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The Kamyanyi (Kaminnyi) Potik Unit (Nappe) is the most in ter nal and struc tur ally-high est unit of the Fore-Marmarosh units,
and in many places is di rectly cov ered by the Marmarosh Nappes of the Marmarosh Crys tal line Mas sif. Chyvchyn Mount is
built of this unit and forms a sep a rate tec tonic cap (Chyvchyn Mt. Klippe). It con sists of the Up per Ju ras sic/low er most Cre ta -
ceous Chyvchyn For ma tion, com posed mainly of ba sic vol ca nic rocks, and the Tithonian-Early Cre ta ceous Kamyanyi Potik
For ma tion, rep re sented by cal car e ous and/or turbiditic de pos its con tain ing vol ca nic ma te rial. Geo log i cal map ping showed
that this com plex forms a tec tonic klippe, which con sists of four small tec tonic thrust slices. Struc tur ally, the low er most one is
rep re sented by thin-bed ded micritic lime stones with cherts, and is interbedded with coarse/fine-grained cal car e ous
pyroclastic turbidites (flysch). The sec ond thrust slice is com posed of cal car e ous-pyroclastic brec cia with blocks of lime -
stone, ba salt, and chert (radiolarite?), which oc cur within a pyroclastic ma trix and of coral lime stones with ba salt frag ments
and pyroclastic in ter ca la tions. The third thrust slice is con structed of brec cia with a pyroclastic and vol ca nic ma trix and clasts
of ef fu sive rocks and lime stone. The fourth thrust slice – the high est – is rep re sented by mas sive ba saltic pil low lavas.
Sedimentologically, the vol cano-sed i men tary com plex rep re sents a whole spec trum of ma rine mass-move ment de pos its,
from de bris flows through prox i mal turbidites to dis tal ones, which were formed dur ing lat est Ju ras sic/ear li est Cre ta ceous
time in the Outer Dacide-Severinide part of the Carpathian bas ins.

Key words: vol ca nic rocks, pyroclastic flysch, ba saltic pil low lavas, Carpathians, Chyvchyn Moun tains, Kamyanyi Potik Unit.

INTRODUCTION

The Ukrai nian Carpathians oc cupy the junc tion where sev -
eral (sub)oce anic su tures con verged, such as the Penninic-
 Vahic (its frag ments are pre sented in the Pieniny Klippen Belt)
and the Meliata-Hallstatt (Meliata) (Plašienka, 1997) su tures in
the West ern Carpathians, and the Transylvanides (branch of
the Vardar Zone; Sãndulescu, 2009) and Fore-Marmarosh su -
tures in the East ern Carpathians. The Fore-Marmarosh Su ture
Zone is de vel oped in the Ukrai nian Carpathians (Gnylko, 1999;
Hnylko, 2011a); its pro lon ga tion to wards Ro ma nian ter ri tory
most likely is the Outer Dacides-Severinides (sensu Golonka et 

al., 2008a, b; Sãndulescu, 2009). The pro lon ga tion of the
Transylvanides to wards Ukraine is un clear (Fig. 1).

The equiv o cal cor re la tion of the su ture zones in Ukraine has 
led to the var ied tec tonic re con struc tions in the Al pine-
 Carpathian re gion (Csontos and Vörös, 2004; Golonka et al.,
2006; Schmid et al., 2008; Sãndulescu, 2009). For proper cor -
re la tion, a de tailed in ves ti ga tion of the well-ex posed ba sic
(ultra basic) mag matic rocks (pos si ble frag ments of an cient oce -
anic crust) is needed. On Chyvchyn Mt. (in the Ukrai nian
Carpathians, close to the up per stream of the Chorny Chere -
mosh River), the vol cano-sed i men tary com plex of rocks is fully
de vel oped.

The first de tailed geo log i cal struc ture of Chyvchyn Moun -
tains was shown on the geo log i cal maps pub lished by
Zapa³owicz (1886) and Pazdro (1934), how ever, on these maps 
the Ju ras sic/Cre ta ceous vol cano-sed i men tary for ma tions of
Chyv chyn Mt. were at trib uted to the Tri as sic (cf. Ksi¹¿kie wicz
and Soko³owski, 1934), but its tec tonic-struc tural po si tion is cor -
rectly shown. Fifty years ago, a de tailed map of Chyvchyn Mts.
(un for tu nately un pub lished) was com piled by the ge ol o gists of
the Carpathian ex pe di tion of Mos cow Uni ver sity (Byzova et al.,
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1964). The struc ture of Chyvchyn Mt. was de fined there as the
tec tonic nappe rel ict (Chyvchyn Mt. Klippe), built by the Ju ras -
sic/Cre ta ceous vol cano-sed i men tary rocks that over lie the Cre -
ta ceous flysch. 

