the biostratigraphical scheme of Olszewska (1997) for the late Albian-Eocene in ter val



In the Dukla Unit, only the Oligocene de pos its lo cated far
from the con tact with the East Carpathian tec tonic units are de -
formed weakly and form gen tle syn clines, in clud ing the Malyi
Vyzhen brachysyncline which is de vel oped around the Maly
Vyzhen moun tain as well as a syncline in the area of the vil lage
of Holubyne in the west of the area mapped (see Figs. 4 and 5).

The subvertical and straight shape of the faults bound ing
the tec tonic blocks of both the Burkut and Svydovets units at the 
SW and NE sides of the Dukla unit most likely sug gests the
strike-slip na ture of these faults. Along these faults, we ob -
served zones of in tense tec tonic de for ma tion, such as shear
zones with nu mer ous tec tonic slick en sides, bro ken for ma tions
and tec tonic mélanges, the width of which reaches tens and
hun dreds of metres, some of these be ing de scribed be low.

In the far north of the stud ied area, the East ern Carpathian
Svydovets Unit is bor dered to the NE by strongly de formed
rocks of the Silesian Unit (see Fig. 4). The bor der zone it self,
be tween the Svydovets and the Silesian units, is not vis i ble in
the area mapped, but a few tens of metres to the north of this
bor der zone, bro ken for ma tions and melanges are ex posed
along the Mala Pinya riverbed near the Uklin Pass. These are
made up by the Oligocene Verets (tran si tional) For ma tion of the 
Silesian Unit. Bro ken for ma tions (dis rupted de pos its in which
the pri mary stra tal se quence can still be rec og nized, see Hsü,
1968; Starzec et al., 2015; Fes ta et al., 2019 and ref er ences
therein) are rep re sented here by bed ded rocks with folded and
de stroyed lay ers (Fig. 23A). Sand stone beds up to a few centi -
metres and decimetres thick al ter nate with mud- and clay
shales. Some beds are boudinaged and dis rupted into an gu lar
clasts ran domly in cluded in black-grey shaly ma trix (see
Fig. 23A right side). The clayey ma trix is de formed by cleav age
planes, which split the ma trix into milli metre- to centi -
metre-scale lenses. As a rule, the tec tonic fo li a tion (i.e. cleav -
age), and bed ding and bed ding rem nants, are subvertical, while 

small faults and con ju gate drag folds are char ac ter ized by
subvertical fault planes and fold hinges (see Fig. 23A left side),
which sug gest strike-slip move ment with subhorizontal prin ci -
pal axes of com pres sion and ex ten sion. The drag folds sug gest 
right-lat eral move ment (see Fig. 23A left side). Tec tonic fo li a -
tion is char ac ter ized by a Subcarpathian (SE–NW) strike, as
with the di rec tion of the bor der zone be tween the Svydovets
and Silesian units. On the other hand, the rocks of the
Svydovets Unit ex posed to the south of the bor der zone are
weakly de formed. They are mainly com posed of rigid thick-bed -
ded and mas sive sand stones (Bobruk For ma tion), which are
char ac ter ized by mo not o nous bed ding  and form gen tle folds
with subhorizontal hinges.

A few tens of metres to the north of the bro ken for ma tion
noted above, the tec tonic mélange (com pletely de stroyed units: 
see Hsü, 1968; Starzec et al., 2015; Fes ta et al., 2019 and ref -
er ences therein) is ex posed along the Mala Pynya riverbed
near the Uklin Pass (Fig. 23B, C). The mélange com prises
more in tensely dis rupted units com pared to the bro ken for ma -
tion. It is char ac ter ized by a block-in-ma trix fab ric, in which the
pri mary stra tal se quence is not pre served and blocks of dif fer -
ent sizes are scat tered in a black-grey shaly ma trix. The blocks
are ei ther the rem nants of in di vid ual sand stone lay ers
(Fig. 23C) or clasts (vis i ble sizes up to a few metres) of thin- to
me dium-bed ded flysch of the Verets For ma tion (Fig. 23B). Len -
tic u lar and sigmoidal blocks up to a few decimetres and metres
in size are char ac ter is tic (Fig. 23C). The rocks in the blocks are
folded, strongly frac tured and/or trans formed into tec tonic brec -
cias. The ma trix of the mélange is char ac ter ized by a scaly fab -
ric formed by subvertical cleav age sur faces with mm spac ing.

Near the SW mar gin of the Svydovet Unit at the bor der zone 
be tween the Svydovets and Dukla units, the tec tonic mélange
formed by the Bereznyi For ma tion is spo rad i cally ex posed
around the vil lage of Uklin along the Mala Pinya River and its
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Fig. 22. Pan oramic photo of the west ern ter mi na tion of an E–W elon gated tec tonic block of the East ern Carpathian Burkut Unit
plung ing to the west be neath the West ern Carpathian Dukla Nappe (the point of the photo is lo cated be tween the Oblaznyi and

Luh streams)
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trib u tar ies (see Fig. 5). The mélange is rep re sented by black
and grey tec tonic brec cia-like for ma tion, in which small elon -
gated len tic u lar sand stone clasts up to a few centi metres and
decimetres in size are em bed ded in the black-shale ma trix
(Fig. 23D). The ma trix is pen e trated by cleav age, and the sand -
stone clasts are elon gated and flat tened in the cleav age plane.