Medvedev and Varitchev (2000) sug gested that this klippe
may be a rem nant of the Transylvanian Nappes (Transyl -
vanides). Re cently, geo log i cal data from the re gion were sum -
ma rized by Matskiv et al. (2009); they re lated the Ju ras sic/Cre -
ta ceous vol cano-sed i men tary com plex of the Chyvchyn Mt.
Klippe to the Kamyanyi Potik Unit (Nappe), de vel oped di rectly
in the front of the Marmarosh Nappes.

The ba sic vol ca nic rocks of Chyvchyn Mt. are well- known,
ow ing to stud ies by many ge ol o gists (Lomize, 1968;
Lyashkevich et al., 1995; Varitchev, 1997; Medvedev and
Varitchev, 2000); some of them aimed to re con struct the
palaeo tectonic con di tions of the or i gins of the volcanogenic
rocks. The main aim of this work is to show, for the first time in
such a de tailed view, a map of Chyvchyn Mt. and its vi cin ity,
with a new struc tural in ter pre ta tion of a few tec tonic thrust
slices, and pre lim i nary sedimentological de scrip tions of the vol -
cano-sed i men tary rocks which build them.

GEOLOGICAL BACKGROUND

The Ukrai nian Carpathians form a con nect ing link be tween
the West ern and East ern Carpathians, but the struc ture of this
con nec tion is dis put able. There are two con cepts. The first idea

as sumes that the in ner struc tural-fa cies units (pre -
dom i nantly nappes) of the Outer (Flysch) Carpa -
thians, such as the Burkut (»Porkulets), Dukla, and
Silesian (Krosno) ones, be long to both the east ern
and west ern Carpathians (Kruglov, 1986; Matskiv
et al., 2009). In the Ukrai nian part of the orogen,
these units stretch out from the Uzh River up to
Cheremosh River. Ac cord ing to the sec ond con -
cept, the Outer East ern Carpathians In ner Nappes
do not ex tend from the west to the east Carpathians 
(Vialov et al., 1981; Jankowski et al., 2007), and this 
idea is adopted in the pres ent work. It is gen er ally
ac cepted that the Outer Skyba (=Skole, Tarkãu)
Nappe ex tends from the west ern to the east ern
Carpathians.

On the ba sis of pre vi ous re search (Vialov et al.,
1981; Kruglov, 1986; Csontos and Vörös, 2004;
Schmid et al., 2008; Sãndulescu, 2009; Hnylko,
2011a, b, c, 2012), the fol low ing tec tonic el e ments
have been dif fer en ti ated in the Ukrai nian part of the
orogen (Figs. 1–3): the Cen tral West ern Carpa -
thians (part of the ALCAPA Terrane, bur ied un der
Neo gene de pos its of the Transcarpathian De pres -
sion) and the Cen tral East ern Carpathians (Marma -
rosh Crys tal line Mas sif, dis mem bered into Marma -
rosh base ment nappes as well as Marmarosh
Klippen Zone – parts of the Tisza-Dacia Terrane);
the Outer East ern Carpathian In ner Flysch Nappes
(Units) – Kamyanyi Potik, Rakhiv, Burkut, Krasno -
shora, Svydovets and Chornohora nappes; the
Outer West ern Carpathian In ner Flysch Nappes
(Units) – the Magura and Dukla nappes; the Outer
Carpathian Flysch-Molasse nappes (units) – the
Silesian, Subsilesian, Skyba, and Boryslav-
 Pokuttya nappes. These nappes are over-thrusted

one on the other and on the Carpathian Foredeep, to wards the
north-east.

The ac cu mu la tion of the Carpathian Flysch nappes – the
an cient accretionary prism – was caused by the subduction of
the Carpathian Flysch Ba sin base ment, be neath both the
ALCAPA and Tisza-Dacia ter ranes (Kovaè et al., 1998;
Csontos and Vörös, 2004; Oszczypko, 2006; Schmid et al.,
2008). The Outer West ern Carpathian In ner Flysch nappes
(Fore-ALCAPA Magura-Dukla prism) were built in the fore land
of the ALCAPA Terrane dur ing the Paleogene. The Outer East -
ern Carpathian In ner Flysch Nappes (Fore-Marmarosh flysch
prism) was formed in the front of the Tisza-Dacia Terrane dur -
ing the Cre ta ceous–Paleogene. In the Neo gene, the Outer
Carpa thian flysch-molasse nappes were in cor po rated within an
amal gam ated in ner accretionary wedge sys tem (Hnylko,
2011a, c, 2012; Figs. 1–3).

The Kamyanyi Potik, Rakhiv, and Burkut nappes con tain
rem nants of Ju ras sic-Lower Cre ta ceous mafic vol ca nic rocks
of both ensialic and ensimatic or i gin (Lyashkevich et al.,
1995), and are re garded by us as the Fore-Marmarosh Su ture
Zone (or part of the su ture) which bounded the Tisza-Dacia
Terrane from the north-east (Hnylko, 2011a). The ALCAPA
Terrane is bound by the Penninic-Vahic Su ture (Plašienka,
1997) from the north- east.

The Kamyanyi Potik, Rakhiv, and Burkut su ture units are
de vel oped in the fron tal part of the Marmarosh (Maramureº in
Ro ma nian) base ment nappes (Crys tal line Mas sif) of the Cen -
tral East ern Carpathians, and most likely cor re spond to the
Outer Dacides-Severinides (sensu Golonka et al., 2008a, b;
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Fig. 1. Tec tonic set ting of the Ukrai nian Carpathians

Main tec ton ics units (af ter Kovaè et al., 1998; Csontos and Vörös, 2004; 
Schmid et al., 2008; mod i fied)



Sãndu lescu, 2009). The Kamyanyi Potik Unit is most prob a bly
the pro lon ga tion of the Black Flysch Unit of the Ro ma nian
Carpa thians.

The Kamyanyi Potik Unit (Nappe) is the struc tur ally-high est
and most in ter nal unit of the Fore-Marmarosh Nappes (flysch
prism), and in many places is di rectly cov ered by the Marma -
rosh base ment nappes. But its con nec tion with the sur round ing
units is still a mat ter of dis cus sion (Boyko, 1970; Vialov et al.,
1981; Kruglov, 1986; Œl¹czka et al., 2006; Krobicki et al., 2014). 
Boyko (1970) in ter preted this unit as be ing part of the Radomyr
Zone of the Marmarosh Mas sif, Vialov et al. (1981) re lated it to
the Rakhiv Nappe (Unit), and Kruglov (1986) and Œl¹czka et al.
(2006) con sid ered this unit to be a part of the Marmarosh
Nappes. Ac cord ing to the re sults of the last geo log i cal map ping
(Matskiv et al., 2009), which are adopted in the pres ent work,
the Kamyanyi Potik Unit forms a sep a rate nappe, which ex -
tends from the front of the Marmarosh Nappes and con sists of
the Up per Ju ras sic/low er most Cre ta ceous Chyvchyn For ma -
tion (up to 1000 m thick) com posed mainly of ba sic vol ca nic
rocks, and the Tithonian- Valanginian Kamyanyi Potik For ma -
tion (thick ness 200 m), which is rep re sented by thin-bed ded
lime stones, shales, sand stones, and con glom er ate-brec cias
with pyro clastic ma te rial, which pass up wards into siliciclastic
thick-bed ded psammites and psephites (about 400 m thick).
The best places to study this unit are both in the Rakhiv city vi -
cin ity (Kamyanyi Stream – stratotype of the Kamyanyi Potik

Unit) and on Chyvchyn Mt. – the high est peak of the Chyvchyn
Mts. Here, this unit oc cu pies ex actly the same high est struc tural 
po si tion as in the Outer Carpathian flysch nappes.

The other units/nappes of the Outer East ern Carpathians
In ner Flysch Nappes (sensu Hnylko, 2012) are rep re sented by
the Rakhiv, Burkut (»Porkulets), Krasnoshora, Svydovets and
Chorno hora nappes (Figs. 2–4).

The Rakhiv Nappe is formed ex clu sively of the Early Cre ta -
ceous Rakhiv (Sinaya in Ro ma nia) For ma tion (about 500 m
thick), dip ping gen er ally to wards the south-west un der the
Kamyanyi Potik Nappe and overthrusted on the Porkulets
(»Burkut) Nappe (ac cord ing to Kruglov, 1986; see also Œl¹czka
et al., 2006 with ref er ences therein). The Rakhiv For ma tion
con sists of cal car e ous hemipelagites, thin- and me dium-bed -
ded turbidites, and lo cally of Barremian-Aptian thick-bed ded
psammites.

The Burkut Nappe in the south east ern sec tion of the Ukrai -
nian Carpathians, east of the Luzhanka River, forms a belt (up
to 20 km wide) of Cre ta ceous sed i men tary suc ces sions. These
suc ces sions con sist of Barremian-Albian clay-silt dark grey
hemi pelagites, contourites, rarely turbidites (Bila Tysa For ma -
tion, thick ness ~1000 m), Albian thick-bed ded sandy turbidites
(Burkut For ma tion, thick ness ~1000 m), and thick lenses of
Albian Bronka-Bogdan con glom er ates. West of the Luzhanka
River, the Lower Cre ta ceous de pos its pass up wards into Ceno -
manian-Turonian var ie gated marls (Sukhiv For ma tion, thic k -
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Fig. 2. The main tec tonic units of the Ukrai nian Carpathians (Hnylko, 2012, mod i fied)
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ness ~100–200 m) and Senonian sandy de pos its (Tereshov
For ma tion, thick ness 600 m; Fig. 3).