A char ac ter is tic con tact of the Burkut and Dukla units is ex -
posed along the Zalom Stream, the left trib u tary of the Mala
Pinya River (see Fig. 5). In this area, the Burkut Unit com prises
thick-bed ded sand stone (Burkut For ma tion), and the Dukla Unit 
con tains var ie gated shales (Yalovets For ma tion) and thin-bed -
ded grey flysch (Bereznyi For ma tion). In the chan nel of the
Zalom stream 1 km up stream of its con flu ence with the Mala
Pynya River, a ver ti cal fault sur face with fault grooves is ex -
posed as a sand stone wall. The slickenlines on the fault sur face 
are ori ented subhorizontally in a NW–SW di rec tion in di cat ing
strike-slip type ki ne mat ics (Fig. 24A, B). To the NE of this fault
sur face, sand stones of the Burkut For ma tion are lo cated. Their

thick beds lie subhorizontally, form ing gen tle folds. To the SW
of the fault sur face, a mélange formed by rocks of the Yalovets
and Bereznyi for ma tions of the Dukla Unit is ex posed. The
mélange can be traced down along the Zalom Stream for sev -
eral hun dreds of metres. Be low, we call it the Zalom mélange.

The Zalom melange is char ac ter ized by a block-in-ma trix
fab ric. Blocks rang ing in size from centi metres to sev eral tens of 
metres are made of grey bed ded flysch of the Bereznyi For ma -
tion (Fig. 24A, C on the left), and fine-grained sand stones and
var ie gated shales of the Yalovets For ma tion. The blocks have
ei ther an elon gated len tic u lar shape if com posed of rel a tively
duc tile thin-bed ded flysch and clay shales, or an an gu lar shape
(Fig. 24D) if com posed of rigid sand stones. The rigid sand stone 
blocks are as a rule highly frac tured, up to tec tonic brec cia
(Figs. 24E).

The ma trix of the Zalom mélange is rep re sented by red and
green shales of the Yalovets For ma tion (Figs. 24A in its cen tral
part; 24C and D on the right side; 24F on the left side) and grey
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Fig. 23. Bro ken for ma tions and mélanges near the con tact zone of the East ern Carpathian Svydovets Unit with both the Silesian 
Unit (A–C) and the West ern Carpathian Dukla Unit (D)

A – bro ken for ma tion (the top view) re sult ing from de for ma tion of the Oligocene de pos its near the north ern con tact of the Svydovets Unit:
folded and de stroyed sed i ments, some beds are boudinaged and dis rupted into an gu lar clasts in cluded in black-grey shaly ma trix (right
side); tec tonic fo li a tion, bed ding, small fault and hinge of the fold are subvertical and small fault with con ju gated drag fold (left side) sug gest
right-lat eral move ment (Mala Pynya River near Uklin Pass); B – tec tonic mélange (the side view) char ac ter ized by the block-in-ma trix fab ric
with subvertical fo li a tion, formed as a re sult of the de for ma tion of Oligocene de pos its near the north ern con tact of the Svydovets Unit (Mala
Pynya River near Uklin Pass); C –tec tonic mélange with lit tle blocks rep re sented by rem nants of in di vid ual sand stone beds of Oligocene de -
pos its em bed ded in a clay ma trix (Mala Pynya River near Uklin Pass); D – tec tonic mélange formed by rocks of the Up per Cre ta ceous -
Paleocene Bereznyi For ma tion near the south ern con tact of the Svydovets Unit (Mala Pynya River near the vil lage of Uklin)



and black shales of the Bereznyi For ma tion (Figs. 24B on the
left side; 24F on the right side). It is char ac ter ized by a ver ti cal
scaly fab ric lo cally ar ranged as S-C struc tures (Fig 25A) as de -
scribed by Fes ta et al. (2019) in the mélanges. The S-C struc -
tures sug gest left-lat eral strike-slip move ment near a ver ti cal
con tact zone (see Fig. 24A and B) be tween the Burkut Sand -
stone of the Burkut Nappe and the Zalom mélange of the Dukla
Nappe. Sigmoidal and len tic u lar clasts and blocks em bed ded
within this scaly ma trix show their long-axis aligned to the tec -
tonic fo li a tion (Fig. 24F). The tran si tions from the blocks to the

ma trix are ei ther sharp, if the blocks are com posed of sand -
stones, or grad ual, if the blocks are com posed of clayey shales
sim i lar to the ma trix.