At the base of the Burkut Nappe, as in di cated ear lier, tec -
tonic klippen of Ju ras sic-Early Cre ta ceous mafic vol ca nic rocks
(Trostyanets For ma tion) of both oce anic and con ti nen tal or i gin
are pres ent (Lyashkevich et al., 1995).

The Burkut Nappe is thrusted onto the Krasnoshora Nappe
(»Luzhanka Sub-Nappe of the Dukla Nappe ac cord ing to Kru -
glov, 1986), rep re sented by the se ries of nar row thrust sheets.
These thrust sheets com prise: Lower Cre ta ceous hemi -
pelagites (black, dark grey claystones) and sandy me dium-bed -
ded quartzi tic turbidites (Shypot For ma tion, 100–200 m thick);
Cenomanian-Turonian pe lagic/hemipelagic deep-wa ter var ie -
gated shales (Jalovets For ma tion ~50 m thick); Seno nian
coarse -grained, mainly psam mite, turbidites (Krasnoshora For -
ma tion) up to 500 m thick.

The Svydovets Nappe (»Blyznytsia Sub-Nappe of the
Dukla Nappe, ac cord ing to Kruglov, 1986) com prises: Lower
Cre ta ceous black shales and quartzitic turbidites (Shypot For -

ma tion); Up per Cre ta ceous pe lagic/hemipelagic var ie gated
shales (Yalovets For ma tion) and dark grey claystones, marls,
and psammites (Lolyn For ma tion ~500 m thick); Seno -
nian-Paleo cene sandy thick- and me dium-bed ded turbidites
(Urda For ma tion ~1000 m thick); Paleocene-Eocene sandy
pre dom i nantly thick-bed ded turbidites (Bobruk For ma tion
~1500 m thick) and mi nor ex ten sions in the outer thrust sheet of 
the nappe Oligocene de pos its (Menilite and Krosno for ma tions;
Fig. 3).

The Chornohora Nappe is a pro lon ga tion of the Audia
Nappe, oc cur ring in Ro ma nia. It is sub di vided into the in ner
(south ern) Hoverla Sub-Nappe and the outer (north ern) Skupiv
Sub-Nappe. The Hoverla Sub-Nappe com prises stacked nar -
row thrust sheets, which con sist of the Lower Cre ta ceous black
de pos its (Shypot For ma tion), Up per Cre ta ceous var ie gated
hemi pelagic shales (Yalovets For ma tion), and sandy pre dom i -
nantly thick-bed ded turbidites (Chornohora For ma tion ~1000 m 
thick). The Skupiv Sub-Nappe con sists of Cre ta ceous black de -
pos its (Shypot For ma tion), var ie gated hemipelagic shales
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Fig. 4. The main tec tonic units of the SE part of the Ukrai nian Carpathians 
and the lo ca tion of the Chyvchyn area

Com piled by Hnylko (2011a) on the base of Vialov et al. (1981), Kruglov (1986),
Matskiv et al. (2009) (see also Krobicki et al., 2014: fig. 1)



(Yalovets For ma tion), and Senonian sandy me dium- and
thick-bed ded turbidites (Skupiv For ma tion ~1000 m thick). The
Paleo cene-Eocene sed i men tary suc ces sion (700–800 m thick)
is com posed of me dium- to thick-bed ded flysch sand stones
and var ie gated shales. The Oligocene Menilite and Krosno for -
ma tions (up to 200 m thick) ex tend lo cally in the outer nar row
thrust sheets of the Skupiv Sub-Nappe.

STRUCTURE OF THE CHYVCHYN 
MOUNT AREA

Our geo log i cal map ping, car ried out in Au gust 2012,
showed that the vol cano-sed i men tary com plex of Chyvchyn Mt. 
(1766.1 m) (Figs. 5–8A, B) forms the tec tonic klippe that cov ers
the Early Cre ta ceous flysch (Rakhiv For ma tion of the Rakhiv
Nappe), and is com pli cated by the four small tec tonic thrust
slices (Figs. 5 and 6). The pre vi ous geo log i cal maps
(Zapa³owicz, 1886; Pazdro, 1934; Byzova et al., 1964; Matskiv
et al., 2009) in ter preted the com plex of Chyvchyn Mt. also as a
klippe, but it was not de ter mined whether or not the tec tonic
trust slices were part of this klippe. Ad di tion ally, sev eral ge ol o -
gists (Zapa³owicz, 1886; Limanowski, 1905; Ksi¹¿kiewicz and
Soko³owski, 1934; Pazdro, 1934; Horwitz, 1935; Byzova et al.,
1964; Lomize, 1968) thought that the vol cano-sed i men tary
com plex of Chyvchyn Mt. is over turned, how ever, our sedi -

mento logical ob ser va tions, such as those of cross-lam i nated
cal car e ous sand stones that be come finer-grained up wards, in -
di cate nor mal tec tonic po si tions of the de pos its in these thrust
slices.

The struc tur ally-low est first thrust slice (100–200 m thick)
crops out on the north ern slope of Chyvchyn Mt. (Hnylko et al.,
2007) and is de vel oped as thin-bed ded light and dark grey
micritic lime stones with lenses of dark cherts, and is inter -
bedded with coarse/fine-grained cal car e ous pyroclastic turbi -
dites (flysch) (Kamyanyi Potik Fm. – Figs. 5, 6 and 7C, D ). It is
sim i lar to the stratotype of this for ma tion in the Kamyanyi Potik
Stream, near Rakhiv (Krobicki, 2012; Krobicki et al., 2014).
Near the trail that goes around the north side of the Chyvchyn
Mt., there are out crops of pyroclastic flysch – turbidites with
graded tex tures that con tain sig nif i cant amounts of vol ca nic
ma te rial. This flysch most likely should be at trib uted to the
Kamyanyi Potik For ma tion. Such unique flysch-type rocks are
usu ally de vel oped as more or less thin in ter ca la tions, both of
coarse- and fine-grained cal car e ous pyroclastic beds within
thin-bed ded light and dark grey micritic lime stones, some times
with lenses of dark cherts. 

Based on the sedimentological fea tures typ i cal for turbiditic
sys tems we can in ter pret it as the dis tal equiv a lent of the
deep-ma rine lobes of turbidite fans. On the other hand, more
coarse-grained pyroclastic sand stones and fine-grained pyro -
clastic con glom er ates could rep re sent a more prox i mal-type of
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Fig. 5. Geo log i cal map of the Chyvchyn Mount area



turbiditic cur rents. All these types of rocks have typ i cal flysch-
 char ac ter fea tures, in clud ing a sharp base of beds with clasts of 
allochthonous ma te ri als, graded bed ding, rip ple-lam i na tion,
and an in crease in the pe lagic char ac ter of the top most part of
the beds (up to micritic lime stones). The de pos its of the first
thrust slice lie subhorizontal and form a gentle syncline.

The sec ond thrust slice (250–300 m thick) reaches the
sur face on the north ern slope of Chyvchyn Mt. It is very gently
thrust over the first thrust slice to the north-east, and is gently
overthrusted by the third thrust slice from the south-west. It
com prises cal car e ous-pyroclastic brec cias, with blocks of
micritic and organodetrital lime stone (usu ally up to 1.5 m but
oc ca sion ally even up to 20 m-across, some times with Late Ju -
ras sic/ear li est Cre ta ceous cor als – Lomize, 1968), bas alts
(even as pil low lava frag ments), and small frag ments of red
cherts, which oc cur within a vol ca nic/tuffitic ma trix (Fig. 7E–G).
In the same thrust slice, coral lime stones with ba salt frag ments
and pyroclastic in ter ca la tions, as well as cross-lam i nated cal -
car e ous sand stones – de pos ited prob a bly be tween the ac tions
of mass move ments – are ob served. Judg ing by the cha otic
struc ture of this cal car e ous-pyroclastic brec cia, it rep re sents
ex tremely prox i mal mass move ments, most prob a bly as sub -
ma rine de bris flows. These de pos its dip very gently to the
south-west, but on the east ern slope of Chyvchyn Mt., di rectly
un der the thrust plane of the third thrust slice, the dip changes
to subvertical, which can be ex plained by the thrust-re lated fold -
ing of parautochthonous rocks (Figs. 5 and 6).

The third thrust slice is a small tec tonic lens (up to 40 m
thick) which co mes to the sur face near the top of Chyvchyn Mt.,
and is filled by brec cia with vol ca nic clasts (up to 1 m in size) of
ef fu sive rocks (lo cally as pil low lava frag ments) and rare lime -
stones, in pyroclastic or vol ca nic ma trix.

The fourth thrust slice (200–250 m thick) forms the high -
est one in the struc ture of Chyvchyn Mt. and crops out on the
Chyvchyn sum mit and its south west ern slope, and is rep re -
sented by mas sive green-grey and dark bas alts with typ i cal pil -
low lava struc tures (Fig. 8A, B). It is gently thrust over the third
thrust slice. Ba saltic lava lay ers gently dip to the south-west.
Near the top of Chyvchyn Mt., bas alts are depositionally over -
lapped by micritic grey lime stones up to 15 m thick. These lime -
stones lie subhorizontally and crop out as a small (few tens of

metres) “caps on bas alts” – the ero sional rem nants of the lime -
stone beds.

Byzova et al. (1964), Lomize (1968) and Matskiv et al.
(2009) at trib uted the rocks of the Chyvchyn Mt. Klippe to the
Up per Ju ras sic/low er most Cre ta ceous Chyvchyn For ma tion. In
our opin ion, ac cord ing to the lithostratigraphical scheme, bas -
alts and brec cias only of the sec ond, third, and fourth thrust
slices be long to the Chyvchyn For ma tion (ch; see Figs. 5 and
6), and micritic lam i nated lime stones and cal car e ous
pyroclastic turbidites of the first thrust slice be long to the
Kamyanyi Potik For ma tion (kp).