In ad di tion, frag ments of folds with subvertical hinges are
ob served in the Zalom mélange (Fig. 25B). This ev i dence, as
well as the ver ti cal tec tonic fo li a tion in the mélange ma trix (see
Figs. 24A, B and F), and subhorizontally ori ented slickenlines
on the straight ver ti cal fault sur face be tween the Burkut and
Dukla tec tonic units (see Fig 24A, B), tes tify to strike-slip move -
ment be tween the Burkut and Dukla units. The S-C struc tures
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Fig. 24. Zalom mélange near the con tact zone be tween the East ern Carpathian Burkut Unit and the West ern Carpathian Dukla
Unit (Zalom Stream be tween the vil lages of Polyana and Uklin)

A, B – ver ti cal fault sur face (side view of the same ex po sure from the east – A and from the south – B) with subhorizontal fault grooves on a
sand stone wall lo cated be tween the rigid Burkut Sand stone (on the right) and the Zalom mélange (on the left); the mélange is formed of in -
tensely de formed duc tile shales of the Yalovets For ma tion and flysch of the Bereznyi For ma tion with ver ti cal tec tonic fo li a tion; C – Zalom
mélange with block filled with grey flysch of the Bereznyi For ma tion and ma trix represetted by red and green clay de pos its of the Yalovets
For ma tion; D – rigid sand stone block in the Zalom mélange; E – rigid sand stone block frac tured up to tec tonic brec cia; F – sigmoidal and len -
tic u lar clasts em bed ded within scaly ma trix gen er ally show their long-axis aligned to the ver ti cal tec tonic fo li a tion (the side view)
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Fig. 25. Zalom mélange near the con tact zone be tween Burkut and Dukla units (Zalom Stream be tween the vil lages of Polyana
and Uklin)

A – ver ti cal scaly fab ric lo cally ar ranged in shear-zones with S-C struc tures (top view); B – fold frag ment with subvertical hinge in the
Zalom mélange (top view)

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

A – subvertical shear-zones in de formed flysch de pos its of the Bereznyi For ma tion be long ing to the Dukla Unit (side view; Pynya River near
Holubyne vil lage); B – shear-zones in the Burkut Sand stone filled with tec tonic brec cia mainly formed by dis rupted sand stones and char ac -
ter ised by a subvertical tec tonic fo li a tion (side view; Pynya River near mouth of the Oblaznyi Stream); C –part of  Fig ure 25A with subvertical
shear-zone in flysch de pos its of the Bereznyi For ma tion



sug gest a left-lat eral sense for these move ments (see
Fig. 25A). The strike-slip move ments prob a bly took place in a
fairly wide shear zone (tens and up to hun dreds of metres, as
shown by the width of the Zalom mélange).

Along the Mala Pynya riverbed near the vil lage of Holubyne, 
a few tens of metres to the south of the con tact be tween the
Burkut and Dukla units, bro ken for ma tions and mélanges are
ex posed. They are made up of thin- and me dium-bed ded grey
flysch of the Up per Cre ta ceous-Paleocene Bereznyi For ma tion
of the Dukla Unit. This flysch gen er ally dips to the south-west
and is dis sected by subvertical shear-zones from a few metres
to tens of metres thick (Fig. 26A, C). In the shear-zones, the
flysch is boudinaged, dis rupted and shows a mélange block-in-
 ma trix struc ture. Some sand stone bed rem nants up to a few
centi metres and decimetres thick are in ten sively folded and
here in cluded in the shaly ma trix. The mélange ma trix is char ac -
ter ized by a scaly fab ric formed by cleav age sur faces. These
cleav age sur faces and elon gated blocks in the mélange, as well 
as the hinges of small folds, are ori ented usu ally subvertically,
sug gest ing strike-slip type ki ne mat ics.

Along other con tact zones of the East Carpathian and West
Carpathian tec tonic units, mélanges and bro ken for ma tions up
to hun dreds of metres wide are also ob served, al though these
con tacts are usu ally un sat is fac to rily ex posed and the mélange
co mes to the sur face in frag ments. Shear-zones were also ob -
served within the Burkut and Svydovets units. They are usu ally
ori ented subvertically and ex tend in the sub-Carpathian di rec -
tion (NW–SE), and have a thick ness of up to a few metres.
These shear-zones are filled with tec tonic brec cias mainly
formed by dis rupted sand stones and char ac ter ised by a
subvertical tec tonic fo li a tion. Sand stone clasts are elon gated
and flat tened in the plane of the fo li a tion here (Fig. 26B).