Flysch de pos its, rep re sented by the polymictic or siliciclastic 
me dium-grained turbidite sand stones which un der lie the
Chyvchyn Mt. Klippe, be long to the up per part of the Lower Cre -
ta ceous Rakhiv For ma tion (K1rh). The clastic ma te rial con sists
of quartz, feld spar, mica, and frag ments of meta mor phic and
sed i men tary rocks, sim i lar to the Marmarosh Mas sif ones. The
Rakhiv For ma tion de pos its com prise the Rakhiv Nappe, which
gently thrusts onto the outer Burkut Nappe. Byzova (1965) de -
scribed, within the Rakhiv For ma tion, in the up per parts of the
Dobryn and Albin streams, “ho ri zons with in clu sions” up to
120 m thick, with sed i men tary slumps of re de pos ited flysch,
bas alts, and meta mor phic rocks. The slumps, de vel oped un der
the Chyvchyn Mt. Klippe in the front of the Marmarosh Nappes,
were most prob a bly de rived from the Kamyanyi Potik and
Marmarosh nappes. The Burkut Nappe, in the Chyvchyn Mt.
area, is com posed of the grey, mainly me dium-bed ded silici -
clastic mica flysch (the Lower Cre ta ceous Bila Tysa For ma tion,
K1bl) with out dis tinct Bouma tex tures, how ever, with well-de -
fined cross and con vo lute lam i na tion.

South from Chyvchyn Mt., near the bor der be tween Ukraine 
and Ro ma nia (Chyvchynazh Mt., 1587.3 m), are de vel oped
crys tal line Pre cam brian rocks of the Marmarosh Mas sif, rep re -
sented by the two-mica gneiss es and schists of the Bilyi Potik
For ma tion (PR3bp). These rocks be long to the Bilyi Potik Nappe 
(Marmarosh Lower Nappe, ac cord ing to Matskiv et al., 2009),
which is thrusted upon the Rakhiv Unit. The struc tural re la tion -
ship be tween the Marmarosh Mas sif and the Chyvchyn Mt.
Klippe is un clear, since they are sep a rated by the Rakhiv For -
ma tion (Figs. 5 and 6).
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Fig. 6. Geo log i cal cross-sec tion of the Chyvchyn Mount area along the I–II line (see Fig. 5)

For other ex pla na tions see Fig ure 5
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Fig. 7A – Chyvchyn Mount (1766.1 m a.s.l.) – view from the south; B – Chyvchyn Mount – view from the east 
on the ba salt rocks; C, D – thin-bed ded lime stones with pyroclastic in ter ca la tions (first trust slice);

E–G – pyroclastic/vol ca nic brec cias (sec ond trust slice)



To the north-east of Chyvchyn Mt. is a small hill (“Lit tle
Chelakin”), com posed of the fol low ing rocks (Fig. 8C):

– Pre cam brian schists and gneiss es of the Bilyi Potik For -
ma tion (thick ness of ~40 m);

– Perm ian(?) – Lower Tri as sic quartzitic grey and red con -
glom er ates, found only in peb bles;

– Mid dle(?) Tri as sic grey non-lam i nated and mas sive
lime stones and dolomites (thick ness of ~50 m);

– Up per Ju ras sic(?) lay ered red cherts.
It seems that these four stra tal units, ly ing one on an other,

very gently dip to the east and com prise the Lit tle Chelakin
Klippe (~250 x 350 m) of the Bilyi Potik Nappe (Marmarosh
Lower Nappe) which struc tur ally over lies the Rakhiv Unit. How -
ever, the Rakhiv For ma tion (parautochthon) thrusts along the
sub se quently formed fault on the Lit tle Chelakin Klippe from the 
south-west, and thus the Rakhiv Early Cre ta ceous flysch on the 
slope of Chyvchyn Mt. is el e vated above the Bilyi Potik crys tal -
line schists (Figs. 5 and 6).

The klippe of the Bilyi Potik Nappe is de vel oped on the
south-east slope of Chyvchyn Mt. (Matskiv et al., 2009). It con -
sists of Mid dle(?) Tri as sic, grey, non-lam i nated, mas sive lime -
stones and dolomites (Fig. 5).

About 1650 m to the north-east from the Chyvchyn sum mit
there is also a small (~250 x 250 m) tec tonic klippe of the
Dilovets Nappe (Marmarosh Up per Nappe – Matskiv et al.,
2009), which builds Chelakin Mt. (1468.0 m) (Fig. 8C). This
klippe is com posed of the meta mor phosed, fo li ated, and acidic
vol ca nic rocks of the Berlebash For ma tion (V-�1br), and struc -
tur ally over laps the Rakhiv Unit (Figs. 5 and 6).