Thus, in the area mapped, the Dukla Nappe of the West ern
Carpathians is thrust over the Burkut and Svydovets units of the
Eastern Carpathians. The thrust bound ary be tween them was
sub se quently de formed into gen tle antiforms and synforms and
cut by subvertical strike-slip faults elon gated in a NW–SE par al -
lel-Carpathian di rec tion. Along these faults, zones of in tense tec -
tonic de for ma tion, such as shear zones with nu mer ous tec tonic
slick en sides, bro ken for ma tions and tec tonic mélanges, the
width of which reaches tens and hun dreds of metres, are de vel -
oped. The ma trix of the tec tonic mélange is char ac ter ized by a
ver ti cal scaly fab ric lo cally ar ranged as S-C struc tures in di cat ing
the sense of the strike-slip move ments. Subhorizontally ori ented
slickenlines on the straight fault sur faces as well as frag ments of
folds with subvertical hinges are also ob served here.

DISCUSSION: CONNECTION BETWEEN 
THE EASTERN AND WESTERN OUTER

CARPATHIAN INTERNAL NAPPES AS A CONTACT
OF TWO ACCRETIONARY PRISMS

The bound ary be tween the in ter nal nappes of the Outer
West ern Carpathians and Outer East ern Carpathians is de -
picted in dif fer ent ways. This is most clearly ex pressed in the
dif fer ent in ter pre ta tion of the Burkut (Porkulets) Nappe bor der,
which marks the most dis put able link of the bound ary be tween
the East ern and West ern Carpathians (Fig. 27, see also
Kruglov and Smirnov, 1981).

Ac cord ing to some pub lished tec tonic schemes and geo log -
i cal maps of the Ukrai nian Carpathians (Byzova and Beer,
1974; Kruglov, 1986; Œl¹czka et al., 2006; Matskiv et al., 2003;
Matskiv, 2009a) and Ukraine (Kruhlov and Hyrsky, 2007), the
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Fig. 27. The bound aries (col oured lines) of the most dis puted Outer East ern Carpathian Burkut Nappe in the West ern/East ern
Carpathian junc tion area ac cord ing to pre vi ous re search ers (see Fig. 2 for lo ca tion)

The bound aries de picted as black lines are adopted in this ar ti cle (see Figs. 1 and 2)

AAPG%20Memoir,%2084:%20221%E2%80%93258;


Burkut (Porkulets) Nappe ex tends from the East ern
Carpathians to wards the NW up to the Uzh river ba sin near the
Ukrai nian/Slovakian state bound ary (see Fig. 27). In our opin -
ion, the Burkut Nappe is ab sent from the Uzh River ba sin, and
the Duklya Nappe of the West ern Carpathians is de vel oped in -
stead. The key dif fer ence be tween the strati graphic suc ces -
sions of the Dukla and Burkut tec tonic units is the com pletely
dis sim i lar early-mid Cre ta ceous for ma tions. The lower and low -
er most Up per Cre ta ceous are rep re sented by ei ther black
shale de pos its (Shypot For ma tion) in the Dukla suc ces sion or
by grey sandy flysch (Burkut and Bila Tysa for ma tions) in the
Burkut suc ces sion. Ad di tion ally, the Burkut sed i men tary suc -
ces sion con tains Cre ta ceous de pos its only, while the Dukla
sed i men tary suc ces sion con sists of Cre ta ceous-Paleogene (in -
clud ing Oligocene) de pos its (see above and Fig. 3) The pres -
ence in the Uzh River ba sin of the mid-Cre ta ceous Shypot For -
ma tion as well as the Paleogene (in clud ing Oligocene) de pos its 
char ac ter is tic of the Dukla Nappe in di cates that the Dukla
Nappe is de vel oped here (Danysh, 1973; Shakin, 1976; Vialov
et al., 1981; Jankowski et al., 2004). How ever, in the opin ion of
Byzova and Maslakova (1974), such an in ter pre ta tion is con tra -
dicted by the find ings of Albian and Cenomanian foraminifera in 
clay de pos its near sand stone ex po sures, that look like the
Burkut For ma tion in the ba sin of the Uzh River (Byzova and
Maslakova, 1974). In our opin ion, these fau nal re cords re quire
ad di tional ver i fi ca tion, be cause the fauna can be lo cated in the
mélange zones widely de vel oped in the area. Ac cord ing to
Vialov et al. (1981), these sand stones are not frag ments of the
Burkut For ma tion and be long to the Up per Cre ta ceous and/or
Paleogene sand stones of the Dukla Nappe. Thus, the pro lon -
ga tion of the Burkut Nappe within the Uzh River ba sin has not
been proven, just as Danysh (1973, 2004), Mahel (1973),
Shakin (1976), Vialov et al. (1981) and Jankowski et al. (2004,
2007) as sumed.

The wes tern most out crops of the faunally con strained
Burkut For ma tion are lo cated to the east of the Uzh River ba sin
in the Pynya River ba sin (Latorytsa River ba sin), where along
the Zalom Stream (left trib u tary of the Mala Pynya River, for lo -
ca tion see Fig. 5), S. gandolfii, H. mi nor, H. platus, T.
subbotinae and A. rotalaris had been pre vi ously iden ti fied in the 
Burkut For ma tion (Byzova and Maslakova, 1974).