DISCUSSION

The vol cano-sed i men tary com plex of the Chyvchyn Mt.
Klippe does not form a sin gle strati graphic se quence, as was
pre vi ously as sumed (Byzova et al., 1964; Lomize, 1968;
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Fig. 8A, B – pil low lava bas alts (fourth trust slice); C – view on the Chelakin Mount (1468.0 m); 
D – view on the Farcaul and Mihailecul mounts (Ro ma nian Carpathians)



Matskiv et al., 2009), and is clearly sub di vided into sev eral tec -
tonic thrust slices. Three rock as so ci a tions, dis trib uted into sev -
eral tec tonic thrust slices of the Chyvchyn Mt. Klippe, can be
dis tin guished in this com plex:

– bas alts and vol ca nic brec cias (fourth and third thrust
slices) of the lower(?) part of the Chyvchyn For ma tion;

– de bris-flow sed i men tary and vol cano-sed i men tary brec -
cias with blocks of lime stone, ba salt, small frag ments of
red cherts within vol ca nic/tuffitic ma trix and coral lime -
stones with ba salt frag ments and pyroclastic in ter ca la -
tions (sec ond thrust slice) – the up per(?) part of the
Chyvchyn For ma tion;

– thin-bed ded micritic lime stones, with cherts interbedded
with coarse/fine-grained cal car e ous pyroclastic turbi -
dites (flysch) (first thrust slice) – the Kamyanyi Potik For -
ma tion.

It is as sumed that the three rock as so ci a tions of the
Chyvchyn Mt. Klippe are ge net i cally re lated. They can be at -
trib uted to the Kamyanyi Potik Unit (Nappe), al though di rect
in ter re la tion be tween the Chyvchyn Mt. Klippe and the
Marmarosh base ment nappe is not ob served in the area.
These as so ci a tions prob a bly were formed in the Late Ju ras -
sic–Early Cre ta ceous into sev eral dif fer ent parts of the Outer
Dacides- Severinides Carpathian ba sin, and can be con sid -
ered as a fa cies. In our re con struc tion, these fa cies have con -
tin ual tran si tions, from very prox i mal types of de bris flow
through flysch -type fa cies of coarse- and fine-grained
pyroclastic turbidites, up to flows of mas sive ba saltic pil low
lavas on the other side. Pyroclastic flysch is not so com mon
among world-wide turbiditic sys tems of dif fer ent ages (e.g.,
White, 2000; Jack son et al., 2008; Kralj, 2012). In con trast to
the in ter ca la tions of thin tuffitic lay ers, which fre quently oc cur
in the Carpathian flysch de pos its (e.g., the Podhale Flysch
Paleogene – Roniewicz and Westwa lewicz-Mogilska, 1974;
Outer Flysch Carpathians – Cieszko wski et al., 2006), the
huge amount of pyroclastic ma te rial nec es sary for the or i gin of 
pyroclastic turbidities in di cates strong vol ca nic ac tiv ity in the
source area and in its prox im ity. Ad di tion ally, de pend ing on its
geo chem i cal char ac ter, it is con nected with spe cial kinds of
geotectonic re gime, man i fested by vo lu mi nous pyroclastic
ma te rial pro duc tion.

At this stage of re search, we can ar gue that the vol ca nic for -
ma tion of the Chyvchyn Mt. Klippe, ac cord ing to ex ist ing pet ro -
chem i cal data (Lyashkevich et al., 1995), most likely formed on
oce anic crust. The Chyvchyn Mt. Klippe, as a frag ment of the
Kamyanyi Potik Unit, can be at trib uted to the Fore-Marmarosh
Su ture Zone – a trace of the Late Ju ras sic–Early Cre ta ceous
(sub)oce anic ba sin (part of the em bry onic Outer Carpathian
Ba sin) which ex isted be tween the Tisza-Dacia Terrane and
Eur asia. This ba sin was ob vi ously char ac ter ized by sharply dif -
fer en ti ated depths: from shal low (as in di cated by the rem nants
of cor als and organodetrital lime stones on the Chyvchyn Mt.
Klippe) – to deep (frag ments of the red cherts (radiolarites?) in
brec cia from the Chyvchyn Mt. Klippe). In our case, the Ju ras -
sic/Cre ta ceous vol ca nic ac tiv ity in these parts of the Carpathian 
bas ins could be one of the best key to un der stand ing the
geodynamic his tory of the north ern most part of Tethys. The fi -
nal clar i fi ca tion of this prob lem is im pos si ble with out the cor re la -
tion of the Chyvchyn Mt. struc tures with the vol ca nic for ma tions
of the Ro ma nian Carpathians (es pe cially the Farcaul and
Mihailecul mounts – Fig. 8D; Ianovici et al., 1968; Sãndulescu,
1982; Krobicki et al., 2014).