Ac cord ing to our own litho- and biostratigraphic and struc -
tural and map ping, the bound ary be tween the Burkut and
Svydovets nappes of the East ern Carpathians and the Dukla
Nappe of the West ern Carpathians is iden ti fied in the bas ins of
the Borzhava and Latorytsa rivers (see Figs. 2, 4 and 5). The lo -
ca tion of the bound ary ac cord ing to our map ping dif fers from
pre vi ous opin ions and is only mod er ately close to some pre vi -
ous points of view (e.g., Mahel, 1973; Shakin, 1978; Vialov et
al., 1981; Csontos and Vörös, 2004; Jankowski et al., 2004,
2007). In ad di tion, we have mapped that the Dukla nappe as
thrust over the Burkut nappe, and not vice versa, which dif fers
from pre vi ous points of view.

The gen e sis of the con nec tion zone be tween the east ern
and west ern Outer Carpathian nappe sys tems is re lated to the
na ture of these sys tems. In gen eral, the Outer Carpathian
nappes are con sid ered as an accretionary prism grow ing in
front of the Cen tral Carpathian ter ranes (Oszczypko, 2006;
Kováè et al., 2016, 2017; Golonka et al., 2019; Roger et al.,
2023 and ref er ences therein).

In Ukraine, the prin ci pal dif fer ence is ob served in the strati -
graphic suc ces sions of the in ter nal flysch nappes of the Outer
East ern Carpathians, and the in ter nal flysch nappes of the
Outer West ern Carpathians (Fig. 3). The Outer East ern
Carpathian in ter nal nappes con sist of mainly Cre ta ceous flysch
de pos its with a small Paleogene, es pe cially Oligocene, com po -

nent. The age of these de pos its grad u ally changes from the
Early Cre ta ceous to the Paleogene to wards the more ex ter nal
units. This phe nom e non is re lated to the de vel op ment of the
Outer East ern Carpathian in ter nal nappes as the Fore- Mar -
marosh accretionary prism dur ing this time (Gnylko, 1999;
Hnylko and Generalova, 2014; Figs. 1–3). The Outer West ern
Carpathian in ter nal nappes con tain flysch de pos its which be -
come grad u ally youn ger dur ing the Paleogene to wards the
more ex ter nal nappes. This sug gests that they also be long to
the accretionary prism, which, how ever, grew dur ing Paleogene 
time. The Outer West ern Carpathian in ter nal nappes are as -
signed to the Fore-Alcapa accretionary prism (Hnylko, 2015c,
Hnylko and Hnylko, 2024; Figs. 1–3). The ex ter nal nappes of
the Outer Carpathians, com pris ing Cre ta ceous-Mio cene flysch
and molasse de pos its, de vel oped as an outer prism ahead of
both the Alcapa and Tisza-Dacia ter rains (Hnylko, 2012). These 
three prisms make up the Flysch Carpathian Cre ta ceous-Neo -
gene com pos ite accretionary prism.

The Outer Carpathian com pos ite prism formed as a re sult
of the clo sure of the east ern branches of the Al pine Tethys,
such as the Magura, Protosilesian (see Golonka et al., 2019
and ref er ences therein) and Ceahlau-Severin bas ins (Fig. 28;
see Schmid et al., 2008, 2020 and ref er ences therein). These
branches opened in Ju ras sic-early Cre ta ceous time, and were
trans formed into a rem nant-type Outer Carpathian flysch ba sin
lo cated be tween the Eur asian pas sive mar gin and the ac tive
edges of the Alcapa and Tisza-Dacia ter ranes in the mid
Cretacous (Fig. 28; see Csontos and Vörös, 2004; Oszczypko,
2006; Schmid et al., 2008, 2020; Hinsbergen et al., 2020). The
outer Carpathian com pos ite prism was formed as a re sult of
subduction of the Outer Carpathian sed i men tary flysch ba sin
sub strate be neath the Alcapa and Tisza-Dacia ter ranes: an -
cient microcontinents/con ti nen tal frag ments in the Tethys
Ocean (Fig. 28; Kováè et al., 1998, 2016, 2017; Csontos and
Vörös, 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; Plašienka et al., 2020).

The his tory of form ing the the junc tion area be tween the
Fore-Alcapa and Fore-Marmarosh prisms is closely re lated to
the de vel op ment of these prisms and to their sub se quent in ter -
ac tion. These prisms de vel oped au ton o mously ahead of the ac -
tive mar gins of two dif fer ent microcontinental ter ranes, such as
the Alcapa and Tisza-Dacia.

The Fore-Alcapa accretionary prism con sists of the Pieniny
Klippen Belt, as well as Outer West ern Carpathian in ter nal
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 be gan to
rise in the Late Cre ta ceous (Plašienka, 2018 and ref er ences
therein). The Magura and Dukla nappes were at tached to the
Fore-Alcapa prism dur ing the Eocene-Oligocene con cor dantly
with forelandwards shift and up lift of the trench-like Magura and
Krosno lithofacies dur ing this time (see Fig. 3; Hnylko et al.,
2015c; Kováè et al., 2016; Golonka et al., 2019; Hnylko and
Hnylko, 2024).

The Fore-Marmarosh (Fore-Tisza-Dacia across the Car -
path ians, see Fig. 1) accretionary prism com prises Outer East -
ern Carpathian in ter nal flysch nappes such as the Kamyanyi
Potik, Rakhiv, Burkut, Krasnoshora, Svydovets and Chorno -
hora nappes. The coars en ing-up wards and reg u lar younging
pat tern of the strati graphic suc ces sions from up per to lower
nappes sug gest their at tri bu tion to an accretionary wedge which 
grew in the Early Cre ta ceous-Paleogene time due to the
subduction of the Outer Carpathian flysch ba sin base ment be -
neath the Marmarosh Mas sif. The in ner most Kamyanyi Potik,
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Rakhiv, Burkut and Krasnoshora nappes com prise ex clu sively
Late Ju ras sic-Cre ta ceous de pos its and were formed dur ing the
Cre ta ceous (see Fig. 3; Hnylko and Generalova, 2014).

It seems that these two prisms de vel oped sep a rately un til
the Oligocene (see Fig. 28; Hnylko and Hnylko, 2016; Kováè et
al., 2016). Clos ing of the Monastyrets “be tween-terrainian”
flysch ba sin in the lat est Eocene sug gests the col li sion of the
Alcapa and Tisza-Dacia ter ranes as the Eocene gave way to
the Oligocene (Hnylko et al., 2015b; Hnylko and Hnylko, 2016).

As a re sult, the Fore-Alcapa prism, in clud ing the Monastyrets
Nappe, was thrust over the Oligocene de pos its of the
Marmarosh Mas sif sed i men tary cover (see Hnylko and Hnylko,
2016). Rocks par al lel with the Pieniny Klippen Belt or with the
Magura Nappe in pres ent-day Ro ma nian ter ri tory were also
thrust over clastic de pos its of the Paleogene-Early Mio cene
sed i men tary cover of the Tisza-Dacia Terrane (Sandulescu et
al., 1981; Csontos and Nagymarosy, 1998; Oszczypko, 2004).
Sev eral south-vergence thrusts could be ob served or in ferred
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Fig, 28. Con cep tual re con struc tion of the main tectono-sed i men tary units in the Carpathian realm

A – Early Cre ta ceous, mod i fied af ter Golonka et al. (2006, 2021), Hinsbergen et al. (2020); B – Late Cre ta ceous, mod i fied af ter Csontos and
Vörös (2004), Oszczypko (2006), Schmid et al. (2008, 2020), Hinsbergen et al. (2020), Plašienka et al. (2020) and us ing the work of Danysh
(1973), Vialov (1981), Sandulescu (1988), Merten at al. (2010) and Roban et al. (2017); C – Paleocene-Eocene, mod i fied af ter Hnylko and
Hnylko (2016, 2019); Kováè et al. (2016); Golonka et al. (2019) and us ing the work of Danysh (1973), Vialov (1981), Gawêda et al. (2019,
2021); Kowal-Kasprzyk et al. (2021); D – Oligocene, mod i fied af ter Hnylko and Hnylko (2016); Kováè et al. (2016); Golonka et al. (2019)
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in the Mid-Hun gar ian zone (Csontos and Nagymarosy, 1998)
di vid ing the Alcapa and Tisza-Dacia ter ranes. Thrust ing oc -
curred first dur ing the Late Oligocene-Early Mio cene (Csontos
and Nagymarosy, 1998; Tischler et al., 2008). The Alcapa
Terrane overrided the Tisza-Dacia Terrane dur ing the
collisional events (Tischler et al., 2008).

Over rid ing of the Alcapa Terrane onto the Tisza-Dacia
Terrane may have caused thrust ing of the Fore-Alcapa prism
over the Fore-Tisza-Dacia prism, in clud ing thrust ing of the
Dukla Nappe over the west ern part of the Fore-Marmarosh
prism (Burkut and Svydovets nappes). The Oligocene psam -
mite and de bris-flow de pos its in the up per part of Dukla Nappe
sed i men tary suc ces sion (see Fig. 20E and F) may be
synorogenic and re lated to the thrust up lift ing of the Dukla
Nappe. This way, the thrust struc ture of the area stud ied may
have formed, in which the Dukla Nappe tec toni cally over laps
both the Burkut and Svydovets nappes of the Fore-Marmaros
prism (see Fig. 28).