The subduction of the Outer Carpathian sed i men tary ba sin
base ment un der the Marmarosh Mas sif (Tisza-Dacia Terrane),
which prob a bly be gan in the late Early Cre ta ceous, led to the el -
e va tion and de nu da tion of the Marmarosh Mas sif, on set of the
flysch sed i men ta tion in the Outer Carpathian Ba sin in the front
of Marmarosh Nappes (up per parts of the sed i men tary suc ces -
sions of the Kamyanyi Potik Unit; as well as the Rakhiv Fm., Bila 
Tysa Fm., and the Burkut sandy turbidites), and sub se quently
led to the for ma tion of the Fore-Marmarosh Flysch accretionary
prism. The first ad di tion to the flysch prism, added in the Early
Cre ta ceous, was the Kamyanyi Potik Nappe, which be gan to
sup ply clastic ma te ri als, in clud ing olistoliths of ba salt, into the
more ex ter nal Rakhiv flysch sub-ba sin. Sub se quently, in the
Early Cre ta ceous–Paleogene, Rakhiv, Burkut, Krasnoshora,
Svydovets, and Chornohora (In ner-Flysch Nappes – Fore-
 Marmarosh prism) were formed step-by-step in the front of the
Tisza-Dacia Terrane (Hnylko, 2012). The sed i men tary ba sin
base ment was subducted, and only small tec tonic lenses of ba -
sic vol ca nic rocks (in clud ing thrust slices of the Chyvchyn Mt.
Klippe) were scraped from the subducted plate and added to
the Fore-Marmarosh accre tionary prism. 

CONCLUSIONS

1. Chyvchyn Mt. is con structed by the Kamyanyi Potik Unit
(Nappe) and forms the sep a rate a tec tonic cap (Chyvchyn Mt.
Klippe) that struc tur ally over laps the Early Cre ta ceous flysch of
the Rakhiv Unit (Nappe). The Kamyanyi Potik Unit con sists of
the Up per Ju ras sic/ear li est Cre ta ceous Chyvchyn For ma tion,
which is com posed mainly of ba sic vol ca nic rocks, and the
Tithonian- Valanginian Kamyanyi Potik For ma tion, which is rep -
re sented by lime stones, shales, sand stones, and con glom er -
ates-brec cias with pyro clastic ma te rial. The Kamyanyi Potik
Unit is the struc tur ally-high est and most in ter nal unit of the
Ukrai nian Outer East ern Carpathians, which is over lapped by
Marmarosh (Maramureº in Ro ma nian) base ment nappes (crys -
tal line mas sif) of the Cen tral Eastern Carpathians. This unit be -
longs to the Fore-Marmarosh flysch accretionary prism.

2. Our geo log i cal map ping showed that the Chyvchyn Mt.
Klippe is com posed of the four small tec tonic thrust slices. The
struc tur ally-low est, first thrust slice (100–200 m in thick ness) is
de vel oped as micritic lime stones, with cherts interbedded by
pyroclastic turbidites (flysch) (Kamyanyi Potik Fm.). The sec ond
thrust slice (250–300 m thick) is built mostly of cal car e -
ous-pyroclastic brec cia (sub ma rine de bris flow de pos its), with
frag ments of micritic and organodetrital lime stone, ba salt, red 
cherts within vol ca nic/tuffitic ma trix and coral lime stones with ba -
salt frag ments and pyroclastic in ter ca la tions (Chyv chyn Fm.).
The third thrust slice is a small tec tonic lens (up to 40 m thick) and 
is filled with brec cia with pyroclastic or vol ca nic ma trix and clasts
of ef fu sive rock, and rare lime stones (Chyvchyn Fm.). The fourth
thrust slice (200–250 m thick) forms the high est one in the struc -
ture of Chyvchyn Mt., and is rep re sented by mas sive bas alts with 
typ i cal pil low lava struc tures (Chyvchyn Fm.).

3. The vol cano-sed i men tary com plex of the Chyvchyn Mt.
Klippe is com posed of three rock as so ci a tions, which oc cur in
sev eral tec tonic thrust slices: bas alts and vol ca nic de bris-flow
brec cias, de bris-flow sed i men tary and vol cano-sed i men tary
brec cias, and lime stones with bas alts and thin-bed ded micritic
lime stones, with cherts interbedded with cal car e ous pyroclastic
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turbidites. These rock as so ci a tions are a fa cies which prob a bly
orig i nated in dif fer ent parts of the Outer Dacide-Severinide
Carpathian Ba sin.

4. The vol cano-sed i men tary for ma tion of the Chyvchyn Mt.
Klippe was formed on pre sumed oce anic crust, and is a rem -
nant of the Ju ras sic/Cre ta ceous Carpathian Ba sin in the north -
ern part of the West ern Tethys.
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