Note that the up per Dukla Nappe is com posed of youn ger
Cre ta ceous-Paleogene de pos its than the lower Burkut Nappe,
which is made only of Cre ta ceous de pos its (see Figs. 5 and 6).
This is ex plained by the fact that the Burkut Nappe was
accreted to the accretionary prism in the Cre ta ceous, and the
Dukla Nappe was at tached to an other prism only in the
Paleogene. Sub se quently, dur ing Alcapa and Tisza-Dacia col li -
sion, the Dukla Nappe as part of the Fore-Alcapa prism was
thrust onto the Cre ta ceous Burkut Nappe as part of the
Fore-Tisza-Dacia prism (see Fig. 28).

At the end of the Oligocene, the com bined Dukla, Burkut
and Svydovets nappes, which al ready formed a sin gle in ter nal
prism, were to gether thrust onto the Silesian and Skyba bas ins
(see Fig. 28).

Sub se quently in the study area, the nappes were de formed
into folds, in which the cores of the antiform con tained de pos its
of the Burkut and Svydovets nappes, and the cores of the
synform con sisted of de pos its of the Dukla Nappe (see Figs. 5
and 6). In ad di tion, this nappe build ing was cut by subvertical
strike-slip faults. These faults limit the tec tonic blocks elon gated 
in a NW–SE Carpathian-par al lel di rec tion.

In gen eral, the elon gated tec tonic blocks com posed of rigid
sand stone de pos its of the Svydovets and Burkut units are
grouped in a large mul ti plex wedge in plane view. This wedge is
rep re sented by units which ex tend from the East ern
Carpathians to wards the West ern/East ern Carpathian junc tion. 
The wider part of the wedge is sit u ated in the study area of
West ern and East ern Carpathian junc tion in the Pynya and
Latorytsa river bas ins, and its nar rower part is lo cated to the
east in the bas ins of the Borzhava and Bronka rivers (see
Figs. 2 and 4). This wedge is bounded on the north ern side by a
right-sense strike-slip faults, and on the south ern side by a
left-sense strike-slip faults (see Fig. 2), which may in di cate lat -
eral ex tru sion of the wedge de pos its in a north west di rec tion.
Thus, East ern Carpathian rigid Burkut and Svydovets units
could been pushed into soft de pos its of the West ern Carpathian 
Dukla Unit dur ing lat eral ex tru sion. Dom i na tion of the
subvertical tec tonic fo li a tion in the mélange zones and
subhorizontally ori ented slickenlines on the straight fault sur -
faces as well as the pres ence of the folds with subvertical
hinges in the West ern/East ern Carpathian junc tion area stud ied 
cor rob o rate the pos si bil ity of this lat eral ex tru sion.

The compressional thrust de for ma tions of the Outer
Carpathian sed i ments oc curred diachronously. In the late Mio -
cene, these compressional events ended in the Outer West ern
Carpathians, but con tin ued in the Outer East ern Carpathians
(see Fodor et al., 1999; Sperner at al., 2002), which may have
led to the lat eral ex tru sion of the East ern Carpathian units to -

wards the West ern Carpathian area at this time (Hnylko, 2017).
Fur ther de tailed struc tural stud ies are needed to test the con -
cept of this lat eral ex tru sion.

CONCLUSIONS

1. The Outer West ern Carpathian In ter nal flysch nappes of
the Fore-Alcapa in ner accretionary prism and Outer East ern
Carpathian In ter nal flysch nappes of the Fore-Marmarosh prism 
con verge in the junc tion area lo cated in the Latorytsa and
Pynya river bas ins. In this study area, the Burkut and Svydovets 
nappes of the Fore-Marmarosh prism and the Dukla Nappe of
the Fore-Alcapa prism are de vel oped (see Figs. 1, 2, 4 and 5).

The de pos its of the Burkut Nappe are here rep re sented
only by the Burkut For ma tion (Albian-Cenomanian). They con -
sist of mainly thick-bed ded sand stones and sandy flysch, in
which were found char ac ter is tic the mid-Cre ta ceous spe cies S.
gandolfii, G. stanislawi, T. gaultina and R. imperfectus  as well
as the cos mo pol i tan Cre ta ceous spe cies B. brosgei, B. vitta
and R. algaeformis.

The sed i men tary suc ces sion of the Svydovets Nappe is
rep re sented by the Urda and Bobruk for ma tions in the study
area. The Urda For ma tion (Maastrichtian-Paleocene) con sists
of thin- and me dium-bed ded flysch. S. triangularis of Danian
age and the typ i cal form H. walteri of Paleocene-Eocene age
oc cur here.

The Bobruk For ma tion (Paleocene-Eocene) is rep re sented
mainly by mas sive and thick-bed ded sand stones. R. anormis
and P. pla centa of Campanian-Eocene age were found here.

The sed i men tary suc ces sion of the Dukla Nappe is rep re -
sented by the Cre ta ceous Shypot and Yalovets for ma tions, the
Senonian-Paleocene Bereznyi For ma tion, Paleocene-Eocene
hi ero glyphic-type un di vided de pos its, and the Oligocene
Dusyno and Malyi Vuzhen for ma tions in the area mapped and
ad ja cent ter ri tory.

The Shypot For ma tion (Barremian?-Cenomanian) is de vel -
oped near the area mapped. It is a black and dark-grey me -
dium-bed ded flysch with “glassy”, es sen tially quartzose fine-
 grained sand stones and black shales. In the Luta River ba sin,
P. alternans, char ac ter is tic of the mid-Cre ta ceous in the
Carpathians, was found at the top of the Shypot For ma tion.

The Yalovets For ma tion (Turonian-Santonian) con sists of
var ie gated (red and green) shale of hemipelagic/pe lagic or i gin
with thin fine-grained turbidite in ter ca la tions. The co-oc cur rence 
of U. jankoi and G. stanislawi in di cates a Turonian age for the
most of the de pos its stud ied.

The Bereznyi For ma tion (Campanian-Danian) is com posed 
of polymictic or siliciclastic mainly thin- and me dium-bed ded
flysch with shale/marl in ter ca la tions. Most of the foraminifera
spe cies iden ti fied are com mon in the Up per Cre ta ceous-Paleo -
gene of the Carpathians. The Paleocene S. triloculinoides and
Maastrichtian-Paleocene R. varians have been iden ti fied in the
de pos its stud ied.

Paleocene-Eocene hi ero glyphic-type un di vided de pos its
are rep re sented by thin- and me dium-bed ded flysch, red and
green shales and lo cally de bris-flows de pos its with meta mor -
phic rock de tri tus. Abun dant Glomospira which sug gest the
Paleocene and Eocene bound ary, the spe cies R. intermedium
and S. karpathicus of Early Eocene age, and R. amplectens
and A. agterbergi Gradstein and Kaminski char ac ter is tic of the
Mid dle-Up per Eocene, were found in the de pos its stud ied.

The Oligocene Dusyno For ma tion is rep re sented by bi tu mi -
nous black and dark-grey marls and cal car e ous mudstones and
the Malyi Vuzhen For ma tion con sists of thick- and me dium-bed -
ded polymictic sand stones with scat tered or ganic de tri tus.
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2. Our geo log i cal map ping in di cates that the north west ern
ends of the Burkut and Svydovets units of the East ern
Carpathians plunge to the west be neath the West ern
Carpathian Dukla Nappe. The thrust bound ary be tween the up -
per Dukla Nappe and the lower Burkut and Svydovets nappes is 
tec toni cally de formed and forms gen tle antiforms and synforms. 
In ad di tion, subvertical faults cut these antiforms and synforms,
di vid ing them into elon gated tec tonic blocks of sub-Carpathian
(NW–SE) di rec tion. Zones of in tense tec tonic de for ma tions
such as shear zones, bro ken for ma tions and tec tonic
mélanges, the width of which reaches tens and hun dreds of me -
tres, are de vel oped along these faults. The ma trix of the
well-ex posed mélange zones is char ac ter ized by a ver ti cal
scaly fab ric lo cally ar ranged as S-C struc tures. The ver ti cal tec -
tonic fo li a tion and fold frag ments with subvertical hinges in the
mélange ma trix, as well as subhorizontally ori ented slickenlines
on the straight ver ti cal fault sur faces be tween the rigid sand -
stones and mélange ma trix, sug gest strike-slip move ments
along the faults.

3. The gen e sis and his tory of de vel op ment of the junc tion
area be tween the Fore-Alcapa and Fore-Marmarosh prisms is
closely re lated to the de vel op ment of these prisms and to their
sub se quent in ter ac tion. It seems that these two prisms de vel -
oped sep a rately un til the Oligocene (see Fig. 28). Clos ing of the 
Monastyrets “be tween-terrane” flysch ba sin in the lat est
Eocene sug gest the col li sion of the Alcapa and Tisza-Dacia ter -
ranes at the end of the Eocene and be gin ning of the Oligocene.
As a re sult of the collisional event, the Monastyrets Nappe of
the Fore-Alcapa prism was thrust over the Marmarosh Mas sif,
and the most outer Fore-Alcapa Dukla Nappe was thrust over

the west ern part of the Fore-Marmarosh prism (Burkut and
Svydovets nappes). Sub se quently, the nappes were de formed
into folds and cut by subvertical faults of strike-slip sense.

4. In gen eral, the elon gated tec tonic blocks com posed of
rigid sand stone de pos its of the Svydovets and Burkut units are
grouped in a large mul ti plex wedge in plan view. This wedge is
rep re sented by units which ex tend from the East ern
Carpathians to wards the West ern/East ern Carpathian junc tion. 
The wedge is bounded on the north ern side by a right-sense
strike-slip faults, and on the south ern side by a left-sense
strike-slip faults, which may in di cate lat eral ex tru sion of the
wedge de pos its in a north west di rec tion. Thus, the East ern
Carpathian rigid Burkut and Svydovets units may been pushed
into the soft de pos its of the West ern Carpathian Dukla Unit dur -
ing lat eral ex tru sion.
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